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FOREWORD 
It is a pleasure for us to offer you Abstracts Book for the 6th international conference on 

Materials Science and Nanotechnology for Next Generation; MSNG2019. Our goal was to 

create a a scientific platform that introduces the newest results on internationally recognized 

experts to local students and colleagues and simultaneously displays relevant Turkish 

achievements to the world. The positive feedback of the community encouraged us to proceed 

and transform a single event into a conference series. Now, MSNG2019 is honored by the 

presence of over 100 colleagues from various countries. We stayed true to the original 

MSNG2019 concept and accepted contributions from all fields of materials science and 

technology to promote multidisciplinary discussions. The focal points of the conference 

emerged spontaneously from the submitted abstracts: energy applications, advanced 

materials, electronic and optoelectronic devices. Further fields of interest include e.g. new 

advanced and functional materials, advanced-functional composites, biomaterials, smart 

materials, dielectric materials, optical materials, magnetic materials, organic semiconductors, 

inorganic semiconductors, electronic materials, graphene, and more. We can offer free 

publishing of all peer-reviewed proceedings in international journals Materials Science-Poland, 

Journal of Nanoelectronics and Optoelectronics, Organo Optoelectronics, Journal of Materials 

and Electronic Devices and provide the participants with all the commodities of a world – class 

conference. 

Therefore, we hope that getting first-hand access to so many new results, establishing 

new connections and enjoying the Niğde, Turkey ambience will make you feel that your 

resources were spent well in MSNG2019. 

Our warmest thanks go to all invited speakers, authors, and contributors of MSNG2019 

for accepting our invitation, visiting Niğde and using MSNG2019 as a medium for 

communicating your research results.  

We hope that you will enjoy the conference and look forward to meeting you again in 

one of the forthcoming MSNG2020 event. 

 
Prof. Dr. Fahrettin YAKUPHANOĞLU 

Conference Chair 
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Graphdiyne supported Metal Clusters and Nanoparticles by Multiscale 

Simulations 
 

S. SENTURK DALGIC                                                                                                                                                                                                                                                                  
Department of Physics, Faculty of Science, Trakya University, Edirne 22030, Turkey 

In this work, the stability and morphological behaviors of atomic clusters and nanoparticles (NPs) on 2D graphdiyne and 
graphene have performed by multiscale simulations. The interaction energies of the supported metal clusters on Graphdiyne 
and graphene have calculated and compared with each other and those obtained by other supported surfaces. The difference 
between the computed energies derived from two methods for the supported metal clusters is getting higher amount by the 
number of atoms in clusters. The substrate effect on the structure of nanoparticles has defined by binding energies and 
coordination number analysis as a function of numbers of atoms in the supported particles. This work may present a new route 

to investigate the GDY-metal nanocomposites in developing renewable energy technologies.  
 

 

Keywords: Graphdiyne, Clusters, Nanoparticles  
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1. Introduction 

Graphdiyne (GDY) is one of the two-dimensional 

carbon allotropes with a one atom thick layer of carbon 

sheet having the same symmetry as graphene [1]. In 

recent years, considerable efforts have been paid attention 

to the development of the well-defined GDY properties 

for electrode-materials, catalysts, hydrogen storage 

material, and cancer drug delivery platforms [2,3]. GDY 

is a member of the Graphynes family, which is a series of 

new two dimensional (2D) carbon materials formed by a 

combination of carbon atoms according to a specific 

periodic rule [1]. Graphynes is a generic name given to a 

class of structures, which are graphyne, graphdiyne, 

graphyne-n. It was noted by experiments that graphynes 

have completely different properties and structures when 

compared with other carbon allotropes of graphene and 

carbon nanotubes (CNTs).  Due to the sp-hybridized 

carbon atoms, graphynes are well-distributed pore 

structures in contrast to the non-porous structure of 

graphene. Based on the structural difference, graphynes 

are a good candidate for the potential applications in 

catalysis, gas separation, and energy related-fields [4-6]. 

The first graphynes structure model was proposed by 

Baughman et al. in 1987 [7]. However, the first graphyne 

film, defined as γ-graphdiyne (γ-GDY), was not prepared 

until 2010. [1].  Graphdiyne was synthesized and found to 

be a semiconductor [8-10]. To date, among all graphyne 

studies, most of them are related to GDY. The basic 

properties of GDY, such as stability, electrical, 

mechanical, and spectroscopic properties, have 

investigated experimentally and theoretical methods [1-7].                                                         

On the other, Alonso and co-workers have 

investigated the adsorption properties of Pd clusters and 

their growth on GDY by DFT calculations [8]. By taking 

consideration of the previous reports, we have 

investigated the growth of metal clusters and 

nanoparticles on graphdiyne by multiscale simulations.  

To date, the molecular dynamics (MD) 

investigations on the graphdiyne supported atomic 

clusters ordering, and stability has rarely reported. In this 

work, we first obtain the stability of graphdiyne supported 

small metal clusters by MD simulations using DLPOLY 

code [9]. 

Here, the new computational methodology of the 

supported metal clusters or nanoparticles is presented. 

mailto:serapd@trakya.edu.tr%20%20dserap@yahoo.com
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The structural and thermal stability of 2D Graphdiyne 

supported metal clusters/nanoparticles have investigated 

by multiscale simulations, which is starting from 

optimized structures of clusters using first principle 

simulations and continue with classical MD simulations. 

2. Materials and Method 

In this work, both the first principle calculations and 

classical MD simulations of clusters have established by 

the Gaussian series of program package [10,11] and 

DLPOLY simulation code [9]. First, the best chemical 

ordering structures of isolated clusters were optimized by 

the Gaussian program package using the U3BLYP 

method and CC-pVTZ basis set [11]. The optimized 

atomic structures of clusters were initially used for both 

DFT calculations and classical MD simulations of 

supported and unsupported small clusters. In order to 

construct as a hybrid composite of metal clusters, a 

monolayer of Graphdiyne and alternate substrate of 

graphene were used.   Here, we have focused on the 

simulation methodology of the optimized small metal 

clusters supported on graphdiyne. In MD simulations, the 

many-body potentials of Sutton-Chen (SC) [ 12-13] was 

used for the modeling of interatomic interactions in metal 

clusters or nanoparticles. The Q-SC many-body potential 

parameters were taken from [13].                                         

In the SC framework, the total energy for a system can be 

written as an equation (1) given by                                      

                                                                                            

                                             

1
( )

2
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i i j i

U U V R c 
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) is a repulsive pair interaction function ijwhere V (R
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The local electron density function of atom i defined by    
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is the distance between atoms i  ij3), the R-In above Eqs (1

and j; ϵ sets the overall energy scale parameter, an a and c 

are a length and dimensionless parameter scaling the 

attractive terms, respectively; n and m are integer 

parameterssuch that n>m. 

QSC parameters for pure elements used in our 

calculations are given in Table 1.  

                                                                          

 

Table 1: Q-SC Potential parameters of Pd used in MD 

simulations for pure metals. 
 

Metal n m (meV) ϵ c (A) 

Pd 12 6 3.2864 148.205 3.8813 

                                                                                         

For modeling of the van der Waals type interactions 

between the metal atoms and ultra-thin 2D static 

monolayers, the Lennard-Jones (LJ) potentials were 

considered. The LJ potential parameters were obtained 

from the values for pure metals given in the study of 

Neek-Amal[14].                                                                                            

The hybrid nanocomposites of 

metal/graphdiyne(graphene) were simulated by NVT 

canonical ensemble and Nose-Hoover thermostat. The 

time step was that 1fs is used in all simulations. The 

Verlet-leapfrog algorithm was applied for the integral 

equation of motions. That nanoparticle was heated from 

25K up to high temperatures with a temperature 

increment of 25K. In order to understand the stability of 

supported nanoparticles, atomic structure analysis 

methods were used by the OVITO package [15]. The 

radial distribution function of (RDF) of supported 

particles was also obtained from OVITO and used in the 

coordination number calculations. 

                                                                                               

                                                                                                                                                                                                                                                

3. Results and discussion:                                           
 

In this work, first we have calculated the 

optimized geometric structures of Pd6 clusters using the 

Gaussian program package [10,11]. We have also created 

the graphdiyne and graphene monolayers with 198 and 

200 carbon atoms, respectively. The stability of 
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icosahedral Pd60, Pd300  clusters supported graphdiyne has 

presented here. The initial structures for the MD 

simulations of 3D Pd6 clusters supported on graphdiyne 

are shown in Fig1 by the snapshots from GUI editor of 

DLPOLY. The morphological changes of the supported 

metal clusters under the heating process are  given in the 

same figure by  the snapshots taken from GUI at 300K.  
Fig.1: The initial and simulated structures of 

supported Pd6 metal clusters  

The corresponding g(r) radial distribution 

functions of metal-metal and metal-substrate at 300K is 

also shown in Fig. 2.  
 

It has been clear from Fig 1 that 3D Pd6 cluster 

supported graphdiyne is maintained its 3D structure, 

whereas graphene supported Pd6 cluster has lost its 3D 

structure and transformed to 2D layer structure. The 3D 

diffusion coefficients of graphene supported Pd atoms are 

10.442 (10-9 m2/sn) while for the graphdiyne supported 

one is zero. To understand the nature of the interactions, 

radial distribution function of graphene- Pd atoms give 

the information about it. The rdf function of C-Pd is given 

in Fig.2.  
 

Fig.2: RDFs of Graphene supported Pd6 clusters. 

. 

As seen in Fig. 2, for the supported Pd6 clusters 

the two peak is observed in RDF of Pd-C interactions. 

This gives the Pd atoms has two-layer structure on the 

graphene monolayer.  The morphological and structural 

deformations in graphdiyne supported icosahedral Pd60 

(ICO Pd60) clusters are given in Fig.3 by comparison with 

that of graphene supported.  

The changes in the local atomic ordering is one 

of the important property which can be defined by 

different analysis methods such as radial distribution 

function g(r), coordination number analysis, bond angle 

analysis (BAA) or common neighbor analysis (CNA). 

The morphology and rdf function of ICO Pd60 clusters 

supported on graphdiyne are shown in Fig. 4 

 
 Fig.3: The snapshots from front view of the supported 

ICO Pd60 clusters 

 

It is clear from Fig.3 that graphdiyne supported 

ICO Pd60 clusters are preserved their geometric structure 

whatever the graphene supported one has lost and 
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appeared in forming as a new cluster geometry.  
Fig.4: The snapshots from OVITO (a) a perspective 

view and (b) pair distribution function of the supported ICO 

Pd60 clusters 

 

  The coordination number of metal 

clusters/nanoparticles play a crucial role on their catalytic 

properties.   To explore the substrate effect on the 

structure of metal nanoparticles, the average coordination 

number were computed from the first peak and the first 

minimum values of rdfs. In Fig. 5, the changes in the 

morphology of the graphdiyne supported icosahedral 

Pd300 clusters at 300K. In Fig.5, it is plotted the average 

coordination number analysis of Pd300 clusters. 

 

 

 

 
Fig.5: The snapshots from OVITO (a) a perspective 

view (b) average coordination number analysis of the supported 

ICO Pd300 clusters 

 

It has been shown in Fig.5 that the average 

coordination number of ICO Pd300 clusters is 9.9 and is 

smaller than the calculated value of 10.2 for ICO Pd860 

clusters and greater than that of 8.1666 for ICO Pd60 at 

300K.  

 

 
Conclusions 
 

It was demonstrated that the metal clusters were 

optimized by first-principle calculations and then 

supported on 2D graphdiyne were simulated by classical 

molecular dynamics (MD) method. The structural 

stability and morphologies of clusters were presented. The 

big clusters, namely nanoparticles, supported on 

graphdiyne, were studied with MD simulations directly. 

The average coordination number analysis was adopted to 

supported metal clusters and nanoparticles. It has found 

that both the calculated cohesive energies and average 

coordination numbers from clusters to nanoparticles are in 

good agreement with previously reported values. This 

computational procedure, namely multiscale simulations, 

is an efficient method for the supported metal clusters and 

nanoparticles.  It can apply to investigate the stability of 

different types of supported/unsupported clusters. This 

work will progress on this line and reported shortly. 
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The Role of Scintillators and Silicon Photomultiplier Tubes in the 

Development of Detector Technologies  
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Single-photon sensitive solid-state detectors (i.e. silicon photomultipliers (SiPMs)) are well developing technology for detection 

of visible photons. In recent years, a massive improvement has been made to develop the performance of SiPM. Silicon 

photomultipliers have become popular for various applications. Nowadays, SiPMs are widely used in the high energy and 

particle physics experiments, nuclear experiments, spectroscopy as well as medical physics applications. One of the main 

advantages of SiPMs is the possibility to significantly increase the detector granularity with respect to standard photomultiplier 

tubes. 

Scintillator, another widely used detector device, is a kind of material that can provide detectable photons in the visible part of 

the light spectrum, following the passage of a photon or a charged particle. Scintillators are still under the great of interest for 

having the characteristics such as the detection efficiency and the precise determination of the position, energy and time of 

particles. 

In this talk, characteristics of scintillators and silicon photomultiplier tubes as well as their roles and applications in various 

sciences are presented.  

 

Keywords: Scintillators, Silicon Photomultiplier Tubes, Detector Technologies. 
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1. Introduction  
A Zinc Sulfide (ZnS) screen can be considered as the first 

scintillation detector which was built by Sir William 

Crookes in 1903. This detector could be able to flashing 

light that can be observed by eye through a microscope. 

This technique had a significant boost after the invention 

of photomultiplier tube (PMT) which can convert optical 

light signal into an electrical signal, then amplifies this 

signal to a measureable amount by emission of secondary 

particles (i.e. electrons). Due to having features such as 

low noise, high gain and fast response, PMTs become a 

traditional tool to be used.  

Single-photon sensitive solid-state detectors (i.e. silicon 

photomultipliers (SiPMs) or multi pixel counter (MPPC)) 

now offer alternatives to PMTs which are the higher 

photon detection efficiency, compactness, insensitivity to 

ionizing radiation, easy usage, lower operating voltage 

and lower cost [1]. By providing advanced and new 

properties, SiPMs show a significant potential to be 

replaced with PMTs in some of the fields such as medical 

imaging, high energy and particle physics, spectroscopy, 

biophotonics and light detection and ranging (LIDAR) [2, 

3] applications. SiPMs are essentially made of many 

miniaturized avalanche photodiodes that are connected in 

parallel [4]. The combination of serially connected 

avalanche photodiodes and quenching resistors are called 

as microcell of the SiPM.  

Special tools are needed for visualizing and detecting the 

ionizing radiations that are in the form of gamma-rays, X-

rays, alpha or beta particles having an energy from eV to 

MeV. Those tools are named radiation detectors which 

have two kinds of solid materials. First one is the 

scintillator which converts the energy of the ionizing 

radiation to a large number of photons with low energy. 

The second one known as storage phosphors or dosimeter 

materials.   
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In this paper the basic properties of scintillators and 

silicon photomultiplier tubes as well as their roles and 

applications in various sciences are presented.  

2. Basic principles of scintillators 

Scintillators, due to its photographic film measurement 

ability, can be considered as one of the oldest radiation 

detectors. A sketch of a typical scintillation detector is 

shown in Figure 1.  

 

 

 
Figure 1. A typical scintillator detector [5]. 
 

The light pulse intensity released by a scintillator is 

proportional to the energy of the absorbed radiation which 

can be obtained by measuring the height of pulses. 

The size and thickness are the important properties that 

can affect the detection efficiency and selection sensitivity. 

Though, a thin scintillator may be a perfect choice of low 

energy gamma rays and high energy charged particle, i.e. 

beta particle. The crystal scintillators are sensitive to low 

energy X-rays but are insensitive to the radiation of high 

energy background.  

The timing resolution, another important parameter for a 

scintillator, is mainly proportional to the number of 

photons of the fast component that can be detected and 

converted to the electrical signal.  

In order to have a high detection efficiency the material 

forming the scintillator should have a high atomic number 

and high density. For a good scintillator, the refraction 

index should be in the order of glass index (1.5), 

wavelength of scintillation needs to be similar to the 

maximum sensitivity of PMT.  

All of these features may influence the energy resolution 

that is defined as the ability of the scintillator determining 

the incident radiation energy. High resolution is needed to 

distinguish various particles at different energies.  

In Figure 2, absolute photon yield obtained from various 

scintillators is shown as a function of the band gap. It can 

be clearly seen that the high scintillation yield is obtained 

from the low band gap materials. The material with a 

band gap of 3 eV gives the maximum light yield ~140 

photons/MeV. 

* Inorganic scintillators: This type of scintillators, 

including sodium iodide (NaI), lithium iodide 

(LiI), cesium iodide (CsI), and zinc sulfide (ZnS), are 

usually utilized in positron emission tomography (PET). 

Although the scintillation in inorganic scintillators is 

slower than the organic ones, they show high efficiency in 

the detection of gamma rays and give high counting rates. 

A typical pulse decay time is ~10-6 sec. The energy band 

structure in a typical inorganic crystal is shown in Figure 

3. A photon can excite an electron from valence band to 

the conduction band by losing its energy via a 

photoelectric effect or a Compton effect.  

 

 
Figure 2. Absolute photon yield obtained from various 

scintillators [6]. 

 

 

 
 

Figure 3. The energy band structure in a typical 

inorganic crystal [7]. 

 

 

* Organic scintillators: This type of scintillator is made 

of either liquid or solid chemical substances. High 

response and low light output are the main characteristics 
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of such scintillators. They are quite different from the 

inorganic scintillators due to the fluorescence mechanism 

arising from transitions in the energy levels of a single 

molecule that is weakly bounded [8].   

 

3. Characteristics of SiPMs  
 

An image of a typical SiPM surface with an array of 

hundreds or thousands of integrated single-photon 

avalanche diodes (SPADs), named as microcells is shown 

in Figure 4. All microcells are connected in parallel to one 

common anode and one common cathode output. 

Interaction of single photon occurs via photoelectric 

effect resulting with the generation of an electron-hole 

pair. The final signal of SiPM is the 

 

 

 

Figure 4. An image of the SiPM surface with the 

microcell structure [9]. 

 

superposition of all signals obtained from microcells.   

A recent study in Ref. [10] was performed with different 

SiPMs in order to test the characterization and 

discrimination abilities of SiPMs from neutrons to gamma 

ray as well as their timing features. Properties such as 

easier scalability, the microcell (pixel) size and the overall 

active area dimension (between less than 1 mm2 and 100 

mm2) have provided a significant improvement and a 

noticeable development on SiPM performance [11]. Since 

PMTs cannot operate properly under the strong magnetic 

field environment (for instance in PET or in MRI), SiPMs 

become more attractive to use in such situations. 

Additionally, SiPMs can achieve to high gain values 

event with the very low voltages and the noise is almost at 

the level of single photon. The characteristic features 

comparison of PMT to SiPMs are given in Table 1.  

In order to make development on SiPMs, parameters like 

breakdown voltage, over voltage, gain, photon detection 

efficiency, dark count rate (primary noise), optical cross 

talk, afterpulsing and temperature dependency need to be 

well understood. Diode structures as either p-on-n or n-

on-p type are also crucial to have a better efficiency. The 

p-on-n structure gives the best sensitivity to shorter 

wavelengths whereas n-on-p for the longer wavelengths.  

 

Table 1. Features comparison of PMT to SiPMs. 
 PMT SiPMs 

Quantum Efficiency  25% to 40% Up to 80% 

Single photon resolution      

Operation voltage 1 – 3 kV 20 – 40 V 

Gain 104 - 109 105 - 107 

Temperature dependence Low Low 

Robustness -   

No damage in bright light -   

Insensitivity to magnetic field -   

Miniaturization -   

Production costs Medium Low 

 

 

3. Applications of scintillators and SiPMs  
 

According to the light detection, the applications of 

SiPMs can be separated in three parts; (a) detection of 

single photon, (b) detection of multi-photon, (c) high 

photon time density. Nowadays, scintillation detectors 

(gamma ray, X-ray, charged and neutral particles 

detectors) are widely used for the radiation detectors.  

Scintillation detectors are also commonly utilized in 

particle and nuclear physics experiments in order to detect 

the particles from the processes occurring in atomic 

nuclei. Large Hadron Collider at the European Centre for 

Nuclear Research (CERN) in Geneva is a well-known 

example for the application of scintillators. SiPMs are 

especially used in the calorimeters to increase the detector 

granularity. In addition, such calorimeters require 

magnetic field insensitive tools like SiPMs. Since SiPMs 

are sensible to voltage changes and temperature, they are 

also utilized for calibrating and monitoring the gain of 

devices. Those properties as well as the good energy 

resolution make SiPMs to get attention to be used in 

radiation detection and gamma ray spectroscopy.  

Among the many fields of applications, SiPMs have 

strong impact on nuclear medicine which deals with the 

diagnosis and treatment of patients with ionizing 

radiation. Positron emission tomography (PET) and 

computed tomography (CT) machines are utilized in 

hospitals for diagnosis of cancer lesions. Due to good 

signal-to-background ratio and high speed properties, 

SiPMs are particularly important for PET and CT.  In 

addition to those, proton therapy is recently used in 

various health centers to cure cancer patients more 
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effectively. Each diagnostic method is based on different 

scintillator and though different material and detector 

design need to be taken into account.  

Due to its small size, long durability and high sensitivity, 

SiPMs are also used in military applications to measure 

radiation as well as to develop radiation protection 

technology.  

An overview about the status and perspectives of solid 

state as well as the new generation photodetectors is 

recently published in Ref. [12, 13]. 

 

4. Conclusion 
 

This paper is an attempt to give an overview and clearly 

define the parameters required to describe the 

performance of scintillators and silicon photomultipliers.  

The silicon photomultiplier (SiPM), being a solid-state 

device, has a broad range of applications from industry to 

fundamental physics experiments. Given the many new 

ideas for future applications, SiPMs will certainly 

continue to expand. The methods of characterization, 

from which concise specifications can be extracted, will 

become more and more important. Thanks to the 

developments and success in the last decades, SiPMs 

become more interesting for larger markets. However, 

there are still improvements needed particularly on the 

electrical behavior and performance parameters. Further 

studies will undoubtedly continue to meet the challenges 

of new generation and smart designs.   
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Preparation of Boron Mineral Based Phase Change Materials  

Composites for Thermal Energy Storage 
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Thermal energy storage in the Phase Changing Materials (PCM) is used to increase the efficiency of heating and cooling 

applications. In this study, boron mineral(colemanite) based PCM composites were fabricated using direct impregnation 

method. Lauric acid and decanoic acid was used as supporting material and colemanite was used as composite matrix. 

Chemical, thermal, and morphological characterization was carried out on the produced composites with Fourier transform 

infrared (FTIR), Differential scanning calorimetry (DSC) and Scanning electron microscopy (SEM) respectively.It was 

determined that the produced composites had an energy storage capacity of 34.65 J / g and can be used as energy storage 

materials in thermal energy storage applications. 

 

Keywords: Phase change material, thermal energy storage, borone, colemanite, composite 
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1. Introduction 

 
 PCMs are latent heat storage materials which 

store or release thermal energy during phase change. 

  Preperation of PCM composites with different 

supporting materials are one of the important solutions to 

prevent the leakage of PCMs in thermal energy storage 

applications. It is reported that different materials can be 

used as supporting material. For example; Lauric acid 

composites was prepared using different supporting 

materials such as; expanded perlite [1], silicon dioxide 

[2], activated carbon [3], diatomite [4], graphene 

nanoplates [5]. Furthermore; decanoic acid composites 

were prepared with different supporting materials such as; 

halloysite nanotube [6], expanded perlite [7]. 

 Boron is one of the important natural raw 

material with significant reserves in Turkey. Boron 

minerals are natural minerals that contain different 

amounts of boron oxide. Tincal(Na2B4O7.10H2O), 

Colemanite(Ca2B6O11.5H2O and  Ulexite 

(NaCaB5O9.8H2O) are the most important boron minerals 

in our country. In this study, boron mineral(colemanite) 

based PCM composites were prepared with direct 

impregnation method and characterized. 

 
2. Experimental details 
 

In this work colemanite (Ca2B6O11.5H2O) (Figure 1) was 

used as the supporting material and lauric acid and 

decanoic acid as phase change material. In order to obtain 

4 composites; 2 recipe and 2 different preparation method 

was used. The content of the composites is presented in 

Table 1. 

 

  
Figure 1. Photos of colemanite at a) macro level b)SEM 
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Table 1. The contents of the PCM composites 
Sample PCM-(g) Colemanite(g) Pretreatment 

MK1 LA- 1 9 - 

MK4 LA- 2 8 + 

MK9 DA- 1 9 - 

MK8 DA- 2 8 + 

  

 The pretreatment was carried out by heating the 

colemanite in the high-temperature furnace for one hour. 

 Colemanite based composites were analyzed for 

their morphology, chemical composition, thermal and 

leakage properties using different methods including 

SEM, FTIR, DSC. 

 

3. Results and discussion 

 

The composites produced in this study as presented in Fig 

2-5 have a powder structure similar to the structure of 

colemanite in room conditions. 

 
Fig. 2. LA, colemanite and MK1 

 
Fig. 3. LA, colemanite (600oC) and MK4 

 
 

Fig. 4. DA, colemanite (600oC) and MK8 

 
Fig. 5. DA, colemanite and MK9 

The thermal properties of PCMs and colemanite/PCM 

composites was determined with DSC analysis. All results 

were summarized in Table 2 and the DSC curves of MK4 

presented in Fig.6.   

 

Table 2. DSC analysis of LA, DA and composites 

 

 
Fig.6. DSC graph of MK4 

 According to the DSC analysis results the 

absorption of LA higher than DA to colemanite in 

prepared composites. Furthermore; PCM absorption of 

colemanite increased by pretreatment of colemanite at 

600oC. The maximum latent heat storage capacity was 

obtained with MK4. Melting and freezing point and latent 

heat storage capacity of MK4 were determined 42.07-

39.29 oC and l 34.6 and -32.14 J / g respectively. 
 

In order to determine the structural properties of MK4, 

SEM analysis was performed and compared with heated 

colemanite. The results are presented in Fig.7. 

 

 

Sample Tom (◦C) Hm (J/g) Toc (◦C) Hc (J/g) 

LA[8] 43.66 196.61 40.98 143.66 

MK1  60.27 14.19 57.09 -14.32 

MK4  42.07 34.61 39.29 -32.14 

DA 30.15 164.64 26.77 −172.14 

MK8 29.53 21.80 25.34 -24.38 

MK9 27.83 6.37 22.26 8.24 
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a B 

  

c D 

Fig.7. SEM analysis of (a-b) colemanite(600oC), (c-d) 

MK4  

 
As it is clearly seen from the SEM analysis, structural 

changes were observed on the surface of colemanite after 

preparation of composite. It can be concluded that the 

structure of boron mineral protects LA and DA from 

environmental effects as a supporting matrix and phase 

changing occurs in boron mineral structure. 

The leakage properties of the composites during phase 

change were analyzed by high temperature test. For this 

purpose, the composites were heated to 95 oC and the 

results are presented in Fig. 8-9. 

 

 
Fig.8. Leakage test of MK1 and MK4 

 

 

Şekil 4.10. LA içerikli MK1 ve MK4, 

kompozitinin sızdırmazlık testi 

 
Fig.9. Leakage test of MK8 and MK9  

 

 

As seen from the high temperature test results; no 

leakage was observed in the prepared composites. 
 

FTIR analyzes were performed to determine the chemical 

stability of composites and presented in Figure 10-13. 

 

 

 
 

Fig.10. FTIR analyses  of colemanite, LA, MK1  

 
 

Fig.11. FTIR analyses  of LA, colemanite(600 oC), 

MK4  

 

 
 

Fig.12. FTIR analyses of DA, colemanite (600 oC), 

MK8  

 

    

MK 1   MK 4 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

15 
 

 
Fig.13. FTIR analyses of DA, colemanite and MK9  

 
According to FT-IR analysis, all composites have the 

specific spectra of PCM and colemanite which used in 

their components. 

 

4. Conclusion 
 

 In this study, colemanite based LA and DA 

composites were prepared with direct impregnation 

method for thermal energy storage. The effect of 

colemanite pretreatment on latent heat storage was 

determined. 

 DSC analyses results show that pretreatment of 

colemanite at 600oC have positive effect on latent heat 

storage capacity of PCM/colemanite composites. The 

maximum latent heat storage capacity was obtained with 

MK4 without any leakage. Melting point and latent heat 

storage capacity of MK4 were determined 42.07oC and 

34.6 J / g respectively.  

 For further developed investigations, we propose 

that in order to obtain natural mineral/phase change 

material composites with a higher latent heat storage 

capacity, different preparation methods should be 

determined.  
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Poison’s ratio; the band structure, corresponding total and density of states (DOS) are also calculated for this compound. 
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1. Introduction 

 
ScRu3 crystallizes in cubic CsCl-type structure with space 

group Pm-3m under ambient conditions. According to the 

literature researches, there are almost no studies on some 

physical properties of this material such as structural, 

electronic, mechanical properties. The basic prototype of 

this material is Cu3Au. This structure is also known as 

L12. Many experimental and theoretical studies have been 

done on Cu3Au for many years [1-5]. However, the lack 

of sufficient studies on ScRu3 has led us to study this 

material. We have studied the structural, electronic and 

elastic properties of this material, in detail. As a result of 

the calculations, we found that this material has metallic 

property and is mechanically stable. 

 

2. Theoretical details 
 

ScRu3 compound has a close-packed face-centred-cubic 

structure with space group Pm-3m. The calculations were 

performed within the density functional theory, as 

implemented in the MedeA-Vasp package with the 

projected augmented wave (PAW). For the exchange-

correlation functional, the generalized gradient 

approximation of Perdew–Burke–Ernzerhof (GGA-PBE) 

was used [6]. An energy cut-off 500 eV was found to be 

adequate for the calculation of the structural, electronic, 

and elastic properties. The k-point sampling was done on 

an 8x8x8 gamma-point grid for structure. The Fermi 

distribution function with a smearing parameter of 0.2 eV 

was used to integrate the bands at Fermi level. The elastic 

constants Cij are computed using the stress-strain 

technique. 

 

3. Results and discussion 
 
3.1 Structural Properties: 

 
ScRu3 compound has a cubic CsCl-type structure with 

Pm-3m symmetry at ambient conditions. The wyckoff 

positions are located in the following positions. Sc (0,0,0) 

and Ru (0.5, 0.5, 0.5). The lattice constant, bulk and shear 

modulus,  B/G ratio of ScRu3 were calculated, and the 

obtained results were given in Table 1. 

 

Moreover, the ratio of B/G has been calculated to 

investigate the ductility and brittleness properties of the 

ScRu3 intermetallic compound. This ratio can be 

considered as an empirical criterion of the extent of the 

fracture range in the materials. If the ratio of B/G is 

higher than 1.75, then the material behaves in a ductile 

manner. If it is less than 1.75, then that material 

demonstrates brittleness. The B/G value is 2.60 for this 

material. This indicates the ductile nature of this material. 

 

 

Table 1. Lattice constant a (Å), bulk modulus (B), shear 

modulus (G), and Young’s modulus (E), B/G ratio of 

ScRu3. 
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Material a0 B G B/G E 

ScRu3 3.920 206.58 79.39 2.60 211.13 

 

3.2 Electronic Properties: 

 

The calculated electronic band structure along the high 

symmetry directions and partial density of states for 

ScRu3 are given in Figure 2 and Figure 3, respectively. It 

is clearly from Figure 2 and Figure 3 that the valence and 

conduction bands are overlapping around the Fermi level. 

Moreover, there is no band gap at the Fermi level which is 

obviously indicating that this compound is conductivity. 

For ScRu3, the electronic bands above the Fermi level are 

due to the d-states of Ru atoms and Sc atoms. We have 

also noticed that the group of bands that appears below 

the Fermi level is mainly due to the d-state of Ru atoms, 

which can be seen in Figure 3. 

 

 
 

Figure 2. Calculated the electronic band structure of 

ScRu3 compound along several lines of high symmetry in 

the Brillouin zone. 

 

 
 

Figure 3. Calculated partial and total DOS for ScRu3 

compound. 

3.3 Elastic Properties 

 

It is very important to know the elastic properties of a 

solid material. Elastic constants are closely related to 

various fundamental solid-state phenomena such as 

phonon spectra, specific heat, thermal expansion, Debye 

temperature, interatomic bonding, equations of state and 

sound velocities. In cubic structures, there are only three 

independent elastic constants (C11, C12, and C44). The 

calculated values of elastic constants are listed in Table 2. 

Mechanical stability of these compound has been 

analysed in terms of their elastic constants. The 

conditions for mechanical stability for cubic crystals are 

given by; 

 

0,02/)(,0 121111  BCCC
 

 

The obtained elastic constants for ScRu3 reveal that this 

compound is mechanically stable in the studied phase. 

 

Table 2. The calculated elastic constants (C11, C12, C44, in 

GPa) for ScRu3. 

 

Compound Ref. 
C11 

(GPa) 

C12 

(GPa) 

C44 

(GPa) 

ScRu3 Present 286.76 164.49 95.91 

 

4. Conclusion 
 

The calculated elastic constants verify the Born's 

mechanical stability criteria for cubic structures. On the 

other hand, it is observed that the B/G > 1.75, thus 

classifying this compound as ductile materials in nature. 

From the electronic band structure figure, the valance and 

conduction bands are overlapped with each other at the 

Fermi level which indicates that this material has metallic 

characteristics.  

 

References:   
[1] G.-S. WANG, E.K. DELCZEG-CZIRJAK, Q.-M. HU, 

K. KOKKO, B. JOHANSSON, L. VITOS, Journal of 

Physics: Condensed Matter, 25 (2013) 085401. 

[2] J. BRINKMAN, C. DIXON, C. MEECHAN, Acta 

Metallurgica, 2 (1954) 38-48. 

[3] T. HASHIMOTO, K. NISHIMURA, Y. TAKEUCHI, 

Journal of the Physical Society of Japan, 45 (1978) 1127-

1135. 

[4] M. HIRABAYASHI, S. NAGASAKI, H. KŌNO, 

Journal of Applied Physics, 28 (1957) 1070-1071. 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

18 
 

[5] D. ROY, A. MANNA, S.S. GUPTA, Journal of 

Physics F: Metal Physics, 2 (1972) 1092. 

[6] J. PERDEW, K. BURKE, M. ERNZERHOF, Physical 

Review Letters, 80 (1998) 891.

 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

19 
 

 

Physical Properties of Half-Heusler TbPdBi Alloy 

 
Mustafa Oğuzhan ALTAY*, Ahmet İYİGÖR**, Abdullah CANDAN**, Mustafa ÖZDURAN*  

 
* Department of Physics, Kırşehir Ahi Evran University, Turkey  

** Department of Machinery and Metal Technology, Kırşehir Ahi Evran University, Turkey 

 

The structural, electronic and elastic properties of half-Heusler TbPdBi have been studied using first-principles calculation 
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modulus (B), elastic constants (C11, C12 and C44) and other mechanical moduli (G, E, B/G and σ) of this alloy has been 
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electronic band structure as well as total and partial density of states have also been plotted for TbPdBi alloy. 
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1. Introduction 

 
Half-metallic ferromagnets have become one of the most 

studied classes of materials due to their possible 

applications in spin electronics and magnetoelectronics 

[1]. In these materials the two spin bands show a 

completely different behaviour. While one of them 

(usually the majority-spin band, henceforth also referred 

to as spin-up band) shows a typical metallic behaviour 

with a non-zero density of states (DOS) at the Fermi level 

EF, the minority (spin-down) band exhibits a 

semiconducting behaviour with a gap at EF.  The half-

metallicity was first predicted by de Groot and 

collaborators [2] in 1983 when studying the band 

structure of a half-Heusler alloy NiMnSb. They showed 

that the spin down state is semiconducting. Since then, 

many other materials have also been found to be half-

metallic. The current advantages in new materials are 

promising for engineering new spintronic devices soon. 

Also, the half Heusler materials have been studied 

experimentally and theoretically by different researchers 

and different properties have been found [3-5].  

 

2. Method of calculation 
 

The calculations were performed to obtain the structural, 

electronic and elastic properties of TbPdBi using first-

principles calculations based on the Density Functional 

Theory (DFT) within the Generalized Gradient 

Approximation (GGA) as implemented in the Vasp-

MedeA package [6, 7]. Plane-wave energy cut-offs of 500 

eV were used in VASP calculation. The k-points 

samplings were 7x7x7 for VASP in the Brillouin zone for 

TbPdBi, according to the Monkhorst–Pack scheme [8]. 

The structure was relaxed until the convergence in energy 

of 10−5 eV was reached. In the VASP calculations, the 

Methfessel–Paxton smearing [9] with broadening of 0.225 

eV was used for relaxation. 

 

3. Results and discussion 
 
The unit cell of the full Heusler X2YZ structure (space 

group: Fm-3m) consists of four inter-penetrating fcc 

sublattices. If one of the two equivalent sites (0, 0, 0) or 

(1/2, 1/2, 1/2) (here, occupied by X atoms) is empty, the 

half Heusler XYZ structure (space group: F43m) appears 

(See Figure 1). 

 

Table 1. Calculated lattice constants (in Å), bulk modulus 

(in GPa) for TbPdBi in the C1b phase. 

 

Material References a (Å) B (GPa) 

TbPdBi 
This Work 6.740 86.094 

Exp. [5] 6.662 
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The calculated lattice constant and bulk modulus are 

listed in Table 1. The computed lattice constant is 

agreement with the experimental value [5]. 

 

 
 

Figure 1. Crystal structure of TbPdBi half Heusler alloy.  

 

The elastic constants are among the properties that are not 

yet studied experimentally and theoretically for this 

material. In the case of cubic crystals, there are three 

independent elastic constants (C11, C12, and C44). For 

cubic crystals, the conditions for mechanical stability are 

given by [10]. 

 

C44>0, C11- C12>0 and B=(C11-2C12)/3>0                         

(1) 

 

These criteria are verified (see Table 2), so it is concluded 

that this alloy is stable in the C1b phase. According to the 

ratio B/G, TbPdBi alloy is ductile manner. 

 

Table 2. Calculated, Shear modulus (in GPa), Young 

modulus (in GPa), poission’s ratio (σ) and elastic 

constants for TbPdBi in the C1b phase. 

 

Material C
11

 C
12

 C
44

 G B/G E σ 

TbPdBi 172.65 85.63 20.66 29.80 2.89 80.16 0.35 

 

The calculated electronic band structure along the high 

symmetry directions in the Brillouin zone and total and 

partial density of states for TbPdBi are given in Figure 2 

and Figure 3. In the figures, the Fermi level was set to 0 

eV. It is seen that there is no band gap at the Fermi level.  

However, it can be said that the conductivity and valence 

bands of the in the Fermi are gapless semiconductors for 

this material due to the overlap on the Γ high symmetry. 

Generally, Pd-d electrons are mainly dominant in valence 

bands and Tb-d electrons are mainly dominant in 

conductivity bands. 

 

 
 

Figure 2. The electronic band structure of the TbPdBi 

alloy. 

 

 
 

Figure 3. The total and partial density of states for 

TbPdBi. 

 

 

4. Conclusion 
 

In this study, the structural, mechanical and electronic 

properties of the half-Heusler TbPdBi alloy have been 

investigated with the Density Functional Theory. The 

calculated lattice parameter is good agreement with the 

available experimental data. The stress-strain method was 

used to calculate the elastic properties. TbPdBi alloy is 

mechanically stable in the C1b phase. According to the 

ratio B/G, this alloy is ductile manner. From the 
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electronic band structure calculations, it is seen that this 

alloy is a gapless semiconductor for C1b phase. 

 

References:   
 
[1] 𝑍UTIC, I., FABIAN, J., DAS SARMA A., Rev. Mod. 

Phys 76 (2004) 323. 

[2] de Groot R. A., Mueller F. M., van Engen P. G. and 

Buschow K. H., J. Phys. Rev. Lett. 50 (1983) 2024.  

[3] Pavlosiuk, O., Fabreges, X., Gukasov, A., Meven, M., 

Kaczorowski, D., Wiśniewski, P., “Magnetic structures of 

REPdBi half-Heusler bismuthides (RE= Gd, Tb, Dy,Ho, 

Er)”, Physica B, 536, 56-59, 2018. 

[4] Radmanesh, S. M. A., Martin, C., Zhu, Y., Yin, X.  

Xiao, H.  Mao, Z. Q. and Spinu L., “Evidence for 

unconventional superconductivity in half-Heusler YPdBi 

and TbPdBi compounds revealed by London penetration 

depth measurements”, Physical Review B, 98, 241111(R), 

2018. 

[5] Pavlosiuk, O., Kleinert, M., Wiśniewski P., 

Kaczorowski D., “Antiferromagnetic Order in the Half-

Heusler Phase TbPdBi”, Acta Physica Polonica A, 133,3 

498-500, 2018. 

[6] Kresse G and Hafner J 1993 Phys. Rev. B47 558. 

[7] Kresse G and Furthmuller J 1993Phys. Rev. B54 

11169. 

[8] H.J. Monkhorst and J.D. Pack, Phys. Rev. B 13 (1976) 

p.5188–5192. 

[9] M. Methfessel and A.T. Paxton, Phys. Rev. B 40 

(1989) p.3616–3621. 

[10] Born M., Huang K., 1954. Dynamical theory of 

crystal lattices. Clarendon, Oxford



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

22 
 

 

Ab initio study of C15 type Laves phase LaIr2 

 
Mustafa Oğuzhan ALTAY*, Ahmet İYİGÖR**, Cihan KÜRKÇÜ***, Mustafa ÖZDURAN* 
 

* Department of Physics, Kırşehir Ahi Evran University, Turkey  

** Department of Machinery and Metal Technology, Kırşehir Ahi Evran University, Turkey 

*** Department of Electronics and Automation, Kırşehir Ahi Evran University, Turkey 

 

Structural, elastic, electronic, and vibrational properties of the Laves phase LaIr2 are investigated using the first-principles 

calculations. The electronic band structure shows that the material behaves metallic nature. The calculated total density of 

states are 3.60 (electrons/eV) of LaIr2. The different mechanical properties such as elastic constants, bulk modulus B, shear 

modulus G, Young’s modulus E, and Poisson ratio ν are derived from Voigt–Reuss–Hill approximation. The ductility nature 

appears in both the values of Cauchy pressure and Pugh’s ratio. Lastly, the phonon dispersion curves of this material along 

high symmetry directions in the first Brillouin zone are plotted. 
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1. Introduction 
 

The Laves phases are the structure of AB2, which is 

explained by Fritz Laves and divided the Laves phases 

into three types such as face-centered cubic C15 (MgCu2), 

hexagonal C14 (MgZn2) and double-hexagonal C36 

(MgNi2) [1]. Laves phases have some functional 

properties, those are excellent corrosion and creep 

resistance, magnetic and electrical properties [2, 3]. C15-

type Laves phase is better than any other two Laves phase 

because of the cubic structure [4, 5]. Due to the simple 

structure, the study of different types of physical and 

superconducting properties are quite interesting and 

understand very clearly. The agreeable superconductivity 

is found in the Laves phase cubic MgCu2 (C15) type 

intermetallic compound with transition temperatures 0.07 

K to above 10 K [6]. Shrivastava and co-workers [7] 

studied structural, electronic and elastic properties of 

REIr2 (RE = La and Ce) Laves phase intermetallic 

compounds using full-potential linearized augmented 

plane wave (FP-LAPW) method within generalized 

gradient approximation (GGA) as implemented in 

WIEN2k code. In this study, we have elaborately 

performed the first-principles calculations to investigate 

the structural, electronic, elastic and phonon properties of 

the LaIr2 compound, which crystallizes in C15-MgCu2 

type structure. 

 
 
 
 
2. Theoretical details 
 

All the calculations have been performed using the plane-

wave pseudo-potential DFT method implemented in the 

MedeA-VASP package [8, 9]. Projector Augmented 

Wave (PAW) pseudopotentials were used to present the 

ionic potentials [10]. The Perdew-Burke-Ernzerhof (PBE) 

[11] exchange-correlation functional was treated at the 

generalized gradient approximation (GGA). In fact, the 

calculated results of GGA (PAW-PBE) are in reasonable 

agreement with the experimental value in all cases, this 

shows that the pseudo-potential and our methods are 

suitable for this study. According to a precise inspection 

of the convergence of total energy with respect to the 

energy cut-off of plane wave and size of k-mesh, the 

energy cut-off was chosen to be 500 eV for LaIr2. The 

energy convergence criterion for electronic self-

consistency is 10−6 eV/cell. The Monkhorst-Pack [12] 

scheme k-points grid sampling was set at 8 × 8 × 8 for the 

Brillouin zone.  The Fermi distribution function with a 
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smearing parameter [13] of 0.2 eV was used to integrate 

the bands at the Fermi level. Phonon dispersion curves are 

calculated using the MedeA-PHONON [14] module with 

the forces calculated with the Vasp. 

 

3. Results and discussion 
 
The crystal structure of the LaIr2 intermetallic compound 

is shown in Figure 1. First of all, the equilibrium lattice 

parameter has been optimized and calculated value is 

tabulated in Table 1 with the experimental and theoretical 

data [7, 15]. Besides, the computed lattice constant, bulk 

modulus B, shear modulus G, and Young’s modulus E 

have also been calculated and listed in Table 1. The 

calculated lattice constant and bulk modulus agree well 

with experimental and theoretical data for LaIr2 in C15 

phase. 

 

 
 

Figure 1. Crystal structure of C15 type Laves phase LaIr2 

compound. 

 

Table 1. The calculated equilibrium lattice constant (a0, 

in Å), bulk modulus (B, in GPa), shear modulus (G, in 

GPa), ratio B/G and Young modulus (E, in GPa) for 

LaIr2. 

 

Material Ref. a0 (Å) B G B/G E 

LaIr2 

This 

Work 
7.737 175.524 61.281 2.864 164.679 

[7] 7.73 183.09 - 2.78 - 

[15] 7.68 - - - - 

 

Furthermore, Bulk modulus (B), Shear modulus (G), 

Voigt (GV) and Reuss (GR) polycrystalline elastic 

modulus, and B/G ratio are calculated and given in Table 

1. The ratio of B/G has been calculated to investigate the 

ductility and brittleness properties of the LaIr2 

intermetallic compound. This ratio can be considered as 

an empirical criterion of the extent of the fracture range in 

the materials [16]. If the ratio of B/G is higher than 1.75, 

then the material behaves in a ductile manner. If it is less 

than 1.75, then that material demonstrates brittleness. The 

B/G value is 2.864 for this alloy. This indicates the ductile 

nature of this material. 

 

 

The electronic properties such as electronic band 

structure, the partial density of state (PDOS), and the total 

density of state (TDOS) of cubic laves phase LaIr2 have 

been calculated and given in Figure 2 and Figure 3, 

respectively. It is clear from Figure 2 that the valence and 

conduction bands are overlapping around the Fermi level 

which indicates the metallic nature of LaIr2.  

 

On the other hand, as presented in Figure 3, the calculated 

total DOS exhibits obvious metallic behavior because the 

values of total DOS for this phase are continuous at the 

Fermi level. The density of states at Fermi level N(EF) are 

3.60 (electrons/eV) for LaIr2. The electronic bands above 

the Fermi level are due to the f-states of La atoms. We 

have also noticed that the group of bands that appears 

below the Fermi level is mainly due to the d-state of Ir 

atoms, which can be seen in Figure 3. 

 

 
 

Figure 2. Calculated the electronic band structure of 

LaIr2 compound along several lines of high symmetry in 

the Brillouin zone. 
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Figure 3. Calculated partial and total DOS for LaIr2 

compound. 

Elastic constants are significant parameters of solid 

material and also provide valuable information on 

structural stability. A cubic system has three independent 

elastic constants (C11, C12, C44). Mechanical stability for 

this alloy has been analyzed in terms of their elastic 

constants. For cubic crystals, the conditions for 

mechanical stability are given by [17]: 

 

 
 

Table 2. The calculated elastic constants (C11, C12, C44, in 

GPa) for LaIr2. 

 

 
Ref. 

C11 

(GPa) 

C12 

(GPa) 

C44 

(GPa) 

CP 

(GPa) 

LaIr2 
Present 241.13 142.72 70.97 71.75 

[7] 253.01 146.87 75.33 71.54 

 

The calculated elastic constants of the LaIr2 intermetallic 

compound have been tabulated in Table 2. This table 

clearly shows the compatibility with the previous 

calculation [7]. The obtained elastic constants satisfy 

these mechanical stability criterions, thus showing that 

this compound is mechanically stable.  

 

Figure 4 shows the calculated phonon dispersion curves 

of the LaIr2 compound. As expected for MgCu2-type 

cubic crystal structure (space group Fd-3m) with six 

atoms in the primitive cell, the phonon dispersion curve 

exhibits 18 branches, three acoustic and fifteen optical 

branches. All phonon modes exhibit positive frequencies, 

suggesting that LaIr2 is dynamically stable.  

 

 
 

Figure 4. The phonon dispersion curves of LaIr2 

compound. 

 

 

4. Conclusion 
 

The calculated equilibrium lattice parameter is in good 

agreement with available other experimental and 

theoretical values. Our results for elastic constants 

suitably verify the Born's mechanical stability criteria for 

cubic structures. On the other hand, it is observed that the 

B/G > 1.75, thus classifying this compound as ductile 

materials in nature. From the band structure diagram, the 

valance and conduction bands are overlapped with each 

other at the Fermi level which indicates that this material 

has metallic characteristics. In addition, the phonon 

frequencies along high symmetry directions indicate that 

this compound is dynamically stable without any 

imaginary phonon frequencies. 
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We have performed the first-principles calculations to study the structural, electronic, elastic and phonon properties of CeIr2 

Laves phase intermetallic compound using a plane-wave pseudopotential scheme within the density-functional theory (DFT). 

The electronic exchange–correlation potential is calculated by the generalized gradient approximation and Perdew–Burke–

Ernzerhof (PBE). The optimized lattice constant and formation enthalpy are in reasonable agreement with available 

experimental data. The electronic properties are obtained in relation to band structures, total and partial density of states, 

which confirm its metallic character. The calculated elastic constants reveal that this compound is mechanically stable in C15 

structure and this material also found to be ductile in nature. Finally, the phonon dispersion curves along high-symmetry points 

at the Brillouin zone and phonon density of states are plotted. 
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1. Introduction 

 
Intermetallic compounds of Laves phases are intermetallic 

phases having AB2 composition and named by Fritz 

Laves who first described them. They have the face-

centered cubic C15 (MgCu2), hexagonal C14 (MgZn2) 

and double-hexagonal C36 (MgNi2) structures [1, 2]. The 

three structure types are related to each other but there are 

some differences in the stacking of a basic unit [3, 4]. 

These phases form the largest group of intermetallics and 

having many important applications such as 

superconducting materials, giant magnetostrictive 

materials, and hydrogen storage materials. Laves phase 

compounds show high melting temperature, low density 

and excellent oxidation resistance which are essential for 

high-temperature structural applications [5]. Shrivastava 

et al. [6] reported the structural, electronic and elastic 

properties of REIr2 (RE = La and Ce) Laves phase 

intermetallic compounds using full-potential linearized 

augmented plane wave (FP-LAPW) method within 

generalized gradient approximation (GGA) as 

implemented in WIEN2k code.  

 

In the current study, we have extensively performed the 

first- principles calculations to investigate the structural, 

electronic, elastic and phonon properties of the CeIr2 

compound, which crystallizes in C15-MgCu2 type 

structure. 

2. Theoretical details 
 

All calculations have been carried out by using the 

quantum-ESPRESSO code [7, 8] based on the density 

functional theory (DFT). The energy cut-off for the 

expansion of the eigenfunctions was set to 50 Ry. This 

cut-off energy was found to be adequate to study the 

structural and lattice dynamical properties. We have used 

the generalized gradient approximation (GGA) 

parameterized by Perdew-Burke-Ernzerhof (PBE) [9] for 

the exchange and correlation terms in the electron-

electron interaction for k-space summation which was 

12×12×12 Monkhorst and Pack [10] grid of k-points. The 

elastic constants can be obtained by calculating the total 

energy as a function of volume-conserving strains. 

Having obtained self-consistent solutions of Kohn–Sham 

equations, the lattice-dynamical properties were 

calculated within the framework of the self-consistent 

density functional perturbation theory [11]. 

 

3. Results and discussion 
 
The crystal structure of CeIr2 intermetallic compound is 

given in Figure 1. First of all, the equilibrium lattice 
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parameter has been optimized and calculated value is 

shown in Table 1 with the experimental and theoretical 

data [6, 12]. Besides, the computed cell volume (V0), 

density ( ), and formation enthalpy (Ef) have also been 

calculated and listed in Table 1. 

The calculated lattice parameter agrees well with 

experimental and theoretical data for CeIr2 in face-

centered cubic C15 phase. 

 

 
 

Figure 1. Total energy versus lattice constant curves of 

CeIr2 intermetallic compound. 

 

Table 1. The calculated equilibrium lattice parameter (a0), 

cell volume (V0), density ( ), and formation enthalpy (Ef) 

for CeIr2. 

 

 
Ref. a0 (Å) 

V 

(Å3/f.u.) 

 

(g/cm3) 
f 

(eV/atom) 

CeIr2 

Present 7.622 442.761 15.738 -0.779 

[6] 7.62 - - - 

[Exp.-12] 7.573 - - - 

 

The electronic band structure analysis of the materials 

gives us information about the materials' electric types: 

conductor, semiconductor or insulator. The electronic 

properties such as electronic band structure, the partial 

density of state (PDOS), and the total density of state 

(TDOS) of cubic laves phase CeIr2 have been calculated 

and given in Figure 2, Figure 3. It is clear from Figure 2 

that the valence and conduction bands are overlapping 

around the Fermi level. Moreover, there is no band gap at 

the Fermi level which is clearly indicating that this 

compound is neither insulator nor semiconductor 

materials but rather conductor one. On the other hand, as 

presented in Figure 3, the calculated total DOS exhibits 

obvious metallic behavior because the values of total 

DOS for this phase are continuous at the Fermi level. The 

density of states at Fermi level N(EF) are 6 States/eV for 

CeIr2. For CeIr2, the electronic bands above the Fermi 

level are due to the f-states of Ce atoms. We have also 

noticed that the group of bands that appears below the 

Fermi level is mainly due to the d-state of Ir atoms, which 

can be seen in Figure 3. 

 

 

 
 

Figure 2. Calculated the electronic band structure of 

CeIr2 compound along several lines of high symmetry in 

the Brillouin zone. 

 

 
 

Figure 3. Calculated partial and total DOS for CeIr2 

compound. 

 

Elastic constants are significant parameters of solid 

material and also provide valuable information on 

structural stability. A cubic system has three independent 

elastic constants (C11, C12, C44). Mechanical stability for 

this alloy has been analyzed in terms of their elastic 

constants. For cubic crystals, the conditions for 

mechanical stability are given by [13]: 
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Table 2. The calculated elastic constants (C11, C12, C44, in 

GPa) for CeIr2. 

 

Compound Ref. 
C11 

(GPa) 

C12 

(GPa) 

C44 

(GPa) 

CeIr2 
Present 280.71 173.23 96.83 

[6] 252.93 182.63 96.95 

 

The calculated elastic constants of CeIr2 intermetallic 

compound have been tabulated in Table 2. This table 

clearly shows the compatibility with the previous 

calculation [6]. The obtained elastic constants satisfy 

these mechanical stability criterions, thus showing that 

this compound is mechanically stable.  

 

Moreover, mechanical parameters such as Bulk modulus 

(B), Shear modulus (G), Voigt (GV) and Reuss (GR) 

polycrystalline elastic modulus, and B/G ratio are given in 

Table 3. The ratio of B/G has been calculated to 

investigate the ductility and brittleness properties of the 

CeIr2 intermetallic compound. This ratio can be 

considered as an empirical criterion of the extent of the 

fracture range in the materials [14]. If the ratio of B/G is 

higher than 1.75, then the material behaves in a ductile 

manner. If it is less than 1.75, then that material 

demonstrates brittleness. The B/G value is 2.73 for this 

alloy. This indicates the ductile nature of this material. 

 

Table 3. The calculated bulk modulus (B, in GPa), shear 

modulus (G, in GPa), and ratio B/G for Ru2ZnGa. 

 

Compound Ref. 
B 

(GPa) 

GV 

(GPa) 

GR 

(GPa) 

G 

(GPa) 
B/G 

CeIr2 
Present 209.06 79.59 73.32 76.45 2.73 

[6] - - - - 3.19 

 

Figure 4 shows the calculated phonon dispersion curves 

and partial and total density of states of the CeIr2 

compound. As expected for MgCu2-type cubic crystal 

structure (space group Fd-3m) with six atoms in the 

primitive cell, the phonon dispersion curve exhibits 18 

branches, three acoustic and fifteen optical branches. All 

phonon modes exhibit positive frequencies, suggesting 

that CeIr2 is dynamically stable. From Figure 4, there is a 

gap between the optic-optical phonon modes because of 

the mass difference between the Ce and Ir atoms. This 

gap is calculated to be 0.71 THz for this compound. 

Besides, the calculated zone-center phonon frequencies 

are found to be 0.613-2.697-2.994-3.174-4.758-6.466 

THz. 

 

 
 

Figure 4. The phonon dispersion curves and partial and 

total density of states of CeIr2 compound. 

 

 

4. Conclusion 
 

The calculated equilibrium lattice parameter is in good 

agreement with available other experimental and 

theoretical values. Our results for elastic constants verify 

the Born's mechanical stability criteria for cubic 

structures. On the other hand, it is observed that the B/G > 

1.75, thus classifying this compound as ductile materials 

in nature. From the band structure diagram, the valance 

and conduction bands are overlapped with each other at 

the Fermi level which indicates that this material has 

metallic characteristics. In addition, the phonon 

frequencies along high symmetry directions indicate that 

this compound is dynamically stable without any 

imaginary phonon frequencies. 
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The structural, electronic, mechanical, and vibrational properties of Ru2ZnGa Heusler alloy are investigated in the Fm-3m 

space group. These properties have been performed in the framework of self-consistent first-principle calculations, using the 

pseudo-potential plane wave method based on the Generalized Gradient Approximation (GGA). It is seen that calculated 

lattice constant agree well with the available theoretical result. As well as the electronic band structure along the high 

symmetry directions, total and partial density of states are presented. The elastic constants and other polycrystalline elastic 

moduli have been anticipated, and the mechanical stability of Ru2ZnGa alloy has been verified. Besides, phonon dispersion 

curves and the corresponding density of states are also obtained using the density functional perturbation theory (DFPT). 
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1. Introduction 

 
During the last century, Heusler alloys [1] have attracted a 

lot of researchers [2] owing to its various electronic 

properties. Many researchers have been studying into 

Heusler alloys to look for spintronic [3] topological 

insulators and for thermoelectric materials [4]. To date, 

many of the Heusler alloys have been synthesized and 

their physical properties have been estimated. Heusler 

compounds are L21 type crystal structure and they are of 

two types full Heusler and half Heusler. The full Heusler 

type has space group of 225, four interpenetrating fcc 

lattices with the chemical formula X2YZ [5]. X and Y 

atoms are transition metals and Z atoms are mainly from 

III, IV and V group of elements of the periodic table. The 

X atoms occupy (0, 0, 0) and (1/2, 1/2, 1/2), Y atoms at 

(1/4, 1/4, 1/4) and Z atoms at (3/4, 3/4, 3/4). To the best 

of our knowledge, no studies of electronic band structure, 

elastic and vibration properties of Ru2ZnGa alloy have 

been reported in the literature. Only, Gilleßen in his 

dissertation has studied the lattice constant and magnetic 

moment of Ru2ZnGa Heusler alloy using density 

functional theory [6]. Therefore, we have aimed to 

provide some additional information about the physical 

properties of Ru2ZnGa to the existing data using the ab 

initio total-energy calculations. 

 

2. Theoretical details 
 

All calculations have been carried out by using the 

quantum-ESPRESSO code [7, 8] based on the density 

functional theory (DFT). The energy cut-off for the 

expansion of the eigenfunctions was set to 40 Ry. This 

cut-off energy was found to be adequate to study the 

structural and lattice dynamical properties. We have used 

the generalized gradient approximation (GGA) 

parameterized by Perdew-Burke-Ernzerhof (PBE) [9] for 

the exchange and correlation terms in the electron-

electron interaction for k-space summation which was 

12×12×12 Monkhorst and Pack [10] grid of k-points. The 

elastic constants can be obtained by calculating the total 

energy as a function of volume-conserving strains that 

break the cubic symmetry. Having obtained self-

consistent solutions of Kohn–Sham equations, the lattice-

dynamical properties were calculated within the 

framework of the self-consistent density functional 

perturbation theory [11]. 

 

 

3. Results and discussion 
 
The equilibrium lattice constant is determined by 

minimizing the total energy with respect to different 

values of the lattice constant. These energy values are 
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fitted to the Murnaghan’s equation of state in order to 

obtain the lattice constant, and the first-order pressure 

derivative of the bulk modulus. The total energies 

corresponding to different lattice constants for the 

Ru2ZnGa alloy are shown in Figure 1.  

 

 
 

Figure 1. Total energy versus lattice constant curves of 

Ru2ZnGa. 

 

We also tabulated lattice constant (a0), Bulk modulus (B) 

and its pressure derivative (B′) for Ru2ZnGa alloy in able 

1. Our results have been compared with the available 

result in the literature [6]. There is a good agreement 

between our lattice constant and that previously reported. 

The predicted lattice constant is about 0.04 % smaller 

than the theoretical data [6]. 

 

Table 1. The calculated equilibrium lattice constant (a0), 

bulk modulus (B), and pressure derivative of bulk 

modulus (B′) for Ru2ZnGa. 

 

Material Reference a0 (Å) B0 (GPa) 
B′ 

(GPa) 

Ru2ZnGa 
Present 6.034 207.2 4.94 

[8] 6.056 - - 

 

The spin-polarized electronic band structures for 

Ru2ZnGa alloy along the high symmetry directions in the 

Brillouin zone given in Figure 2. It is seen that there is no 

band gap at the Fermi level, as a result, Ru2ZnGa alloy 

exhibit metallic behavior. Furthermore, the total and the 

partial density of states of Ru2ZnGa alloy are shown in 

Figure 3. It is clearly seen that the low-energy part 

(around -10 and -5 eV) mainly consists of Zn-4d states 

and also at the Fermi level is dominated by Ru-4d states. 

 

 
 

 
 

Figure 2. Electronic band structures in the spin-up and 

spin-down states of the Ru2ZnGa alloy. The dotted line 

indicates the Fermi level at 0 eV. 

 

 
Figure 3. Total and partial DOS for Ru2ZnGa alloy, the 

Fermi level is set at 0 eV. 
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Elastic constants are significant parameters of solid 

material and also provide valuable information on 

structural stability. A cubic system has three independent 

elastic constants (C11, C12, C44). Mechanical stability for 

this alloy has been analyzed in terms of their elastic 

constants. For cubic crystals, the conditions for 

mechanical stability are given by [12]: 

 

 
 

Table 2. The calculated elastic constants (C11, C12, C44, in 

GPa) for Ru2ZnGa. 

 

Material C11 (GPa) C12 (GPa) C44 (GPa) 

Ru2ZnGa 280.38 173.97 135.18 

 

The calculated elastic constants of Ru2ZnGa alloy have 

been tabulated in Table 2. The obtained elastic constants 

for this alloy satisfy these mechanical stability criterions, 

thus showing that the Ru2ZnGa is mechanically stable.  

 

Moreover, mechanical parameters such as bulk modulus 

(B), shear modulus (G), Voigt (GV) and Reuss (GR) 

polycrystalline elastic modulus, and B/G ratio are given in 

Table 3. The ratio of B/G has been calculated to 

investigate the ductility and brittleness properties of 

Ru2ZnGa. This ratio can be considered as an empirical 

criterion of the extent of the fracture range in the 

materials [13]. If the ratio of B/G is higher than 1.75, then 

the material behaves in a ductile manner. If it is less than 

1.75, then that material demonstrates brittleness. The B/G 

value is 2.25 for this alloy. This indicates the ductile 

nature of this material. 

 

Table 3. The calculated bulk modulus (B, in GPa), shear 

modulus (G, in GPa), and ratio B/G for Ru2ZnGa. 

 

Material 
B 

(GPa) 

GV 

(GPa) 

GR 

(GPa) 

G 

(GPa) 
B/G 

Ru2ZnGa 209.44 102.39 83.64 93.01 2.25 

 

Figure 4 shows the calculated phonon dispersion branches 

with the inclusion of partial and total density of states of 

Ru2ZnGa alloy. As expected for the L21-type crystal 

structure with four atoms in the primitive cell, the phonon 

dispersion curve exhibits 12 branches, three acoustic and 

nine optical branches. All phonon modes exhibit positive 

branches, suggesting that this alloy is dynamically stable. 

The zone-centered optic phonon modes are found as 

4.464, 6.425 and 7.147 THz for Ru2ZnGa. The partial and 

total density of states show that Ru, Zn, and Ga atoms 

vibrate in the acoustic and optical regions. 

 

 
 

Figure 4. The calculated phonon dispersions and partial 

density of states for Ru2ZnGa. 

 

4. Conclusion 
 

In this research, electronic band structure, vibrational and 

some mechanical properties of Ru2ZnGa which crystallize 

in fcc structure with space group Fm-3m and 225 space 

number, have been examined in detail. The calculated 

spin-polarized electronic band structures for this alloy 

show that this material has a metallic character. The 

calculated elastic constants show that this alloy is stable 

mechanically. We have also calculated the phonon 

frequencies along the high symmetry directions. The 

calculated phonon dispersion curves of Ru2ZnGa alloy 

confirm that this alloy is dynamically stable in the L21 

structure without any imaginary phonon frequencies. 
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respect to formation enthalpy. Electronic band structure show that this compound is indirect energy band gap (Γ-M) 
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framework of the Voigt-Reuss-Hill approximation for ideal polycrystalline MgZrO3 compound. 
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1. Introduction 

 
The ABO3 type perovskites are of exceptional importance 

not 

only due to their applications in modern technologies but 

also for investigating the phase transitions. Recently, 

perovskites have been investigated with great attention 

both theoretically as well as experimentally in physics, 

chemistry, and material science because of their 

applications in science and technology. The perovskites 

especially oxides based on general formula ABO3 have 

attracted researchers all over the globe as a result of their 

remarkable properties like multi-ferriocity, 

superconductivity, thermoelectricity, solid-oxide fuel 

cells, half-metallicity, ferromagnetism. In this study, we 

focus on the comparatively less studied MgZrO3 

perovskite. This studied perovskite is widely known for 

thermal barrier coatings owing to their low thermal 

expansion. Moreover, this perovskite MgZrO3 is used as a 

base catalyst, due to their high activity and durability in 

order to produce an efficient biodiesel catalyst. The 

electronic, optical and thermoelectric properties of the 

MgZrO3 compound have been investigated theoretically 

by Noor and co-workers [1] using Wien2k. They 

calculated the indirect bandgap value for MgZrO3 

perovskite as 0.77 eV. The mechanical properties of this 

material have never been studied. In this investigation, we 

have made an attempt to discuss and evaluate the 

structural, electronic, particularly elastic properties of 

MgZrO3 in the framework of the density functional theory 

(DFT). 

 

2. Theoretical details 
 

In the present work, the first-principles calculations are 

performed within quantum-ESPRESSO code based on the 

density function theory (DFT) [2, 3]. The exchange–

correlation energy functional were treated within the 

generalized gradient approximation (GGA) developed by 

Perdew–Burke–Ernzerhof (PBE) [4]. The convergence of 

the performed calculations with respect to the plane-wave 

cut-off and k-points mesh, were carefully tested. The 

energy cut-off of the plane-wave basis was of 600 Ry. 

The sampling of the Brillouin zone was of 12x12x12 k-

points with a Monkhorst–Pack grid [5]. Integration up to 
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the Fermi surface was performed using the smearing 

technique [6] with smearing parameter 0.02 Ry.  

 

 

3. Results and discussion 
 
MgZrO3 perovskite has been reported in cubic phase with 

a lattice constant of 4.08 Å [1]. The Mg atoms are located 

at corners (0, 0, 0), Zr at center (0.5, 0.5, 0.5) and O 

atoms are sited at face centers (0.5, 0.5, 0), (0.5, 0, 0.5), 

(0, 0.5, 0.5) of cubic unit cell (see Figure 1).  

 

 
 

Figure 1. Crystal structure of perovskite MgZrO3 in cubic 

phase. 

 

We also tabulated lattice constant (a0), equilibrium lattice 

volumes (V0) and formation enthalpy (ΔHf) of the 

MgZrO3 perovskite in Table 1. Our results have been 

compared with the available result in the literature [1]. 

There is a good agreement between calculated lattice 

constant, formation enthalpy for MgZrO3 and that 

previously reported.  

 

Table 1. Calculated lattice constant (a0), equilibrium 

lattice volumes (V0) and formation enthalpy (ΔHf) of 

MgZrO3. 

 

Compound Ref. a0 (Å) Vo (Å3) 
f 

(eV/atom) 

MgZrO3 
Present 4.106 69.229 -2.522 

[1] 4.08 - -2.94 

 

In order to investigate electronic nature of our material, 

the energy band structure within GGA (Generalized 

Gradient Approximation) for MgZrO3 has been computed 

and then, plotted along the high-symmetry directions in 

the Brillouin zone as presented in Figure 2. The valence 

band maximum (VBM) occur at M point and the 

conduction band minimum (CBM) occur at Γ point, 

making MgZrO3  compound to be a indirect band gap 

material (Γ–M). 

 

Also, the determined total (TDOS) and orbital projected 

partial density of electronic states (PDOS) of this material 

have been shown in Figure 3. In the valence band which 

is below Fermi level (EF), the bands are mainly d states of 

Zr atoms and p states of O atoms. The bands above the 

Fermi level are mainly d states of Zr atoms, p states of O 

atoms and s states of Mg atoms. 

 
 

Figure 2. Electronic band structures of the MgZrO3.  

 

 
 

Figure 3. Total and PDOS of the MgZrO3.  

 

For any cubic crystal, there are three (C11, C12 and C44) 

independent elastic constants [7] which have been 

tabulated for MgZrO3 in Table 2. 

 

Table 2. Calculated elastic constants (Cij). 

 

Compound Ref. 
C11 

(GPa) 

C12 

(GPa) 

C44 

(GPa) 

MgZrO3 Present 325.89 75.48 44.26 
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We have employed Born-Huang criteria [8] to designate 

mechanical stability of our crystal. These criteria are 

given by, for a cubic crystal, 

 

 
 

The obtained elastic constants for the MgZrO3 perovskite 

respond to these mechanical stability criterions, thus 

showing that this material is mechanically stable.  

 

Besides, Bulk modulus (B), Shear modulus (G), Voigt 

(GV) and Reuss (GR) polycrystalline elastic modulus, and 

B/G ratio are given in Table 3. The ratio of B/G has been 

calculated to investigate the ductility and brittleness 

properties of this compound. This ratio can be considered 

as an empirical criterion of the extent of the fracture range 

in the materials [9]. If the ratio of B/G is higher than 1.75, 

then the material behaves in a ductile manner. If it is less 

than 1.75, then that material demonstrates brittleness. The 

B/G value is 2.33 for this alloy. This indicates the ductile 

nature of this material. 

 

Table 3. The calculated Bulk modulus (B, in GPa), Shear 

modulus (G, in GPa), and ratio B/G for MgZrO3. 

 

Compound B  GV  GR  G  B/G 

MgZrO3 158.95 76.64 59.70 68.17 2.33 

 

The Poisson’s ratio (ν) and Young’s modulus (E) are very 

important properties for industrial applications. E, the 

ratio between stress and strain, is required to provide 

information about the measure of stiffness of the solids. 

The E value at Table 4 indicates that this material can be 

counted as stiff materials. ν provides more information 

about the characteristics of bonding forces than any of the 

other elastic properties. The lower limit and upper limit of 

ν are given 0.25 and 0.5 for central forces in solids, 

respectively [10]. Calculated ν value is equal to 0.31. The 

present result shows that the inter-atomic forces for 

MgZrO3 is predominantly central forces. The anisotropy 

shear factor vital mechanical parameter since it is defined 

to measure elastic anisotropy of a compound. Calculated 

anisotropy shear factors from the Table 4 indicates that 

MgZrO3 has anisotropic character. 

 

Table 4. The calculated Young’s modulus (E, in GPa), 

Poisson’s (ν) ratio, and anisotropy shear factor (A) for 

MgZrO3. 

 

Compound E ν A 

MgZrO3 178.93 0.31 0.354 

 

4. Conclusion 
 

The optimized lattice constant of MgZrO3 is 4.106 Å. 

This compound indicates semiconductur character and 

thus it promising candidate for electronics application. 

Also, obtained indirect band gap value for MgZrO3 is in 

accordance with the literature. On the other hand, the 

obtained elastic constants show that this compound have 

mechanical stability in cubic Pm-3m crystal structure 

since they obey the Born-Huang criterions. The calculated 

B/G ratio indicates that this material is ductile. 
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1. Introduction 

 
Li2Se is an important material which takes attention 

thanks to its wide range of applications in solid-state 

batteries, fuel cells or solid-state gas detectors and photo-

emissive ultraviolet light materials and so on [1-3]. This 

material is expected to have technological properties 

hence a number of studies on it have been carried out [4-

12]. The Li2Se crystallizes in a cubic-type structure with 

space group  at ambient conditions. Additionally, 

some studies have been made on other physical properties 

of Li2Se. Eithiraj et al. [13] and Seifert-Lorenz and 

Hafner [14] have studied the electronic band structure of 

Li2Se using the Tight-Binding Linear Muffin-Tin Orbital 

method. In this study, we calculated structural phase 

transition in Li2Se and predicted phase transition from 

cubic structure to tetragonal structure under hydrostatic 

pressure of 90 GPa. 

 

2. Calculation details 
 

The structural properties of Li2Se were carried out within 

Density Functional Theory (DFT) calculations using 

Siesta software package [15]. The calculations were 

performed using an GGA-PBE exchange-correlation 

functional [16]. We have used Troullier-Martins type 

norm-conserving pseudo-potential for Li and Se atoms 

[17].  In all calculations were conducted using double-

zeta plus polarized (DZP) basis sets of localized atomic 

orbitals. The energy mesh cut-off, which corresponds to 

the spacing of the real space grid used to calculate the 

Hartree, exchange, and correlation contribution to the 

total energy and Hamiltonian, was set to be 350 Rydberg 

(Ry). Li2Se was modelled using  cells with periodic 

boundary condition for 72 atoms supercells. The 

Brillouin−zone integration was performed with 8×8×8 

and 8×8×6 k−point meshes for cubic and tetragonal 

structures of Li2Se, respectively [18]. Structural 

optimizations were performed via the Parrinello-Rahman 

technique until the residual force acting on all atoms were 

smaller than 0.01 eV/Å and pressure is gradually 

increased by 10 GPa through this method to the system. 

For analyze each minimization step, we used the KPLOT 

program and the RGS algorithm that give detailed 

information about the space groups, atomic positions and 

lattice parameters of an analyzed structure [19, 20]. 

  

3. Results and discussion 
 

The calculations of equilibrium lattice parameters of 

cubic phase of Li2Se were performed initially by relaxing 

72 atoms supercell at zero pressure. The equilibrium unit 

cell lattice constant is found to be a = b=c=6.0198 Å. In 

order to determine the phase transition of Li2Se, the 
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pressure−volume relation is obtained by using the 

constant pressure ab initio simulation. The P−V curve is 

given in Fig. 1. A sharp change is observed in volume as 

the pressure increases from 80 GPa to 90 Gpa. This 

indicates a first order pressure induced phase transition in 

Li2Se.  

 

 
Figure 1. The volume change of the simulation cell as a 

function of pressure. 

 

The structural analysis make known that the cubic 

structure transforms to tetragonal structure at 90 GPa 

pressure as shown in Fig. 2. This result shows that the ab 

initio technique successfully produces the experiment 

observed high-pressure phase of Li2Se with an overvalued 

transition pressure. 

 

 
Figure 2. The crystal structures of Li2Se: cubic structure 

(left) and tetragonal structure (right). 

 

The results suggest that ab inito technique can 

successfully generate phase transitions of Li2Se under 

high pressure. However, the calculated phase transition 

pressure is slightly higher than the experimental results. 

This is due to using a defect free structure with a finite 

volume where the phase transition occurs over the whole 

simulation cell instead of nucleation and buildup. Thus, 

when the particular conditions such as finite size of the 

simulation cell, the time scale of simulations, etc. are 

considered, such an overestimated transition pressure is 

anticipated. In order to avoid this situation, 

energy−volume calculations are considered to study the 

stability of cubic and tetragonal structures since the 

thermodynamic theorem does not take into account the 

possible existence of such an activation energy barrier 

separating the two structural phases. The result is 

presented in Fig. 3. 

 

 
Figure 3. The energy-volume curves of structural phases 

of Li2Se.  

 

The energy–volume datas are fitted to the third-order 

Birch–Murnaghan equation of state. At the phase 

transition, the two phases have the same enthalpy (H= Etot 

+ PV, where P =−dEtot/dV is obtained by direct 

differentiation of the calculated the energy–volume 

curves), therefore the transition pressure can be easily 

determined by equating the enthalpy of the two phases. 

The computed enthalpy curve of the cubic and tetragonal 

structures as a function of pressure is shown in Fig. 4. As 

can be seen in Fig. 4, transition pressure was obtained at 

about 70 GPa. 
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Figure 4. The enthalpy curves of structural phases of 

Li2Se as a function of pressure. 

 

4. Conclusion 
 

In this study, ab-initio calculations were performed to 

examine phase transition behavior of Li2Se under high 

pressure with SIESTA. As a result of the calculations, a 

first-order phase transition was observed from the cubic 

  phase to the tetragonal    phase at 90 

GPa. We also obtained lattice parameters that are in good 

agreement with other studies. 
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1. Introduction 
 

NAS (Sodium-Sulfur (NaS) batteries) battary is the 

world's first commercial megawatt-class battery that can 

store large amounts of energy for hours. The NAS battery 

system has more capacity, higher energy density and 

longer lifetime than other battery technologies. Because 

of these properties, it is more useful for stationary 

applications compared to lithium-ion batteries, which are 

suitable for providing high power, which is widely used 

today. The NAS battery system supports the integration of 

variable renewable energy sources such as wind and solar 

into the grid. In addition, NAS battery helps to reduce 

energy costs and environmental burden. Thanks to its 

numerous superior features, NaS batteries are very 

popular today. Within the scope of the literature studies, 

there are almost no studies on the physical properties of 

this material. Therefore, in order to cover this deficiency 

in the literature, we studied some physical properties of 

NaS under high pressure. NaS crystallizes in hexagonal 

structure with space group P63/mmc at ambient 

conditions. We observed that this hexagonal type 

structure transforms into an orthorhombic structure with 

space group Pmmm under 50 GPa pressure. 

 

 

2. Calculation details 

 

All the DFT calculations were performed with Perdew-

Burke-Ernzerhof (PBE) generalized gradient 

approximation (GGA) [1] functional using the ab initio 

program SIESTA [2]. A Parrinello-Rahman technique 

was used for minimization of geometries under a constant 

pressure. A cutoff energy of 350 Ryd was used in all 

calculations. 

The self-consistent “norm-conserving” pseudopotentials 

were generated using the Troullier-Martins scheme [3]. In 

the calculations, double-zeta plus polarized orbitals were 

used for a real space grid. We used -point sampling for 

the Brillouin-zone integration. For the energy-volume 

calculations, we considered the unit cell of P63/mmc and 

Pmmm phases. The Brillouin-zone integration was 

performed with , and  k-point mesh 

for P63/mmc and Pmmm phases of NaS following the 

convention of Monkhorst and Pack [4]. We used these k-

point meshes for the energy-volume calculations. The 

simulation cell consist of 144 atoms with periodic 

boundary conditions. These structures were allowed to 

relax and to find their equilibrium volumes and lowest 

energies for each value of the applied pressure by 

optimizing their lattice vectors and atomic positions. 

Geometries were relaxed until the forces on all atoms 

were less than 0.01 eV Å−1 and the stress tolerances were 

getting less until 0.5 GPa. 
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Parrinello-Rahman technique was used to apply external 

pressure to the system. Pressure was increased with an 

increment of 10 GPa. In order to analyze each 

minimization step, KPLOT program and RGS algorithm 

was used [5, 6] that gives elaborated knowledge about cell 

parameters, atomic positions and space group of an 

analyzed structure. 

 

3. Results and discussion 
 

NaS crystallizes in a hexagonal-type structure at ambient 

conditions. We studied this structure under the hydrostatic 

pressure up to 100 GPa. Pressure was gradually increased 

beginning from the 0 GPa and the structure of NaS at 

each applied pressure was analyzed via the KPLOT 

program. NaS undergoes a phase transformation from the 

hexagonal-type structure with space group  to 

the orthorhombic structure with space group  at 50 

GPa. The crystal structures of these two phase at 0 GPa, 

and 50 GPa are depicted in Fig. 1.  

We plotted pressure-volume relation to determine the 

thermodynamic nature of the phase transitions for NaS in 

Fig. 2. As seen in Fig. 2, the volume decrease 

monotonically and indicate the phase transitions at 50 

GPa. It is clear that this discontinuity indicates the first 

order phase transitions. 

 

 
Figure 1. The crystal structures of NaS: P63/mmc phase 

(left) and Pmmm phase (right). 

 

 
Figure 2. The volume change of the simulation cell as a 

function of pressure. 

 

Transition pressures obtained in constant-pressure 

simulations are noticeably larger than the experimental 

results. This result is anticipated because the simulation 

conditions such as loading rate, the limited box size, the 

lack of defects in the simulated structures and the use of 

periodic boundary conditions are significantly different 

from the experimental ones. As a result, the systems have 

to cross a significant energy barrier to transform from one 

phase to another phase. We then take the energy-volume 

computations into account so as to study the stability of 

high pressures phases of NaS. The total energy as a 

function of volume is depicted in Fig. 3. 
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Figure 3. The energy-volume curves of structural phases 

of NaS.  

 

We used the Gibbs free energy ( ) in order to 

calculate the phase transition pressures from P63/mmc to 

Pmmm phase at 0 K. The Gibbs free energy is given by 

Eq. 1. 

 

         (1) 

 

Where  is the total energy,  is the pressure,  is the 

volume and  is the entropy. We performed our 

calculations at 0 K, therefore, the  term is neglected. 

Thus,  equals to the enthalpy ( ) given by Eq. 2. 

 

             (2) 

 

where  

The intersection of two enthalpy curves shows a transition 

pressure between two phases. The phase transition 

pressures from P63/mmc to Pmmm phase is found to be 

about 12 GPa, and the related enthalpy versus pressure 

graphs is depicted in Fig. 4. 

 
Figure 4. The enthalpy curves of structural phases of NaS 

as a function of pressure. 

 

 

 
Figure 5. The behavior of the simulation cell lengths 

(top) and angles (bottom) as function of MD time steps at 

50 GPa 

 

As a next step, we studied the atomic movement during 

the phase transformation by analyzing the modification of 

the simulation cell. We plot the variation of the simulation 

cell lengths and angles as a function of minimization step 

at 50 GPa in Fig. 5. These cell vectors are expressed as A, 

B, and C are initially along the [100], [010] and [001] 

directions, respectively. The magnitudes of these vectors 

are plotted in Fig. 5. 

 

4. Conclusion 
 

In summary, the structural properties of NaS under high 

hydrostatic pressure ranging from 0 to 100 GPa at zero 

temperature have been studied using ab initio constant 

pressure simulations. We obtained phase transition 

sequence . According to the 

enthalpy calculations, the transition pressure was 

estimated as 12 GPa. 
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We study the pressure-induced phase transition of LiBH4 using a constant pressure ab initio technique with 

Generalized Gradient Approximation of Perdew-Burke-Ernzerhof. LiBH4 crystallizes under ambient conditions in 

orthorhombic structure (space group Pnma). We predict the structural phase transformations from this structure to 

monoclinic structure (space group P21/c) with the application of hydrostatic pressure. Also, we study the 

electronic properties of LiBH4 and some physical properties such as the lattice constants, the bulk modulus, the 

pressure derivative of the bulk modulus, and equilibrium energies.  Furthermore, we study these phase transitions 

using the total energy and enthalpy calculations.  
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1. Introduction 
The search for safe, economic, and clean energy has 

become a major problem with the decrease in 

unsustainable fuel supplies and increase in world 

demand for energy. Hydrogen can be an ideal 

energy carrier, but storage is the main problem the 

limits its widespread use [1, 2]. Therefore, 

obtaining practical storage materials with high 

hydrogen content is the key issue for hydrogen-

based propulsion [3]. Recently, interest on complex 

hydrides (alanates and borohydrides) has increased 

considerably due to their possible application as 

hydrogen storage materials. Furthermore, the 

changes in the structure of these materials under 

high pressure have been studied in the past decades. 

Vajeeston et al. predicted a large volume collapse 

of their structures under high pressure for LiAlH4 

and NaAlH4 [4, 5] Talyzin et al. calculated high 

pressure phase transition in LiBH4 by y Raman 

spectroscopy 

and X-ray diffraction [6] . 

 

2. Calculation details 
 

The calculations in the present work were carried 

out in the frame of density-functional theory (DFT) 

calculations with the ab initio program SIESTA [7]. 

Generalized Gradient approximation (GGA) using 

the Perdew-Burke-Ernzerhof (PBE) functional 

[8]was used for the exchange-correlation energy. 

Double-ξ plus polarized basis sets were employed. 

In order to represent the electron density, the local 

part of the pseudopotentials, and the Hartree and 

the exchange correlation potential a uniform mesh 

with a plane wave cut-off of 350 Ry was used. A 

simulation cell chosen consists of 48 atoms with 

periodic boundary conditions. We employed Г-

point sampling for the Brillouin zone integration. 

To get optimized lattice vectors and atomic 

positions, the stress tolerance and maximum atomic 

force were taken less than 0.5 GPa and smaller than 

0.01 , respectively. Firstly the system was 

equilibrated at zero pressure, and after that the 

pressure was gradually increased by a rise of 2 GPa 

applying Parrinello-Rahman technique to the 

system. In order to find symmetries of the phases 

observed in the simulations, we used the RGS 

algorithm and the KPLOT program [9, 10] that 

permitted detailed data about a given structure such 

as space group, cell parameters and atomic 

positions. 
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3. Results and discussion 
 

Initially, we relax our 48 atoms supercell at zero 

pressure to obtain the lattice parameters of the 

orthorhombic Pnma phase. The equilibrium unit 

cell lattice constants of LiBH4 are obtained as 

a=7.1068, b=4.5345, and c=6.7427 . The pressure-

volume relation of LiBH4 is investigated and 

presented in Fig. 1. The volume gives sharp 

variations when the applied pressure is increased 

from 4 GPa to 6 GPa in this material. The structural 

analysis makes known that the orthorhombic 

structure transforms to the monoclinic structure 

with space group P21/c at 6 GPa as shown in Fig. 2. 

The lattice parameters of this monoclinic structure 

are as follows: a=4.3022, b=6.3410, and c=7.0263 

.  
The obtained phase transition pressure values using 

gradually increasing pressure technique show that 

the ab initio technique successfully produces the 

experimental observed high-pressure phase of 

LiBH4 with an overvalued transition pressure. Since 

the restricted conditions such as finite size of 

  

 
Figure 1. The volume change of the simulation cell 

as a function of pressure. 

 

 

 
Figure 2. The crystal structures of LiBH4: Pnma 

phase (left) and P21/c phase (right). 

 

the simulation cell, the lack of any defect in 

simulated structure, etc. are considered, such an 

overestimated transition pressure is expected [ ]. 

Conversely, the thermodynamic theorem does not 

take into account the probable presence of an 

activation barrier separating the two structural 

phases. Thus, as a next step, we take the energy-

volume computations into account to study the 

stability of high-pressure phases of LiBH4. The 

computed total energies as a function of volumes 

are presented in Fig. 3. 

 
Figure 3. The energy-volume curves of structural phases of 

LiBH4. 

 

 

The transition pressure between the different phases 

of  LiBH4 is easily identified by a simple 

comparison of their static lattice enthalpy since the 

intersection of two enthalpy curves indicates a 

pressure-induced phase transition between these 

two phases. The computed enthalpy curves of the 

P  and P21/c stable phases are plotted as a 

function of pressure in Fig. 4. As can be seen from 

this figure, the enthalpy curve of the   phase 

crosses with that of the P21/c phase at about 3.8 

GPa indicating phase transition between these 

phases 
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Figure 4. The enthalpy curves of structural phases 

of LiBH4 as a function of pressure. 

 

In order to evaluate transformation mechanism at 

the atomistic level, we investigate the variations of 

the simulation cell vectors and angles as a function 

of minimization step. Fig. 5 displays the 

modification of the simulation cell lengths and 

angles at 6 GPa. These simulation cell vectors 

called as A, B, and C which are initially along the 

[100], [010] and [001] directions, respectively. 

 

 

 
 

Figure 5. The behavior of the simulation cell 

lengths (top) and angles (bottom) as function of 

MD time steps at 6 GPa. 

 

We also calculated the band structures along the 

high-symmetry directions for Pnma and P21/c 

phases of LiBH4. We obtained band gaps as 1.12 

eV and 2.1 eV for Pnma and P21/c phases, 

respectively. 

 

4. Conclusion 
 

We have performed an ab initio constant pressure 

technique in order to study the pressure-induced 

phase transformation in the orthorhombic structured 

LiBH4. The first-order phase transition is obtained 

as . According to the enthalpy 

calculations, the transition pressure was estimated 

as 6 GPa. Additionally, changes in angle and cell 

vectors were observed at each time step. 
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The rapid decline in energy resources around the world has increased the demand and interest for effective, safe 

and harmless energy sources. Among the energy sources, solar energy is the most easily accessible, cheapest and 

greener resource. Therefore, the studies on DSSCs have increased considerably in recent years. In this study, we 

synthesized a novel small organic molecule (III) which could be a potential DSSC, derived from carbazole using Ullman 

and Suzuki-Miyaura coupling reaction (Scheme 1). Photophysical and photovoltaic properties of the synthesized 

molecule were evaluated by UV-vis/Fluorescence absorption spectroscopy and I-V measurements of the prepared 

DSSC. 
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1. Introduction 
 

In recent years organic dyes have been designed to be used 

as application as electron donors in bulk heterojunction solar 

cells, emitters in organic light-emitting diodes, and 

sensitizers in dye-sensitized solar cells (DSSCs) [1,2]. 

DSSCs discovered by Brian O'Regan and Michael Grätzel in 

1991. As a result of the study, it has shown remarkable 

efficiency with a single layer of ruthenium dye adsorbed 

into broadband mesoporous semiconductor titanium dioxide 

(TiO2) [3]. DSSCs work on the principle of electron 

formation at the LUMO level of dye by absorbing photons 

from solar energy to the semiconductor electrode (TiO2) 

conductive band and finally to the FTO electrode [4]. 

Another alternative similar semiconducting material which 

is inclusively studying to utilize in the preparation of DSSC 

is Zinc Oxide (ZnO) because of its properties such as band 

gap (3.28 eV) [5] nearly equal to TiO2 (3.25 eV) [6], great 

transparency and ease to fabricate with different 

nanostructured films [7]. The ZnO based DSSC has low 

cost, simple construction and higher electron mobility than 

TiO2 [8]. Using heterocycles such as carbazole, 

phenothiazine, indole, and phenoxazine with “push-pull” 

feature in the sensitizers/co-sensitizers have showed to be an 

effective strategy [9-11]. Carbazole-derived organic 

materials which have low oxidation potentials, thermal 

stability, and hole-conducting capabilities, are interesting 

because of carbazole's electron rich nature which acts 

usually as donor in the electronic systems [12,13]. 

Furthermore, the carbazole unit can be easily functionalized 

from the different positions (3,6- and 2,7- or N positions) 

with different functional groups for tuning of the electronic 

properties. In this study, we synthesized a novel small 

organic molecule (III) which could be a potential DSSC, 

derived from carbazole using Ullman and Suzuki-Miyaura 

coupling reaction [14] (Scheme 1). Photophysical and 

photovoltaic properties of the synthesized molecule were 

evaluated by UV-vis/Fluorescence absorption spectroscopy 

and I-V measurements of the fabricated DSSC. 

 

2. Experimental details 
 

2.1 Materials 
 

All chemicals and solvents were obtained from Sigma-

Aldrich (Turkey). The organic solvents were purified by a 

standard procedure before using for reactions. 

Semiconductors to be used in DSSC production are ZnO and 

TiO2. ZnO powder was obtained by hydrothermal synthesis 

and TiO2 film was purchased from SOLARONIX as already 

coated on FTO substrates. Iodide/tri-iodide electrolyte 

(Iodolyte Z) was purchased from SOLARONIX. 
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Scheme 1. Synthetic route for the compound III. 

 
1H NMR spectra of compound II and compound III were 

obtained on a JEOL ECZ500R UltrashieldTM 500 MHz 

spectrometers at 298 K (Japan). UV–vis absorption of 

compound III was obtained with SHIMADZU UV2450 UV-

vis scanning spectrometer. Photoluminescence spectrum was 

acquired with a Perkin–Elmer LS-55 spectrophotometer. 

The current density–voltage (I–V) characteristics of the 

DSSCs were recorded by a solar cell measurement system 

(FYTRONIX OPTOSENSE). 

 

2.2 Synthesis of the Target compounds 
 
2.2.1 Synthesis of the Compound II 
 

To a solution of carbazole (compound I) (2.5 g, 15.0 mmol) 

in 50 mL dry DMF were added 1,4-dibromobenzene (5.3 g, 

22.4 mmol), copper(I)iodide (285 mg, 1.5 mmol), 1,10-

phenanthroline (135 mg, 0.75 mmol), and K2CO3 (4.1 g, 

29.9 mmol) and then the reaction mixture was refluxed for 

24 hours under nitrogen atmosphere. Then, this reaction 

mixture was cooled to room temperature and solvent was 

removed with using evaporator. The residue was extracted 

with dichloromethane. The product (compound II) was 

obtained by column chromatography on silica gel using n-

hexane as the eluent to give a white solid. (Isolated yield 3.4 

g, 71%). 1H NMR: (CDCl3-d1, 500 MHz, δ): 7.20-7.37 (m, 

6H), 7.44 (d, 2H, J=8.3 Hz), 7.69 (d, 2H, J=8.3 Hz), 8.07 (d, 

2H, J=7.6 Hz). 

 

2.2.2 Synthesis of the Compound III 
 
9-(4-Bromophenyl)-9H-carbazole (compound II) (0,2 g, 1 

eq), phenanthracene-9-boronic acid (0.17 g, 1.2 eq), K2CO3 

(2 M, 0.683 mL), and tetrakis(triphenylphosphine)palladium 

(Pd(PPh3)4) 3 mol% were added to 25 mL THF into a 

double necked flask. The mixture was refluxed at 70 °C for 

24 hours. The reaction mixture was cooled to room 

temperature and solvent was removed with using evaporator. 

The residue was extracted with dichloromethane and the 

organic phase dried over Na2SO4 and filtered. The product 

(compound III) was obtained by column chromatography on 

silica gel using a mixture of dichloromethane and n-hexane 

(1:5, v:v) as the eluent to give a white solid. (Isolated yield 

0.17 g, 65%). 1H-NMR (CDCl3-d1, 500 MHz, δ): 7.50-7.60 

(2H, m), 7.64-7.82 (6H, m), 7.93 (2H, dd, J= 7.2 Hz), 8.04 

(2H, dd, J= 7.2 Hz), 8.22-8.37 (4H, m), 8.44 (2H, dd, J = 5.0 

Hz), 8.47-8.57 (2H, m, Hz), 8.79 (1H, d, J= 2.0 Hz). 

 

2.3 DSSC Fabrication of the Compound III 
 
Fluorine-doped tin oxide (FTO) substates were firstly 

cleaned in ultrasonic bath of acetone solution for 15 min and 

then rinsed with distilled water. The ZnO paste was prepared 

by mixing the ZnO nanopowder, Triton-X 100 and acetyl 

acetone. The prepared pastes were spread onto the FTO 

glasses by doctor-blade method and then these FTOs was 

annealed for 1 hour at 400 °C in air and cooled. On the other 

hand, TiO2 electrotes were purchased from Solaronix. The 

electodes were immersed into a 1.2  mM solution of 

compound III in chloroform; 0.5 mM solution of ruthenizer  

535 bis-TBA  (N719, Solaronix) and 1% (v/v) N719 – 99% 

(v/v) compound III mixture for 24 h. Later, the dye loaded 

ZnO/TiO2 electrodes were assembled by fixing with Pt 

counter electrode to form a sandwich-type DSSCs. Finally, 

iodide/tri-iodide redox couple electrolyte (Iodolyte Z, 

Solaronix) was injected into the DSSC. 

 

The solar cells loaded with N719 co-sensitizer, compound 

III dye and compound III dye + N719 co-sensitizer were 

named Z1, Z2 and Z3 DSSC, respectively. Furthermore, the 

TiO2-based solar cells loaded with N719, compound III dye 

and compound III dye + N719 co-sensitizer were named T1, 

T2 and T3 DSSC, respectively. 
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Fig. 2. 1H NMR Spectrum of Compound III. 

 
3. Results and Discussion 
 

Carbazole based compounds II and III were synthesized by 

using Ullman and Suzuki coupling reactions. 1H NMR, UV- 

 

 

 

Fig. 3. Absorption spectrum and emission spectrum of 

compound III in different solvents. 
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Fig. 4. Current density−voltage (I−V) plots for the fabricated DSSCs based on a) ZnO-N719 (Z1), b) ZnO-compound III dye 

(Z2), c) ZnO-compound III dye + N719 (Z3), d) TiO2- N719 (T1), e) TiO2- compound III dye (T2), f) TiO2- compound III dye + 

N719 (T3). 
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vis and Fluorescence spectra results were confirmed the 

existence of compound III. Synthesis and characterization 

of compound II have been reported previously [15]. 

 
Figure 3 shows the absorption spectrum and fluorescence 

spectrum in different solvents (DCM, DMF, DMSO, n-

hexane, THF and toluene) for compound III. As shown in 

Figure 3 in dilute (10-5 M) different solutions of 

compound III, the absorption maximum wavelengths 

were carbazole-based peak of n-π* transitions observed at 

250-260 nm. The other carbazole-centered π-π* transition 

of the phenanthrene unit, is observed at 310-320 nm 

wavelength. The bathocromic effect was observed with 

increasing polarity of solvents while the hypochromic 

effect was observed in toluene. 

 

On the other hand, the fluorescence spectrum of 

compound III has emission peaks in the range of 355-410 

nm in all solutions. Two-shoulder emission peaks were 

observed at 358 and 380 nm in the n-hexane. The effect of 

solvent polarity shows that compound III emits at the 

longest wavelength emission maxima in DMF at 405 nm 

and the shortest wavelength emission maxima in THF at 

355 nm. Fluorescence spectrum showed higher 

wavelength shift (bathocromic effect) with increasing 

polarity of solvents. 

 

Fig. 4 shows I-V plots of the fabricated DSSCs based on 

Z1, Z2, Z3, T1, T2 and T3. As seen in this figure, Z1 has 

the best performance among Z groups and T1 and T3 

have high efficiency values in T group. Also all electrical 

parameters of DSSCs are tabulated in Table 1. 

 

Table 1. Photovoltaic parameters of the fabricated 

DSSCs. 

 

 

   Jsc(mAcm-2)  νoc (V)  FF%  n(%)  

a Z1 DSSC  3.4015x10-3 0.44 0.077 4.612x10-1 

b Z2 DSSC  1.050x10-4 0.16 0.093 6.26x10-3 

c Z3DSSC  5.12x10-6 0.49 0.235 2.417x10-3 

d T1 DSSC  1.18x10-2 0.65 0.156 4.7312 

e T2 DSSC  3.04x10-6 0.13 0.411 6.62x10-4 

f T3 DSSC  3.22x10-3 0.66 0.571 4.863 

 

According to the obtained results, the synthesized 

molecule used with together N719 has enhanced the 

performance of DSSC and this result has implied that the 

improvement in molecular design will play an important 

role to get higher cell efficiency.  

 

4. Conclusion 
 

DSSC fabrication was performed and the I-V 

measurements shows that Z2 DSSC more efficient than 

Z3 DSSC as shown in Table 1. It is thought that co-

sensitizer (N719) is not required for ZnO-based DSSC 

measurements and that a more efficient solar cell is 

formed by using the substance alone. However, it was 

concluded that the use of co-sensitizer (N719) in TiO2-

based DSSC measurements significantly increased the 

efficiency of the solar cell. Among all the DSSCs, the 

most efficient one is T3 DSSC. As a result of the 

measurements, it is seen that compound III and N719 can 

have a synergistic effect (when using TiO2) or an 

asynergic effect (when using ZnO) to each other. It is 

thought that DSSCs with higher cell efficiency can be 

prepared by improving molecular design. 
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In this study, we designed the targeted molecule in two stages. In the first stage, we synthesized 9-(3,5-
dibromophenyl)-9H-carbazole (II) and 9-(4-Bromophenyl)-9H-carbazole (III) using by Ullman coupling reactions. 
In the second stage, the targeted compounds as 9-(4-(4bH-fluoren-3-yl) phenyl) -9H-carbazole (IV) and 9- (3,5-
di(9H-fluoren-2-yl) phenyl)-9H-carbazole (V) were performed successfully by using Suzuki-Miyaura cross coupling 
reactions. All synthesized compounds (II, III, IV and V) were characterized by using 1H NMR, 13C NMR, 
spectroscopic analysis. These compounds were dissolved by CH2Cl2 and coated onto the borosilicate glass with 
drop casting method. The heterojunction structure (n-Si/IV) and (n-Si/V) were fabricated by using the obtained 
compounds. We investigated the electrical properties of photodiodes fabricated with synthesized new molecules.  

  
Keywords: Carbazole, Suzuki-Miyaura coupling, Ullman coupling, photodiode character 
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1. Introduction 
 

One of the most significant parts in the rapidly rising 

organic optoelectronics field is to look for new materials 

with developed characteristics. For this reason, 

conjugated compounds are becoming the focus of 

attention. Because of the effectual hole transport and 

perfect thermal stability of carbazole derivatives, the 

electron-rich carbazole moiety is widely used in the 

design  organic solar cell  [1],  electroluminescence 

materials [2], optoelectronic applications [3], synthesis 

carbazole-based liquid crystalline materials [4], carbazole 

electrochemistry [5], carbazole-containing polymers [6-

7], and  biological applications [8-9]. Because of that, the 

great interest in carbazole derivatives results from the 

reasonably priced of the starting material, easy 

modification of its structure. It is known that fluorene 

derivatives also have high emission quantum yields and 

exhibit ambipolar charge carrier transport characteristics 

and therefore there are widely used for excellent hole-

transporting properties and good solubility of fluorene 

derivatives. [10-11]. The synthesis of organic compounds 

containing the heteroaryl structural units has been much 

paying attention in recent years [12]. So, synthesis in 

recent years was relied on the use of these types of 

reactions [13]. The Ullmann reaction [14] which has 

copper-catalyzed homocoupling is the first efficient 

process that enabled the synthesis of symmetrical biaryls. 

In another reaction, Suzuki-Miyaura (SM) cross-linking 

reaction using aryl halides and aryl boronic acids is one of 

the important synthetic reactions for the production of 

asymmetric biaryls. [15], [16], [17], [18], [19], which 

plays an important role in changing commercial products.  

In the present study, we report the synthesis and 

characterization of carbazole derivatives with 1,4 and 

1,3,5 benzene core of well-defined. Firstly, we 

synthesized novel carbazole derivatives (compound IV-

V). Secondly, we determined the carbazole derivatives. 

The film was coated on n-Si and glass substrates using 

this material. The optical band gap value was determined 

from optical transmittance measurements. The photodiode 

based on these small molecule semiconductor was 

fabricated and electrical properties of this device were 

investigated. 
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2. Experimental details 
 

All reagents and organic solvents were commercial 

quality. The chemical structure and synthetic route of the 

targeted material is shown in Figure 1 and Figure 2. 

 

 

 

 
 

Fig 1. Synthetic rote of 9-(4-bromophenyl)-9H-carbazole 

(II) and 9-(4-bromophenyl)-9H-carbazole (III) 

 

2.1. Synthesis of 9-(3,5-dibromophenyl)-9H-
carbazole (II) (Fig. 1) [20] 
 

Carbazole mixture (I) (5.0 g, 29.9 mmol), 1,3,5-

tribromobenzene (14.1 g, 44.9 mmol), copper(I) iodide 

(570mg, 3.0 mmol), 1,10-phenanthroline (270 mg, 3 

mmol), K2CO3 (8.3 g, 59.8 mmol), and 60 mL of dried 

DMF was refluxed under nitrogen atmosphere for 24 h. 

Cooling to room temperature before the solvent was 

removed under vacuum and the residue was extracted 

with CH2Cl2. The products were then obtained by column 

chromatography on silica gel with hexane as the eluent, to 

get white solid (compound II). Isolated yield (6.0 g, 

50%).  1H NMR: (CDCl3-d1, 500 MHz): 7.35 (t, 2H), 7.42-

7.50 (m, 4H), 7.73 (s, 2H, J=8,3 Hz), 7.80 (s, 1H), 8.1 (d, 

2H, J=7.5 Hz). 

 

2.2. Synthesis of 9-(3,5-di(9H-fluoren-2-yl) 
phenyl)-9H-carbazole (IV)  (Fig. 2)  
 

9-(3,5-dibromophenyl)-9H-carbazole (0,5 g, 1 eq), 

Fluorene-2-boronic acid (0,575 g, 2,2 eq), K2CO3 (2M, 4 

eq, 2,49 mL), tetrakis(triphenylphosphine) palladium 3 

mol% and THF (30 ml) were mixed refluxed under a N2 

atmosphere for 12 h. After being cooled, the mixture was 

extracted with CH2Cl2, dried over Na2SO4 and filtered. 

Solvent was evaporated under a vacuum, after that 

column chromatography over silica gel with a mixture of 

CH2Cl2 and n-hegzan (1:2, v:v) as eluent, resulted in the 

product 9-(3,5-di(9H-fluoren-2-yl) phenyl)-9H-carbazole 

(compound V) as a white solid in 65% yield (0.38 g). 1H-

NMR (500 MHz, CDCl3, δ): (0.21 g, %72) 8.20 (2H, d, 

Ј=7.5 Hz), 8.19 (2H, t, Ј=7.5 Hz), 8.05 (2H, t, Ј=7.5 Hz), 

7.93(2H, s), 7.91 (2H, d, Ј=9.0 Hz), 7.86 (3H, s), 7.85 

(2H, d, Ј=7.5 Hz), 7.7 (2H, d, Ј=7.5 Hz), 7.47 (2H, t, 

Ј=7.0 Hz),  7.33 (4H, d, Ј=6.0 Hz), 4.02 (4H, s). 13C-

NMR (125 MHz, CDCl3, δ): 144,115, 143,865, 143,529, 

141,629, 141,187, 140,909, 138,759, 138,682, 126,981, 

126,904, 126,146, 126,050, 125,129, 124,341, 123,938, 

123,449, 120,406, 120,339, 120,118, 120,012. 

 

9-(4-bromophenyl)-9H-carbazole (compound III) and 9-

(4-(4bH-fluoren-3-yl) phenyl)-9H-carbazole (compound 

V) was synthesized, presented and discussed in the 

previous work [21]  

 

 

Fig 2. Synthetic rote of 9-(3,5-di(9H-fluoren-2-yl) 

phenyl)-9H-carbazole (IV) and 9-(4-(4bH-fluoren-3-yl) 

phenyl)-9H-carbazole (V) 

The 9-(3,5-di(9H-fluoren-2-yl) phenyl)-9H-carbazole ( 

IV) and 9-(4-(4bH-fluoren-3-yl) phenyl)-9H-carbazole 

(V) [21]  were ultrasonically dispersed in CH2Cl2 for 2 h. 

The solutions were coated onto the surface of n-Si and 

borosilicate substrates using drop-casting method and n-

Si/p-IV and n-Si/p-V heterojunction diodes were 

obtained. In this structure, gold top contact and silver 

bottom contact were used. Gold was evaporated in 

VAKSIS PVD system and for silver bottom contact, 

silver paint was used. 1H NMR and 13C NMR of the II, III, 

IV and V were obtained on a BRUKER DPX FT NMR 

(500 MHz) and (125 MHz) spectrometers at 298 K 

(Germany). The current–voltage (I–V) characteristics of 

the photodiodes were recorded by a semiconductor 

characterization system (KITHLEY 4200SCS) and a solar 

cell measurement system (FYTRONIX SOLAR CELL 

SYSTEM). 
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3. Results and discussion 
 

9-(4-(4bH-fluoren-3-yl) phenyl)-9H-carbazole (IV) was 

synthesized in two steps as shown in Figure 2. The 

structure of compounds is confirmed by 1H NMR and 13C 

NMR spectra technique. In the 1H NMR of Compound 

IV,  in the phenyl ring bound to the fluorene compound, 

four kinds of protons with the same chemical environment 

and their signals were observed.  These signals were 

observed as doublets of two protons at 8.20 and 7.91 ppm 

and as triplets of two protons at 7.59 and 7.47 ppm, 

respectively. Three identical protons in the phenyl ring 

resonated at the same region. These protons were 

observed as singlet at 7.86 ppm. Two identical protons in 

fluorene at the 3 and 5 positions of the phenyl ring were 

observed as singlets at 7.93 ppm. Similarly, identical 

four-proton in the same compound were assigned at 7.39 

ppm as dublets while two identical protons were observed 

at 8.19 ppm as triplets, the other two identical protons 

were assigned at 8.05 ppm. In the same way, signals at 

7.85 and 7.7 ppm were observed as doublets. The four 

protons singlet at 4.02 ppm were observed to belong to 

methylene protons in the fluorene ring. In the 13CNMR 

spectra, twenty signals were observed as expected due to 

the symmetry structure of the molecule. As a result of 

these spectroscopic data, it was determined that the 

compound IV is 9-(4-(4bH-fluoren-3-yl) phenyl)-9H-

carbazole. 

 

 

 
Fig 3. Current-voltage plots of the n-Si/-p-IV (up) and n-

Si/-p-V (down) photodiodes 

 

The current-voltage characteristics of the (n-Si/-p-IV and 

n-Si/-p-V) photodiodes are shown in Figure 3. As seen in 

these figure, the photocurrent in n-Si/IV increases by 

1000 times but in the n-Si/V is less then 10 under 

100mW/cm2 illumination. 

The photoconduction mechanism of diodes can be 

analyzed by the following equation: 

 

Where, Iph, A, P and m are photocurrent, constant, light 

intensity and illumination coefficient, respectively. 

Fig. 4 Illustrates the photocurrent and photosensitivity 

versus illumination intensity plot of n-Si/p-IV and n-Si/p-

V photodiode.  

 
            (a) 
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            (b) 

 

Fig 4. Photocurrent and photosensitivity versus 

illumination intensity plot of n-Si/p-IV and n-Si/p-V 

photodiode 

 

The obtained 𝑚 values of the photodiodes to determine 

photoconduction mechanism were 0.1216 (for compound 

IV) and 0.0246 (for compound V). These values are less 

then 0.5 which means that the light is absorbed in the 

metal-semiconductor junction area. 
 

4. Conclusion 
 

9-(4-(4bH-fluoren-3-yl) phenyl)-9H-carbazole (IV) and 9-

(3,5-di(9H-fluoren-2-yl) phenyl)-9H-carbazole (V) were 

synthesized by using Ullman and Suzuki coupling 

reactions. The structural analysis of this compounds have 

been elucidated by 1H-NMR and 13C-NMR confirms these 

structure. These compounds were dissolved by CHCl3 and 

the borosilicate glass were coated with drop casting 

method. The synthesized compound IV and compound V 

were used to fabricate heterojunction structure (n-Si/p-IV 

and n-Si/p-V). The obtained device exhibited photodiode 

characteristic and their photoconduction mechanism 

implied that the light is absorbed in the metal-

semiconductor junction area. 
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On the voltage dependent profile of interface traps (Dit) and series 

resistance (Rs) in the Au/(MgO-PVP)/n-Si (MPS) structures at room 

temperature 
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In this study, both the voltage dependent profiles of the interface traps (Dit) and series resistance (Rs) in Au/(MgO-PVP)/n-Si 

(MPS) structures were extracted from the capacitance-voltage (C-V) and conductance-voltage (G/w-V) characteristics by using 

low-high frequencies (CLF-CHF) capacitance and Nicollian-Brews methods, respectively. The Dit-V plot was obtained from the 

10 kHz and 1 MHz and it shows a peak behavior at 3.9 V with 1.6x1013 eV-1cm-2. Such peak behavior of it was attributed to a 

special density distribution of interface traps at (MgO-PVP)/n-Si interface with energies located in forbidden band-gap of Si. 

The Rs-V plot was obtained from the measured capacitance and conductance data at 1MHz. The value of Rs decreases with 

increasing bias voltage and close to a constant value (298 which is corresponding to the real value of Rs at strong 

accumulation region. Experimental results show that these two parameters are more effective on the (C-V) and (G/w-V) 

measurements, but while Dit is effective in inversion and depletion regions at low frequencies, Rs is effective only at 

accumulation region especially at high frequencies. Therefore, they should be into account in the calculation the main electric 

and dielectric properties of the MIS/MOS and MPS type structures. 

Keywords: Au/(MgO-PVP)/n-Si (MPS) type structure; Capacitance-voltage (C-V) and conductance-voltage (G/w-V) characteristics; 

Voltage dependent profile of Dit and series resistance (Rs)   
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1. Introduction 

In last two decades, especially the metal, metal-

oxide, graphene doped organic or polymeric materials 

which are prepared by simple methods such as spin-

coating, electro-spinning, electrostatic spraying, and sol-

gel methods become used instead of insulator or oxide 

materials such as SiO2 and SnO2 which are prepared 

traditional methods such as thermal or wet oxidation and 

sputtering [1-6]. The using such polymer interfacial layer 

can be easy polarized under an external electric field and 

so influence both the electrical and dielectric properties of 

these structures [7,8]. Usually, such organic materials 

with and without doped can be used in many electronic 

devices such as diodes, capacitors, transistors, and solar 

cells [6-10]. Additionally, PVA and PVP type organic 

materials are known as a promising candidate for a good 

gate interfacial layer in the fabrication of polymer thin-

film MPS-type devices due to its low-cost production, 

low- weight in per molecule, low energy consumption, 

and easy grown processes. MgO has been intensely 

studied and proved to be a perfect charge-transport 

material in electronics [10]. Both the quality and 

performance of the MPS type these structures are depend 

on many factors such as the existence of the interface 

traps (Dit) semiconductor/polymer interface, interfacial 

layer and it’s homogeneity, the formation of barrier height 

(BH) at M/S interface, the magnitude of  Rs, and 

mailto:ayseguleroglu06@gmail.com
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fabrication processes.  When these structures have Dit, Rs, 

and an interlayer, the characteristics of them become 

different from the ideal case of the MS and MIS type 

structures [11-14]. It is well known that the existence of 

Dit and polarization processes lead to an excess 

capacitance (C) and conductance (G) the measurement of 

them. The value of Rs can also affect both the C and G 

values of these structures especially at accumulation 

region [11,15]. The main aim of these study is to fabricate 

the Au/(MgO-PVP)/n-Si (MPS) structures instead of 

conventional metal-oxide-semiconductor (MOS) 

structures to increase performance of the MS structures. 

For this purpose both the capacitance-voltage (C-V) and 

conductance-voltage (G/w-V) measurements of them 

were carried out in wide range of frequency and voltage. 

The voltage dependent profiles of the Dit for the 

Au/(MgO-PVP)/n-Si (MPS) structure show a peak 

behavior at 3.9 V with 1.6x1013 eV-1cm-2.  

2. Experimental details 

Au/(MgO-PVP)/n-Si (MPS) type structures were 

fabricated on the n-Si wafer which have (100) float zone, 

1-10 W.cm resistivity and 300 mm thickness. Firstly, n-Si 

wafer was cleaned in the ammonium peroxide for 1 min 

to remove native oxide layer or organic dirties from the 

surfaced later they were dipped into sequence of acidic 

wafer was solutions (H2SO4:H2O2:H2O=3:1:1) for 3 

minutes. Subsequently, they rinsed in the high-pure 

deionized water with of 18 .cm resistivity and then 

dried with nitrogen (N2) gas. Secondly, ohmic contacts 

were formed using thermal evaporation system which 

evaporated highly pure (99.99%) Au on the whole back 

side of the wafer at 10−6 Torr and annealed in the nitrogen 

ambient 550 oC for 5 min to get a good ohmic contact. 

After that high-pure Au dots with 1 mm diameter were 

grown on the front of one of the same n-Si wafer to get 

MS type SBDs as a reference samples. Thirdly, the 

prepared MgO-PVP solution was grown on the front of 

second n-Si wafer by using electro-spining method and 

then Au was also thermal evaporated on the (MgO-PVP) 

organic layer and so the fabrication processes of MPS 

type structure were completed. The C-V and G/w-V 

measurements were performed by using HP4192A-LF 

impedance analyzer.  

 

3. Results and discussion: 
 
The C–V and G/ω–V curves of the fabricated Au/(MgO-

PVP)/n-Si (MPS) structure were given in Fig. 1(a) and 

(b), respectively. As shown in these curves, both the C–V 

and G/w-V characteristics in the frequency range of 10 

kHz-5 MHz have inversion, depletion, and accumulation 

regions like a MOS type capacitor. Both the C and G 

values increase with decreasing frequency due to the 

existence of interface traps, dislocations, and dipol or 

surface polarization [11-15]. In other words, the observed 

higher values of C and G/ω at low and intermediate 

frequencies are the result of interface traps and their 

relaxation time (τ) due to the fact that they can easily 

follow the ac signal and yield an excess C and G/ω to the 

measured of them. Additionally, the dipoles can easily 

orient themselves at low and intermediate frequencies and 

these lead to an increase in the C and G/ω values. 

 

 
  

Fig.1: (a) C-V-f and (b) G/w-V-f characteristics of the 

Au/(MgO-PVP)/ n-Sİ structure. 

 

Therefore, both the voltage-dependent profile of Rs and 

Dit were obtained by using the low-high frequency (CLF–

CHF) and Nicollian-Brews methods. [11,15]. In the 

equivalent circuit of MIS type structure, the interlayer 

capacitance Ci is connected in series with the parallel 
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combination of the interface traps/states capacitance (Css) 

and the space charge capacitance (Csc). Thus, the voltage 

dependent profile of the Dit obtained from the measured 

high frequency (1 MHz) and low frequency (10 kHz) by 

using following relation [15]. 

Thus, the interface state density Dit is evaluated as 

follows: 

 

 

  (1) 

 
In Eq. 1, q is the elementary charge and A is the rectifier 

contact area of the structure.  

As can be seen in Fig 2, the distributions of Dit –V show a 

peak at about 4 V due to a special densisty disturibition of 

interface traps between organic interlayer and n-Si. The 

obtained value of Dit is suitable for an electronic device 

when compared MIS or MOS type structures. The 

obtained low mean value of Dit (1012 ev-1.cm-2) is the 

result of passivation effect of the used  MgO-doped PVP 

organic interlayer.  

The voltage dependent value of Rs was also extracted 

from the measured the C and G/w values at 1 MHz by 

using Nicollian-Brews method [15]. The voltage-

dependent profile of Rs was subtracted from the measured 

C and G values by using the following relation: 

 

     (2) 

 
  

 
Fig.2: Dit-V profile of Au/(MgO-PVP)/n-Si structure. 

                                             

 

 
Fig.3: Rs-V profile of Au/(MgO-PVP)/n-Si structure. 

 

As can be seen in Fig. 3, the value of Rs is more effective 

at accumulation region at high frequency, but the value of 

Dit is more effective both in the depletion and inversion 

region both at low and intermediate frequencies. These 

results show that the existence of Dit, Rs, and interfacial 

layer are more effective on the impedance measurements 

(C-V and G/w-V) characteristics. Therefore, they must be 

taken into account in the calculations to get more reliable 

and accuracy results.  

 
Conclusions 
 

In this study, Au/(MgO-PVP)/n-Si (MPS) structures were 

fabricated on the n-Si wafer instead of conventional MOS 

structure to increase the performance of the MS structure 

in respect of get low Dit, Rs , and high value of capacitor. 

For this reason, the capacitance-voltage (C-V) and 

conductance-voltage (G/w-V) measurements were 

performed in wide frequency (10 kHz- 5 MHz) and 

voltage (-2/3 V) at room temperature, respectively.  Both 

of the measured C and G/ω were found as a strong 

function of frequency and applied bias voltage owing to 

the frequency-dependent charges and the resistivity effect 

of the structure. The voltage dependent profile of Dit and 

Rs were extracted from the low (10 kHz) and high (1 

MHz) frequencies and Nicollian-Brews methods, 

respectively. The mean value of Dit (=1012 eV-1cm-2) is 

considerably low when compared a conventional MOS 

structure. Such low value of Dit is the result of passivation 

effect of the used (MgO-PVP) organic interlayer. 

Additional, these results show that while Dit is effective in 

inversion and depletion regions at low-intermediate 

frequencies, Rs is effective only at accumulation region 

especially at high frequencies and these two important 

parameters must be taken into account both in the electric 

and dielectric properties of these structures. 
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In present study, Manganase (Mn) doped Zinc Oxide (ZnO) nanopowders, which are also used as electrodes in dye sensitive 

solar cells, have been deposited by hydrothermal synthesis method. Zinc acetate dihydrate, manganese acetate were used as 

the starting materials and dopant source. Sodium dodecyl sulfate (NaC12H25SO4; SDS) were used as the surfactant and 

sodium hydroxide (NaOH) as the reactant. The morphological properties of Mn doped ZnO nanopowders were investigated by 

scanning electron microscopy (SEM) and the structural properties were examined by X-ray diffractometer (XRD). The Mn 

doped ZnO nanopowders were coated onto the flourine doped tin oxide (FTO) surfaces by the doctor blade method for the first 

step of the formation of the dye sensitive solar cell. After coating, Mn doped ZnO films were annealed at 450 °C and then 

immersed in ruthenium-based dye solution for different immersion time. The dye-absorbed Mn doped ZnO films were 

combined with Pt counter electrodes to form sandwich type DSSC using sealed adhesive. After electrolyte injection into the 

DSSC, current-voltage (I-V) curves were obtained under a solar simulator with 1 sun intensity and an AM 1.5 filter. The solar 

cell parameters of the DSSCs were determined. The performances of the fabricated DSSCs have been compared and the 

ZM01-DSSC showed a better performance as 2.22% efficiency. 
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1. Introduction 
 
Most of the energy used today is supplied by 

fossil fuels such as coal, petroleum and natural gas. In 

addition to the depletion of these fuels and the continuous 

increase in their prices, they cause damages to the 

environment as a result of their combustion and their 

effects on human health are also great. In 2009, the rate of 

renewable energy use was eight percent. The usage 

amount of renewable energy especially photovoltaics has 

increased over the years. As of 2017, usage of renewable 

energy has reached 11,3%. The rate of solar cells in this 

increase is quite high. Therefore, low-cost and high-

performance solar cell production is highly valued. In 

1991, A new technology (DSSCs) has developed by 

Michael Graetzel, which replicates the photosynthesis 

phenomena in plant leaves, have become a promising 

technology with their low-cost production and durable 

structure. The basic structure of DSSCs consists of 

transparent conductive oxide (TCO) / Photoanode (porous 

metal oxide) / DYE molecules / Electrolyte / Platinum 

coated TCO. 

In practice, DSSC contains expensive materials 

such as platinum, ruthenium which are difficult to 

eliminate. Also, liquid electrolyte presents a serious 

challenge to making a cell suitable for use in all weather. 

Although its conversion efficiency is less than the best 

thin-film cells, in theory its price/performance ratio 

should be good enough to allow them to compete with 

fossil fuel electrical generation by achieving grid parity. 

In dye-sensitive solar cells, the dye molecules are 

impregnated on the photoanode which is oxide 

semiconductor in nano scale such as titanium dioxide, 

zinc oxide. The most promising results were obtained 

with ZnO which is used as photoanode material in dye 

sensitive solar cells [1]. However, the energy conversion 
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efficiency value in ZnO-based DSSCs is relatively low. 

The main reason for low efficiency is the limitations in 

the short-circuit current density, which depend on the 

surface characteristics of the photoanode and the counter 

electrode [2]. The resistance, surface morphology, 

photocatalytic activity and band gap of the ZnO 

semiconductor can be brought to the desired values with 

the appropriate doping material. 

ZnO nano material doped with 3d transition 

metals shows wide application areas such as catalysis, 

field effect transistors, solar cells etc. [3]. In this study, 

we made an attempt to increase the efficiency of ZnO 

based DSSCs by doping the element Mn in ZnO 

photoanode.   

There are many techniques such as pulsed laser 

deposition [4], sol-gel method [5] spraying 

[6],hydrothermal [7] are used to obtain Mn doped ZnO 

nanopowder. Although there are many methods in the 

literature for the production of nanoscale metal oxide 

materials, hydrothermal synthesis method has been 

preferred because of the lower working temperatures and 

lower cost. Hydrothermal synthesis method is a 

technologically important method for crystal growth and 

the synthesis of new materials with useful properties. It is 

also interesting scientifically because using high pressure 

provides an additional parameter for obtaining 

fundamental information on the structures, behavior and 

properties of solids. Furthermore, it is possible to obtain 

more homogeneous and higher crystallinity material 

compared to other methods. 

In present work, Mn doped ZnO nanopowders 

were produced by hydrothermal synthesis method at 

varying concentrations. Doctor blade method was used to 

produce Mn doped ZnO films. Scanning Electron 

Microscopy (SEM) was used to determine morphological 

features of synthesized ZnO nanostructures and X-ray 

diffraction method (XRD) was used to determine 

structural features. The solar parameter of the ZnO:Mn-

DSSCs were also investigated by using an solar simulator.  

 

2. Experimental details 
 

2.1. Synthesis of Mn doped ZnO 

The Mn doped ZnO nanopowders were synthesized by the 

hydrothermal method. Zinc nitrate hexahydrate 

(Zn(NO3)2.6H2O) and Sodium hydroxide (NaOH) were 

used as starting materials for the ZnO nanopowders. 

Manganese Acetate ((CH3COO)2Mn·H2O) was used as 

dopant source. To obtain a homogeneous solution, these 

were dissolved in water by mixing the appropriate 

stoichiometric ratios of initial materials in 10 minutes. 

Then 1g sodium dodecyl sulfate (NaC12H2.5SO4) was 

added and stirred for 30 minutes. Then, the solution was 

placed to 100 mL capacity of Teflon coated stainless steel 

autoclaves. The Teflon-lined stainless-steel autoclaves 

was heated at 140oC for 12 h. Subsequently, the autoclave 

was cooled to room temperature. The resulting white 

precipitates were collected by filtration and washed with 

deionized water and ethanol for several minutes. The final 

products were dried in an oven at 60 °C. The obtained 

powders were named as ZM0, ZM01, ZM05, ZM1, ZM3 

and ZM8, respectively. 

 

2.2. Fabrication of ZnO:Mn-DSSC 

For dye-sensitive solar cell production, firstly 

ZnO paste was prepared by mixing ZnO nanopowder, 

triton-X 100 and acetyl acetone. ZnO paste was coated by 

a doctor blade method on the cleaned FTO surface. ZnO 

film, which is used as electrode in DSSC fabrication is 

immersed in ruthenium-based dye solution (0.5 mM N719 

(Ruthenizer 535 bis-TBA, Solaronix)) at room 

temperature. ZnO films were kept in a ruthenium-based 

dye solution for 1-4 h hours to allow dye absorption. In 

order to form the DSSC structure, the platinum (Pt) 

coated glass with a small hole in the middle was clipped 

together with the counter electrode and then the 

electrolyte was dropped into hole. The active area of the 

fabricated cells during exposure to light was 

approximately 0.25cm2.  

The XRD of the nanopowders is carried out 

using CuK radiation in a Rigaku SMARTLAB 

diffractometer. The morphological analyses of the 

nanopowders are performed using by SEM (TESCAN 

MAIA3). The photocurrent characteristicsof the prepared 

cell are measured using a solar cell measurement system 

(FYTRONIX OPTOSENSE).  

 

3. Results and discussion 
 

The SEM images of the ZnO nanopowders have been 

shown in Fig.1. Looking at the SEM images of the Mn 

doped samples, it was observed that each nanoparticle 

size was reduced with decreasing amount of dopant and 

that the leaf-like elongated state became shorter and 

rounded (coin shape). It has been observed that rod-like 

structures are formed at high additive amount.  
 

XRD pattern of ZnO:Mn nanopowders have been shown 

in Fig. 2. The synthesized ZnO nanostructures were 

crystallized in hexagonal zincite structure and 

polycrystalline form (ICCD card no. 01-079-0206). No 

characteristic peak of the surfactant or reactant used 

during production was found. Also, there were no peaks 

of Mn and Manganese Oxide derivatives. It has been 
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found that the production method is suitable for obtaining 

very pure products. 

 

The current density-voltage (J-V) graphs for DSSCs are 

given in Fig. 3-8 at different dipping time (1-4h) under 

AM 1.5 simulated sunlight at 100 mW/cm2. From the J-V 

graphs, open circuit voltage (Voc), short circuit current 

density (Jsc), full factor (FF) were estimated and 

conversion efficiency (n%) was calculated using Equation 

(1) [8]. All solar parameters were given in inset in Fig. 3-

8.  
 

    (1) 

where Pin is the intensity of the incident light. 

 

 
 
Figure 1. SEM images of the Mnu doped ZnO powders at 

different magnifications  
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Figure 2. XRD spectra of the Mn doped ZnO powders 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. J-V curves of the ZnO-DSSC 
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Figure 4. J-V curves of the ZnO:0.1%Mn-DSSCs 
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Figure 5. J-V curves of the ZnO:0.5%Mn-DSSCs 
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 Figure 6. J-V curves of the ZnO:1%Mn-DSSCs 
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Figure 7. J-V curves of the ZnO:3%Mn-DSSCs 
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Figure 8. J-V curves of the ZnO:8%Mn-DSSCs 

 

 

These graphs show that the dipping time and the 

concentration of Mn are highly effective on the solar 

parameters of the solar cells. The highest efficiency in all 

cells was achieved in 1-hour dipping time and 0.1% Mn 

dopant amount. For each dopant concentration, the solar 

cell parameters such as n%, Voc, Isc, FF value increased to 

a dipping time of 2 hours and then shifted a downward 

trend. In addition, the highest values were obtained with 

0.1% dopant concentration. As a result, efficiency value 

increased from 0.71% to 2.22% compared to pure ZnO by 

doping Mn. 
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Figure 9. Efficiency values of the ZnO:Mn-DSSCs at different 

dopant concentration. 
 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 10. Short circuit current values of the ZnO:Mn-DSSCs at 

different dopant concentration. 

 

The graphs in figure 9-11 show the changes in the solar 

cell parameters (n%, Voc, Isc) depending on the Mn 

concentration.   It is clear that the solar cell parameters at 

the dopant concentration of 0.1% are the highest value 
 

 
 

 

 

 

 

 

 

 

 

 

 
 

Figure 11. Open circuit voltage values of the ZnO:Mn-DSSCs at 

different dopant concentration. 

 

4. Conclusion 
The hydrothermal method was used to synthesize 

Mn doped ZnO nanopowders. Structural and 

morphological properties of undoped and Mn doped ZnO 

nanopowders were investigated by XRD and SEM. 

ZnO:Mn-DSSCs were fabricated using N719 dye-

sensitized at different Mn concentration and different 

dipping time. The effects of dopant concentration and dye 

dipping time on DSSC parameters were systematically 

investigated. The efficiency value increased by 

approximately 3 times compared with pure ZnO.  
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Aluminum and aluminum based alloys possses, physical properties such as good strength. These physical 

properties can be controlled with additive suitable alloying elements to aluminum base metal.  Therefore these 

aluminum and alumium based alloys use in wide industrial areas such as automotive industry because of 

improved properties via adding suitable alloying elements.In this study; Alumix-431 alloy powder mixed with %2.5, 

5 and %10 Fe. Mixed alooy mixtures pelleted on the 150kPa pressure. These pelleted alloy mixture samples 

sintered 610°C temperature for an hour under N2 atmosphere. In order to examine thermophysical properties of 

these samples; specific heat capacity behaviour has been performed via heat flux type Differential Scanning 

Calorimeter (DCS). Specific heat capacity measurements supported by SEM images, EDS spectrums and XRD 

patterns of these alloy samples 

 

Keywords: Aluminium, powder metallurgy,  specific heat capacity,y structural characterisation 
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1. Introduction 
 

For researchers; Powder metallurgy is a widely utilized 

production method on the preparing of aluminium based 

alloys. This method provides net or near-net shape, complex 

shape, good physical properties   and high dimensional 

tolerance. These properties are generally obtained with 

pressing technique and heat treatment due to nature of this 

method [1-5]. Heat treatment on the aluminium based alloys 

acquires binding of Al and other alloying   element s (i.e. 

Fe) each other and obtaining transient liquid phase. This 

phase leads to densification of the pressed materials and also 

occurring of intermetallic phases [5]. In this study; the 

thermophysical properties (specific heat capacity ) of alumix 

-(431)-Fe alloy mixtures   with 2.5; 5 and 10 %Fe alloying 

element  prepared by this method have been examined. 

These properties of these alloy mixtures supported by SEM 

images, EDS spectrums and XRD patterns. 

 

2. Experimental Details 
 

In this study; the chemical composition of Alumix-(431) 

alloy powder that is obtained from Ecka Granule in 

Germany is 89 %  of Al, 1.5% of Cu, 2.5 % of Mg 5.5% of 

Mg with 1.5% of lubricant and the Alumix-(431) powder  

mixed with different contents of Fe alloying elements (2.5; 5 

and 10% Fe).Alumix-(431) –(2.5; 5 and 10% Fe)alloy 

mixtures placed into cylindrical molds on dimensions of 

(20×10)mm and alloy mixture powder pelleted on the 

150kPa pressure. Pelleted mixture samples sintered at 610°C 

temperature for an hour under N2 atmosphere and cooled to 

room temperature (RT). Heating and cooling temperature 

rate selected as 20°C/min. In order to examine the specific 

heat capacity behaviours of these sintered samples; samples 

cut down to small pieces. These behaviours of these samples 

were performed at range of 40 to 600°C of Differential 

Scanning Calorimeter (DSC) with 20 °C/min of heating rate, 

50mL/min gas flow and applied under N2 atmosphere and 

also this behaviours supported by SEM images with FEI 

Quanta 650 Field Emission SEM device; EDS spectrums 

which is subsidiary SEM device and crystal structures of 

these samples   characterized by PANalytical Empyrean 

XRD (λ=1.54Å) device. 
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Table 1. The specific heat capacity values of Alumix-(431)-Fe%2.5 (a) ,%5 (b) and 10%(c) mixtures  with fitted values and 

errors%.  

 

T(°C) 

2.5% 

Fe 

Fitted  

(2.5%Fe) Error% 

5% 

Fe 

fitted  

(5%Fe) Error % 10%Fe 

fitted 

(10%Fe) Error % 

40 1,19 1,206844506 

-

1,415504668 1,22 1,256 -2,86624203 1,28 1,305857023 -1,98008071 

100 1,28 1,225139861 4,285948337 1,46 1,316 10,94224924 1,49 1,333840741 11,70748911 

160 1,32 1,250377103 5,274461893 1,53 1,4012 9,19212104 1,58 1,384939685 14,08439061 

220 1,31 1,282520552 2,097667821 1,47 1,5116 -2,75205080 1,5 1,459136614 2,80051816 

280 1,36 1,321569344 2,825783496 1,72 1,6472 4,419621176 1,6 1,556430873 2,799297289 

340 1,63 1,367523369 16,10286078 1,58 1,808 -12,6106194 1,6 1,676822365 -4,581425372 

400 1,44 1,4203826 1,362319447 1,94 1,994 -2,70812437 1,93 1,820311068 6,025834462 

460 1,45 1,480147028 -2,07910541 1,5 2,2052 -31,9789588 1,53 1,986896974 -22,99550406 

520 1,54 1,546816652 -0,44263972 1,46 2,4416 -40,2031454 1,49 2,17658008 -31,54398437 

580 1,43 1,620391468 -13,3140886 1,45 2,7032 -46,3598697 1,55 2,389360385 -35,12908268 

 
3. Results and discussion 
 

On this study; Alumix(431) powder that has irregular 

shaped particle and mean particle size distribution of 

108μm utilized. 

Specific heat capacity of alloys is needed heat amount 

which is risen temperature of 1 g of alloys by 1 °C or 1 K 

[6-8] The Figure 1 gives  the Specific heat capacity v.s. 

temperature curves of   sintered Alumix-(431) – (2.5; 5 

and 10%) Fe alloy mixtures and on the Table 1; specific 

heat capacity values of these samples were given with 

fitted heat capacity values.. Specific heat capcity values 

fitted according to  following equation (1)[8,9]. On the 

equation (1); c0,c1,c2 and c3 are coefficients of specific 

heat capacity.  

 

                   

(1)                                              

It was observed that heat capacity values increased with 

increasing temperatures but not showed perfectly linear 

increase due to increasing in  the amplitude of atomic 

vibration  of the composition  of the new material with 

increasing of temperature[10].  In the first run; at 

temperature range of 100-200°C, the exothermic peak 

observed on the all the Alumix (431) – Fe alloy mixtures.  

In second run; exothermic peak is observed at range of 

220- 350 °C temperature for both Alumix (431) -5 and 

10% Fe alloy mixtures and at temperature range of 280- 

400 °C temperatures for Alumix (431) – 2.5%Fe alloy 

mixture.  ın third run, exothermic peak is observed at 

range of 340- 460°C temperatures for both Alumix (431) -

5 and 10% Fe alloy mixtures and at temperature range of 

460- 580 °C temperatures for Alumix(431) – 2.5%Fe 

alloy mixture. The endothermic peaks are observed at 

range of 450-580°C temperatures for both of Alumix 

(431) -5 and 10% Fe alloy mixtures and at temperature 

range of 350-450°C for Alumix (431)-2.5% Fe  alloy 

mixture. According to  article of Zahra et al., the  first cp 

increase is attributed to GP zone reversion and stable ƞ 

(MgZn2) dissolution and also indirect evidence for the 

existence  of large sized  Guinier-Preston  (GP)  

zones[11]. 

 

Supersaturated solid solution (SSSα) GP zonesη 

phase 

 

From Figure 1 and Table 1; it was apparently observed 

that  specific heat capacity of alloy mixtures increased 

with increasing of  Fe content. Maximum specific heat 

capacity was obtained on the Alumix-(431)- 10% Fe alloy 

mixture  (1.55 J/°C at 580°C). 
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Figure 1. The Specific heat capacity- temperature curves 

of Alumix-(431)-(2.5,5 and 10%Fe alloy mixtures 

 

Table 2. The fit coefficients and nonlinear –squares 

regression values of specific heat capacity behaviour of 

Alumix-(431)-Fe%2.5 (a) ,Fe%5 (b) and Fe 10%(c) 

mixtures 

 

 Alumix-(431)-

2.5%Fe 

Alumix-(431)-

5%Fe 

Alumix-(431)-

10%Fe 

c0 1,200000618 1,23 1,3 

c1 0,000188166 5,10E-04 1,76E-05 

c2 9,59054E-07 3,50E-06 3,21E-06 

c3 1,199999807 0,000001 1,3 

R2 0,9651 0,9622 0.9444 

 

Table 2 gives The fit coefficients and nonlinear –squares 

regression values of specific heat capacity behaviour of 

Alumix-(431)-Fe%2.5 (a) ,Fe%5 (b) and Fe 10%(c) 

mixtures. According to Table 2, the best fit obtained on 

the Alumix-(431)- 5% Fe alloy mixture ( R2=0.9622). 

 

 
Figure 2. The SEM images of Alumix-(431)-Fe%2.5 (a) 

,5%  

(b) and 10%(c) mixture 

 

The SEM images of Alumix-(431)-Fe alloy mixtures were 

observed on the Figure 2. As a known; after heat 

treatment besides shaping technique such as pressing; 

grain bonding occurs and big particles and grain 

boundaries forms. It interestingly observed  that, as the Fe 

content on the Alumix-(431) alloy increased; on the 

surfaces of these alloy mixtures, spongelike formations 

were apeeared. It was observed that on the Alumix-(431) -

2.5%Fe alloy mixture; formation of Fe consisting 

particles is least to other alloy mixtures and  occurring of 

Fe consisting particles is mostly found on the Alumix-

(431)-10%Fe alloy. This case supported by EDS 

spectrums of these alloy mixtures in Table 3.. from EDS 

spectrums; decreasing of Fe and Zn alloying elements can 

be recommended that spinel formation occurs besides Fe-

including. 

 

Table 3.The EDS spectrums of Alumix-(431)-Fe%2.5 (a) 

,Fe%5 (b) and Fe 10%(c) mixtures 

 

Element Alumix(431)-

2.5%Fe 

Alumix(431)-

5%Fe 

Alumix(431)-

10%Fe 

Al 92.43 79.0 73.13 

Mg 3.03 3.22 2.9 

Zn 2.48 12.34 16.73 

Cu 1.33 2.80 2.42 

Fe 0.73 2.63 4.81 

 

According to literature; at high cooling rates, owing to 

kinetic limitations there is not adequate time for arranging 

of atoms of alloys themselves into a stable solid structure. 

Thereby, occurrence of a mostly irregular packed but 

kinetically preferred metastable structure forms. [12-14]., 

Whereas only the kinetic approach is not sufficient  due to 
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scarce knowledge of atomic motion throughout 

solidification; the formation kinetics dominates over the 

thermodynamics [13,14]. Fe in Al alloys happens the 

formation Fe- binded phase and Al-Fe phase easily cause   

to stress concentration.[15,16,5]. Fe is one of the widely 

used alloy elements in Al alloys and the solid solubility of 

Fe into Al is relatively low [15,17-19]. Owing to solid 

solubility of Fe into the Al matrix, Al3Fe phase can be 

depurated via rapid solidification that is spreaded via 

rising of cooling rate [15,20].  XRD patterns of sintered 

Alumix-(431)-(2. (2.5, 5 and 10wt %) Fe alloy mixtures 

showed on the Figure 4. On the XRD patterms of sintered 

Alumix-(431)-(2. (2.5, 5 and 10wt %) Fe alloy mixtures; 

that Al3Fe formations appeared in the Alumix-431-

2.5%Fe mixtures whereas this phase formation is not 

observed on the other mixtures and this case can be 

recommended that this phase is also found on the other 

mixtures and overlapped of diffraction angles of Al and 

Fe on the XRD patterns of these alloy mixtures [21].  
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Figure 4. The XRD Patterns of Alumix-(431)-Fe%2.5, 5% 

and 10%(c) mixture 

 

4. Conclusion 

In this study; specific heat capacity behaviours of Alumix 

431 –Fe alloy mixtures prepared by powder metallurgy 

method investigated. Following experimental results were 

given; 

-Specific heat capacity values increased with increasing 

temperatures but  not showed perfectly linear increase.  

-Maximum specific heat capacity was obtained on the 

Alumix-(431)- 10% Fe alloy mixture  (1.55 J/°C at 

580°C). 

-On the SEM images; formation of Fe intermetallics and 

spinel observed  

-on the XRD patterms; except that Al3Fe, other phases is 

not showed owing to overlap of diffraction angles of Al 

and Fe alloying elements. 
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The aim of present work is to study an easy method for methylene blue (MB) removal from water by adsorption on coconut 

shell based activated carbon as a high capacity adsorbent. Therefore, an activated carbon with high-surface area was 

prepared from coconut shells by chemical activation with ZnCl2 and was characterized by BET, FT-IR, SEM and TGA 

measurements. In addition, it is to be a potential for adsorption in removal of methylene blue from the aqueous solution 

investigated. 
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1. Introduction 

 
Activated carbons (AC) are good adsorbents to remove 

various compounds from water owing to its high carbon 

content, large adsorption capacity, surface area and 

microporous nature [1]. Commercially available AC, 

however, is expensive and this leads to a vast research in 

finding for cheap and efficient materials. Agricultural by-

products have been usually used as the raw materials for 

the production of AC since they are abundant, renewable 

and cheap [2]. AC may be prepared using a variety of raw 

materials.  Besides, traditional coal and wood, some fruit 

by products, such as cherry, peach stone, grape seeds and 

coconut shell, are widely used as preparation precursors 

due to high carbon content and surface area. Among these 

raw materials, there has been an increasing interest in 

using lignocellulosic by-products including agricultural 

residues and coconut shells as raw materials due to low 

ash content, high carbon content and high hardness [3-5].  

AC can be obtained by two basic processes: chemical 

activation or physical activation. Chemical activation can 

be accomplished in a single step by carrying out thermal 

decomposition of raw material with activating agents such 

as potassium carbonate (K2CO3), phosphoric acid 

(H3PO4), potassium hydroxide (KOH), zinc chloride 

(ZnCl2) and sodium carbonate (Na2CO3) [6]. In physical 

activation, the sample is heat treated in an inert 

atmosphere and the activation of the solid residual 

product (char) is realized at high temperatures (900–1000 

°C), in slightly reactive atmosphere, such as steam or 

carbon dioxide [7]. Although chemical activation is 

carried out at lower temperatures and reaction time, 

higher yield, physical activation requires a much longer 

time [2]. 

In this study, activated carbon was obtained from coconut 

shell using zinc chloride (ZnCl2) as activating agent. The 

effect of different chemical reagents (KOH and ZnCl2) on 

the pore development and the yield of the prepared 

activated carbon were investigated. The coconut shell 

based activated carbons was characterized by use of BET, 

FT-IR, SEM and TGA measurements. In addition, it is to 

be a potential for adsorption in removal of methylene blue 

from the aqueous solution investigated. 

 

2. Experimental Details 
 

2.1. Materials and methods 

Coconut shells were bought locally market (Diyarbakır, 

Turkey). After drying at room temperature coconut shells 

were crushed using electric grinder. 

2.2. Preparation of the activated carbon 

Preparation of activated carbon sample from coconut 

shells materials, using ZnCl2 chemical activation, 

followed a general procedure similar to literature [2, 6, 8, 

9]. Coconut shell was smashed and sieved to a desired 

particle sizes between 1 and 2 mm prior to its chemical 

activation. The coconut shells were cleaned with 

deionized water and dried at 120 °C for 72 h to reduce the 
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moisture content. The char was impregnated with ZnCl2 

solution. The impregnation ratio 1:2 according to the 

ZnCl2: chars ratio (w/w). The activating agent and the 

coconut shells were homogeneously mixed at room 

temperature for 24 h under continuous agitation (1000 

rpm). This mixture was dried at 120 oC for 24 h to prepare 

the impregnated sample. The impregnated sample was set 

in a horizontal stainless-steel tubular reactor with 7 cm 

diameter and 100 cm length. These processes were 

performed by heating in a horizontal stainless-steel 

tubular reactor (7.0 cm diameterx100 cm length). At 

every turn, the impregnated sample was carbonized at 500 

°C for 1 h under nitrogen (N2) flow of 100 mL min-1 at 

the heated at a rate of 10°C min-1. The carbonized 

samples were boiled with HCl (0.1 M) solution under 

reflux to remove impurities and reduce the amount of ash 

content of the activated carbon. Then, the activated 

carbon was washed several times with hot distilled water 

and finally with cold distilled water until chloride ions did 

not detected. After washing by distilled water, the 

activated carbon was dried at 120 oC for 24 h. 

 

2.3. Adsorption studies 

The adsorption studies were carried out on the AC-z using 

MB (Scheme 1). The adsorption studies can be 

categorized into two sections: (a) Effect of temperature 

(b) fitting of data to adsorption isotherms studies. Stock 

solutions (1000 mgL-1) of MB were prepared by 

dissolving appropriate amounts of them in distilled water. 

The solutions ranging from 25 to 300 mgL-1 were 

prepared by diluting the stock solutions. The equilibrium 

studies were performed 0.15 g of AC-z (as an adsorbent) 

with 50 mL of dye solution of initial concentrations (25–

300 mg L-1) in 100 mL stopper conical flasks at 298, 308 

and 318 K at 120 rpm for contact time 7 h. The adsorption 

capacity at equilibrium (qe, mg g-1), and the percentage 

removal (removal, %) can be calculated using the 

following equation 1: 

        

  

qe= (Co-Ce)V
m   (1)                                                                              

where Co and Ce (mgL-1) are the initial and equilibrium 

concentrations of MB in the solution, respectively. V (L) 

is the volume of the MB solution and m (g) is the mass of 

the adsorbents. All batch adsorption experiments were 

conducted in 100 mL stopper erlenmeyer flasks and 

shaken on a temperature controlled shaker at 120 rpm and 

natural pH. 

 

2.4. Characterization  

The raw coconut shell and activated carbons were 

characterized by use of Fourier transform infrared 

spectroscopy (FT-IR), scanning electron microscopy 

(SEM), thermogravimetric analysis-differential thermal 

analysis (TGA) and Brunauer–Emmett–Teller (BET). 

Analyzes were performed via universal ATR sampling 

accessory between 4000–450 cm−1. The surface properties 

of activated carbons were identified via a scanning 

electron microscopy SEM-EDX (Zeiss Evo 40, Ametek 

EDX). The measurements of specific surface areas of 

activated carbons produced from coconut shell have been 

made by the BET surface area (SBET) was determined 

based on the standard Brunauer–Emmett–Teller 

multipoint method in the region of relative pressures 

(0.05–0.35) near completed monolayers. The pore size 

distribution of the samples was obtained according to the 

Barrett-Joyner-Halenda (BJH) method. The total pore 

volume (VT) was calculated from the amount of nitrogen 

adsorbed at P/P0 = 0.99. The mesoporous volume 

(Vmeso) was calculated by subtracting Vmicro from 

Vtotal (Vmeso = Vtotal - Vmicro).  

  
Scheme 1. The chemical formula of methylene blue.  
 

 
3. Results and Discussion 
 

The FT-IR spectrums for raw coconut shell (CS, natural 

coconut shell), AC-n (activated carbon without ZnCl2) 

and AC-z (obtained activated carbon by ZnCl2) were 

given in Figure 1 and Figure 2. According to Figure 1, the 

bands at 3334 cm-1, 2924 cm-1 and 1739 cm-1 are related 

to the hydroxyl groups (-OH), the C-H stretching and  the 

carbonyl groups (C=O). The bands are related to 1373 cm-

1 and 1604 cm-1 showed the presence of aromatic rings 

because of C=C stretch. The band at 1233 cm-1 and a 

relatively intense band at 1030 cm-1 can be related to the 

C-O stretching in phenols, alcohols or ethers. The 

existence of hydroxyl groups, ethers, carbonyl groups, 

phenols and aromatic compounds confirms the 

lignocellulosic structure of coconut shell [2]. The FT-IR 

spectrum of activated samples indicated in Figure 2 shows 

a decrease of bands when compares with the raw material 

spectrum. This shows a decrease of functional groups in 

the raw material. It can be seen that bands at around 3300 

cm-1, 1739 cm-1 and 1233 cm-1, which refers to the 

presence of –OH, C=O, and aromatic C=C stretch have 

disappeared in the activated carbons spectrum. These 
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changes indicated that there was a break of chemical 

bonds during the carbonization and activation process [2]. 

 

  
Figure 1. FT-IR spectrum of CS. 

  

  

 

 
Figure 2. FT-IR spectra of AC-n and AC-z. 

 

The TGA curves of CS, AC-n and AC-z were given in 

Figure 3. The specific temperatures of the CS and ACs 

were given in Table 1. The coconut shells, usually 

consists of hemicellulose, cellulose and lignin. The 

pyrolysis of coconut shells could be related to the 

pyrolysis of these polymers. Based on literature [10], 

reported that the decomposition of hemicellulose, 

cellulose and lignin occurred at ranges of 180–240, 230–

310, and 300–400 ◦C, respectively. Beyond 400◦C, the 

most important reaction leads to the aromatization 

process, at low mass loss rate.  Researchers have already 

confirmed that lignin starts decomposing at low 

temperatures (160–170 ◦C) and continues to decompose at 

low rate until approximately 900 ◦C. Hemicellulose is the 

second component to start decomposing, followed by 

cellulose, in a narrow temperature interval from about 200 

to 400 ◦C. The main decomposition takes place and 

accounts for the greatest decomposition in the biomass 

pyrolysis process consisting of degradation reactions in 

this interval. Beyond 400 ◦C, the most important reaction 

leads to the aromatization process, at low mass loss rate 

[10]. According to TGA, it was observed that the first 

mass loss started with an initial temperature of 130 °C. 

The weight loss percentage recorded 5.3 (CS), 3.4 (AC-n) 

and 2.1(AC-z) wt.% which was expected to be due to 

moisture loss and lower molecular weight volatile matter 

[11]. According to Table 1, it can be observed that the 

AC-z had higher thermal stability other than AC-n. 

Table 2 shows surface area, pore volume, and pore 

diameter of activated carbons. The data show that the 

SBET of the AC-n increased from 3.4 m2 g−1 to 935.5 m2 

g−1 when the ZnCl2: char ratio 1:2. An increase in pore 

volume was observed for the ACs. Moreover, the most of 

the pores had sizes smaller than 2.5 nm (25A˚), indicating 

a development of micro porosity of the material. VT is 

directly related to the development of porosity of the 

material. The activation process rearranges the carbon 

structure producing a more ordered structural skeleton. 

The pore development occurs from four stages: (a) 

opening of previously inaccessibly pores, (b) creation of 

new pores, (c) widening of the existing pores and (d) 

merger of the existing pores due to pore wall breakage. 

The micro pores were the responsible for the increase of 

VT. In additionally, the increase of development of 

mesoporous promoted and a decrease in the microspore 

percentages (Vmicro/Vt (%)) [13]. The values of 

Vmicro/Vt (%)) were 75.4 and 62.2 for the AC-n and AC-

z, respectively. Based on the table, it was observed that 

AC-z has the high surface area and pore volume. 

Figure 4 shows the SEM images for the AC-n and AC-z. 

According to Figure 4, SEM image of AC-z shows a 

slightly damaged and uneven surface, which may be due 

to the release of volatile materials during carbonization 

process. After activation process, the image of AC-z 

shows uneven surface, caused by the dehydrating action 

of activating agent, which leads to the porosity 

development [14]. 

 

 
 

Figure 3. TGA curves of CS, AC-n and AC-z. 

 

 

Table 1.  The results of thermal analysis. 
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Figure 4. SEM images of the AC-n and AC-z. 

Table 2. Textural characteristics of the prepared 

activated  carbons. 

 
 

 
3.1. Adsorption isotherms 

 

The adsorption isotherms study was performed at three 

different temperatures (298, 308 and 318 K) with the 

initial MB concentrations of 25–300 mg L-1, as shown in 

Figure 5. The data was further analyzed with two 

isotherm models including Langmuir and Freundlich (as 

illustrated in Table 3). The Langmuir model is valid for 

monolayer adsorption for specific homogenous areas as 

the Freundlich isotherm is used to recognize 

heterogeneous adsorption processes [15]. 

Figure 6 shows the non-linear isotherm plots obtained for 

the adsorption MB onto AC-z adsorbent at 298, 308 and 

318 temperatures. The Qm, b, k and n were calculated 

based on Table 3 and the obtained data are given in Table 

4. As can be seen from Table 4, the experimental data 

were in good consistency with the Langmuir model owing 

to high coefficient of determination (R2). 

 
Figure 5. Adsorption isotherms for MB onto AC-z at 298, 

308 and 318 K 

 

Table 4. Langmuir and Freundlich isotherm parameters. 

 

 

                Table 3. Adsorption isotherm models 
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Ce /qe = 1 /b Qm + Ce/Qmax   
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Langmuir 

isotherm 

logqe = log k + (1/n) logCe      

(3) 

Freundlich 

isotherm 

Qm = maximum adsorption capacity; b = 

Langmuir constant; k and 1/n = Freundlich 

constants.  
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 Figure 6. Langmuir (A) and Freundlich (B) isotherm for 

MB removal by AC-z. 

 
3.2. Adsorption thermodynamics 

The thermodynamic parameters, namely, standard Gibb's 

free energy (ΔGo), enthalpy change (ΔHo), and entropy 

change (ΔSo) were estimated in order to understand the 

feasibility and nature of the adsorption process (figure not 

shown).  

ΔGo = −RT ln Kc              (2)    

ln Kc = ΔSo /R- ΔHo /R T    (3)         

ΔGo = ΔHo – TΔSo                       (4) 

where T (K), R are the absolute temperature and the gas 

constant (8.314 J mol-1K-1), espectively [1]. Kc (L g-1) is 

calculated by using the Langmuir constants Qm and b (Kc 

= Qm x b) and known as a the equilibrium constant. The 

thermodynamic parameters ΔHo and ΔSo were computed 

by using the slope and intercept of the plot of ln Kc versus 

1/T. The negative values of (ΔGo),   -6.12 kJ mol-1, -3.99 

kJ mol-1 and -2.38 kJ mol-1 at 298 K, 308 K and 318 K. 

The negative ΔGo values at 298, 308 and 318 K proposed 

a feasible and  spontaneous process of adsorption[16]. 

The ΔSo and the ΔHo were computed as 187.8 J mol-1 K-1, 

-62.01 kJ mol-1, respectively. The positive value of ΔSo 

(187.8 J mol-1) suggests that the degree of randomness at 

the solid-liquid interface increased during MB dye 

adsorption on the AC-z [15]. The negative enthalpy 

change (ΔHº) values confirmed that the adsorption 

process for AC-z were exothermic in nature. 

 

4. Conclusion 

The results of this study showed that the AC-z obtained 

from coconut shell high BET surface area other than AC-

n. The textural characterization showed that the ACs are 

essentially microporous and that BET surface area of 935 

m2 g−1 was obtained for AC-z. Because of their textural 

and chemical properties, the coconut shell activated 

carbon obtained in this study is potential material in the 

wastewater treatment for the removal of some organic 

pollutants. 
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In this study, we investigated the effect on the dielectric properties of an CdS-PVA interfacial layer grown by sol-

gel method onto p-Si. Structural defects were passivated effectively with an CdS-PVA interfacial layer. The 

voltage dependence of electrical and dielectric characteristics such as the real and imaginary parts of complex 

dielectric parameters (ε′, ε″), tangent loss (tanδ) and real and imaginary part of electrical modulus (M′ and M′′) of 

Al/CdS-PVA/p-Si structures were analyzed at in the wide range of frequency (5 kHz-5 MHz). The ε′, ε″ tanδ, M′ 

and M′′ were found a powerful function of frequency and voltage. The change in dielectric parameters can be 

ascribed to the interfacial layer, interfacial/dipole polarization and their relaxation time at metal/semiconductor 

interface.  
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1. Introduction 

The presence of the polymer nanocomposites 

between the metal and the semiconductor affects the 

performance, reliability and stability of the electronic and 

optoelectronic and photo-electrochemical applications. 

Polymer nanocomposite materials have application area 

such as light emitting diodes [1, 2], photodetectors [3], 

hybrid solar cells [4, 5], field effect transistors [6] and 

sensing devices [7, 8]. Among polymer nanocomposite 

materials, cadmium sulphide-polyvinyl alcohol (CdS-

PVA) shone through as an attractive compound for 

semiconductor device applications. The doping of CdS 

nanostructures into polyvinyl alcohol (PVA) makes the 

polymer suitable for use in many applications in terms of 

its high viscosity, excellent water solubility and 

biocompatibility.  In this work, Al/CdS-PVA/p-Si 

structures observed as a function of the frequency and 

applied bias voltage. The real and imaginary parts of 

complex dielectric parameters (ε′, ε″), loss tangent (tan) 

and real and imaginary part of electrical modulus (M′ and 

M′′) of Al/CdS-PVA/p-Si structures were investigated in 

the frequency range of 5 kHz-5 MHz.  

 

2. Experimental details 

To begin fabrication of Al/CdS-PVA/p-Si 

structures, firstly, p-type silicone substrates (p-Si) were cut 
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to the appropriate size and cleaned by standard chemical 

procedure.  On the back surface of p-type silicon, ohmic 

contact was formed by coating Al metal by thermal 

evaporation method. To improve the quality of the ohmic 

contact, it was annealed in a nitrogen gas environment for 

30 minutes at 450 degrees. Then CdS nanoparticles were 

added to the PVA polymer by ball-milling method to form 

CdS-PVA nanocomposites. CdS-PVA nanocomposites 

were formed by sol-gel technique on the p-Si wafer at       

300 K. Schottky contacts have been constituted as Al dots 

by thermal evaporating process which has been performed 

at 4.10-6 Torr.  

3. Results and discussion 
The investigation of dielectric spectroscopies such 

as ε′, ε″, tan, M′ and M′′ were obtained capacitance and 

conductance measurements were carried out at 0.3 V by 

using a HP 4192 A LF impedance analyzer. All these 

parameters were calculated by the following formulas [9-

11]:  

 

      (1) 

 

      (2) 

 

      (3) 

 

2 2 2 2

1 ' ''
M M' jM'' j

' '' ' ''
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Fig. 1: The ε′-f characteristic of the Al/CdS-PVA/p-Si structures. 

 

Fig. 1, Fig. 2, Fig. 3, Fig. 4 and Fig. 5, the 

frequency dependent plot of the ε′-f, ε''-f, tanδ-f, M′-f and 

M′′-f characteristics at 0.3 V bias of the Al/CdS-PVA/p-Si 

structures, respectively. Experimental results indicate that all 

these parameters are strong functions of voltage and 

frequency.  The value of ε′ decrease with increasing 

frequency. The values of ε'' and tanδ of Al/CdS-PVA/p-Si 

structures show a broad peak. This peak is usually a result of 

the particular density distribution of surface states (Nss) at 

the M/S interface, dipole polarizations and Rs of the device 

[12]. The ε''-f curve has a peak at about 200 kHz, while 

tanδ-f curve has a peak at about 300 kHz. Both ε''-f and 

tanδ-f characteristics decrease with increasing frequency 

after peak behaviors. The ε'' and the tanδ are bigger at low 

frequency because of the possible interface polarization 

mechanism since Nss cannot follow the ac signal at high 

frequency. The existing of polarization in the material is 

because of ionic, electronic, dipolar and space charge 

polarization [13].  
 

 
 

Fig. 2: The ε′′-f voltage characteristic of the Al/CdS-PVA/p-Si 

structures. 

 

 
 

Fig. 3: The tanδ-f characteristics of the Al/CdS-PVA/p-Si 

structures. 

 

The behavior of M′ vs. f curve increase with 

increasing frequency, whereas the behavior of M′′ vs. f curve 

shows a peak behavior at about 1 MHz. These changes of M′ 
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and M′′ with frequency can be ascribed to the distribution of 

the interface states located between the interfacial layer, 

relaxation/life time and Debye theory [14]. According to this 

theory, for lower frequencies, the value of relaxation time (τ) 

is lower than the period (T = 1/ f ). In this case, dipoles can 

follow the external ac signal. As shown in figure 4 and 5, M′ 

and M′′ reached a maximum value at high frequency due to 

the relaxation process (M∞ = 1/ε∞) [15]. 
 

 
 

Fig. 4: The M′-f characteristics of Al/CdS-PVA/p-Si structures. 

 

 
 

Fig. 5: The M′′-f characteristics of Al/CdS-PVA/p-Si structures. 

 
Conclusions 
 

The main aim of this study is determining of basic 

dielectric properties of Al/CdS-PVA/p-Si structures. As a 

result of the interfacial layer, surface states, series resistance 

and polarization processes have effect on the dielectric 

properties. The obtained high values of ε′ and ε′′ especially 

at low frequencies can be attributed to the conductivity 

directly related to the increase in the mobility of charge 

carriers at traps or states and the Maxwell-Wagner 

polarization mechanism. The observed behaviors of M′ and 

M′′ for all frequency can be ascribed the polarization 

mechanisms and Debye relaxation model. The effect of Nss 

and polarization decrease with increasing frequency because 

of the charges at traps and dipole cannot follow the ac signal 

due to low values of the relaxation time. This results show 

that CdS-PVA nanocomposites can be used quite 

conveniently as an interfacial layer in the production of 

electronic devices technology. 
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The current study was carried out by forming the thin film of the by using atomic layer deposition (ALD) technique 

of Al2O3 insulator material onto n-type Silicon carbide (n-SiC) in order to better understand the effects of interfacial 

materials on conventional MS structures. Then current-voltage (I-V) characteristics were obtained by applying a 

voltage between (-2.5V) and (+2.5V) to compare both the Metal/Semiconductor (MS) structure and the 

Metal/Insulator/Semiconductor (MIS) structure in terms of electrical properties. Thanks to the obtained I-V 

characteristics, rectification ratios (RR), ideality factors (n), reverse saturation currents (I0), shunt resistances (Rsh) 

and series resistances (Rs) were obtained for both structures. When the results obtained are evaluated in depth in 

terms of these parameters, it is seen that the interface layer increases the device performance. 

 

Keywords: Au/4H-n/SiC (MS), Au/Al2O3/4H-n/SiC (MIS), Current transmission mechanism 
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1. Introduction 

Many researchers have been working on the 

development of interface materials and interface properties 

for decades to prevent interfacial traps and defects in 

traditional MS structures and to improve device 

performance [1, 2]. MIS structures can be obtained with 

these interface materials used to improve the interfacial 

properties of MS structures. So many interface materials 

have been tried for this purpose up to date and remarkable 

results have been obtained [3, 4]. One of these materials is 

the Al2O3 material known as sapphire. The Al2O3 material is 

an inorganic insulator with excellent insulating properties 

due to the band gap of about 9 eV [5]. It usually occurs 

quickly with the immediate oxidation of aluminum and is 

abundant in nature. Thanks to this feature, Al2O3 has been 

used in many applications and devices production in the 

electronics industry. In order to obtain Al2O3 thin film in 

desired thickness, chemically and physically stable, 

homogeneous and uniform structure, Atomic Layer 

Deposition (ALD) technique is preferred because of these 

properties [6]. In current study, Al2O3 was chosen as the 

interface material and its application in Schottky diodes was 

realized. For this purpose, both MS and MIS structures were 

obtained. The structures were measured electrically between 

(-2.5V) and (+2.5V) in order to determine the basic 

electrical parameters. 

 

2. Experimental details 

In order to form both MS and MIS structures, 

firstly, n-SiC substrate was cut in appropriate dimensions 

and technique and subjected to standard chemical cleaning 

process. Al metals were coated along all surfaces by 

Physical Vapor Deposition (PVD) method to form ohmic 

contacts to the back surfaces of two n-SiC substrates. 

Coated Al contacts were kept at 450 degrees for 30 

minutes in nitrogen environment to improve contact 

quality. Then, Al2O3 insulating material onto one of the n-

SiC substrates were grown at 70 Å thickness as an 

interface layer by ALD method. In the final stage of the 

fabrication process, the gold contacts in the form of 

circular dots were coated on both substrates by the PVD 

method. Thus both MS and MIS structures were fabricated 

under the same experimental conditions in order to make 

an accurate comparison. Schematic illustrations of both 
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structures made ready for measurement are given in Figure 

1. Both MS and MIS structures, which were fabricated, 

were connected to Keithley 2400 SMU from ohmic and 

rectifier contacts and measured by applying voltage 

between (-2.5V) and (+2.5V) for electrical measurements. 

 

 
Fig.1: Schematic illustrations of MS and MIS structures 

 
3. Results and discussion 
 
I-V graphs of both structures whose fabrication is completed 

and measured are as shown in Figure 2. 

 

Fig. 2: Current-Voltage characteristics of Au/4H-n/SiC 

(MS) and Au/Al2O3/4H-n/SiC (MIS) structures. 

 

When the I-V graph is examined carefully, it is seen that the 

Al2O3 insulation layer used as the interface layer increases 

the rectification rate of the MIS structure by approximately 

1000 times compared to the MS structure. This result can be 

attributed to improving the interface states of the MIS 

structure [7]. The following formulas are used respectively 

to obtain basic electrical parameters such as reverse 

saturation current, barrier height and ideality factor of both 

structures [8, 9]: 

  (1) 

   (2) 

    (3) 

where A is the area of the circular contacts, T is the absolute 

temperature, B0 is the barrier height, q is the elemental charge, 

k is the Boltzmann constant, I0 is the inverse saturation current, 

n is the ideal factor and Rs is the series resistance.  

Resistance values of both structures (MS and MIS) were 

calculated from I-V data. From the obtained data, Ri-V graphs of 

both structures are plotted and shown in Figure 3. When the Ri-

V graph is examined in depth, it gives the rectification ratio for 

according to Ohm's Law both structures just as the I-V graph. 

On the other hand, the values of the shunt and series resistans 

for both structures can be found from this graph. 

 

              
 

Fig. 3: Ri-V characteristics of Au/4H-n/SiC (MS) and 

.n/SiC (MIS) structures-/4H3O2Au/Al 

 

In order to calculate these basic electrical parameters for 

both structures, the Ln (I)-V characteristic, which is a semi-

logarithmic I-V graph, is plotted as in Figure 4. According to 

Figure 4, linearity is observed in the mid-voltage region of 

both structures, but this linearity is disturbed by the effect of 

Rs at high voltage. This can be attributed not only to the 

effects of Rs but also to the effects of the interface states 

[10]. On the other hand, the slopes of the graphs are used to 

calculate the basic electrical parameters of both structures. 
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According to the calculations and the data obtained from 

these slopes, it can be seen that the Al2O3 interface material 

improves the device performance. 

 

 
Fig. 4. A semi-logarithmic I-V graph of Au/4H-n/SiC (MS) 

and Au/Al2O3/4H-n/SiC (MIS) structures. 

4. Conclusions 
 

In the present study, MS and MIS devices were 

fabricated by forming Al2O3 on n-SiC using ALD technique. 

For this research, the I-V measurements of both devices 

were realized by applying a (-2.5V) - (+2.5V) bias voltage. 
Al2O3 (70 Å thick) was used as a high dielectric interfacial 

insulating layer between the metal and the semiconductor to 

enhance the performance of the MIS device compared to the 

MS device. Rs values in the depletion zone are decreasing 

irrespective of the frequency change. The rectification ratio 

of the MIS device is about 1085 times greater than the MS 

device is clearly understood from the measurement results. 

For all devices the sheet resistance is almost worth close to 

each other, whereas difference of series resistance is quite 

high. The value of the current increases exponentially with 

the increase in applied voltage from the mid region of the 

positive voltage, but due to the Rs effect, there is a 

considerable deviation from the linearity in the high positive 

voltage region for both devices. In conclusion, Al2O3 

interfacial insulator layer leads to a considerably of the 

capacitance or dielectric constant compare to native SiO2 so 

that can more storage of charges or energy. 
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The cobalt (Co) doped LaCrO3 (LCO) powder was synthesized by solid-state reaction method using La2O3 

(ACROS, 99.9%), Cr2O3 (ACROS, 99%) and Co2O3 (Alfa Aesar, 99%) powders were used as starting materials. 

For the preparation of Co doped LaCrO3 powders, Co2O3 (Alfa Aesar, 99%) powder with various mol % (1, 10, 15) 

were mixed with La2O3 (ACROS, 99.9%) and Cr2O3 (ACROS, 99%) powders. The obtained powders were 

calcined at 1200 °C for 12 h in air ambient in order to obtain desired homogeneity and crystalline structure. After 

the calcination, the powders were pressed under 10 tons pressure to prepare pellets. Those pellets were 

annealed at 1150 °C to obtain enough hardness. Novocontrol Broadband Dielectric/Impedance Spectrometer 

equipped with liquid nitrogen dewar was employed for frequency dependent electrical admittance (Y) 

measurements of prepared pellet samples. Measurement temperature of the samples was gradually varied from -

100 °C to 100 °C with 20 °C step. Real part of admittance (Y') showed both frequency independent (lower 

frequency region) and frequency dependent (higher frequency region) regions for all samples. Imaginary part of 

admittance (Y'') first decreased with increasing frequency and reached a minimum value and increased with 

increasing frequency for all samples. The total admittance   showed similar behavior to real part one. Finally, the 

increasing Co doping ratio caused admittance parameter to decrease. 

 
Keywords: LaCrO3, Cobalt (Co), Solid-State Reaction, Electrical Admittance (Y)  
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1. Introduction 

Perovskite-oxide materials stated by ABO3 

chemical formula, have considerable attention among the 

researchers due to their physical and chemical properties 

such as high crystallinity, high electrical conductivity, high 

stability in air, high temperature processability etc.  Such 

unique properties of perovskite-oxides offer very large 

application areas including gas sensing [1], fuel cell [2], 

membrane [3], heating element [4], catalysis [5] so on. 

LaCrO3 (LCO) is one of the important members of 

perovskite-oxide family with high optical band gap (3.4-3.5 

eV), orthorhombic crystalline structure with a = 5.513 Å, b 

= 5.476 Å, c = 7.759 Å lattice parameters (space group 

Pbnm), high p-type conductivity, and high temperature 

durability in reducing atmosphere, high physical and 

chemical stability in air ambient etc [7]. 

In the literature, many researchers studied LCO compounds 

and reported its structural, chemical, dielectric and magnetic 

properties at room temperature [8-10] 

There is a few number of studies on LCO in terms of wide 

temperature and frequency range electrical admittance 

properties.  
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It is known that the ionic radius and oxidation states of the 

doped/foreign cations play key roles on the electrical and 

magnetic properties of the parent materials [11,12]. The 

substitution of Co to Cr site will distort the unit cell of LCO 

due to lattice mismatch between Co and Cr. Hence, such 

distortion will have influence on the electrical and dielectric 

properties of LCO compound. 

 

In this investigation, the impact of the substitution of Co 

into Cr site on the electrical admittance (Y) and activation 

energy (Ea) were investigated at a wide range of frequency 

and temperature region. The powders of all compounds were 

prepared via solid state reaction. Scanning electron 

microscopy (SEM) and X-ray photoelectron spectroscopy 

(XPS) were employed to study crystalline morphology and 

the surface characteristics of synthesized powders, 

respectively. It has noticed that the activation energy tends 

to decreases with increase in the doping ratio. 

 

2. Experimental details 
 

The Co dop LaCrO3 (LCCO) powder was prepared 

by the solid-state reaction method. For the preparation of Co 

doped LaCrO3 powders, Co2O3 (Alfa Aesar, 99%) powder 

with various mol % (1, 10, 15) were mixed with La2O3 

(ACROS, 99.9%) and Cr2O3 (ACROS, 99%) powders. First, 

the high purity La2O3 and Cr2O3 powders were mixed in an 

agate mortar for 1 h with ethanol and calcined at 900 °C for 

10 h in the air to obtain LCO compound. After the first step 

calcination the powders were reground for homogeneity 

purpose. After reground the powder for several hours the 

second calcination was carried out at 1200 °C for another 12 

h in the air. The LCO powder was pressed into 13 mm 

pellets at 10 tons pressure for several minutes in order to 

study electrical properties. After that, the pellet was heated 

at 1150 °C for 4 h in air to sinter the pellets. 

 

The chemical and structural analysis of LCCO powder were 

carried out using a FEI scanning electron microscope 

(SEM), X-Ray photoelectron spectroscopy (XPS) X-ray 

diffractometer (XRD, Bruker D8 Discover) analyses.  

Novocontrol Broadband Dielectric/Impedance Spectrometer 

was employed to study frequency-depended electrical 

admittance property measurements varied temperature from 

– 100 °C to 100 °C with 20 °C step. In order to investigate 

of electrical properties of LCO, the LCO pellet was 

sandwiched between two platinum (Pt) electrodes and 

placed into Dielectric Spectrometer for measurements. 

 

 

 

3. Results and discussion: 

SEM images of  Co doped LCO at various 

percentages are shown in fig. 1.  As seen from the figure, the 

grain sizes incerease as the the dopping ratio is increased. 

 

 

 

 

 

 

 

 

Fig.1: SEM images of (a) 1% Co doped LCO, (b) 10% Co doped LCO 

(c) 15% Co doped LCO [13]. (The scale is 1 µm ) 

The real part of the admittance (Re Y) behavior of LCCO 

samples are demonsrated in fig. 2. Real part of admittance 

(Y') or conductance (G) shows both frequency independent 

(lower frequency region) and frequency dependent (higher 

frequency region) regions for all samples.  The frequency 

independent region is called the dc region. The dc region 

extends to the higher frequency with increasing temperature. 

The strongly frequency dependent region is called the ac 

region.  

On the other hand fig. 3. demonstrates the imaginary part of 

the admittance (Im Y), namely susceptance (B) of LCCO, at 

various temperature. Imaginary part of admittance (Y'') first 

decreases with increasing frequency and reaches a minimum 

value and increases with increasing frequency for all 

samples. 

In fig. 4(a), Re (Y) comparison graph for all compounds at 

100 °C can be seen. From this figure, we can infer that the 

increasing Co doping ratio causes admittance parameter to 

decrease. The real part of the admittance, which is 

Conductance (G), decreases with increasing Co dop ratio. 

This leads to activation energy to increase, as shown in fig. 

4(c). The activation energies at fig. 4(c) are calculated from 

the arhenius relation which is: 

 

fmin=f0e-(Ea/kT)        (1) 
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From the figure 4(b) we can compare the minimum values 

of imaginary admittance graphs for T=100 °C.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Real part of admittance (Y’) for  (a) 1% Co doped LCO, (b) 

10% Co doped LCO, (c) 15% Co doped LCO samples under a 

temperature range from -100 C to 100 C    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: 

Imaginary 

part of 

admittance 

(Y’) for  (a) 1% Co doped LCO, (b) 10% Co doped LCO, (c) 15% Co 

doped LCO samples under a temperature range from -100 C to 100 

C    
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Fig. 4: (a) Re (Y) comparison graph for all compounds at 100 °C 

(b) Im (Y) comparison graph for all compounds at 100 °C  

(c) Temperature dependent activation energies for all compounds. 

 

Conclusions 

 

In this study we prepared pellets of 1%, 10% and 15% Co 

doped LCO compounds After the dielectric measurements, 

we have seen that the Real part of admittance (Y') shows 

both frequency independent (lower frequency region) and 

frequency dependent (higher frequency region) regions for 

all samples. The Im (Y’’) of the LCCO samples at various 

temperatures first decreases with increasing frequency and 

reaches a minimum value and increases with increasing 

frequency for all samples. The Im(Y’’) graphs have negative 

value which leads us to conclude that the compounds show 

capacitive reactance rather than inductive. 
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Application of the TG and DTA to the Turkish Soma Peat. 
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In this study,a Soma peat sample was heated with different heating rates. DTA and TG results were investigated. Maximum weight 

loss percetages (%) was observed on TG curves and corresponding DTA peak start/finish temperatures were determined. The 

thermal parameters obtained from both TG and DTA data were evaluated for determining the kinetic and Arrhenius parameters. 
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1. Introduction 

Coal as an energy source marked the economic 

and political development in the world. The severe 

oppurtunity is seen in the Europe especially during the 

19th and 20th centuries. At the beginning of the 21 

century, coal energy accounts for 36% of the total energy 

produced in Europe. So, it is the most important energy 

source [1]. Turkey has low coke but huge lignite reserves. 

But those lignite reserves are high ash and volatile matter 

and low calorific value. The coal evaluation in the air or 

in free medium can be done via thermo analytical 

methods such as thermogravimetry (TG), differential 

thermogravimetry (DTG), differential thermal analysis  

(DTA),  differential  scanning  calorimetry  (DSC), 

thermogravimetry-Fourier transform infrared 

spectroscopy (TG-FTIR) and thermogravimetry-mass 

spectrometry (TG-MS) techniques were employed at a 

growing rate in the evaluation and characterization of 

fossil fuels from the point of determining the combustion 

characteristics or kinetic parameters [2]. 

Thermogravimetry (TG) and differential thermal analyses 

(DTA) have been defined to be an effective tool to study 

coal behavior in different medium [3, 4]. Previous TG 

studies showed that the sample composition [5], the rank 

of coal [6], the maceral groups of coal [7, 8] have some 

effects on the characteristics of the plots.  

The objective of this research was to investigate 

the pyrolysis kinetics of Değirmisaz peat. 

2. Experimental details 

Soma has 0.265 billion tone of lignite reserves 

and the calorific value of them is 4000-6000 kcal/kg. 

Experimental peat sample was supplied from those area. 

It is located in the Agean district of Turkey.The samples 

were ground to grain size down to 1 mm. Proximate 

analysis (which includes the moisture, the ash, the volatile 

matter and the fixed carbon contents determination) was 

performed on the peat sample. Moisture content was 

measured according to DIN 51718 [9], the ash content 

according to DIN 51719 [10] and volatile matter 

according to DIN 51720 [11]. Fixed carbon was 

calculated from volatile matter by difference. Gross 

calorific value was measured according to DIN standards, 

using an IKA C-400 adiabatic calorimeter.One-hundred 

millilitre of each sample were placed in an aluminium 

crucible in a Shimadzu DTG 60AH Thermal Analyser. 

Al2O3 was used as reference material. Samples were 

heated from ambient temperature up to 950 ºC with 

different heating rates of 5, 10, 15 and 20 ºC/min in a 150 

cm3/min flow of argon gas. 

 

3. Results and discussion: 
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The results of proximate analysis and obtained 

calorific value of the Soma peat are shown in Table 1. 
 

Table 1. Analysis of the Soma peat (peat amount 10 %). 

Proximate analysis (%) Soma peat (dry basis) 

Volatile matter 32.5 

Ash 44.7 

Fixed carbon 22.8 

Calorific value 4707 kcal/kg 

 

The thermal characterisation of mineral 

substances can be made by thermogravimetry (TG) and 

Differential Thermal Analysis (DTA). These methods are 

widely used  
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Figure 1. The TG and DTA curves of the sample at; a) 5 ˚C/min, 

b) 10 ˚C/min, c)15 ˚C/min. and d) 20 ˚C/min. heating rates. 

 

 

for the characterisation of organic and inorganic 

substances. The results of TG and DTA curves are shown 

in Fig. 1.a, b, c and d.The samples were heated from room 

temperature to 950 ˚C with different heating rates as 5, 

10, 15 and 20 ˚C/min. in a 150 mL/min. flow of argon. On 

these graphics, the blue and red lines depict the TG and 

DTA behavior of the blends, respectively. As seen from 

the TG trends of figures; with increasing the heating rate, 

the weight loss of the blends decreased. The related 

weight losses of the samples were given at the following 

Table 2. As seen from the Fig. 1.a-Fig.1.d, the weight loss 

occured in two steps. 

 

Table 2. Mass loss (wt.%) of the sample at different 

heating rates. 

 

Heating Rates 

(˚C/min.) 

 

1.Step 

     (%) 

 

2. Step    

(%) 

5 33.340 11.847 

10 52.799 9.798 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG-2019) 

October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

93 
 

15 32.278 8.471 

20 38.516 8.846 

 

 

The DTA curves (Fig.1.a-d) of the blends are 

observed in the stages one is exothermic and the other is 

endothermic. The first peak is caused by the volatilization 

of volatile matter released from the coal and the second 

peak is caused by decomposing of the residual char. For 

heterogeneous ignition with O2 usage, on the other hand, 

only one strong exothermic peak appears on the DTA 

curve, as a result of burning of the whole coal particle. 

However, in the case of hetero-homogeneous ignition, 

after release of part of the volatile matter, one strong 

exothermic peak appears on the DTA curve with a 

remarkable weight loss on the TG curve [12].Similar to 

the TG curves,the first peak of DTA has been sharpening 

with increasing the heating rate. The onset and end point 

of the exothermic and endothermic reaction peaks during 

heating were given in Table 3 and Table 4. 

 

 

Table 3. DTA curve values of the exothermic reaction 

during heating. 

Heating 

Rate 

(˚C/min) 

Peak Start 

Temperature 

(˚C) 

Peak Finish 

Temperature 

(˚C) 

Enthal

py 

(kJ/g) 

5 369.90 511.22 2.13 

10 406.44 536.83 2.18 

15 435.09 548.81 2.42 

20 422.12 589.26 2.75 

 

 

 

Table 4. DTA curve values of the endothermic reaction 

during heating. 

Heating 

Rate 

(˚C/min) 

Peak Start 

Temperature 

(˚C) 

Peak Finish 

Temperature 

(˚C) 

Enthal

py 

(J/g) 

5 729.32 740.36 -48.78 

10 710.78 761.53 -67.89 

15 730.08 777.29 -58.33 

20 756.37 802.92 -51.99 

 

 

The weight loss (W) of the samples is assumed to 

react via the first order reaction. It is written at the 

following equations (1); 

 

 /  .            1ndW dt k W n   (1) 

 

where; k is the reaction constant. The thermal effect that 

is seen at the peak areas is taken place according to the 

Arrhenius law. The k constant can be written as below; 

 

   . /k A Exp E RT    (2) 

 

After substituting Eq (2) in the Eq (1) the following 

equation can be obtained; 

 

   . / . d WW dt A Exp E RT   (3) 

 

taking the logarithm of both sides; 

 

1
   / 2.303

dW
log logA E RT

W dt

 
  

 
 (4) 

 

 

where dW/dt is the rate of weight change of the reacting 

material in % min−1, A is the Arrhenius constant or pre-

exponential factor in 1 min−1, E is the activation energy in 

kJ.mol−1, T is the temperature in K, n is the reaction order 

and R is the gas constant in 8.314 J.mol−1.K−1.In the 

model, the plot of log[(dW/dt).(1/W)] against 1/T (given 

in Fig.-2) is a straight line with a slope of – E/2.303R. 

The magnitude of the slope can be used to calculate the 

activation energy (E). 

For 5 ºC/min heating rates, weight losses approximately 

33 % and 12 % were seen for 425 and 728 ºC mid point 

temparatures, respectively. From the first order reaction 

mechanism, the related activation energy is found from 

yhe slope given below. 

 
 
 Figure 2. Activation energy relationship for 5 ºC/min heating 

rates of Manisa peat 
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Thus, the activation energy of the sample was found as 

640.07 J/mol. 

 

 

Conclusions 
A peat sample taken from Manisa city of Agean area of 

Turkey was investigated with DTA and TG analyses. Two 

characteristic peaks (exothermic and endothermic) were 

seen in DTA plots and maximum weight loss in Soma 

peat sample was observed at 5 ºC/min of heating rate and 

this occurredmost probablybecause at small heating rates 

the sample staysunder heating (at a temperature region)for 

longer timespans. The reaction activation energy was also 

evaluated. 
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We have examined the thermal and electrical aspects of poly(cyclohexen-3-yl-methyl methacrylate) poly(CHMA) 

doped multi-walled carbon nanotubes (MWCNTs) composites. We acquired cyclohexen-3-yl-methyl methacrylate 

(CHMA) monomer from the reaction of 3-cyclohexene-1-methanol compound with methacryloyl chloride with this 

connection. Free radicals at 70 ° C in the presence of AIBN initiator in 1,4-dioxane solvent was employed to 

perform the homopolymerization of the synthesized monomer. We preferred solution processing method with the 

various weight ratios (%1, %3, %5) of MWCNTs in order to prepare the poly(CHMA):MWCNTs nanocomposites. 

We also examined thermal and electrical aspects of the nanocomposites which were composed of 

poly(cyclohexen-3-yl-methyl methacrylate) and multi-walled carbon nanotubes. Furthermore, the thermal and 

electrical properties of poly (isobornyl methacrylate) poly(IBMA) doped multi-walled carbon nanotubes composites 

were investigated. Thermal stability and electrical conductivity of composites increased with increasing multi-

walled carbon nanotubes dopant. 

Keywords: Multi Wall Carbon Nanotubes, Poly(isobornyl methacrylate), Poly(cyclohexen-3-yl-methyl methacrylate) 
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1. Introduction 

Functional polymers, which can be utilized as 

reagents, catalysts, protecting groups, etc, are 

macromolecules and chemically bound functional groups are 

attached to them.. Functional polymers do not cost must, are 

easily-processed and they have a range of attractive 

mechanical characteristics for functional organic molecules. 

It is possible to modify the aspects of the polymer either by 

means of chemical reactions on pendant groups or by 

altering the physical nature of the polymers. Dopants are 

employed in order to improve the properties of polymers as 

well. The kind of carbon nanotube is one of the most 

commonly used dopants. In the last two decades, 

polymer/carbon nanotube (CNT) nanocomposite materials 

have been developed a lot. Thanks to its outstanding 

physical and chemical aspects, carbon nanotube has 

generated enormous interest in most areas of science and 

engineering. At low CNT loading, polymer materials get 

good mechanical properties and high electrical and thermal 

conductivities from the CNT. Micro- and nano-scale 

particles have been regarded as filler material for polymers 

in order to generate high potential composites with 

improved characteristics. When the CNT content exceeds a 

critical value, known as a percolation threshold, the 

polymer/CNT nanocomposites become conductive due the 

formation of a 3D conductive network of the CNT within 

the polymer matrix [1–5] 

 

 

2. Experimental details 
In order to synthesize the Poly(CHMA)/MWCNTs 

and Poly(IBMA)/ MWCNTs composites; 3-cyclohexene-1-

methanol (Aldrich), methacryloyl chloride (Merck), 

isobornyl methacrylate (IBMA) (Sigma), 

Azobisisobutyronitrile (AIBN) (Fluka), tetrahydrofurane 

(THF), multi wall carbon nanotubes and other chemicals and 

solvents were used without further purification. Firstly, we 

acquired cyclohexen-3-yl-methyl methacrylate (CHMA) 

monomer from the reaction of 3-cyclohexene-1-methanol 

compound with methacryloyl chloride. Free radicals at 70 

°C in the presence of AIBN initiator in 1,4-dioxane solvent 

were employed to perform the homopolymerization of the 

synthesized monomer [6]. In order to prepare the 

mailto:gbarim@adiyaman.edu.tr
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poly(CHMA):MWCNTs nanocomposites,  solution 

processing method with the various weight ratios (%1, %3, 

%5) of MWCNTs was preferred following the synthesis of 

the poly(cyclohexen-3-yl-methyl methacrylate ). 1 g of 

poly(CHMA) was dissolved 10 mL of THF to prepare the 

composites. The various weight ratios (%1, %3 and %5) of 

MWCNTs were dispersed in separate beakers in 2 mL of 

THF for 5h by means of using an ultrasonic bath. We added 

2 mL of polymeric solution to this mixture and stirred it 

with the help of a magnetic stirrer. The solvent was 

evaporated under vacuum so that the polymer/ MWCNTs 

composites can be obtained. Poly(IBMA)/ MWCNTs 

composites were prepared identically. Thermal stabilities of 

the Poly(CHMA)/ MWCNTs composites were investigated 

on a Perkin- Elmer TGA/DTA 7300 thermal analysis 

systems under N2 flow with a heating rate of 20 0C/min. To 

determine the electrical conductivity values of 

Poly(CHMA)/MWCNTs and Poly(IBMA)/MWCNTs 

composites in pellet forms the current-voltage (I-V) 

measurements made by using Fytronix FY 7000 Solar 

Simulator and two probe method were taken by steps of 0.2 

Volt from 0 Volt to 6 Volt under dark and in room 

conditions. The thickness values of the composite samples 

in pellet forms were measured by using a digital micrometer. 

 

 

3. Results and discussion 

3.1. Thermal properties of composites 

Thermal stabilities of the Poly(CHMA)/ MWCNTs 

composites were investigated on a Perkin- Elmer TGA/DTA 

7300 thermal analysis systems under N2 flow with a heating 

rate of 20 0C/min. The thermogravimetric curves of 

composites are shown in Figure 1. If the temperatures  

 

 
Fig.1: Thermal degradation curves of composites; a:Poly(CHMA) 

b: Poly(CHMA)/ MWCNTs:%1 c: Poly(CHMA)/ MWCNTs:%3 d: 

Poly(CHMA)/ MWCNTs:%5 

corresponding to 50 wt% loss of the polymers were taken as 

a measure for their thermal stability, these temperatures 

would be 382, 390, 401, 403 0C for poly(CHMA) and 

P(CHMA):MWCNTs (%1, %3, %5) respectively. Data in 

Table 1 clearly show that thermal stability of composites 

increased with increasing multi-walled carbon nanotubes 

dopant [7–9]. 

 
 

 

Table 1: Thermal decomposition temperatures of 

composites 

                                       %Weight loss at different temperature ( 0C) 

Samples Tmax %10 %50 %90 

Poly(CHMA) 448 255 382 440 

Poly(CHMA)/MW

CNTs:%1 
412 259 390 450 

Poly(CHMA)/MW

CNTs:%3 
416 270 401 455 

Poly(CHMA)/MW

CNTs:%5 
422 272 403 458 

               Tmax: Temperature for maximum rate of decomposition. 

 

In order to determine the electrical conductivity 

values of the synthesized Poly(CHMA)/ MWCNTs and 

Poly(IBMA)/MWCNTs composites, severally five 

resistance (R) and their standard error values for each 

sample were obtained from analyses of repeating I-V 

measurements and their average values were also calculated. 

The I-V graphs of Poly(CHMA)/ MWCNTs composites 

were given in Figure 2, 3 and 4 and those of 

Poly(IBMA)/MWCNTs composites were placed in Figure 5, 

6 and 7. The conductivity (σ)  and resistivity (ρ) values for 

each composite sample were determined by taking linear 

fitting to the obtained graphs and were listed in Table 2. The 

electrical resistivity and conductivity values of the samples 

were computed by using these simple formulas as below; 

 

            
1

R
slope

        (1) 

 

  
.R A

t
     (2) 

 

                
1




      (3) 

here, slope refers to the slope value obtained by taking linear 

fitting of an I-V plot, A is probe needle contact area (=0.5 

mm2) and t is the thickness of sample (=1 mm). 
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Table 2: The electrical resistivity and conductivity parameters of the samples. 
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Fig.2: I-V graph of Poly(CHMA)/ MWCNTs:%1 composite sample. 
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Fig.3:I-V graph of Poly(CHMA)/ MWCNTs:%3 composite sample. 
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Fig.4: I-V graph of Poly(CHMA)/MWCNTs:%5 composite sample. 
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Fig.5: I-V graph of Poly(IBMA)/ MWCNTs:%1 composite sample. 
 

 

 

Sample ID 

 

Resistance 

R (Ω) 
Resistivity 

ρ (Ω.m) 
Conductivity 

σ (S/m) 
Standard 

error (%) 

Poly(CHMA)/ MWCNTs :%1 1.442x1011 7.210x107 1.387x10-8 ±3.85 

Poly(CHMA)/ MWCNTs :%3 9.606x108 4.803x105 2.082x10-6 ±5.82 

Poly(CHMA)/ MWCNTs :%5 2.972x106 1.486x103 6.727x10-4 ±4.58 

Poly(IBMA)/ MWCNTs :%1 1.537x108 9.852x105 1.015x10-6 ±4.71 

Poly(IBMA)/ MWCNTs :%3 1.145x107 5.727x103 1.746x10-4 ±6.46 

Poly(IBMA)/ MWCNTs :%5 1.435x107 7.176x103 1.393x10-4 ±8.43 
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Fig.6: I-V graph of Poly(IBMA)/ MWCNTs:%3 composite sample. 
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Fig.7:I-V graph of Poly(IBMA)/ MWCNTs:%5 composite sample. 
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Fig.8: MultipleI-V graphs of Poly(CHMA)/MWCNTs and 

Poly(IBMA)/ MWCNTs composite samples. 

 

As it is understood from both multiple I-V graphs 

of Poly(CHMA)/ MWCNTs and Poly(IBMA)/ MWCNTs 

composite samples in Figure 8 that the electrical 

conductivities of the samples were increased due to 

increment in MWCNTs proportion, so inversely their 

resistivities were decreased. Therefore, it can be deduced 

that while the doping ratio increased, the electrical 

properties of the samples upgraded from insulating to 

semiconducting properties. 

 
Conclusions 
 

Poly(CHMA) and Poly(IBMA) were prepared by 

free radical polymerization. The Poly(CHMA):MWCNTs 

and Poly(IBMA): MWCNTs nanocomposites were prepared 

by solution processing method with the various weight ratios 

(%1, %3, %5) of MWCNTs. Thermal and electrical 

properties of the nanocomposites comprised of polymers 

and multiwalled carbon nanotubes were investigated. 

Thermal stability and electrical conductivity of composites 

increased with increasing multi-walled carbon nanotubes 

dopant. 
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Abstract. Nanoparticles have recently attracted attention in the fields of biology, medicine and electronics due to 

their biological, chemical and physical properties. In particular, nano-ZnO (Zinc oxide) is very popular in recent 

years due to its antibacterial properties.In addition to this property of nano-ZnO which is a metal oxide group, it 

has electrical conductivity, photo oxidizing capacity against chemical and biological species, photocatalyticability 

and self-sterilization. ZnO is a multifunctional material and has found application areas such as semiconductors, 

UV-shielding materials, photochemical, polymer coating. PVA (Polyvinyl alcohol) is a non-toxic, water-soluble 

polymer. Because it is a polymer with many technological, pharmaceutical and biomedical applications, it is widely 

used in various fields of industry. PVA is also a good host material for metal and semiconductor nanomaterials 

because of their thermo-stability and good film-forming capabilities. 

Keywords: Zinc oxide, Poly (Vinyl Alcohol), Nanocomposite Films  
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1. Introduction 

Polymer-based metal oxide nanocomposites have 

applications in some fields such as medical and engineering 

technology due to their electrical, mechanical and optical 

properties [1,2]. Shapememory polymer (SMP) 

nanocomposites can be obtained by incorporating metal or 

metal oxide fillers such as ironoxide (III), ferro magnetic 

particles, NdFeB particles, Ni-Mn-Gasingle crystal and 

nickelpowder, which exhibit thermomagnetic or 

electromagnetically induced shapememory effect (SME) [3-

8].Among these nanocomposites, having thermally 

shapememory effect are generally used which are magnetic 

or electromagnetically induced materials. SMP 

nanocomposites, by mixing different nanodoles with 

elastomeric matricesor SMPs, recover their permanent shape 

when exposed to externalstimuli such as temperature, 

humidity/water, light (UV, IR andvisible) electric and 

magnetic field and can memorize their temporary shape. 

Unique (original) functions have been developed to expand 

the range of SMP applications such as smart implants, 

controlled medical devices, adaptive optical devices, 

dry/wetadhesives, fasteners. However, the performance of 

the nanocomposites depends on the ratio, dispersion and 

nano-fill type [9]. Polyvinylalcohol (PVA) is used in many 

technical applications since it is a polymer with many 

interesting physical properties. PVA is a semi-crystalline, 

water soluble material with lowel ectrical conductivity. 

Furthermore, It is used in many technological, 

pharmaceutical and biomedical applications due to its 

excellent film forming and bonding properties [3,4]. 

Because of their optical and electrical properties, 

metal oxide semiconductor films have attracted much 

attention in recent years. Zincoxide exists in nature as a 

“mineral zinkite and is grouped as a semiconductor of the II-

IV group. Due to its boundary ionism, it is located be tween 

covalent and ionic semiconductors. Zincoxide (ZnO) based 

polymeric nanocomposite materials are very interesting 

because of their good transparency, high electron mobility 

[5, 6], direct wide band gap (3.37 eV at room temperature) 

[7]. This enables applications in optoelectronics in the blue / 

UV region, including light-emitting diodes, laser diodes and 

photo detectors [8- 10], short-wave length light emitting 

diodes, transparent conductors, dye-sensitized solar cells, 

mailto:esrabarim@gmail.com
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piezo  electric materials, gas sensors, photovoltaic cells, 

varistors (alsocalled as variable resistors), as a high 

resistance semiconducting device and fully transparent thin 

film transistors [11]. 

In this study, a new nanocomposite based on 

Polyvinylalcohol/Zinc oxide (PVA/ZnO) was synthesized. 

First, ZnO nanoparticles were synthesized with 

hydrothermal method. Then, 4 films were prepared by using 

different rates of acquired ZnO and provided PVA. Prepared 

PVA-ZnO nanocomposite films were characterized with X-

Ray Diffraction (XRD), Scanning Electron Microscope 

(SEM), FT-IR devices.  

 

2. Experimental details 

2.1. Materials 

 

Zinc nitrate hexahydrate Zn(NO3)6.H2O (≥ 99 %) 

and polyvinyl alcohol (PVA, Mw=125000, 88 % 

hydrolyzed, AR Grade) were provided from Merck 

company. 

 

2.2. Characterization Techniques and 

Measurements  

 

All the analyzes were taken in the laboratories of 

the Munzur University. Prepared PVA-ZnO nanocomposite 

films were characterized with Rigaku MiniFlex 600 X-Ray 

Diffraction (XRD) device. The morphological surface 

structure of Nanocomposite films was viewed with Hitachi 

SU3500 Scanning Electron Microscope (SEM) device. Their 

Infrared spectrums were gathered with JASCON FT-IR 

device. 

 

2.3. Preparation of PVA/ZnO Nanocomposite 

Films 

 

ZnO nanoparticles were synthesized with 

hydrothermal method. First, 1.19 g of Zinc nitrate 

hexahydrate Zn(NO3).6H2O, was mixed with 40 mL 

distilled water in ultra-sonication device until completely 

dissolved. While the mixing was still in process, 5 mL 

ammonia (NH3) solution was added to a solution which 

includes Zinc nitrate hexahydrate drop by drop and the pH 

value was ensured around 8-9. The prepared basic solution 

was put in the hydrothermal device that was set to 180 oC 

and it was taken out of the device after 12 hours, filtered and 

dried.4 films were prepared by using different rates of 

acquired ZnO and provided PVA. In the first sample, 0.05 g 

PVA was dissolved in 20 mL of water, other three samples 

were prepared in accordance with (PVA)1-X and (ZnO)X 

formula. To achieve this; beakers containing 1%, 5%, %10 

ZnO and matching PVA in weight were dissolved in 

distilled water after heating in ultra-sonication device for 3 

hours at 80 oC. Prepared PVA-ZnO mixtures were poured 

onto 4 different petri plates, and were contained in a dust-

free environment at room temperature for 3 days to acquire 

nanocomposite films. Only the first sample that contained 

PVA was named as (P) and other 3 samples were named 

accordingly with their ZnO rates as (PZ1), (PZ5), and 

(PZ10). 

 

3. Results and discussion 
 

3.1. FT-IR Analysis 

 

FT-IR spectrums of PVA-ZnO nanocomposite 

films were gathered with JASCON FT-IR device. Their 

Infrared spectrums were observed between 4000 and 400 

cm-1 wavelengths (Figure 1). When the spectrums were 

examined; while large and flat peak at 3252 cm-1 of pure 

PVA belongs to hydroxyl group (OH), peaks of the 

asymmetric stretching vibrations at 2930 cm-1 and 2852 cm-1 

respectively indicate CH and CH2. Further, peaks are 

observed at 1711 cm-1 and 1656 cm-1 resulting from C=O 

stretching vibration. When the FT-IR spectrums of PVA-

ZnO nanocomposite films were examined; the new peak that 

belonged to ZnO at 458 cm-1 showed us that the synthesis of 

the nanocomposites were successful. 

 

 
 

Figure 1. FT-IR spectra ZnO/PVA nanocomposites. 

 
3.2. SEM Observations 

 

      Scanning electron microscopy (SEM) imagines 

taken at different magnification rates for all samples and 

SEM images taken in these imagines at 1.00k and 2.00k 

magnification ratios are given in Fig.2. When the SEM 

image (Fig.2a) of the PVA sample is examined, it is seen 

that particles and fibers (microtubes) are formed that do not 

exceed a few micrometers. The images were shown that, 

uncoated ZnO PVA were aggregated and compressed, while 

coated PVAs had a better distribution and homogeneity. 

SEM images were also shown that, sample with medium 

concentraction (Fig.2c) had a better distribution. This is due 

to the less agglomeration of nanocomposites in medium 

concentraction of samples. This fact confirms the results of 

XRD analysis. 
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(a) 

(b) 

(c) 

(d) 

 
Figure 2. Sem İmages of theSamples; a) PVA, b) PVA/ZnO(%1), c) 

PVA/ZnO(%5), d) PVA/ZnO(%10). 

 

3.3. X-Ray Analysis 

 

PVA composites with different proportions of ZnO 

were analyzed by X-ray diffraction to examine the nature of 

the crystallinity of the samples. X-ray diffraction graphs of 

ZnO / PVA samples are given in Fig.3. PVA/ZnO 

nanocomposites at a scatteringangle of 2θ=~19o can be 

matched to there flection plane of crystalline PVA [101] 

[12-20]. The crystalline nature of PVA can be attributed to 

the strong interaction between the PVA chains through 

intermolecular hydrogen bonding. The X-ray diffraction 

pattern of the ZnO nanoparticles describes the hexagonal 

wurtzite structure. As the lower ZnO concentration was used 

in the PVA matrix, the intensity of peaks in the shapewasal 

so reduced. 
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Figure 3. XRD spectraZnO/PVA nanocomposites. 

 

 
Conclusions 
 

In this study, nano-composite films were produced 

by adding ZnO produced by hydrothermal method to PVA 
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polymer in three different ratios (1,5,10%). In order to 

investigate the structural properties of these materials, FT-

IR, X-Ray and SEM analyzes were performed. In FT-IR 

spectra, the characteristic peak values of the PVA sample 

are 1000-1300 cm-1 and the wide range of 3000-3500 cm-1 is 

characteristic of PVA, and these peak values correspond to 

the C-O and O-H tensile bands, respectively. When ZnO is 

added to PVA, these peak values decrease. These results are 

consistent with the literature. This result suggests that 

produced nanocomposite films have become more thermally 

stable. According to SEM images were shown that, sample 

with medium concentraction had a better distribution. This 

is due to the less agglomeration of nanocomposites in 

medium concentraction of samples. In addition the XRD 

analysis peaks for ZnO/PVA were in good agreement with 

those of hexagonal wurtzite structure. According to these 

results, produced ZnO/ PVA nanocomposite films can be 

used in wide range applications. 
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Graphene is the two-dimensional materials which formed the sp2-hybritization of carbon atoms arranged like honeycomb 

structure. It has been good candidate optoelectronic technologies especially as transparent conductive electrodes due to 

excellent electrical and optical properties. Currently, Chemical vapor deposition is considered rising methode for graphene 

synthesis on transition metal oxide substrate but, Nickel and cooper substrate is mostly used to grow large scale and high-

quality graphene. Graphene synthesis on nickel substrate has a lot of challenged such as controlled number of layer graphene 

because of high solution carbon atoms. However, Graphene synthesis can be controlled by optimizing parameters of CVD 

methode like growth time, cooling process, flow rate of carbon source. In this study, growth time was improving to synthesize 

quality graphene by using methane gas on nickel surface via CVD methode. Bilayer graphene was obtained for 10 min. growth 

time.  

 

Keywords: Graphene, Nickel substrate, Chemical vapor deposition (CVD) 

 

Corresponding author: recepzan@gmail.com 

 
1. Introduction 
 
Graphene is an one atom thick nano materials and it has 

sp2 hybritization [1]. Graphene is one of the attractive 

materials for both researcher and industrial company due 

to exciting optical, mechanical and electrical properties 

[2]. Specially, it has been gleaming of hope for 

optoelectronic devices such as solar cells, liquid crystal 

display, super capacitors and transistors, bendable and 

wearable technology [3]. Several chemical and 

mechanical methodes can be used for graphene synthesis 

such as mechanical exfoliation, epitaxial growth. 

However, chemical vapor deposition is an ideal methode 

to synthesize homogenous and large-scale graphene by 

using various carbon source and carrier gas on the 

transition metal oxide substrate [4,5].  

Firstly, carbon atoms are exposed to segregation because 

of high temperature in substrate at mechanism of carbon 

segregation especially nickel substrate then, segregated 

carbon on to substrate is deposited with the aid cooling 

process [6]. On the other hand, graphene synthesis in 

copper substrate is directly occurred by depositing carbon 

atoms at surface without carbon segregation [7]. Nickel 

substrate can be used to as catalyst for graphene synthesis 

large scale and homogenously due to that has high carbon 

solubility [8]. But Nickel has some drawbacks because of 

both carbon segregation and carbon decomposition, thus, 

it has been caused precipitation of extra carbon occurs at 

the nickel surfaces substrate [9]. So, control of graphene 

layer is can be difficult. Different methods are used 

overcome these drawbacks most of parameters can be 

optimized to control number of layer graphene by CVD 

such as flow rate of gas, growth time, temperature, 

cooling process etc. [10]. Aim of this study, improvement 

of growth time has been purposed to synthesize 

homogeneous graphene on to nickel substrate. 

 
2. Experimental details 
 

Firstly, 20 µm Nickel foil was pre-cleaned for high-

quality graphene synthesis with acetone (5 min.), 

deionized water (5min.) and isopropyl alcohol (5 min.), 
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respectively. After cleaning, nickel substrate was treated 

with plasma cleaner for 5 min. Plasma cleaner eliminates 

organic contaminants from the surface of nickel which is 

important to synthesized graphene. Then, the substrate 

was loaded into the CVD furnace shown fig.1. 

 

 
 

Figure 1.CVD system 

 

Firstly, CVD system was heated to 1000 °C in 20 sccm Ar 

and 80 sccm H2 ambient for 60 min., the substrate was 

annealing during 30 min. with the same gases. The 

substrate was annealing during 30 min. with the same 

gases to occur grain boundaires and to make sure 

eliminated contamination. After the annealing process 

was started growth time with 20 sccm methane (CH4) 

gase during 40 min. All the process was repeated in order 

to investigate affecting of growth time for graphene 

synthesis on nickel substrate by reducing from 40 min. to 

10 min.  

Graphene was characterizated by Raman spectroscopy 

with 633 nm. wavelength laser to determine structure and 

of film layer of graphene.  

 

3. Results and discussion 
 

Analysis of graphene synthesis on nickel 

substrate was characterizated by using Raman 

spectroscopy and results are shown Fig.2 in which is four 

different samples for different growth time. Graphene has 

some peak positions in Raman spectra in which is called 

D, G  and 2D peaks. While G peak is showing to exist 

carbon structure especially graphite, D peak shows 

contamination such that the sp2 hybritization carbon 

structure as called graphite and 2D peak is indicator for 

the thickness of the graphene layer. The reason for the 

appearance of the D peak could be associated with surface 

contamination, defect or insufficient annealing process.  
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Figure 2. Raman Spectra of Graphene Synthesis 

(a) Raman spectroscopy of 40min. growth time of 

graphene synthesis 
(b) Raman spectroscopy of 30min. growth time of 

graphene synthesis 
(c) Raman spectroscopy of 20 min. growth time of 

graphene synthesis 
(d) Raman spectroscopy of 10min. growth time of 

graphene synthesis 

 

Fig.2(a) is shown that the Raman spectra of obtained 

sample with the 40 min. growth time, in which shows D 

and G peaks and it is not observed 2D peaks. This ob 

Fig.2(b) is shown raman peak positions of the obtained 

sample with the 30 min. growth time. These peak 

positions represent D, G and 2D peaks. Ratio of I2D/G 

which is determined plenty of graphene structure layer 

was calculated 0,27 and value of full width half maximum 

(FWHM) of the 2D peak was measured as 76.60. FWHM 

was also used to control graphene quality along with peak 

positions. Based on this result multi-layer graphene was 
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obtained with 30 min. growth time during flowed 

methane gase. Moreover, When the growth time was 

more reduced than previous step, both number of 

graphene layer and D peak was reduced, in which is 

shown Fig.2. (c) of synthesized graphene sample with 20 

min. growth time. Also, ratio of I2D/G was measured as 

0.41 and value of FWHM was calculated as 73,85. 

Growth time was reduced as 10 min. shown fig. 2 (d), it 

was observed that sharp of 2D peak was increased. 

Besides, Ratio of I2D/G was measured 1,16 and value of 

FWHM was calculated as 29.67. Meaning of the results is 

shown that obtained sample is bilayer graphene and when 

the growth time is reduced, it was observed that D peak is 

reduced. As a result, it is said that growth time is affected 

removing the defect or surface contamination of graphene 

synthesis on nickel substrate. In addition, growth time is 

getting reduced, it was observed that number of graphene 

layer is reduced. However, graphene was synthesized 

under 20 sccm methane gase with 5 min. growth time, it 

was not obtained any sp2 hybridization of carbon 

structure. Flow rate of   methane gas can be reduced, or 

cooling rate can be optimized to grow mono layer 

graphene. Also, thickness of nickel substrate can be 

reduced for high-quality monolayer graphene. 

 

4. Conclusion 
 

It was demonstrated that control of number of graphene 

layer by optimizing growth time on nickel substrate. The 

obtained samples were characterizated by using Raman 

spectroscopy.  Plenty of graphene layer were determined 

with 2D and G peaks.  
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 In this study, we have produced nitrogen (N) (0; 0,4; 0,8; 1.2; 1.6 and 2 at.%) doped ZnO films on n-Si and glass 

substrates by sol gel spin coating method. The effect of nitrogen concentration on the structural, morphological, optical and 

electrical properties of the films was investigated. X-ray diffraction (XRD) measurements of the films revealed the formation of 

the hexagonal ZnO wurtzite structure. Atomic force microscopy (AFM) and scanning electron microscopy (SEM) analyses 

have been performed to make the general morphological characterizations. The optical properties have been investigated with 

UV_VIS spectrometry. The conductivity type, resistivity and carrier concentration were determined from Hall Effect 

measurements. 
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1. Introduction 

 
Nowadays, Zinc oxide (ZnO), which is of great 

importance for device technology, attracts attention with 

its excellent properties. ZnO has great properties such as 

wide band gap (3.37 eV), large exciton binding energy 

(60 meV), ease in doping, non-toxicity, easy to find in 

nature, electrochemical stability and good optical 

transparency in the visible region and so it has been used 

in many studies because of having these advantages [1]. 

ZnO has been used in many devices, which are the basis 

of today's technology, such as solar cell, transistor, field 

effect transistors, sensors and diodes etc. [2]. There are 

many methods like pulsed laser deposition [3], molecular 

beam epitaxy [4], magnetron sputtering [5], atomic layer 

deposition [6], microwave plasma-assisted chemical 

vapor deposition [7] for producing ZnO-based devices. 

Among these methods, the sol-gel method (simplicity, 

safety, vacuum-free deposition system) has many 

advantages [8]. 

Recently; in order to obtain better optical and electrical 

properties, p-type ZnO is tried to be made by adding V-

group elements (such as N, P, As, Sb and Bi) of metal 

oxide material whose natural state is n type ZnO. And 

among these elements, N is preferred because of its low 

toxicity, easy addition and abundance in nature [9-13]. 

 
 

2. Experimental details 

 

In this study, we produced undoped and N doped ZnO 

films were prepared using sol gel spin coating technique 

on n-Si and glass.  To obtain a p-type ZnO solution, a 0.4 

M sol of zinc acetate dihydrate Zn(CH3COO)2, in 

isopropyl alcohol (C3H8O) was solved and 

diethanolamine (C4H11NO2) was used as a stabilizer.  And 

then Ammonium acetate (C2H3O2NH4) as nitrogen source 

was added to the sol in the volumetric ratio of Zn/N of 

1:1. The prepared solutions were stirred at room 

temperature and then n-Si and glass surfaces were rotated 

at 3000 rpm for 30 s and coated using a Laurell WS- 

400B-6NPP/Lite spin coater. Samples were named as Z0, 

ZN0.4, ZN0.8, ZN1.2, ZN1.6 and ZN2 depending on N 

doping ratio. After the first coating process, the substrates 

were dried at 300 °C for 10 min in air by using a 

Protherm PTF 12/38/150 tube furnace.  This process was 

repeated ten times and then finally for crystallization and 

phase formation all films were annealed at 500 °C for 1 hr 

in air using the furnace.  

The surface morphology of the films was investigated by 

atomic force microscope (NT-MDT; AFM) and scanning 

electron microscope (ZEISS ULTRA PLUSS, SEM). The 

structural analysis has been carried out x-ray diffraction 

spectroscopy (BRUKER D2 PHASER). A sealed x-ray 

tube was used at 30 kV and 30 mA with CuKα (λ=1.5406 
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Å) radiation and the measurements were carried out in the 

reflection geometry (30° ≤2θ ≤60°).  

 

For optical transmittance measurements, a double beam 

Shimadzu UV 2450 spectrophotometer with an integrated 

sphere in the wavelength range of 200-900 nm was used.  

The thickness of the films was calculated using Envelope 

Method. And finally to investigate electrical properties, 

we used Hall effect measurement system (ECOPIA HMS-

5000). 

 

3. Results and discussion 
 

Atomic force microscope was used to obtain information 

about surface morphology from 3D images of undoped 

and N doped ZnO films. Figure 1 shows the AFM images 

of all films. The root-mean-square (RMS) roughness 

values of active layers for Z0, ZN0.4, ZN0.8, ZN1.2, 

ZN1.6 and ZN2 are 6.54 nm, 9.76 nm, 8.44 nm, 12.70 

nm, 11,96 nm and 14.46 nm, respectively. It was seen 

from AFM images that the lowest RMS value is Z0 film 

with the 6.54nm. 

 

 
 

Figure 1. AFM images of the different N concentrations 

ZnO films. 

 

Undoped and N doped ZnO films surface morphologies 

were investigated by SEM. Figure 2 shows the view of 

FESEM images the films.  

In these SEM images, a smooth, uniform microstructures 

are clearly seen. It can be seen from Fig. 2 that they 

consist of densely packed particles in the order of nm. 

Also, it is shown that the voids between grains (particles) 

slightly decrease with increase in N ratio. 

X-ray diffraction (XRD) analysis of the films was carried 

out with an X-ray powder diffractometer (BRUKER D2 

PHASER) in air. The XRD spectrum of the films is 

shown in the Fig. 3. These spectra indicate that the films 

have polycrystalline nature. Grain size values were 

calculated by using Scherrer equation (Eq.1) [15] 

according to the peak having high intensity.  

     (1) 

 

Where D is crystallite size, λ is the X-ray wavelength 

used, β is the angular line width of half maximum 

intensity and θ is Bragg’s diffraction angle. As seen 

from Fig. 3, grain size slightly increases with N doping 

concentration. 

 

 
  
Figure 2. SEM images of the films for different N doping 

concentrations. 

 

To investigate the optical properties of the obtained films, 

transmittance and absorption spectra were taken and these 

data were used in the analyses. 

By using absorption data of the films optical band gaps 

were calculated from  versus energy graphs. The 
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optical band gap value are about between 3.23 eV and 

3.25 eV. A decrease is shown on the band gap values with 

increasing N content. Minimum band gap value belongs 

to 1.2%N. 

All the films are transparent with average transmission 

(>80%) in the visible range. 

 

  
 

Figure 3. XRD spectra of the undoped and N doped ZnO 

films. 

 
 

Figure 4. Optical transmittance spectra of the ZnO films. 

 

 

 
Figure 5.  -h graphs and band gaps of thin films 

 

Table 1. About structural and optical properties 
 

Doping 
concentration 

Grain size 
(nm) 

Band gap 
(eV) 

Transmission 
(%) 

0 30.21 3.25 84 

0.4 29.59 3.25 82 

0.8 29.99 3.25 81 

1.2 33.83 3.15 82 

1.6 33.45 3.23 82 

2 29.99 3.23 81 
 

The thickness of the films was determined using 

Swanepoel’s Envelope Method [16]. The ZnO thin films’ 

thicknesses were calculated from interference fringes of 

transmission data. For the calculation the index of 

refraction n at different wavelengths, we used the 

envolepe curve. Tmax and Tmin show the max. and min. 

values in the transmission spectrum, respectively. The 

expression for refractive index is given by equation (2). 

 

     (2) 

Where  

                   (3) 

ns is the refractive index of the substrate (in our case ns 

=1.52 (glass)). 

                        (4) 
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The thickness of the films was calculated using equation 

(4). 

Where n1 and n2 are the refractive indices corresponding 

to wavelengths and  respectively. And the calculated 

film thickness value is about 200 nm. 

Finally, to determine the some electrical properties of 

deposited N doped ZNO films at room temperature, Hall 

effect measurement system was used. In Table 2, carrier 

concentration, resistivity and mobility values of the films 

depending on the N doping are tabulated. Undoped and 

0.4 % N doped ZnO films illustrate n-type property. But 

an increase in N amount converts the conductivity type 

from n to p and the highest hole concentration, minimum 

resistivity and high mobility values belong to 1.2% N 

doped ZnO film. Finally N incorporation causes to have 

p-type property of ZnO. 

  

Table 2. Hall effect measurements results 

 
 

4. Conclusion 
 

We deposited undoped and N doped ZnO thin films with 

using a sol gel spin coating technique. SEM images of 

films illustrated smooth and uniform surface. And also, 

voids between grains (particles) slightly decrease with 

increase in N ratio. XRD results showed that the films 

have polycrystalline nature and grain size values 

calculated by Scherrer formula slightly increased with N 

doped. As a result of optical measurements, the band gap 

tended to decrease and minimum band gap value showed 

1.2 %N ZnO film. To calculate film thickness value, 

Envelope Method, was used and it was found as about 

200 nm. Hall effect measurement carried out at room 

temperature in the scope of electrical characterization 

showed that an increase in N amount converted the 

conductivity type from n to p and the highest hole 

concentration, minimum resistivity and high mobility 

values belong to 1.2% N doped ZnO film. Finally N 

incorporation was successfully performed to acquire p-

type property to n-type ZnO. 
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We produced Yb doped Sm123 superconductors by the melt growth method. The samples have investigated in 
terms of levitation force. The magnetic levitation calculated by using our newly designed vertical magnetic 
levitation force measurement system. It has the Nb-Fe-B permanent magnet (~0.5T) at 77 K with Zero Field 
Cooled process. The levitation force results analyzed by dynamic curve fit method. The best fit curve and their 
equation were determined as F=F0+ae(-bz). The higher hysteresis was determined on the sample SmYb6 during 

the ascending process. All sample regression nearly equals to 1. On the other hand, the curve fittings are suitable 
and correct. These results showed that the produced samples can be applied to bearing systems, magnetic 
sensors and others in technological respect. 
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1. Introduction 

Since the discovery of the high-temperature 

superconductor ceramic materials, which has a critical 

temperature above 90 K (−183 °C) in 1986 [1], many 

researchers have focused various production methods and 

different additives investigation to improve materials 

superconducting properties. Recently, the most widely 

studied production methods are the solid-state reaction 

method [2] and melt-growth method (MGM) [3, 4]. There 

are several reports on the additive material, gold (Au), silver 

(Ag) [5-6], zinc (Zn) [7], etc. elements. It was investigated 

by Yan, et al. [8] with 17 different oxide dopants on the 

YBa2Cu3O7 and by Kanai, et al. [9] with 34 different 

dopants on the BiSrCaCu2Oy. 

In the 21st century, the magnetic levitation 

technology based on the superconductivity is favorable to 

attractive in the forthcoming transportation systems with its 

high-velocity operation, better riding comfort, friendliness to 

environment, and saving of maintenance labor [10]. The 

magnetic levitation force (MLF) change were relevant to 

distance becomes different from increasing or decreasing, 

indicates that the steady levitation with using the permanent 

magnet (PM) [11]. Also, the results of MLF showed that its 

data used to identify experimentally further about levitation 

systems and as the fast procedure to test superconductor 

samples nature, led to further development of this measuring 

technique. 

The high levitation force and field trapping ability 

of melt–textured (RE) BCO (RE is a light rare earth element 

or yttrium) is associated with function of the size of the 

shielding current loop (grain size) and the Jc [12, 13]. 

During peritectic reaction of (RE)-BaCuO, RE-211 particles 

form in the Ba-Cu-O molten liquid. As a result, for 

coarsening of RE-211 particles numerous attempts have 

been made which yields more effective flux pinning centers 

and hence increased Jc  

In this work, the superconductor samples were 

produced by the melt-growth method (MGM). Also, Yb 

make assistance on the purification [12] and in grain growth 

[9]. Because of this it was doped to the Sm123 

superconductor and its effects were investigated on the 

levitation force by experimentally and theoretically. 

    

Basics of Magnetic Levitation 
 

The force between high temperatures 

superconductors (HTS) originated from the permanent 

magnet (PM) system can be written as  
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   (1) 

 

Where dH /dx is the field gradient produced by the magnet, 

 is the magnetic moment related with the bulk 

magnetization M which is defined as 

 

    (2) 

 
  

The trapped field in HTS originated from the PM, an 

attractive force occurs when the sample is moved away from 

the PM. This result can be attributed to the number of 

pinning centers in the HTS sample, which results in an 

increase of trapped magnetic field inside the samples. In 

addition, the levitation force is related to the grain size and 

crystallographic orientation [14]. This is also seen in Fig.2 

and Fig.8 from the exponentially decline in the vicinity of 

about 30 mm, the transition is clearly verified. This 

transition point in the decay is well-known in the literature 

depending on the critical current.  It can be seen from the 

Table 1 and 2, regression parameters of the curve are very 

high. 

Chang et al. [15] reported that the relationship 

between levitation force and distance for a magnet levitated 

over a flat ceramic superconductor has an apparent paradox. 

If the force were modeled as an interaction between two 

dipole magnets, then one should expect an inverse power 

law relation. However, experiments with small test magnets 

levitated over large ceramic superconducting show an 

exponential decay relation: 

 

    (3) 

 

where z is the distance from the center of the test magnet to 

the superconductor surface. It was used, in this study, that 

small ceramic superconducting levitated over large test 

magnets, this is the same as their assumption. 

2. Experimental details 

2.1 Sample Prepare 

Sm1.46Ba1.54Cu3.20Oy (Sm123) precursor 

powders were prepared by melt growth method (MGM) with 

starting materials Sm2O3, Yb2O3, BaCO3, and CuO 

(>99.99%) powders. Yb2O3 powders which are 0.3, 0.4, 0.5 

and 0.6 g were added before the calcination process as the 

dopant. The precursor powders were manually grounded 

twice for 5 h and calcined at 900°C for 10 h in presence of 

air atmosphere. Then, selected four different amounts of 

powders were pressed into pellets under the 300 MPa 

pressure. The pressed MgO were calcined 600°C for 5 h and 

into a pellet under the 250 MPa pressure, which was used to 

a substrate bottom of the samples. All cylindrically shaped 

pellets, which has a 4-6 mm high and 8 mm radius, were 

sintered at 1050°C for 12 h.  The annealing procedure was 

applied within the oxygen atmosphere at 650 °C for 5 h. The 

five samples which are 0.0, 0.3, 0.4, 0.5 and 0.6 g doped 

Yb2O3 are named brevity of the whole manuscript as 

SmYbP, SmYb3, SmYb4, SmYb5, SmYb6, respectively.  

 

2.2 Levitation Experimental System 
 
 The stable levitation of a magnet over a flat 

superconducting disk was offered, a model which flux 

penetration makes possible based on the energy cost of 

vortices, by Hellman [16]. Moon et al. [17] have suggested a 

useful experimental setup which the measurement of the 

forces on a permanent magnet levitated above bulk 

superconductors properties. Maglev systems have become 

very important in the future life is generally based on the 

superconductor technology ranging from in a 

superconducting wind turbine generator [18], [19] and a 

superconducting magnetic energy storage (SMES) [20] to an 

Infra-Red (IR) sensor leads to Earth Orbit Systems (EOS) 

[21]. The magnetic field associated with each normal core is 

spread over a region and each normal core is surrounded by 

a vortex of circulating supercurrents. A considerable 

magnetic field can be trapped by a superconductor when it 

exhibits large flux pinning forces [22]. The force-distance 

(permanent magnets and superconductor) hysteresis loops 

during the descending and ascending process expanded with 

critical current density increases. The hysteresis curves 

strongly depend on the size of grains and their connectivity 

in these materials. 

Magnetic properties were measured at 77 K with 

liquid nitrogen. Measurements were performed in the ZFC 

regimes by the Nb-Fb-B magnet (PM~0.5T). The analysis 

data were taken during the descending and ascending 

procedure. The distance was changed with a velocity of 

about 0.2 mm/s.  Magnetic repulsive and attractive forces 

between the superconductor and a PM were measured using 

a handmade levitation measurement experimental system, as 

figure out in Fig 1.  

The samples (in 14 mm diameter) was were 

immobilized at the bottom of a liquid nitrogen-filled 

receptacle container which is movable free to move in the 

vertical direction. This receptacle container was then placed 

just above the plate of the balance without touching it. Thus, 

the observed weight change of the magnet directly reflected 

the magnetic force induced in the system [23]. 
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Fig.1: Levitation force determination experimental setup. 

3. Results and discussion 
 

The solidification of the materials leads to the 

growth of superconducting grains [24]. This grain yields to 

improve the physical properties as the critical current (Jc) 

and the magnetic levitation force. The levitation occurs with 

a magnet levitated over a flat ceramic superconductor, 

reported by several researchers, it has a mysterious nature 

[25-29]. This property has been investigated since it was 

applied to Maglev and other industrial applications. If the 

force modeled as a relation between two dipole magnets, 

then one should expect an inverse power law relation. But 

the levitation test results of a small permanent magnet with a 

ceramic superconductor which shows an exponential decay 

relation as given in Eq. 3. 

In this work, a small superconducting ceramic was 

used to levitate overlarge test magnets as given in Figure 1 

and suitable for Eq. 3. The experimental results of all 

samples were analyzed according to the Eq. 3.  

From regression analysis, during the descending 

and ascending process with a velocity of about equal to 0.2 

mm / s, the F0 and the best fit values were obtained and the 

results were given in Table 1-2.  

The magnetic levitation force occurs while the 

pinning of flux happens, i.e., by their interaction with 

imperfections. The increases of the pinning centers within 

the superconductor has become the greater levitation force. 

The measured and calculated results are consistent with each 

other.  

The trapped field in superconductors is originated 

from the permanent magnet. An attractive force occurs when 

the superconductor has moved away from the permanent 

magnet. This result is assigned to the number of pinning 

centers in the superconductor sample. In addition, the 

magnetic levitation force is related to the grain size and the 

crystallographic orientation [30]. So, it correlated to the 

grain boundary connectivity, orientation and size, cracks, 

and the pinning center density within the bulk 

superconductor. From the analysis, the regressions are 

suitable for the Bean’s model, which describe the critical 

current density by the magnetic field differences versus the 

distance [30-31]. 

 
 

 
 
 
 
3.1. Descending Process results: 
 

 
Fig.2: Annealed samples descending process. 

 

 
Fig.3: Annealed SmYbP sample fit curve descending 

process. 
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Fig.4: Annealed SmYb3 sample fit curve descending 

process. 

 

 
Fig.5: Annealed SmYb4 sample fit curve descending 

process. 

 

 

 

Fig.6: Annealed SmYb5 sample fit curve descending 

process. 

 

 

 
Fig.7: Annealed SmYb6 sample fit curve descending 

process. 

 

 

Table 1: Best-fit results descending process  
 

Sample 
 

r2 
F0 a b 

SmYbP -0.5025 87.9620 0.3178 0.9957 

SmYb3 0.1318 79.4616 0.2746 0.9986 

SmYb4 0.3235 90.3122 0.2920 0.9978 

SmYb5 0.2152 90.8993 0.2491 0.9998 

SmYb6 -0.2357 86.8988 0.1928 0.9922 

 

3.1. Ascending Process results: 
 

 
Fig.8: Annealed samples asscending process. 

 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

116 
 

 
 

Fig.9: Annealed SmYbP sample fit curve ascending 

process. 

 

 

 
 

Fig.10: Annealed SmYb3 sample fit curve ascending 

process. 

 

 
Fig.11: Annealed SmYb4 sample fit curve asscending 

process. 

 

 
Fig.12: Annealed SmYb5 sample fit curve ascending 

process. 

 

 
Fig.13: Annealed SmYb6 sample fit curve ascending 

process. 

 

Table 2: Best-fit results ascending process  
 

Sample 
 

r2 
F0 a b 

SmYbP -2.3872 79.7642 0.2558 0.9998 

SmYb3 -0.9900 74.3592 0.2387 0.9981 

SmYb4 -0.7524 80.3728 0.2380 0.9971 

SmYb5 -0.5507 83.6970 0.2125 0.9969 

SmYb6 -1.0968 84.0865 0.1641 0.9861 

 
In Table 1 and 2, the samples regression analysis 

results have been show in descending and ascending 

processes, respectively. Through the descending results, we 

have obtained in sample SmYb4 the most significant F0 

(F0=0.3225mN) and the largest coefficient b value 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

117 
 

determined (b=0.3178 mm-1). However, the lowest value of 

F0 and b coefficient are -0.5025 mN in SmYbP and 0.1928 

mm-1 in SmYb6. In the ascending results attractive force 

seen only, the most significant F0 is -2.3872 mN and the 

highest b coefficient is 0.2558 mm-1 in SmYbP. But, the 

lowest value of F0 and b coefficient are -0.5507 mN in 

SmYb5 and 0.1641 mm-1 in SmYb6. These implies that the 

Yb doping increments don’t affected the coefficients 

linearly. Nevertheless, Yb doping generally changed the 

levitation force. 

 

Chang et al. [15] measured as a function of vertical 

separation for a composition disk. Their samples obey an 

exponential relationship as in Eq. 3. They have found that 

the highest value in sample YBCO no1 F0 is 168 mN and in 

sample, TBCCO b coefficient is 786 m-1.  

Our results as a function of the distance are in a 

good agreement with the literature [4, 9, 12, 15, 17, 20, 23, 

30], especially with that of Chang et al. [15]. 

 
 
 
Conclusions 
 

High temperature superconducting (HTS) material 

has attractive potential applications due to its magnetic 

levitation property, e.g., a levitated small magnet over an 

HTS disc cooled by liquid nitrogen.  

1. We designed the handmade setup vertical 

levitation force measurement system and used it for sample 

measurement. Although many workers have reported about 

superconducting bearing systems [1-32], there is no 

standardized method for measuring or reporting magnetic 

levitation force [30]. Magnetic levitation force between the 

RE-123 samples and PM was measured in the different 

vertical distances in the ZFC procedure.  

2. The magnetic levitation force is originated from 

the pinning of flux lines, i.e., by their interaction with 

imperfections. The increase of the pinning centers density 

within the superconductors is brought out to the greater 

magnetic levitation force and hysteresis. It is considered that 

the changes in the levitation force are related to the grain 

orientation, the homogeneity, and the number of the pinning 

centers in the samples [32]. 

3. Yb doping increments don’t affect the 

coefficients linearly. Nevertheless, Yb doping generally 

changed the levitation force. Our results as a function of the 

distance are in a good agreement with the literature [4, 9, 12, 

15, 17, 20, 23, 30], especially with that of Chang et al. [15]. 

All the parameters are in well agreement with previous 

works. 

Consequently, this study has shown that the results 

agree with the application of the bearing system in the 

literature [1-32]. The magnetic properties of our samples 

will be undertaken in a leadership role in the fabrication of 

new generation materials for technological applications. 

 

 

References:   
[1] J. G. Bednorz, K. A. Müller, Z. Phys. B., 64 (1986) (1): 

189–193.  

[2] Y. Yamada, Y. Shiohara - Physica C: Superconductivity, 

217, 1–2, (1993) 182-188. 

[3] K. Devendra, Namburi, Y. Shi, R. A. Dennis, H. John, 

D, David, A. Cardwell, Supercond. Sci. Technol., 31 (2018) 

044003.  

[4] H.T.Ren, L. Xiao, Y.L. Jiao, M.H. Zheng, Physica C: 

Superconductivity, 412–414, 1, (2004) 597-601. 

[5] A. Jabbar, M. Mumtaz, K. Nadeem, Eur. Phys. J. Appl. 

Phys., 69 (2015) 30601,  

[6] V. Bartůněk, O. Smrčková, J. Supercond Nov Magn., 24 

(2011) 1241.  

[7] M. Tian, N. Kumar, S. Xu, J. Wang, S. James, Kurtz, 

and M. H. W. Chan, Physical Review Letters, 95 (2005) 

076802. 

[8] M. F. Yan, W. W. Rhodes, P. K. Gallagher, Journal of 

Applied Physics, 63 (1988) 821.  

[9] T. Kanai, T. Kamo, Shin-pei Matsuda, The Japan Society 

of Applied Physics, Japanese Journal of Applied Physics, 

28, 2, 4 (1989) L2188-L2191. 

[10] H. Fujimoto, H. Kamijo, Physica C, 335 (2000) 83–86. 

[11]İbrahim Karaca, Chinese Journal of Physics, 47  (2009) 

690-696.  

[12] J.S. Choi, S.D. Park, B.H. Jun, Y.H. Han, N.H. Jeong, 

B.G. Kim, J.M. Sohn, C.J. Kim, Physica C, 468 (2008)1473-

1476. 

[13] S. Nariki, N Sakai, M. Murakami, I. Hirabayashi, 

Physica C, 439 (2006) 62-66. 

[14] K. Iida, N.H. Babu, T.D. Withnell, Y. Shi, S.Haindl, H. 

W. Weber, D.A. Cardwell, Physica C, 445-448 (2006) 277-

281.  

[15] Francis C. Moon, p-110, New York, John Wiley & 

Sons, (1994). 

[16] F. Hellman, E. M. Gyorgy, D. W. Johnson, Jr., H. M. 

O’Bryan, and R. C. Sherwood, J. Appl.Phys. 63, (1988) 477. 

[17]    F. C. Moon, M. M. Yanoviak, and R. Raj, Appl. Phys. 

Lett. 52, (1988) 1534. 

[18] F. Díaz-González, A. Sumper, O. Gomis- Bellmunt, R. 

Villafáfila-Robles, Renewable and Sustainable Energy 

Reviews 16 (2012) 2154–2171. 

[19] P.N. Barnes, M.D. Sumption, G.L. Rhoads, Cryogenics 

45 (2005) 670–686. 

[20] S.A. Pullano, A.S. Fiorillo, A. Morandi, P.L. Ribani, 

2015 AEIT International Annual Conference (AEIT), 14-16 

Oct. 2015, p. 1-3. 

[21] S. Raouf, Potential aerospace applications of high-

temperature superconductors, Hampton Univ., 1994 NASA-

HU American Society for Engineering Education (ASEE) 

Summer Faculty Fellowship Program; pp.104. 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

118 
 

[22] H. Fujimoto, H. Kamijo, Physica C 335 (2000) 83–86. 

[23] A. Benlhachemi, S. Golec, J. R. Gavarri, Physica C, 

209 (1993) 353.  

[24] J. Unsworth, J. Du, B. J.  Crosby, J. C. Macfarlane, 

IEEE Transactions on Mag., 29 (1993) 1 

[25] W. Zhao, Y. Shi, M. Radušovská, A. R. Dennis, J. H. 

Durrell, P. Diko and D. A. Cardwell, Supercond. Sci. 

Technol., 29 (2016) 125002. 

[26] K. Iida et al, Supercond. Sci. Technol., 18, (2005) 

1421-1427. 

[27] C. J. Kim, S. D. Park, H. W. Park and B. H. Jun, 

Supercond. Sci. Technol., 29, (2016) 034003. 

[28] J. Unsworth, J. Du, B. J. Crosby, J. C. Macfarlane, 

IEEE Transactions on Mag., 29, (1993) 1 

[29] A. Sanchez, C. Navau, Physica C, 268, (1996) 46. 

[30] F.C. Moon, Superconducting Levitation: Applications 

to Bearing and Magnetic Transportation. (USA, John Wiley 

& Sons, 2008). 

[31] D. Tripathi, T.K. Dey, Physica C, 507, (2014) 1. 

[32] E.  Yanmaz, S. Balci and T. Küçükömeroğlu,  Materials 

Letters 54, (2002) 191. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

119 
 

 

Investigation of the suitability of various turbulence models for numerical 

analysis of flow characteristics in minichannels  

Fuat Kaya, Umut Unal 

Nigde Omer Halisdemir University, Faculty of Engineering, Department of Mechanical Engineering, 51240 Nigde/TURKEY 

The aim of this study is to investigate the suitability of various turbulence models for numerical analysis in minichannels.  The 

governing equations for the fluid flow were solved by using Fluent CFD code. The prediction performance of two popular turbulence 

models and various options available for these models were evaluated by comparing the computed pressure drop with the data 

given in the literature. Since rotating and other terms are added separately to the RNG k-ɛ turbulence model from the standard k-ɛ, 

it has been found to be more appropriate in predicting results. In addition, RSM turbulence model is more suitable than RNG k-ɛ 

turbulence model in estimating the turbulent flow characteristics in minichannels. However, the time taken to meet convergence 

criteria in the RSM turbulence model is much higher than the RNG k-ɛ turbulence model, whereas the results obtained are close to 

each other. Therefore, RNG k-ɛ turbulence model is suitable for solving turbulent flow problems in minichannels. 
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1. Introduction 
Nowadays, miniaturization of devices is becoming more 

important as a result of rapid progress in production tools 

and equipment. In this context, the use of micro-mini 

channels for the removal of the heat generated emerges. In 

these channels, it is aimed to improve the two main 

parameters which the researchers emphasize. These are 

pressure drop and heat transfer. 

Hrenya et al. [1] performed applications using a k-ε 

turbulence model for fully developed pipe flow for different 

Reynolds number values. As a result of the analysis, he 

compared turbulent kinetic energy, dissipation of turbulent, 

reynold sheer stress, skin friction coefficient values 

compared with experimental and numerical results. 

Vijipurapu and Cui [2] compared  

 

 

different turbulence models including RNG k-ε, k-ω and 

RSM and LES (Large Eddy Simulation) model using  

RANS (Reynolds averaged Navier-Stokes) equations in 

rough pipes. As a result of these comparisons,   they have 

obtained results having k-ε,  k-ω which have low 

computational cost and close to the actual results within the 

scope of certain tolerance values in numerical calculations in 

an average time. However, it is insufficient in case of any 

results regarding the instantaneous flow area. With this 

comparison, this gives consistent results with the LES 

instant flow area, which has a high calculation cost.  

Escue and Cui [3] examined swirling flow velocity profiles 

in a straight pipe using RSM and RNG k-ε turbulence 

models. The analyses were performed using the Fluent CFD 

program. They concluded that it was insufficient for 

developing swirl flow compared to experimental data. 

Ahsan [4] investigated the relationship between pressure 

drop and flow rate values of friction factor value using FVM 

(Finite Solved Method) and k-ε turbulence model and 

enhancement Wall treatment in a fully developed turbulent 

flow. As a result of the analysis, it was found to be in 

harmony with the experimental and analytical data in the 

literature. 

In their numerical studies, Lim et al. [5] studied turbulence 

intensity and friction factors for different Reynolds number 

values in a fully developed turbulent flow. In this study, 

RNG k-ε turbulence model, SST k-ω turbulence model and 

RSM (Reynold Stress Model) models were analyzed for 

different wall functions. As a result of the analysis, they 

found that the turbulence models they used gave close 

results with the analytical results. When the RNG k-ε 

turbulence model was analyzed with enhancement Wall, it 

gave better results than other models. On the other hand, the 
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SST k-ω turbulence model yielded stable and close results 

for turbulence intensity compared to other models. 

Sharma [6] experimentally studied the heat transfer 

coefficient and pressure drop in the turbulent flow regime in 

circular cross-section minichannels. The experiments were 

carried out under constant heat flux. As a result of the 

analysis, it is observed that they are in harmony with the 

numerical results. 

Ghobadi and  Muzychka  [7] investigated pressure drop and 

heat transfer in two different channels with flat and spiral 

geometry for the purpose of cooling. They used pure water 

as a fluid. They found that spiral geometry minichannel had 

higher pressure drop and heat transfer rate than straight 

minichannel. 

Xie et al. [8] examined numerically the pressure drop in the 

laminar flow regime for a 20 x 20 mm square cross-section. 

Constant heat flow was applied along the wall. When the 

pressure drop value in the system is compared with 

experimental data, it is seen that it reaches convergence with 

a maximum 12% error. 

Zunaid et al. [9] In this study, examined straight rectangular 

and semi-cylindrical projections channels pressure drop 

characteristics under constant heat flux. They concluded that 

the pressure drop increased with an increasing number of 

reynolds. At the same time, semi-cylindrical projections 

have a higher pressure drop compared to straight channels 

due to hindrances on the channel surface. 

 

In this study, the suitability of the turbulence models used 

for numerical solutions of turbulent flows in the Ansys 

Fluent program was investigated.  

 

2. Numerical Method 

Governing equations for an incompressible fluid in three-

dimensional steady flow are given below [6]. These 

equations are solved by using Ansys-Fluent CFD software. 

                                        (1) 

          (2) 

                 (3) 

Solution geometry is a square channel with an edge length 

of 10 mm and a length of 1000 mm. A constant heat flux of 

500000 W /  was applied to the channel along the wall. 

Water was used as a fluid and analyzes were performed at 

varying velocities of inlet velocity 2, 4 and 6 m/s. Channel 

geometry was given schematically in Figure 1.  

Thermophysical properties of water are given in Table 1. 

Table 1. Thermophysical Properties of Water 

 
kg/  

Specifi

c heat 

( ) 

Thermal 

Conductivity 
(w/m.K) 

Viscosity 

(kg/m.s) 

j/kg.K 

998.2 4182 0.6 0.001003 

In this study, the mesh structure given in Figure 2 as a result 

of grid refinement tests was obtained. Mesh structure 

consists of 90 * 90 * 70 and 587951 cells. Numerical tests 

were carried out with the residuals less than 10−6. 

 

Figure 1. Schematic demonstration of Minichannel given in 

Ref.  [10] 

 

Figure 2. Geometry Mesh Structure 

Different turbulence models commonly used in the literature 

to determine minichannel flow characteristics in turbulent 

flow have been tested and their results analyzed. 

Detailed information on turbulence models can be found in 

the relevant literature. 

3. Results and discussion 
 
In the analysis of flow characteristics in minichannels, the 

suitability of turbulence models commonly used in the 

literature was investigated. 
In order to confirm the numerical technique, the results of 

the pressure drop in the literature were compared with the 

results obtained from numerical tests and it is also given in 

Fig. 3. 
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Figure 3. Pressure Drop at Different Reynolds Numbers 

As can be seen from Figure 3, there is an increase in the 

pressure drop due to the increase of Reynolds number. In 

addition, when compared with the results of the study in the 

literature, RSM converged with a maximum error rate of 

3.35%, k-ε RNG maximum 4.16%, and k-ε Standard 

maximum 6.6% error rate.  

 

 
a.  Standart b.  RNG     c. RSM 

Figure 4. Pressure Contours for Re 20000  

 

 
a.  Standart b.  RNG       c. RSM 

Figure 5. Pressure Contours for Re 40000 

 

 
a.  Standart b.  RNG    c.RSM 

Figure 6. Pressure Contours for Re 60000 

Fig. 4, 5 and 6 give the pressure contours obtained for 

different Reynolds Numbers. 

Figures 7 demonstrates the velocity vectors for turbulent 

flow at different Reynolds numbers. As can be seen from the 

figures, the velocity profiles reflect the 

turbulence characteristics and the increasing number of 

Reynolds shows that the velocity vectors are flattened. 

a 

 
b 

 
c 

 
Figure 7. Velocity Vectors for Re 20000 

a.  Standart b.  RNG c. RSM 

 
4. Conclusions 
In this study, different turbulence models were analyzed as 

k-ε Standard, k-ε RNG, RSM in a minichannel. In order to 

validate the results in the literature and to investigate the 

effects of turbulence models, it was carried out under 
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constant wall heat flux along a straight square cross-section 

channel and thus the numerical solution of the energy 

equation was also made.  

The results obtained from the Numeric tests show that the 

pressure drop increases with increasing inlet Reynolds 

number. 

Comparing the results obtained from the numerical tests 

with the results in the literature, the RSM model has a better 

approach with a maximum error rate of 3.35% for pressure 

drop, but requires longer processing time in order to meet 

the convergence criterion and the RNG k-ε model has been 

found to achieve convergence in a shorter time and with a 

maximum error of 4.16%.  it was found to provide 

convergence with 4.16 error.  turbulence 

model is considered to be an unsuitable model since the 

convergence value is a maximum error rate of 6.6 %. When 

all the criteria are evaluated, it is recommended that the 

most suitable turbulence model for determining turbulent 

flow characteristics in minichannels is RNG k-ε model. 
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 In this study, we have investigated the interaction energies and conductivities of Gold (Au) (111)/ Aniline 

(ANi) nanocomposites and compared with each other. For this purpose, composite structures constructed by 

optimized aniline organic molecule and gold (111) hollow and nanolayer surfaces which are formed from gold 

nanoparticles in diameter of 2nm [1,2].  The optimization has been done by using Gaussian program package in 

the ground state with density functional method (DFT/B3LYP) on the Lanl2dz basis set. Some Occupied Frontier 

Orbital energies and Virtual Frontier Orbital energies have been obtained and the electronic properties (ionization 

energy, electron affinity, electronegativity, chemical hardness and softness) have calculated. We have also 

computed interaction energies between conducting organic molecules of ANi and Au (111) surfaces as hollow 

and nanolayer.  

Our results are in a good agreement with experiments [3] show that interaction energy between ANi 

molecules and hollow Au (111) nanosurface is higher than that of layer Au (111) nanosurfaces. Also, according to 

the band gap energies and ionization energies of the nanocomposites, hollow Au (111)/ANi nanocomposite is 

more conductive than layer Au (111)/ANi nanocomposite. 

 

Keywords: Aniline/Gold nanocomposites 
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1. Introduction 

Nanocomposites are materials resulting 

from combinations of two or more compounds in 

nanoscale that results in new physicochemical 

properties and high potential materials for 

electrocatalysis, chemical sensors and 

microelectronic devices. The production of new 

nanocomposites based on metal nanoparticles and 

conductive polymers will provide a variety of 

interesting properties and novel properties in nano-

technological applications. Conductive metallic or 

semiconductor nanocomposites formed with 

conductive polymers such as polyaniline (PANI) 

are of interest due to the strong electronic 

interaction between the nanoparticles and the 

polymer matrix. Among the nanomaterials, gold 

nanoparticles will be the building block of 

nanomaterials science in the 21st century due to its 

excellent biocompatibility, conductivity, catalytic 

properties, high surface / volume ratio, high density 

and various interesting properties [1-3]. 

 

2. Experimental details 

In this work, the adsorption of aniline 

molecule on Au (111) hollow and layer 

nanosurfaces was performed and the importance of 

the design of 2D Aniline (ANi)/Au (111) 

mailto:sebilesibel@hotmail.com,
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nanocomposite structures was emphasized for the 

new generation electronic applications. Therefore, 

we investigated and compared the physicochemical 

properties of 2D ANi/Au (111) nanocomposites as 

hollow and layer.  

Considering the interface interactions, the 

adsorbed energy between polymer molecules and 

monolayer nanosheet can also be calculated as  

                

 Eint= (Ecomp – ( Esheet + Epoly)) /n

         (1) 

 

where Eint is the interaction energy between 

monolayer-sheet and polymer monomer, Ecomp is the 

total energy of the polymer/monolayer-sheet 

composite, Esheet is the total energy of the nanosheet, 

Epoly is the total energy of the polymer and n:  the 

number of the polymer monomers [4]. 

 

HOMO (The highest occupied molecular 

orbital) and LUMO (the lowest unoccupied 

molecular orbital) of molecules represent electron 

donor and electron acceptor capabilities. In charge 

transfer, the groundstate complex is stabilized by 

including an amount of charge transfer 

configuration in which an electron is transferred 

from donor HOMO to the receiving LUMO. The 

gap between HOMO and LUMO energy values is 

defined as the chemical stability of the molecule 

given by ΔE= ELUMO- EHOMO. The closer the 

molecular orbitals interact with each other, that is, 

the smaller the energy difference, the easier the 

interaction and reaction of the reagents is. The 

ionization potential energy (I= -EHOMO) is the 

minimum energy required to extract an electron in 

the gas phase to the molecule. Electron affinity (A= 

-ELUMO) is defined as the amount of energy that 

increases when an electron is added to the gas phase 

molecule. Electronegativity (χ=(I+A)/2) means the 

ability of an atom within the molecule to attract 

electrons. Chemical hardness (η=(I-A)/2) is a 

measure of charge inhibition. The chemical softness 

can be defined as S=1/2η [5]. 

Some Occupied Frontier Orbital energies 

and Virtual Frontier Orbital energies have been 

obtained by using Gaussian-16W series of program 

package. The electronic properties (ionization 

energy, electron affinity, electronegativity, 

chemical hardness and softness) and the interface 

interactions between aniline molecule and hollow / 

layer gold (111) nanosurfaces have been calculated 

with the results of optimized geometries in the 

ground state. All the results have been computed by 

using the density functional method (DFT/B3LYP) 

with the Lanl2dz basis set. 

 

 
 

 
Fig.1: View of Ani/Au (111) nanocomposites 

before optimization from different sides a) C6H7Au30N 

(Hollow) b) C6H7Au24N (Layer) 

 

 

 

3. Results and discussion: 
 

First, we prepared Au (111) nanosurfaces 

as hollow and layer using a special Fortran 

program. After individual optimization of the 

aniline molecule and gold nanosurfaces by 

Gaussian 16W with DFT/B3LYP and Lanl2dz basis 

set, Ani/Au nanocomposites have been formed. One 

of the Ani molecule has placed parallel to the 

hollow Au (111) nanosurface The other Ani 

molecule was perpendicular to the layer Au (111) 

nanosurface in x dimension and at the center of it as 

seen in Fig1. The new structures were re-optimized 

to get stable ANi / Au nanocomposites in Fig.2.

  

After optimization, we calculated the 

absorbed energies of the hollow Ani/Au (111) and 

layer Ani/Au (111) nanocomposites are -0,02831 

a.u. and -0,009355 a.u. respectively as seen in Table 

1. So, the hollow nanocomposite has more 

interfacial interaction than the layer nanocomposite.  
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Fig.2: The optimized structures of Ani/Au (111) 

nanocomposites a) C6H7Au30N (Hollow) b) 

C6H7Au24N (Layer) 

 

 

 
 

Table 1: Adsorbed Energy at Interface of 

Ani/Au (111) Nanocomposites. 

 

 

The HOMO-LUMO energies and virtual 

frontier orbital energies were obtained using the 

quantum calculations of nanocomposites. The 

bandgap energy, the ionization energy, electron 

affinity, electronegativity, chemical hardness, and 

softness have been calculated by HOMO-LUMO 

energies of ANi/Au nanocomposites and given in 

Table 2. 

 
 

Table 2: Physicochemical properties of the Ani/Au (111) 

Nanocomposites. 

 

 

Considering the physicochemical 

properties, especially bandgap (ΔE) and ionization 

energy (I) of the studied hybrid structures, hollow 

Ani/Au (111) nanocomposite is more stable than 

layer ANi/Au (111). The other physicochemical 

properties also support the means of the bandgap 

energy. 

 
Conclusions 
 

In this study, we studied with 2D hollow 

and layer Au (111) nano surfaces and Aniline to 

form nanocomposites. The absorbed energy of the 

nanocomposites was investigated with the Gaussian 

16W program with DFT / B3LYP function on 

LANL2DZ basis. We found that the hollow 

nanocomposite is more stable than layer ANi/Au 

(111) nanocomposite. Consequently, using hollow 

nanosurfaces to form a nanocomposite is important 

for conductivity. All the results are in good 

agreement with previously reported values. 
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In recent years, nanocomposites formed using nano-sized metals and organic materials are remarkable in terms 

of materials used and differences in design [1-3]. Thiophene (Th) based nanocomposites, preferred in biological 

sensors, capacitors, solar cells and other electronic applications due to their efficient charge carrying properties, 

excellent environmental and thermal stability, are also cost-effective [3]. In this study, properties of 

nanocomposites constructed by Th organic molecule and 2D copper nanosheet in different structural directions 

have been examined. For this purpose, the interfacial interaction energies and some physicochemical properties 

of Th/Cu monolayer nanocomposites have been researched. The initial geometries have been constructed by 

optimized Th monomer and optimized Cu (100), (110) and (111) monolayer nanosurfaces. The quantum chemical 

calculations and some physicochemical properties of the optimized geometries of Th/Cu monolayer 

nanocomposites have been calculated by using the Gaussian program package in the ground state with a density 

functional method (DFT/B3LYP) on the Lanl2dz basis set. 

The results show that the ionization energy and bandgap energy of Th/Cu (100) nanocomposites is lower than 

those obtained by Cu (110) and Cu (111) nanocomposite. So, it is the most conductive nanocomposite produced 

in this study. Therefore, we concluded that nanocomposites formed in different structural directions using the 

same material are an essential factor for the proper use of electronic applications. Our results are in good 

agreement with experiments. 
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1. Introduction 

The ability of understanding and predicting 

molecular surface systems used nanoelectronic 

devices is the main subject of molecular electronics. 

Since the adsorbate-substrate interactions control 

the electron flow in molecular-based devices, it 

takes special attention. From this perspective, the 

organic conductive thiophene (Th) molecule on the 

copper (Cu) nanosurface may be an attractive 

choice among molecular surface systems. Because 

Th is a basic functional unit of oligothiophene used 

to build a molecular field-effect transistor or 

molecular wires [4]; copper nanoparticles (CuNPs) 

have impressive properties such as good thermal 

and electrical conductivity, nonlinear optical 

properties and are much less costly than other 

metals and their potential applications in cooling 

fluids are well known for electronic systems, 

conductive inks, switches or photochromic glasses 

in optical systems and nonlinear optical materials 

[5]. 

2. Experimental details 
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In this work, we performed the adsorption 

of thiophene molecule on Cu nanosurfaces and 

emphasized the importance of the design of 2D 

monolayer thiophene (Th) /copper (Cu) 

nanocomposite structures consisting of organic (Th) 

monomer and monolayer copper (Cu) nanoparticles 

for the new generation electronic applications. 

Therefore, some physicochemical properties of 

Th/Cu monolayer nanocomposites optimized with 

Cu (100), (110) and (111)   monolayer nanosurfaces 

were investigated. 

Considering the interface interactions, the 

adsorbed energy between polymer molecules and 

monolayer nanosheet can also be calculated as  

                

 Eint= (Ecomp – ( Esheet + Epoly)) /n

         (1) 

 

where Eint is the interaction energy 

between monolayer-sheet and polymer monomer, 

Ecomp is the total energy of the polymer/monolayer-

sheet composite, Esheet is the total energy of the 

nanosheet, Epoly is the total energy of the polymer 

and n:  the number of the polymer monomers [6]. 

 

HOMO (The highest occupied molecular 

orbital) and LUMO (the lowest unoccupied 

molecular orbital) of molecules represent electron 

donor and electron acceptor capabilities. In charge 

transfer, the groundstate complex is stabilized by 

including an amount of charge transfer 

configuration in which an electron is transferred 

from donor HOMO to the receiving LUMO. The 

gap between HOMO and LUMO energy values is 

defined as the chemical stability of the molecule 

given by ΔE= ELUMO- EHOMO. The closer the 

molecular orbitals interact with each other, that is, 

the smaller the energy difference, the easier the 

interaction and reaction of the reagents is. The 

ionization potential energy (I= -EHOMO) is the 

minimum energy required to extract an electron in 

the gas phase to the molecule. Electron affinity (A= 

-ELUMO) is defined as the amount of energy that 

increases when an electron is added to the gas 

phase molecule. Electronegativity (χ=(I+A)/2) 

means the ability of an atom within the molecule to 

attract electrons. Chemical hardness (η=(I-A)/2) is a 

measure of charge inhibition. The chemical softness 

can be defined as S=1/2η. The dipole moment is 

other important electronic property of materials. 

The bigger the dipole moment represents the 

stronger intermolecular interactions. Molecular 

electrostatic potential (MEP) shows that the re-

location of the electron density. 

The interface interactions between organic 

molecule thiophene and copper (100), (110) and 

(111) nanosurfaces have been performed from the 

optimized geometries by using Gaussian-16W 

series of program package. The frontier orbital 

energies HOMO and LUMO energies of the Th/Cu 

nanocomposites in the ground state have been 

obtained by using density functional method 

(DFT/B3LYP) with the Lanl2dz basis set.  

 
 

 
Fig.1: View of nanocomposites before 

optimization from different sides a) Th/Cu (110) b) Th/Cu 

(100) c) Th/Cu (111). 

 

3. Results and discussion: 
 

First, the thiophene monomer and Cu 

(110), (100) and (111) nanosurfaces were obtained 

by a special Fortran program. After individual 

optimization of the thiophene molecule and copper 

nano surfaces by Gaussian 16W with DFT/B3LYP 

and Lanl2dz basis set, Th/Cu nanocomposites have 

been formed such that the Th molecule has 

perpendicular to the z-axis in dimension x as seen 

in Fig1. The new structures were re-optimized to 

get stable Th / Cu nanocomposites in Fig.2.  

After optimization, we calculated the 

absorbed energy of the Th/Cu nanocomposites. As 

seen in Table 1, differences of nanosurfaces of Cu 
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have profoundly influenced the interface 

interaction. It is important to understand the 

interfacial interaction between Th monomer and 

different Cu nanosurfaces guiding the fabrication of 

nanocomposites. The interface interaction of Th / 

Cu (100) is stronger than Cu (110) and Cu (111). 

 

 
 
Fig.2: The optimized structures of 

nanocomposites a) Th/Cu (110) b) Th/Cu (100) c) Th/Cu 

(111). 

 

 
 

Table 1: Adsorbed Energy at Interface of 

Th/Cu Nanocomposites. 

 

 

The HOMO-LUMO energies and virtual 

frontier orbital energies were obtained using the 

quantum calculations of nanocomposites. The 

bandgap energy, the ionization energy, electron 

affinity, electronegativity, chemical hardness, and 

softness have been calculated by HOMO-LUMO 

energies of Th/Cu nanocomposites and given in 

Table 2. 

 

 
 

Table 2: Physicochemical properties of the Th/Cu 

Nanocomposites. 

The bandgap energies (ΔE) values and the 

ionization energies (I) of the studied hybrid 

structures in Table 2 shows that Th/Cu (100) 

nanocomposite is most stable among the that of 

Th/Cu nanocomposites. The hardnesses of 
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nanocomposites are 0,02402 a.u., 0,014165 a.u. 

0,038075and a.u. which are compatible with the 

means of the bandgap energy. The dipole moments 

of studied hybrid structures in Table 3 show that 

there is the weakest intermolecular interactions are 

in the Th/Cu(100) nanocomposites, so that means 

the most stable nanocomposite again. 

 

 10)Th/Cu(1 Th/Cu(100) Th/Cu(111) 

Dipole Moments 

(Debye) 

0,97681 0,213620 1,064794 

 
Table 3: Dipole Moments of the Th/Cu 

Nanocomposites. 

 
Conclusions 
 

In this study, 2D Copper (110), (100), 

(111) nano surfaces and Thiophene were used to 

form nanocomposites. The absorbed energy of the 

nanocomposites was investigated with the Gaussian 

16W program with DFT / B3LYP function on 

LANL2DZ basis. It has been found that the use of 

different copper nanosurfaces for design is 

profoundly effective for the physicochemical 

properties of the nanocomposites. Th / Cu (100) is 

the most stable nanocomposite of Th / Cu 

nanocomposites corresponding to bandgap 

energies. Thus, the interaction energy and the 

dipole moment of the nanocomposite are the lowest 

among others. Consequently, the design of 

materials to form a nanocomposite is important for 

conductivity. All the results are in well agreement 

with previously reported values. 
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Boron Carbide[1,2] has been investigated via non-equilibrium molecular dynamics simulations[3] to determine the 

Hugoniot equation of state. Simulations are carried out at 0 K and 10 K initial temperatures in different 

crystallographic directions. Momentum mirror technique is used to mimic shock wave compression. Dimensions of 

samples used in simulations are 30x30x1200 A3 and 30x46x2242 A3. Hugoniot curves are determined for <001> and 

<100> directions at initial temperatures mentioned above. Hugoniot elastic limits (HEL) and the corresponding 

impact velocities are obtained. The results are compared with available experimental results. HEL point occurs at 

about 20 GPa in <001> direction. It is observed that resistance of material to structural deformations is higher for 

<100> direction compared to <001> direction. 
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1. Introduction 

 

Boron carbide is a ceramic material widely studied 

because of its peculiar properties. These are low 

density, high hardness, high melting point and 

neutron absorption.  The properties allow to use 

boron carbide in refractory, abrasive powder, 

coating and nuclear applications.  

 

Ballistic applications require lightweight and high-

strength materials. When one considers these 

properties, boron carbide is one of the candidate 

materials. In order to reveal the mechanical 

behavior of it on loading a great deal of research is 

carried out by different groups. Shock compression 

experiment is an important tool to test material 

strength on dynamic compression. Shock 

compression experiments  are available in literature 

[4-10]. 

 

In addition to the studies conducted to examine the 

behavior under dynamic load, there are many 

studies investigating the  elastic properties  and its 

strength on static loading[11-20]. 

 

To induce a shock wave in material allows one to 

investigate the physical and chemical processes 

take place at extreme pressures and temperatures. 

Analysis of propagation of shock wave gives 

information about rapidly dynamical changes.  

 

Although shock compression experiments are 

successful for understanding  processes on dynamic 

loading it is not possible to observe events on an 

atomic scale and in very narrow time intervals. 

Shock simulations can overcome this challenge.     

 

In this study, non-equilibrium molecular dynamics 

simulation is employed to reveal  the equation of 

state of boron carbide. The interatomic potential 

used is reactive force field (ReaxFF). Momentum 

mirror technique is used to create shock wave. 

Simulations has been done at  0K-10K initial 

temperatures. Boron carbide impact resistance is 

investigated for two crystal planes.  

 

2. Simulation Details 

 

The sample used in simulations consist of 16200 

and 432000 atoms for  <001>  and  <100> crystal 

directions, respectively. The general form of boron 

carbide unit cell is depicted in Fig 1. Boron carbide 

has different stoichiometric forma and B12C3 

stoichiometry is examined in this study. The 

samples are formed with replication of hexagonal 

unit cells of 6x6x100 and 6x6x400 in three 

directions. These correspond to a length of 1200 Ao 

and 2260 Ao for shock wave propagation, 

respectively. We explore two main crystallographic 

directions as the shock loading direction. Periodic 

boundary conditions are maintained for 

perpendicular directions to shock propagation to 

mailto:veysiguckan@gmail.com
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eliminate edge effects. ReaxFF potentials are 

employed to describe the interaction between 

atoms[22]. LAMMPS  software is used to perform 

simulations[3]. Before simulation the system was 

equilibrated with NPT ensemble at desired 

temperature and zero pressure. NVE ensemble is 

used for conserving the energy during shock 

simulation. The time step to integrate the equations 

of motions was chosen 0.25 fs.  

 

Shock wave is initiated with the throw of atoms to a 

massive stationary piston that is used as momentum 

mirror which reflects back the z component of 

velocity of atoms that reach the piston. The desired 

impact velocity toward piston  was given as initial 

velocity of atoms. Impact velocities are chosen 

between 0.5 km/s and  4.0 km/s. The simulation 

sample is virtually  divided into  parts of equal 

width along the impact direction. All variables are 

obtained by  taking averages over these parts. 

 

 

Figure 1. Hexagonal unit cell of boron carbide. 

 

 

3. Results and discussion 
 

The shock velocity versus particle velocity 

behaviour of the material obtained from simulations 

are given in Fig 2. for 0 and 10 K initial 

temperatures and <001> and <100> 

crystallographic directions. The relationship 

between shock velocity and particle velocity is 

expressed as  

 

                           (1) 

 

where C0 represents the sound velocity and s is 

constant. Shock propagation velocity has two 

different regimes as in Fig 2. When the impact 

velocity exceeds a certain value, shock wave splits 

into an elastic and a plastic front. The velocity at 

which the splitting begins to appear is 0.7 km/s for 

<001> direction and 1.5 km/s  for <100> direction. 

The curves that correspond to elastic regime (upper 

curves) in Fig. 2 are fitted to equation (1) to 

determine the sound velocity. Sound velocity is 

found to be 16 km/s for the two different directions 

studied. The constant s  that appears in equation (1) 

is found to be 0.89 and 0.99 for <001> and <100> 

directions, respectively. The Hugoniot curve of the 

material is shown in Fig. 3 where available 

experimental results are also depicted.  

 
Figure 2.  Shock propagation velocity versus 

impact velocity for B4C. 

Our results compare with experimental results 

favorably as seen in Fig. 3. HEL point occurs at 

about 20 GPa at 0 K and 10 K initial temperatures 

in <001> direction. It is our conclusion that it takes 

place at about 40 GPa in <100> direction. 

Therefore one can conclude that the resistance of 

the material to structural deformations is higher for 

<100> direction compared to <001> direction. 

 
Figure 3.Hugoniot curve for B4C. the simulation 

result was represented with point and line. 

Experimental result represented with blue circle  

 

4. Conclusions 

 

B4C was examined by non-equilibrium molecular 

dynamics simulations to understand the mechanical 
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behavior of the material under dynamic loading. 

Shock propagation velocity and P-V diagram are 

extracted from the simulation data. Hugoniot elastic 

limit was determined to be  20 GPa and 40 GPa for 

<001> and <100> directions, respectively. These 

values are determined from shock wave 

propagation inside the material and by observing 

the piston velocity at which a plastic wave front 

begins to appear besides the elastic wave. 
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In this study, synthesis, characterization and use of magnetic Fe3O4 supported nanocatalysts in polymer synthesis 

have been investigated. In the first stage, magnetic Fe3O4 was obtained by using FeCl3 with hydrothermal 

method. The resulting magnetic iron oxide was modified with aminopropyltriethoxysilane, glutaraldehyde, 

respectively, and coated with horseradish peroxidase (HRP). The synthesized catalyst was used in the 

polymerization reaction of acrylamide. To prepare magnetic enzyme catalyst and use in polymerization reaction is 

first study in the literature. With this method, the catalyst easily recovered by magnetic separation. The catalyst 

with include HRP enzyme has been reused 16 times in the polymerization reaction of acrylamide was performed. 

The optimum conditions have been determined. The structure of the polymer and nanocatalyst have been 

evaluated by XRD, FT-IR, SEM, EDX, 1H-NMR, and RAMAN techniques. The white polyacrylamide has been 

successfully synthesized by using the water as the solvent. The resulting white polymer has a molecular weight of 

14500 g/mol.  
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1. Introduction 
 

 

In few decades, polymerizations catalyzed by 

enzymes (enzymatic polymerizations) have 

received more attention as a new methodology for 

polymer synthesis [1]. Enzymes are regarded as 

environmentally friendly and green catalysts than 

conventional initiators since they can be obtained 

from renewable raw materials. 

Horseradish peroxidase (HRP), one of the most 

widely used catalysts in enzymatic reactions, is 

found in horseradish roots [2]. There are many 

organic and inorganic electron donor compounds 

(such as phenols, amines, indoles, phenolic acids 

and sulfonates) that can be oxidized with 

peroxidase catalyst and H2O2. However, HRP is not 

stable under various conditions. The stabilization of 

HRP may be achieved by medium engineering, 

chemical crosslinking, protein engineering or 

enzyme immobilization. 

Enzyme immobilization can be defined as the 

chemical and physical retention of the enzyme 

molecules in a catalytic process in order to maintain 

the catalytic activity and ensure its reusability. 

Immobilized enzymes are more useful and 

advantageous molecules than free enzymes and can 

be easily removed from the medium at the end of 

the reaction. They can be used many times in the 

reaction and are more resistant to environmental 

factors [3]. 

In recent years, many studies have been carried out 

on the development of immobilized enzymes due to 

their important advantages such as low production 

costs, control of the process and reusability of the 

immobilized enzymes [4]. 

In this study, synthesis, characterization and use of 

magnetic Fe3O4 supported nanocatalysts in polymer 

mailto:senemtapan@gmail.com
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synthesis were investigated. The resulting magnetic 

iron oxide was modified with 

aminopropyltriethoxysilane and glutaraldehyde, 

respectively, and HRP was immobilized on the 

surface of the particles. The synthesized catalyst 

was used in the polymerization reaction of 

acrylamide. Optimum conditions were determined. 

Polyacrylamide was synthesized successfully. 

 

2. Experimental details 
 

Magnetic Fe3O4 was obtained by using FeCl3.6H2O 

with hydrothermal method. The resulting magnetic 

iron oxide was modified with 

aminopropyltriethoxysilane, glutaraldehyde, 

respectively, and coated with horseradish 

peroxidase (HRP). 

0.40 grams of magnetic nanocatalyst and 2 grams 

of acrylamide were dissolved in 10 ml of purified 

water. 50 L of 99.8% purity H2O2 was added 

dropwise to the reaction 5 times in 10 minutes. 

Polyacrylamide has been successfully 

synthesized.The structure of the polymer and 

nanocatalyst have been evaluated by XRD, FT-IR, 

SEM, EDX, 1H-NMR, and RAMAN techniques. 

 

3. Results and discussion 
 

The catalyst and polymer have been synthesized 

successfully. It is shown in the table 1 that the 

catalyst can be used repeatedly. 

Table 1: Experimental table of enzymatic oxidative 

polymerization. 

 

 
Mono
mer 
g 

catalyst  
g 

 Solvent H2O

2 

L 

t 
(ho
ur) 

Color Yield

, % 

2  0,40  H2O 50  24 Whit
e 

59 

2  0,40  H2O 50  24 Whit
e 

69 

2  0,40  H2O 50  24 Whit
e 

56 

2  --- H2O 50  24 --- 0 

2  0,40  H2O 50  24 Whit
e 

65 

2  0,40  H2O 50  24 Whit
e 

97 

2  0,40  H2O 50  24 Whit
e 

57 

2  --- H2O 50  24 --- 0 

2  0,40  H2O 50  24 Whit 66 

e 

2 0,40  H2O 50  24 Whit
e 

72 

2  0,40  H2O 50  24 Whit
e 

78 

2  --- H2O 50  24 --- 0 

2  0,40  H2O 50  24 Whit
e 

64 

2  --- H2O 50  24 --- 0 

2  0,40  H2O 50  24 Whit
e 

78 

2  0,40  H2O 50  24 Whit
e 

80 

 

The monomer was completely soluble in following 

organic solvents: DMF, DMSO, THF, acetone, 

methanol,water, chloroform and ethanol. It was 

insoluble in chloroform and water. The product, 

polymer, was also readily soluble in water. 

However, it was insoluble in DMF, DMSO, THF, 

acetone, methanol, chloroform and ethanol.  

The crystalline structure of Fe304 particles was 

investigated by XRD. As shown in Figure 1, 30.1, 

31.8, 35.5, 43.1, 53.4, 57.0, 62.6 and 74.0 ° 

coincided with the standard data of Fe304 (JCPDS 

no. 01-088-0315), respectively. 
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Figure 1. XRD Spectrum of Fe304. 

 

In Figure 2-a-d and Figure 3, SEM images of MNP, 

MNP-APTES, MNP-APTES-GA, catalyst and 

polymer structures are given respectively. In 

addition, EDX results are given in Figure 4.a-e. 
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a) b)

c) d)

 
Figure 2. SEM images a) MNP b) MNP-APTES c) 

MNP-APTES-GA d) Catalyzer 

 

 
Figure 3. SEM image of Polymer 

 

In the EDX analysis of MNP molecule, it is seen 

that only iron and oxygen elements are present in 

the structure. As a result of the modification, silicon 

element from APTES and carbon elements from 

gluteraldehyde are seen. In Figure 4.d, it is seen that 

Fe ratio increases with Fe element coming from the 

structure of HRP. In Figure 4.e, it is seen that there 

is nitrogen element coming from acrylamide in 

polymer structure[5]. 

  

  

 

a b 

c d 

Figure 4. EDX a) MNP b) MNP-APTES c) MNP-

APTES-GA d) Catalyzer 

 

 

 
Figure 4.e: EDX graphic of polymer  

 

In Figure 5, the distribution of magnetic iron in the 

catalyst is shown in red. 

 

 

 
Figure 5. EDX mapping image of catalyst 

 

Figure 6 shows the FTIR spectra of the catalyst. In 

this spectrum; (a) The peak at 3744 cm-1 results 

from the O – H stretching band. The characteristic 

band at the wavelength of 539,11 cm-1 is due to the 

stretching vibration of the Fe – O bond. (b) The 

peak at 2329.8 cm -1 is provided by the presence of 

stretching vibration on the aminopropyl group. At 

1257,5 cm-1, it corresponds to the presence of Si-O-

H and Si-O-Si groups. The peak at 527,12 cm-1 

shows Fe – O – Si bonds. 

(c) Symmetrical stretching vibrations of peak -

CH2CH2CH2 - groups at 2901.1 cm -1. (d) represents 

the stretching bands of peak –CH2 groups at 2982.8 

cm -1. The peak at 1387.7 cm-1 comes from the –

CONH– bonds [6]. 
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Figure 6. FT-IR Spectrum of Catalyst 
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a) Fe3O4 b) Fe3O4 – APTES c) Fe3O4 – APTES – 

GA d) Fe3O4 – APTES – GA – HRP 

 

Figure 7 shows the FTIR spectra of the polymer. In 

the FT-IR spectrum of the polymer, symmetrical 

and asymmetric stretching of NH2 groups was 

observed at polyacrylamide 3325 cm-1. The band at 

3160 cm-1 is thought to belong to symmetrical 

stretching vibrations of O – H or N – H groups [7]. 

The peak at 2976 cm-1 belongs to the stretching 

vibration C – H. The band at 1608-1647 cm -1 is the 

stretching vibration frequencies in the carboxyl and 

amide groups (CONH2) [8]. 
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Figure 7. FT-IR Spectrum of Polymer 

 

-NH2 protons in polyacrylamide were released at 

7.08-7.52 ppm. Signals in the range of 5.56-6.21 

ppm come from CH2 and CH protons[9]. 

 

 

 

 
Figure 8. 1H-NMR Spectrum of polymer 

 

 

The peaks of the catalyst at 224.95 cm-1, 292.86 cm-

1, 409.43 cm-1, 494.65 cm-1 are caused by magnetic 

iron oxide. The peaks at 609,90 cm-1 and 1316,39 

cm-1 are caused by the stress of Fe – O. These peaks 

can be assigned to the visible raman peak of the 

HRP [10]. In the raman spectrum of PAA, C – H 

band at 1240,13 cm-1 and the peak C – N stretch at 

1417,71 cm-1. The peak at 1572,38 cm-1 is thought 

to come from the NH2 bending (amide II) band 

[11]. 

 

 
Figure 9. (a) Raman Spectrum of Magnetic 

Nanocatalyst, (b) Raman Spectrum of Polymer 

 

 

4. Conclusion 
 

In this study, synthesis, characterization and use of 

magnetic Fe3O4 supported nanocatalysts in polymer 

synthesis have been investigated. Magnetic 

nanoparticles immobilized with HRP were used for 

polymerization reaction of acrylamide in the 

presence of H2O2. After the used catalysts were 

recovered and washed with water to remove the 

substrate and products. The reusability of the 

immobilized enzyme was investigated.  With this 

method, the catalyst easily recovered by magnetic 

separation. The catalyst with include HRP enzyme 

has been reused 16 times. The white 

polyacrylamide has been successfully synthesized 

by using the water as the solvent. The resulting 

white polymer has a molecular weight of 14500 

g/mol.  
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In this study, multifunctional Ag and TiO2 modified polycaprolactone (PCL) electrospun nanofiber (NF) mats were 

fabricated by one-step electrospinning. It was exploited for three different purposes (i) reusable SERS substrate 

for quantitative analysis to trace organic pollutants, (ii) photocatalyst for degradation of organic pollutants and (iii) 

antibacterial agent for killing of bacteria. Three different nanofiber patterns, PCL, PCL-TiO2, PCL/TiO2-Ag NFs 

were fabricated and further investigated. The detailed morphological and structural characterizations of the 

PCL/TiO2-Ag NFs samples were performed by scanning electron microscope (SEM), X-ray diffraction 

spectroscopy (XRD), fourier transform infrared spectroscopy (FT-IR) techniques, UV-Vis spectroscopy and 

Surface enhanced Raman scattering (SERS).  
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1. Introduction 
 
In recent years, with increasing 

industrialization and the world's population, water 

pollution has become one of the most important 

issues for the environment. With the use of new 

technologies, economic and renewable energy 

resources that necessitate less energy and time are 

required. For this reason, it is of vital importance to 

develop more effective and economical approaches 

to the synthesis of materials and to provide 

effective solution methods. Due to modern 

industrialization and frequent water pollution 

problems, there is increasing demand for cost-

effective techniques for the detection and 

production of multifunctional nanomaterials, as 

well as degradation of organic pollutants in 

wastewater. 

Effective and economic approaches have 

been developed for the removal of environmental 

pollutants that harm living organisms such as 

organic pollutants and heavy metal ions [1]. 

Recently, a green chemical pathway photocatalysis 

is applied for the degradation of hazardous organic 

chemicals to water, carbon dioxide, and simple 

mineral acids [2-4]. The photocatalytic system, 

which offers us sustainable, advanced treatment 

technology with lower energy consumption, is 

known as the most effective method in this field.  

For this purpose, semiconductor 

nanostructures emerge as promising building blocks 

for the development of photocatalyst platforms for 

environmental improvement due to usability, non-

toxic natural and biological/chemical stability [5]. 

Titanium dioxide (TiO2) with broad bandgap of 

3.2 eV and 3.27 eV has been reported to be the 

most promising photocatalyst due to its fascinating 

properties low cost, high catalytic stability and 

relatively high yield [6]. 
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The appropriate noble metal nanoparticles 

for this intent is silver nanoparticles (AgNPs); it 

demonstrates enormous surface plasmons (320–450 

nm) approached to the adsorption bandgap of TiO2 

[7].  As a result, TiO2 functionalized AgNPs has the 

highest ability to enhance the substrate 

photocatalytic efficiency. In addition, Ag NPs was 

also chosen due to its extraordinary properties 

includes the non-toxicity, chemically stable and 

low-cost as well as its well-known ability as an 

antibacterial agent, which will add further virtues to 

the fabricated functionalized scaffold. 

Surface-enhanced Raman spectroscopy 

(SERS) is an ultra-sensitive technique that provides 

molecular-level information about surface adsorbed 

molecules. Due to its ability to detect even a single 

molecule, it has given great hope in recent years to 

detect organic contaminants such as dye molecules 

[8,9]. Effectively, the electromagnetic enhancement 

of Raman signals will be achieved through utilizing 

the high-density growth of these metallic 

nanostructures to generate hot spots, where 

electromagnetic fields are concentrated.  

In this study, the capability of the 

fabricated NFs mats toward the SERS quantitative 

measurements and bactericidal attributes were 

investigated. Intriguingly, the findings inferred that 

the modified electrospun fiber-based SERS 

substrate sufficiently; due to their photocatalytic 

ability, degraded various organic contaminants. 

2. Experimental details 

The PCL/TiO2-Ag solution was prepared 

in 3 steps and nanofiber mats (NFs) were produced 

using electrospinning method. NFs of PCL/TiO2-

Ag were fabricated by using a commercial 

electrospinner (Holmarc HO-NFES-040). During 

the electrospinning process, the following 

parameters were used: the applied electrical voltage 

was 18 kV, the distance between collector and 

needle was 15 cm, and  the flow rate kept at 1 

mL·h-1.  

3. Results and discussion: 
 

Uniform NFs without any beads were 

observed in all the samples (PCL, PCL/TiO2-Ag NF 

mats) as confirmed by SEM analyses (Fig. 1). Their 

average diameters determined by randomly 

measuring 100 fibers within each sample are pure 

PCL (307±98 nm) and PCL/TiO2-Ag (663±266 nm) 

NFs. As compared to pure PCL (Fig. 1c); 

PCL/TiO2-Ag (Fig. 1f) exhibited NFs with larger 

diameters. 

The structural properties of the PCL/TİO2-

Ag nanofibers were explored by XRD analysis (Fig. 

2a). Two characteristic main peaks attributed to the 

semicrystalline hydrophobic biodegradable polymer 

PCL and ascribed to the diffraction pattern ranged 

between between 2025 (2θ=21.42º and 23.9°) 

can easiy be observed. For the anatase phase of 

TiO2, the characteristic peaks and the corresponding 

lattice planes were assigned at 25.4° (101), 38.0° 

(004), 48.2° (200), 54.3° (105), 55.2° (211), 62.9° 

(204), 69.0° (116), 70.0° (220) and 75.1° (215); and 

rutile at 27.5° (110) and 36.2° (103) can be 

identified. Identification peaks at 37.8° (111) and 

54.3° (006) related to Ag NPs also can be 

distinguished.  

 

 
Figure 1: SEM images and diameter distribution of 

NFs. 

 

Figure 2b present the FT-IR spectra of 

PCL, PCL/TiO2, PCL-Ag and PCL/TiO2-Ag NFs. 

The peaks which appear 2900 cm-1 are attributed 

to stretching of C-H bonds. The strong band at 

about 1750 cm-1  is related to C=O carbonyl 

stretching while the band at 1200 cm-1 corresponds 

to C-O stretching in the crystalline phase of the 

PCL. Ti-O-Ti bond in TiO2 is identified with peaks 

646 cm−1. 
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Figure 2: (a) XRD patterns of PCL/TiO2-Ag NFs. 

(b) FT-IR studies of PCL, PCL/TiO2, PCL-Ag and 

PCL/TiO2-Ag NFs. 

 

The use of PCL/TiO2-Ag NFs enables 

detection of the characteristic peaks of MB based 

on the SERS effect (Fig. 3a). In order to examine 

the impact of Ag nanoparticle (NP) concentration 

on the SERS intensity; Raman spectrum of 100 μM 

MB was obtained by using NFs prepared at 

different Ag NP loadings (Fig 3b.). The intensity of 

the SERS spectrum obtained from the NFs 

containing 25 mg·mL-1of Ag+ ions was higher than 

the intensity obtained from the NFs containing 12.5 

mg·mL-1 of Ag+ ions.  

 

 

Figure 3: (a) Comparison of SERS spectra of 1mM 

of MB obtained from PCL/TiO2-Ag NF mat (red 

line) and PCL/TiO2 NFs mat (black line). (b) SERS 

spectra of 100 µM of MB obtained from PCL/TiO2-

Ag NF mats prepared with different Ag+ 

concentrations.  

 

Photocatalytic degradation of MB in aqueous 

solution on PCL/TiO2 and PCL/TiO2-Ag NF mats is 

shown in Fig. 4. Fig 4a shows the UV-vis 

absorbance of aqueous MB solution (10 mg·L-1) on 

PCL/TiO2-125Ag NF mats at different time 

intervals (0 to 160 min), whereby, the intensity of 

the characteristic peak of MB, assigned at 644 nm, 

was decreasing throughout time. As shown in Fig. 

4b, the best results were obtained for PCL/TiO2-Ag 

NFs mats (125 mg·mL-1 of Ag+) with 93% 

photocatalytic degradation in 160 min. 

 

 

Figure 4: (a) UV-vis absorbance of aqueous MB 

solution (b) Graphic of photocatalytic degradation 

% of MB on pure PCL, PCL/TiO2 and with different 

concentration of Ag of PCL/TiO2-Ag NF mats 

(t=160 min).  

 

The in-vitro antibacterial activity of PCL/TiO2-Ag 

NFs mats was qualitatively assessed through the 

presence or absence of inhibition zones. PCL/TiO2-

Ag NF mats showed a promising antibacterial 

impact against both Escherichia coli and 

Staphylococcus aureus their respective diameter 

zones of inhibition of 6.9-7.6 and 8.9-9.2 mm (Fig. 

5). In this study, the antibacterial activity of the 

PCL/TiO2-Ag NF mats was higher against S. aureus 

(Gram-positive) than against E. coli (Gram-

negative). 

 
a) b)

 

Figure 5: Zone of inhibition plates treated with 

PCL/TiO2-Ag NFs mats containing different Ag-

NPs contents. (a) Escherichia coli and (b) 

Staphylococcus aureus. 

 

4. Conclusions 
 

The results showed PCL/TiO2-Ag 

nanofiber mats can be used as an effective SERS 

substrate to detect organic pollution at the level of 

10nM. The addition of silver nanoparticles 

increased the photocatalytic properties of TiO2, 

thereby achieving high yields. Since Ag NPs 

increased the photocatalytic performance of TiO2 

NPs, photocatalytic complete degradation of MB 

occurred within 160 minutes. Nanofiber mats 
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exhibit antibacterial activity against both E. coli and 

S. aureu. 
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In this study, pure strontium apatite (SrAp) and hydroxyapatite (HAp) were synthesized at same conditions by 
hydrothermal method. Hydrothermal treatment was carried out at 180 0C for 12 hours. The synthesized apatite 
particles are characterized by X-Ray diffraction (XRD), Fourier transform infrared spectra (FTIR), Field emission 
scanning electron microscope (FE-SEM) and Energy-dispersive X-ray spectroscopy (EDS). Nanosized 
hydroxyapatite and pure strontium apatite particles were successfully produced by hydrothermal method. The 
lattice parameters a, c, volume of unit cell and crystallinity of strontium apatite particles are higher than the 
hydroxyapatite particles. The hydrothermally synthesized strontium apatite’s Sr/P atomic ratio was 1.74 and the 

hydrothermally synthesized hydroxyapatite’s Ca/P atomic ratio was 1.75. 
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1. Introduction 
 

Calcium phosphate compounds are very interesting 

in many areas such as medicine, chemistry and 

biology. The first studies to determine the 

composition of calcium phosphate compounds were 

carried out by Berzelius in the first half of the 18th 

century. A hundred years after this attempt, Hausen 

introduced the idea of different calcium phosphate 

phases, and until then, their mixture was called 

apatite [1]. Among calcium phosphate compounds, 

hydroxyapatite Ca10(PO4)6(OH)2, is the most widely 

used biocompatible ceramic material. This is 

because the chemical composition is similar to the 

mineral phase of the bone and tthermodynamically 

most stable crystalline phase of calcium phosphate 

in body fluid, and is therefore highly biocompatible 

[2]. Naturally occurring calcium phosphates have 

calcium deficiency and have Ca/P ratios below 1.67 

and are generally carbonated. Therefore, 

synthetically produced hydroxyapatites (HAp) are 

of great interest due to their high biocompatibility 

and osteogenic potential [3]. 

Strontium (Sr) has similar chemical and physical 

properties as calcium (Ca) and about 98% of the Sr 

in the total body is found in bone tissues. Sr has 

special features such as improving the mechanical 

properties of bone, increasing the proliferation of 

pre-osteoblastic cells, increasing the formation of 

bone cells, and therefore, there has been increasing 

interest in biomedical studies with this element in 

recent years [4]. 

Although apatite powders can be produced by many 

different methods, the main production methods are 

divided into wet methods and solid state reactions. 

Wet methods in HAp production can be divided 

into three as precipitation, hydrolysis of other 

calcium phosphates and hydrothermal method. 

Solid state reactions generally give stoichiometric 

and well crystallized powders, but the process is 

long, requires high temperatures and heat treatment 

times. Again, the sintering ability of some powders 

is generally low. The hydrothermal method has 

advantages over these methods such as good 

reproducibility, wide reaction temperature range, 

good crystallization and process simplicity. 

Apatites with different morphology, chemical 

composition and degree of crystallinity can be 

obtained depending on the production technique [5, 

6].  
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Kuśnieruk et. al. [7], were synthesized nano-

hydroxyapatite at different parameters by 

hydrothermal method. In another study, 

hydroxyapatite were synthesized with hydrothermal 

method by using cetyltrimethylammonium bromide 

and hexamethylenetetramine as additives [8]. Neira 

et. al. [9], were synthesized hydroxyapatite at 

different molar concentrations by hydrothermal 

method. Liu et. al. [10], were synthesized 

hydroxyapatite at different pH concentrations by 

hydrothermal method. Pure strontium apatite 

particles were synthesized by nanoemulsion method 

[11]. Edwin and Wilson were synthesized strontium 

apatite at different sonification times by 

precipitation method [12].  Ma et. al. [13], were 

synthesized pure strontium apatite particles by 

precipitation method.  

In recent years interest in strontium apatites has 

been increasing. Again, there are not many studies 

on the production of pure strontium apatites by 

hydrothermal method. For this reasons, in present 

study, it is aimed to compare the structural 

properties of strontium apatite which has attracted 

the attention of researchers in recent years with 

hydroxyapatite which is frequently used as implant 

material. 

In this study, strontium and hydroxyapatite particles 

were synthesized by hydrothermal method at same 

conditions. The synthesized particles were 

characterized by XRD, FT-IR, FE-SEM and EDS. 

The structural results of the synthesized apatite 

particles were compared and explained in detail. 

 

2. Experimental details 
 

0.1 M Merck brand Ca(NO3)2.4H2O and Fluka 

analytical brand 0.06 M H9N2O4P were individually 

dissolved in 30 ml of water. The two solutions were 

stirred with magnetic stirrer for 30 minutes. 

Mixture containing H9N2O4P was added dropwise 

into the mixture containing Ca(NO3)2.4H2O slowly 

while stirring continue and was stirred with 

magnetic stirrer at room temperature for 30 min. 

The resulting mixture’ s pH was adjusted to 10 by 

adding dropwise ammonia solution while stirring 

continue. After that the mixture was stirred with 

magnetic stirrer for 10 min and then ultrasonicated 

for 30 min. All these were performed at room 

temperature. Final mixture was dropwise to 

hydrothermal autoclave, put in to hydrothermal 

reactor and hydrothermally treated at 180 °C for 12 

h. After the slow cooling to room temperature, the 

solution was filtered and precipitates washed with 

distilled water a few times and dried at 60 °C for 5 

h. After drying, the synthesized particles were 

ground in a mortar and the synthesized 

hydroxyapatite was named as HAp. The strontium 

apatite particles were synthesized in the same 

procedure, using only Acros organics brand 

strontium nitrate (Sr(NO3)2) instead of 

Ca(NO3)2.4H2O. Phase analysis of the synthesized 

apatite particles were determined by X-ray 

diffraction using Rigaku D/Max 2200 with a Cu Kα 

(target) radiation (λ = 1.5406Å) and the scan range 

from 2θ = 2 to 80° (scan rate: 6°/min.) under 25 mA 

and 35 kV current. The functional groups of the 

synthesized apatite particles were analyzed by 

Fourier transform infrared spectroscopy with a scan 

range from 4000 cm-1 to 400 cm-1. 

The lattice parameters of synthesized apatite 

particles were calculated from (0 0 2) and (3 0 0) 

peaks using Equation (1) for hexagonal structure 

(a=b and c) [14, 15]: 

 

 
where d is the distance for two adjacent planes and 

h, k and l are the Miller indices. The volumes of 

unit cells (V) were calculated from following 

relation [14, 15]: 

 

                                                                                

(2) 

 

where a and c is lattice parameters. The crystallinity 

degree of synthesized strontium apatite particles 

(XC) were calculated from Equation 3 [16]: 

 

 

                                                                                                                              

(3) 

 

where V112/300 is the intensity of the hollow between 

(112) and (300) planes and I300 is the intensity of 

the (300) plane. 

 

3. Results and discussion 
 

In Figure 1, FT-IR spectra of synthesized apatite 

particles are shown. Synthesized particles 

absorption bands correspond to absorbed water of 

apatite, carbonate group, vibrations of phosphate 

group, hydrogen phosphate group and OH group. 

The peak at 457 cm-1 in SrAp and the peak at 473 

cm-1 in HAp correspond to ʋ4 bending vibration of 

phosphate (PO4
3-) [17]. Also the peak from about 

555 to about 592 cm-1 in SrAp and the peak from 

about 563 to about 600 cm-1 in HAp correspond to 

same PO4
3- vibration [18, 19]. The band observed at 

623 cm-1 in SrAp and the band observed at 631 cm-1 
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in HAP are ascribed to OH- ions [18, 19]. The peak 

at 870 cm-1 in SrAp and 875 cm-1 in HAp 

correspond to HPO4
2 [4]. The peak at 949 cm-1 in 

SrAp and 962 cm-1 in HAp correspond to ʋ1 

bending vibration of PO4
3- [19]. The peaks 

observed from about 1010 to about 1078 cm-1 in 

SrAp correspond to ʋ3 stretching vibration of PO4
3 -. 

Same PO4
3 – vibration also observed at from about 

1024 to about 1090 cm-1 in SrAp [18, 19]. The peak 

at 1438 cm-1 in SrAp and 1441 cm-1 in HAp 

correspond to CO3
2- [4, 18]. The broad band 

stretching from about 2500-3700 cm-1 in SrAp and 

stretching from about 2700-3600 cm-1 in HAp 

correspond to H2O molecules in the apatite 

particles. The peak at 1600 cm-1 in SrAp and                         

1651 cm-1 in HAp correspond to H2O molecules in 

the apatite particles [4, 17]. 

The XRD results of synthesized particles are seen 

in Figure 2. The diffraction peaks of 

hydrothermally synthesized SrAp are identical with 

standard ASTM data-card 33-1348 and the 

diffraction peaks of hydrothermally synthesized 

HAp samples are identical with standard ASTM 

data-card 09-032. Also the XRD results are in good 

agreement with previous literature studies [13, 17].  

The diffraction peaks of HAp shifted to higher 2θ 

values than SrAp. The reason for this is that Sr' s 

ionic radius (1.13 Å) is higher than Ca (0.99 Å) 

[18]. The lattice parameters, volume of unit cells 

and crystallinity of the samples are given in Table 

1. As it seen, the lattice parameters a, c, volume of 

unit cell and crystallinity of SrAp are higher than 

the HAp. This is thought to be due to the high 

atomic radius of Sr, as mentioned above [17, 18]. 

FE-SEM images of the apatite particles are shown 

in Fig. 3. The synthesized particles size is in 

nanoscale range. Hydrothermally synthesized SrAp 

particles are in rod like form and HAp particles are 

almost spherical. According to the EDS analysis, 

Sr/P and Ca/P atomic ratios of SrAp and HAp 

samples were 1.74 and 1.75, respectively.  

 

 

 
 

Figure 1.  FT-IR spectra of synthesized apatites. 

 

 

 
 

Figure 2.  XRD results of synthesized apatites. 

Table 1. The lattice parameters, volume of unit 

cells and  

              crystallinity of the samples 

 
Sample a (nm) c (nm) V (nm3) XC 

SrAp 0.9758 0.7255 0.5982 0.864 

HAp 0.9412 0.6870 0.5269 0.773 
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a) 

 

 
b) 

Figure 3. FE-SEM images of synthesized particles 

a) SrAp  

                and b) HAp. 

 

 

4. Conclusion 
 

Nano sized pure strontium apatite and 

hydroxyapatite were successfully synthesized with 

hydrothermal method. The characteristic XRD 

peaks of hydroxyapatite appeared to higher 2θ 

values than SrAp. Atomic radius size is effective on 

crystal parameters. The nano sized strontium apatite 

particles are in rod like form and the nano sized 

hydroxyapatite particles are almost spherical. The 

Sr/P and Ca/P atomic ratios of apatite particles are 

close to stoichiometric ratio of apatite. The 

synthesized nanoparticles may find use as implant 

material. 
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Abstract 
 

The changes of transmittance and absorbance of ZnO and CdO nano powders produced by chemical 

precipitation method according to different wavelengths were investigated. The mean transmittance values of the 

semiconductor metal oxides in the visible region were calculated as approximately 88% and 80% for ZnO and 

CdO, respectively. From the transmittance spectra of the produced nano powders, it was seen that there were 

sudden increases up to 90% in wavelengths between 400-500 nm. Absorbance plots of nano powders, significant 

scattering was not observed at 400 nm as the lower wavelength. After 350 nm wavelength, the absorption was 

found to be reduced. The optical band ranges of ZnO and CdO powder samples produced in this study were 

found to be 3.07 and 2.31 eV, respectively. 
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1
. Introduction 

Metal oxide semiconductor nano powders 

have a wide range of applications such as 

electronics, optics and optoelectronics. Among the 

nanostructured materials, zinc oxide (ZnO), 

cadmium oxide (CdO) and titanium dioxide (TiO2) 

are among the most important metal oxides. The 

superior electrical and optical properties of these 

semiconductors can be improved to the desired 

level thanks to organic semiconductors to be added 

to the structure from the outside [1]. 

Zinc oxide (ZnO) is a very popular 

material due to its excellent electro-optical 

properties such as wide band range (~ 3.3 eV), large 

excitatory binding energy (60 meV), apparent range 

transparency and no toxic effect. ZnO's excellent 

electro-optical properties and easily adjustable 

morphological structure make this semiconductor 

metal oxide important for solar cell and sensor 

applications [2]. Zinc oxide (ZnO) ln, Mg and Er by 

adding various elements such as electrical 

properties can be changed. Zinc oxide (ZnO) is also 

considered as a metal oxide material attached 

between metal and semiconductor [3, 4]. Scientists 

use ZnO thin films produced by various techniques 

or doping as the interface material between 

semiconductor and metal [5, 6]. There are many 

techniques for obtaining ZnO thin film layer such 

as atomic layer doposition [7], spray pyrolysis [8], 

spin coating, drop casting [9] and SILAR technique 

[10]. Among these techniques, spin coating 

technique is the cheapest and simplest technique to 

make a good thin film [11]. 

Thin films produced with cadmium oxide 

have an important place in the production of 
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optoelectronic devices due to their excellent optical 

transmittance and wide band gap [12]. CdO metal 

oxide semiconductor is used extensively in 

phototransistor, photodiode, solar cell and gas 

sensor applications [13, 14]. A device having 

excellent electrical properties and transmittance can 

be produced using a semiconductor metal oxide 

with a wide optical band range. Cadmium oxide is 

known to have a low band gap (approximately 2.2 

eV). This low bandwidth can be increased by 

doping externally [15]. Thin films formed using 

CdO nano powders are produced using drop 

casting, spray pyrolysis, chemical vapor deposition 

and chemical bath deposition methods [16].  

 Experimental details 

In this study, chemical precipitation 

method was used in the production of metal oxide 

nano powders. The synthesis was performed with 

the Fytronix nano particle production system shown 

in Fig. 1. Nano powders were obtained by passing 

the acetate salts through some processes. In order to 

obtain the ZnO paticules, zinc acetate was taken in 

a specific amount and dissolved in 125 ml of 

methanol to a gel position to form a 0.1 molar 

solution. NaOH was dissolved in 65 ml of methanol 

to form a gel to form a 0.4 molar base solution. The 

two solutions obtained were placed in a beaker and 

stirred for 10 minutes with the aid of a magnetic 

stirrer. This mixture was centrifuged at 5000 rmp 

for 5 minutes. The resulting precipitate was washed 

three times with methanol. This precipitate was 

dried on a heating plate at 50 ° C for 1 hour and 

then fired in a laboratory oven at 400 ° C for 1 

hour. 

 

 
 

Figure 1. Nono powder production device 

designed by FYTRONIX. 

 

Zinc esatate was taken in a certain amount 

to obtain the CdO paticules and dissolved in 125 ml 

of methanol until the gel position to form a 0.1 

molar solution. NaOH was dissolved in 65 ml of 

methanol to form a gel to form a 0.4 molar base 

solution. the resulting two solutions were placed in 

a beaker and stirred for 10 minutes with the aid of a 

magnetic stirrer. This mixture was centrifuged at 

5000 rmp for 5 minutes. The resulting precipitate 

was washed three times with methanol. This 

precipitate was dried on a heating plate at 50 ° C for 

1 hour and then fired in a laboratory oven at 400 ° 

C for 1 hour. 

 

 

Optical characterization of the produced 

powders was performed with UV 1200 

Spectrophotometer. 

3. Results and discussion: 
The variation of the tranmittance and 

absorbance of the produced nano powders 

according to different wavelengths is shown in Fig. 

2(a-b) and Fig. 3(a-b). The mean tranmittance 

values of the semiconductor metal oxides in the 

visible region were calculated as approximately 88 

% and 80 % for ZnO and CdO, respectively. From 

the transmittance values of the produced nano 

powders shown in Fig. 2(b) and Fig. 4(b). It is seen 

that there are sudden increases up to 90 % in 

wavelengths between 400-500 nm. The 

transmittance values of synthesized nano powders 

affect parameters such as crystallinity, porosity, 

thickness and surface roughness of the structure 

[17]. The transmittance values of nano-powders 

produced are consistent with the current literature 

[16, 18, 19]. No significant scattering was observed 

at the lower wavelengths, such as 400 nm, from the 

absorbance graphs of the nano powders given in 

Fig. 2(a) and Fig. 4(a). After 350 nm wavelength, 

the absorption was found to be reduced. Diffuse 

reflection spectroscopy was used to determine the 

forbidden energy (Eg) ranges of the synthesized 

nanoparticles. This method provides information 

about the absorption properties of thin films. The 

reflectance values of the produced powders were 

determined by the following equation with the help 

of Kubelka-Munk function [20, 21]. 

 

 
2

1
( )

2

R
F R

R


                               

(1) 

Wherein R is diffuse reflection, F (R) 

represents the absorbance corresponding Kubelka-

Munk function. F(R) values in the equation are 

converted to linear absorption coefficient [22, 23]. 
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Optical transitions of semiconductor materials are 

characterized as direct and indirect passages. The 

absorption coefficient (α) of the semiconductor 

materials produced is used to determine the band 

structure and the forbidden energy range. The 

relationship between the absorption coefficient (α) 

and photon energy (hυ) was calculated using the 

following equation [24]: 

 

   
( ) n

g

F R h
h B h E

t


  

 
   
 

   

(2) 

                                            

Here α represents the absorption coefficient, Eg 

band gap energy, hυ photon energy. Direct optical 

band ranges were  

 

determined from (hυ) versus (αhυ)2 curves of the 

samples given in Fig. 3 and Fig. 5. The optical band 

ranges of ZnO and CdO powder samples produced 

in this study were found to be 3.07 and 2.31 eV, 

respectively. The forbidden energy ranges found 

correspond to previous literature studies [16, 18, 

22].  

 
Figure 2. ZnO nano powder a) absorption b) 

transmittance spectrum. 

 

 
 

Figure 3.  Energy-band gap graph of ZnO nano 

powder. 

 

 

 
 

Figure 4. CdO nano powder a) absorption b) 

transmittance spectrum. 

 

 

 

 

 

 
 

Figure 5. Energy-band gap graph of CdO nano 

powder. 

 
Conclusions 
 

In this study, optical measurement (UV) 

results showed that the produced nono powders are 

of high quality. The calculated transmittance, 

absorbance and forbidden energy range values of 

ZnO and CdO nano powders obtained by 

precipitation method confirmed that these samples 

are suitable for optical device and thin film 

applications. 
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On The Frequency-Voltage Dependence Profile of Complex 

Dielectric, Complex Electric Modulus and Electrical Conductivity 

in Al/(0.05Gr-PVA)/p-Si Structures at Room Temperature. 
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* Gazi University, Faculty of Engineering, Department of Chemical Engineering, Ankara, TURKEY 

 
Metal/semiconductor (MS) with and without an interlayer have been intensely studied due to their some very 
important physical, optical and chemical properties. Al/(0.05Gr-PVA)/p-Si (MS) type structures have been 
fabricated. The second aim is to get more reliable and accurate results on the real and imaginary parts of complex 
dielectric parameters, complex electrical modulus, and ac conductivity of the Al/(0.05Gr-PVA)/p-Si (MPS) 

structure have been investigated in wide range of frequency (5 kHz-5 MHz) and  4 V at room temperature by 

using impedance spectroscopy method including in wide range of C-V and G/-V measurements. The real and 
imaginary parts of complex dielectric parameters (ε′, ε″), complex electrical modulus (M′, M′′), and ac electrical 
conductivity (σac) of samples were studied as a function of frequency and voltage at room temperature. It is also 
found that ε′ and ε″ decrease together with rising frequency whereas M′, M′′ and σac increase under the same 
circumstances. 
 

Keywords: Dielectric parameters (ε′,ε″); Electric Modulus; MPS structures; AC conductivity  
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1. Introduction 

Metal-semiconductor (MS) contacts/structures with 

and without an interfacial layer have been much studied due 

to some important characteristics [1-3]. The investigation 

their conduction mechanisms (CMs) in wide range of 

frequency and voltage can be supplied more information 

both on the electric and dielectric properties conduction of 

them. Conduction mechanism and their performance are 

dependent on a lot of factors such as the existence of surface 

states or dislocation (Nss), native or deposited interlayer, 

barrier in-homogeneities at M/S interface, series resistance 

(Rs)[4,5]. In this study, the used poly-vinyl-alcohol (PVA) 

has high- water solubility, process ability, and high 

formation capacity [6]. Graphene is also a very new material 

which is discovered by Geim in 2004 and gain Nobel-prize 

in 2010 which has excellent electric conductivity and 

superior mechanical stability [7]. Al/(0.05Gr-PVA)/p-Si 

(MPS) structures were fabricated and their complex 

dielectric parameters (*=ε′-jε″), complex electrical 

modulus (M*=M′+jM′′), and conductivity were investigated 

in wide range of frequency and voltage by using C-V-f and 

G/-V-f characteristics. 

2. Experimental details 

Before the fabrication of the Al/(0.05Gr-PVA)/p-

Si/Al (MPS) structures, p-Si wafer was cleaned in the 

ultrasonic bath using standard cleaning processes. After that 

high-pure Al (150 nm) layer was grown on the back side of 

wafer at 10-6 Torr and then was annealed at 450°C to 

perform ohmic contact. Subsequently, the prepared (0.05Gr-

PVA) solution was grown on the wafer by electrospinning 

technique. Finally, high-pure Al (150 nm) was grown on the 

interlayer. In order to perform C/G-w measurements, 

samples were pasted on the copper holder by the help of 

silver paste. The schematic diagram of the fabricated sample 

was represented in Fig.1. 

 

 
Fig.1: The schematic diagram of the fabricated 

Al/(0.05Gr-PVA)/p-Si structure 

 

3. Results and discussion: 

mailto:sedakaradass93@gmail.com
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The frequency and voltage dependent profile of ε' 

and ε'' were obtained by using C-V-f and G/-V-f 

characteristics and represented Fig.2 (a and b) by using 

following relations: 

 

(1)

  

 

 

 
 

Fig.2: (a) ’- V (b) ’’-V plots of the Al/(0.05Gr-PVA)/p-

Si structure. 

 
Complex electric modulus (M*) were calculated 

from the values of ′ and ′′ data as follow: 

 

2 2 2 2
M J

 

   

  
 

    
     (2) 

 

M’-V and M”-V plots were calculated Eq. 2 and 

represented in Fig. 3 (a,b), respectively. . It is clear that both 

the M’ and M” are strong function of frequency and voltage. 

The observed peak behavior in the M′′-V plots are the result 

of a particular density distribution of Nss and their relaxation 

times in this region. Because at enough high frequency, 

charges at traps cannot follow ac signal and similarly 

dipoles have not enough time to orient in themselves [9,10]. 

 

 

 
Fig.3: (a)M’-V (b) M”-V plots of the Al/(0.05Gr-PVA)/p-Si  

 
Conclusions 

 

In this study, (MPS) type structures were fabricated 

on the p-Si wafer and their reel and imaginary components 

of complex dielectric (*=’-j”), complex electric modulus 

(M*=M’+jM”), and electrical conductivity have been 

intensely investigated in wide range of frequency (5 kHz-

5MHz) and voltage (4 V). In this study, (0.05Gr-PVA) 

polymer was used an interlayer to increase the values of 

capacitance and so storage more energy.  Both the complex 

dielectric parameters (ε′, ε″), complex electrical modulus 

(M′, M′′) were found a strong function of frequency and 

voltage. The obtained value of ’ (=1291) even at 5kHz is 
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340 times higher than the maximum value of conventional 

SiO2 and so it can be successfully used instead of insulators 

which are prepared by traditional methods such as SiO2, 

SnO2, and Si3N4. 
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Fluoreccence and photoluminescence properties of tetra and octa-substituted double decker Lu(III) phthalocyanines to which 

imidazole groups are attached have been investigated under the same conditions. The changes in these properties were 

examined with increasing number of substituents. Thus, the effect of imidazole groups on the optical properties of double 

decker Lu(III) phthalocyanines were determined. The photoluminescence spectra of the compounds show indicating the strong 

π-π interaction along with electron and energy transition between the tetrapyrolic macrocycles. 
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1. Introduction 
 

Phthalocyanine with stable π-conjugated system 

is a synthetic analogue of porphyrin macrocycle. 

Phthalocyanines are organic semiconductor compounds. 

The intense blue-green color of phthalocyanines, 

combined with their thermal and chemical stability, has 

gained importance in many areas of application. 

Phthalocyanines with stable π-conjugated systems are of 

interest in many applications because of their photo-

sensitivity, high fluorescence quantum yield, and strong 

absorption at high wavelengths such as 600-750 nm [1-6]. 

Phthalocyanines draw interest as materials for optical 

recording media, nonlinear optical application, light 

absorption, electric conduction, photoconduction, energy 

conversion, electrodes, chemical sensors and catalyst 

[3,7-9]. Phthalocyanines are known for their very poor 

solubility in many solvents. This property seriously limits 

potential applications of these compounds. Their 

solubility can be increase by substituents and metals. The 

substituted groups may be attached to the phthalocyanine 

ring at peripheral, non-peripheral or axial positions [1]. 

Double-decker ftalosiyanin metal complexes, in 

which two rings of phthalocyanine are coupled by a metal 

ion, shows high chemical and thermal stability, redox 

activity and intriguing optical, electrical and magnetic 

properties [3,10-12]. These properties allow double-

decker phthalocyanines to become promising organic 

molecule candidates for optical materials and devices 

such as optical logic displays, electrochromic display, 

photovoltaic cells, and organic light emitting diodes 

[7,13,14]. Double-decker phthalocyanine complexes, 

known as stable radicals, with an uncommon electron in 

the delocalized    π- orbital on two phthalocyanine rings, 

can be formulated as Ln3+(Pc2-)(Pc.-) or Ln3+(Pc2)3-. 

Strong π-π interactions are observed in such structures 

[3]. Lanthanide ions are also well known for their 

particular photoluminescent characters [10,11]. 

Photoluminescence spectra can be used to obtain 

information about the optical properties of these 

compounds [15,16].  

It is desirable that organic semiconductor 

compounds to be used in optoelectronic applications do 

not exhibit aggregation behavior, have high fluorescence 

quantum yield, have absorbtion at high wavelengths and 

mailto:yabasebru@gmail.com
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have appropriate orbital levels to permit electron transfer 

[5,17,18].   

In this work, we examined the 

photoluminescence (PL) and fluorescence properties of 

tetra- and octa-substituted double decker Lu(III) 

phthalocyanine compounds. We have determined that 

these compounds have the potential to be used in 

optoelectronic applications. 

2. Experimental details 

The tetra- [19] and octa-substituted [20] double 

decker phthalocyanine compounds were prepared 

according to the literatures (Figure 1). Spectroscopic 

purity solvents were used in the whole study. Andor-Solis 

UNIRAM Raman and Fotoluminescence spectrometer 

was used for PL measurements of thin films. UV-vis 

spectra were recorded on a Shimadzu UV-1800 UV-vis 

spectrophotometer. A Shimadzu RF 5301 fluorescence 

spectrophotometer was used for spectrofluorometric 

measurements of solutions. Scanning Electron 

Microscope (SEM) images were taken at Tescan MIRA3 

XMU. Thin films of the compounds were prepared by 

drop casting method. In this method, the compounds were 

dissolved separately in THF, the solutions were dropped 

onto the glass surface and allowed to dry. 

 

3. Results and discussion: 
 

The phthalocyanine compounds used in this 

study are tetra- and octa-substituted double decker 

phthalocyanine compounds whose molecular structures 

are shown in Figure 1. Photoluminescence and 

fluorescence properties of these compounds were 

investigated and their potential to be used in 

optoelectronic applications was determined. In addition, 

the aggregation properties of thin films of the compounds 

were examined by UV-vis spectrophotometer and the 

surface properties of the solids of the compounds were 

examined by SEM. 

 

 
 

Figure 1. Molecular structures of tetra- and octa-

substituted double decker phthalocyanine compounds 

 

PL properties of the compounds were examined 

by thin films prepared by drop casting method. The PL 

spectra of the compounds are shown in figures 2 and 3. 

The energy gaps for tetra- and octa-substituted 

lutetium(III) phthalocyanines were 1.73 eV and 1.72 eV, 

respectively. No significant difference was observed 

between the energy gaps of the compounds. 

 

 
 

Figure 2. PL spectra of thin film tetra-substituted 

lutetium(III) phthalocyanine. 

 

 
 

Figure 3. PL spectra of thin film octa-substituted 

lutetium(III) phthalocyanine.  

 

The fluorescence properties of compounds in 

solution phase were examined (Figures 4 and 5). 
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Figure 4. Emission and excitation spectra of tetra-

substituted lutetium(III) phthalocyanine. 

 

 
  

Figure 5. Emission and excitation spectra of octa-

substituted lutetium(III) phthalocyanine. 

 

Fluorescent quantum yields were calculated from 

measured emission spectra of compounds. The 

fluorescence quantum yields of compounds were 

determined by a comparative method in equation 1. 

 

               (1) 

 

Where F and FStd are the areas under the fluorescence 

emission curves of the compound and the standard, 

respectively. A and AStd are the absorbance of the samples 

and standard at the excitation wavelength, respectively, η 

and ηStd are the refractive indexes of solvents used for 

compound and standard, respectively. Unsubstituted ZnPc 

was used as standard (ΦF = 0.18 in DMSO) [21]. 

Fluorescence quantum yields for tetra- and octa-

substituted double decker Lu(III) phthalocyanines were 

found to be 0.30 and 0.39, respectively. Binding of 

imidazole groups to phthalocyanine macrocycle 

significantly changed the fluorescence quantum yield and 

this difference increased as the imidazole groups 

increased. Imidazole groups appear to contribute to 

phthalocyanine in energy transfer. 

 

Aggregation behaviors of these compounds in 

solution phase were investigated with UV-vis 

spectrophotometer. In addition, the aggregation behavior 

of these compounds in solid phase thin films were also 

examined (Figure 6). No significant shift or new peak 

formation was observed in the UV-vis spectra. Therefore, 

we can say that the compounds did not show aggregation 

behavior. 

 

 
 

Figure 6. UV-Vis spectrum of thin film tetra-substituted 

lutetium(III) phthalocyanine.  

 

 

The SEM images were also taken in solid form 

of tetra- and octa-substituted double decker Lu(III) 

phthalocyanine compounds. As observed from the SEM 

images, a more regular solid surface was obtained as a 

result of the increase of substituted imidazole groups 

(Figure 7).  

 

 

   
                      A                                                B 
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Figure 7. SEM images of (A) tetra-substituted and (B) 

octa-substituted double decker Lu(III) phthalocyanines 

solids. 

 
Conclusions 
 

In this study, we examined the 

photoluminescence and fluorescence properties of tetra- 

and octa-substituted double decker Lu(III) phthalocyanine 

compounds. The changes in these properties were 

examined with increasing number of substituents. The 

photoluminescence spectra of the compounds show 

indicating the strong π-π interaction along with electron 

and energy transition between the tetrapyrolic 

macrocycles. It was observed that the fluorescence 

quantum yield of the compounds was much higher than 

that of the standard unsubstituted phthalocyanine 

compound and increased as the number of substituted 

imidazole groups increased. Compounds also showed no 

significant aggregation. As the substituted imidazole 

groups increases, the molecule becomes more organized 

and has been superior properties. According to the results, 

these compounds have the potential to be used in 

optoelectronic applications. 
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Solid oxide fuel cells (SOFC), are high efficient energy conversion systems utilizing hydrogen, natural gas, propane, diesel etc. 

as a fuel with the help of an oxidizer that convert chemical energy directly into electricity and heat energy. Although energy 

efficiency is high, SOFCs are facing with major problems in the way of commercialization such as long-term stability, 

production cost and high operating temperatures. Researchers make great efforts to reduce the operating temperature of 

SOFC; however, the key challenge is to develop high-ion-conductivity electrolyte materials at lower operating temperatures. 

SOFC is composed of a porous anode, a dense electrolyte and a porous cathode. While the anode is responsible for the fuel 

oxidation, the oxygen ions generated at the cathode as a result of the cathode electrochemical reaction are transferred 

through the electrolyte to the anode layer. In this study, it is aimed to increase the cell performance and to decrease the 

working temperature (600-800°C). ScSZ as electrolyte material and GDC with low temperature microstructural stability in 

electrodes are used. In literature, NiO / GDC is generally used as an anode material for solid oxide fuel cells operating at low 

temperatures. In these materials, metallic Ni acts as a catalyst for the fuel oxidation and provides an electronic path for the 

conduction. On the other hand, GDC acts as a matrix to support the catalyst (Ni), preventing its agglomeration under 

operation, and providing mixed ionic and electronic conductivity. The performance analyzes of 1 cm2 anode supported SOFC 

prepared by following the methods in the literature are examined and a power density of 800 mW / cm2 was obtained at 800 

°C. 

Corresponding author: sedaevcimen@hotmail.com 
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1. Introduction 

 
With the rapidly developing technology and increasing 

population, the difference between the amount of energy 

produced and the amount of energy consumed is 

increasing day by day. The trend towards renewable 

energy sources such as wind and solar energy, hydrogen 

technologies and fuel cells, which are more reliable, clean 

and sustainable in order to get rid of the negative effects 

of fossil energy sources in the world, is rapidly 

increasing. 

Solid oxide fuel cells (SOFC), are high efficiency systems 

as fuel hydrogen, natural gas, propane, diesel etc. and 

with the help of an oxidizer that convert chemical energy 

directly into electricity and heat energy.  

Despite their high energy conversion efficiency, SOFC’s 

face major challenges to commercialization, such as long-

term stability, production costs and high operating 
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temperatures. Particularly, the most important problems 

are the deterioration caused by the high operating 

temperature and the failure to ensure full sealing. In 

addition, the use of expensive corrosion-resistant flow 

plates (Crofer 22 APU, etc.) increases the costs of the 

system considerably. Operating temperatures for SOFC 

can be divided into 3 zones; 800 ° C and above: high 

temperature, 600 ° C to 800 ° C: medium temperature and 

below 600 ° C: low temperature SOFC. If the operating 

temperature is lowered from the high temperature to the 

medium temperature range, stainless steel may be used as 

the flow plate, thus making it possible to achieve a 

significant reduction in costs. However, lowering the 

operating temperature of the system increases the 

electrolyte resistance and thus adversely affects the 

performance of the fuel cell. To minimize the loss of 

performance, reducing the electrolyte thickness, using 

electrolyte materials with high ionic conductivity, and 

enabling the production of fuel cell components using thin 

film techniques are preferred. 

In this study, it was aimed to increase cell performance 

and decrease working temperature by adding 

microstructural stability GDC to low and medium 

temperatures as an electrolyte material for medium 

working SOFCs and to anode and cathode electrolytes at 

low and medium temperatures [1-2]. 

 

2. Experimental details 
 

Anode supported SOFC with active area of 1 cm2 was 

manufactured to be used in experimental studies. Anode 

supported cells are produced by strip casting, co-sintering 

and silk printing methods. 

The anode consists of two parts, the anode functional 

layer (AFL), the first layer being NiO / GDC (70: 30% by 

mass) and the anode active layer (AAL), the second layer 

being NiO / GDC (50: 50% by mass) [3] . Sludge was 

prepared by adding tovar, alcohol,  starch and PEG and 

fish oil to AFL and AAL powders prepared in different 

containers. The prepared slurry was mixed with zirconium 

balls for 24 hours to ensure homogeneous mixing. The 

alcohol in the homogeneously prepared slurry was 

removed with a magnetic stirrer for 30 minutes. AAL 190 

μm and AFL 140 μm thickness were cast on the myler in 

strip casting machine [4]. 

For an MEG with an active area of 1 cm2, the anode 

leaves cut into appropriate sizes were bonded to each 

other using a hydraulic press with a pressure of 200 MPa 

by the addition of electrolyte. Finally, the membrane 

consisting of anode and electrolyte was sintered at 1375 ° 

C. 

The cathode paste was prepared by adding certain 

amounts of butvar, alcohol, and starch to the cathode 

material LSM / GDC and LSM / both. The cathode paste 

was stirred for 24 hours to increase homogeneity as in 

anode and electrolyte production. The functional layer 

LSM / GDC (50: 50% by mass) and the active layer were 

treated on the electrolyte surface. Cathode production was 

completed by sintering at 1075 ° C. 

 

3. Results and discussion 
 

 In the first stage of the experimental studies, AFL ratio 

AAL ratios were changed for anode supported SOFCs in 

which the use of the electrolyte material as an ScSZ  

material and LSM / GDC as the cathode material.  The 

samples produced with these parameters are shown in 

Fıgure 1. 

 AAL AFL ScSZ 

N1 14 3 1 

N2 16 3 1 

N3 18 3 1 

N4 20 3 1 

N5 16 4 1 

N6 16 2 1 

N7 16 1 1 

 

Figure 1.  AAL and AFL ratio 

 

In the second part of the experimental study, in the first 

stage, anode supported SOFCs were produced by using 

LSM /ScSZ instead of LSM / GDC which is used as 

cathode material. The AAL and AFL ratios of the samples 

prepared using LSM /ScSZ are shown in Figure 2. 

 

 AAT AİT ScSZ 

N8 14 3 1 

N9 16 3 1 

N10 18 3 1 

N11 20 3 1 

N12 16 4 1 

N13 16 2 1 

N14 16 1 1 

 

Figure2.  AAL and AFL ratios of the samples prepared 

using LSM /ScSZ 

 

Current / voltage performance and impedance 

measurements were investigated for characterization. The 

cell and interconnectors used in the experimental 

apparatus are shown in Figure 3. 
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Figure3. Anod supported SOFC and interconnectors 

 

4. Conclusion 
 

GDC doped cathode layers were examined parametric at 

different temperatures (700, 750, 800 ° C) with different 

ScSZ doped cathodes in order to reduce ion conduction 

and electrical resistance. According to the performance 

results, a power density of 800 mW / cm2 was obtained 

from the MEG with 16-1 layer LSM / GDC cathode at 

800 ° C. These results have been achieved by using LSM / 

GDC and LSM / ScSZ for SOFCs using high temperature 

YSZ electrolyte without compromising performance at 

medium temperatures (700-800 ° C) and even higher 

power density. In addition, this study showed that GDC, 

which has ion conduction at lower temperatures, provides 

high performance such as, and that coating temperatures 

can be further reduced by improving coating techniques. 
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The materials found close to human body such as IC (Integrated Circuit), USB and mobile phone can be used as a dosimetry. 

SIM card chip used in mobile phone is a silicon rich material and a potential candidate of dosimetry. In this study, 

thermoluminescence (TL) properties of the SIM card chips of three different operators in Turkey were investigated and 

analyzed as suitable or not for a dosimeter after β – irradiation 90Sr-90Y at room temperature. Chip composition can be 

detected by X-Ray Fluorescence (XRF) method. Kinetic parameters of the glow curves were determined by computerized glow 

curve deconvolution (CGCD) methods. These parameters are number of peaks, carrier concentration (n0), trap activation (eV), 

and frequency factor (s-1) of operator 1. The main results from these experiments are all SIM card chips show the TL 

properties but the chip which was extracted from operator 1 has better TL properties as a dosimeter. The chip which gives the 

best TL intensity exhibits a distinct peak around 230 °C and a shoulder peak around 130 °C. 
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1. Introduction 

 
Thermoluminescence can be defined as the emission of 

light from a semiconductor or an insulator when it is 

heated, due to the previous absorption of energy from 

irradiation. Because of the heating process sample must 

be inorganic material. Generally, application areas are; 

radiation dosimetry, age determination, and geological 

researches. 

On the other hand, for the fabrication process for SIM 

Card, main sample is semiconductor wafer. It needs to 

dice into individual chips. More commonly, the dies are 

separated from the wafer by the use of a diamond saw. 

Gold and aluminum wires bonded between chip and 

substrate. A mylar sheet is stuck to the back of the wafer 

so that following separation the dies remain attached to 

the mylar film.  

 

2. Experimental Details 
 

According to X-Ray Fluorescence Method, SIM chip 

composition is made by SiO2 [1]. 

SIM card chip was exposed by 90Sr - 90Y beta radiation 

source at room temperature. It was irradiated from 2.4 Gy 

to 2.4 kGy. Before and after irradiation process, sample 

was heated up from 30℃ to 400℃ in 1℃ per second 

increments by Harshaw 3500 TLD Reader. Process before 

the irradiation is determination of natural dose 

(background radiation) and its purpose is evacuation of 

the traps which are located in the forbidden band gap of 

the material. Glow curves and the other results were 

obtained by using WINREMS software program. During 

experiments were not performed, the sample placed inside 

a box in a completely dark environment to avoid light 

contamination. 

 

 3. Results and Discussion 
 

Figure 1 shows kinetic parameter of variations of carrier 

concentration (n0) as a function of dose. For the low dose 

region, there is no important change in the carrier 

concentration, but after 20 Gy, the carrier concentration 

increases with increasing dose. At higher dose, the 
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structure of traps and the number of traps is being 

changed are the reasons of this increment. 

 

 
 

Figure 1. Carrier concentration (n0) of the Operator 1. 

 

4. Conclusion 
 

In this study, investigations were performed on 

Operator1. After all experiments, results show that the 

Operator 1 has good results and may be use as a core 

material of the dosimeters.  SIM card chip that we used 

shows thermoluminescence property and its material can 

be a candidate to use as an accidental dosimeter. 

However, more testing will be required in order to make 

proper determination 
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In this study, design and simulation of a novel multiband perfect metamaterial absorber which is operating at X band region 

are investigated. The designed structure consists of double square split ring resonators, and the resonator layer made of 

copper with a thickness of 0.035 mm. Moreover, the used dielectric layer is FR-4 dielectric material with a thickness and 

dielectric constant of 1.6mm and 4.3, respectively. In addition, microwave simulation program which is based on finite 

integration technique (FIT) is employed to perform design and simulation. According to simulation results, proposed structure 

capable to absorb energy of incident microwave at 9.03 GHz, 9.84 GHz and 11.71 GHz for transverse electromagnetic (TEM) 

mode. Absorption ratios of these resonant frequencies are calculated and equal to 99.8%, 99.6% and 99.8%, respectively. 

Moreover, the realized metamaterial has same absorption level regardless of polarization angle (phi) that means able to 

absorb energy with same level (00-900). Finally, metamaterial absorbers have wide range of application area such as medical, 

radar, military, visibility, etc. 
 

Keywords: Absorber, Multiband, Perfect Metamaterial. 
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1. Introduction 

Metamaterial is artificially produced engineering 

substance that is not found in nature. In recent years, 

along with developing technology, interest in 

metamaterials with unusual electromagnetic (EM) 

properties such as negative refractive index has increased. 

Due to their exotic EM features, metamaterials are 

applying in many different areas such as cloaking [1], 

absorber [2, 3], solar cell [4, 5], radar [6], and so on. After 

Landy et al. firstly proposed perfect metamaterial 

absorber (PMA) in 2008 [7], many scientists have focused 

on studies in this topic. In the last decade scientific 

studies, researchers had proposed a dual band [8, 9], three 

bands [10], multi band [11, 12] and broadband [13, 14] of 

the metamaterial absorber by using various methods to 

broaden the absorption band. In recent years, perfect 

absorber studies that have multiple band structure and 

polarization independent and wide angle properties have 

become a great importance owing to high absorption and 

wide application area. 

 

In this study, a multiband metamaterial absorber 

(MA) structure has been proposed which shows three 

different absorption peaks with perfect absorption. Design 

and simulation parts of the MA absorber have been 

realized by Finite Integration Technique (FIT) that 

supports under transverse electromagnetic (TEM) mode. 

This proposed structure is also simulated for transverse 

electric- transverse magnetic (TE-TM) mode, and the 

results obtained for TEM mode and TE-TM mode are 

compared. Furthermore, the proposed structure has been 

observed for polarization independency with distinct 

polarization angle of phi in both mode cases. 

 

2. Design and Simulation 

The proposed structure consists of combined 

double square split rings with single-layer. The front side 

of the periodic structure of proposed absorber was 

demonstrated in Fig.1. This absorber includes a metallic 

sheet and ground plane separated by dielectric substrate. 

FR4 with a thickness of 1.6 mm has been chosen as 
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dielectric with relative permittivity of εr = 4.3. Copper 

sheet (conductivity σ = 5.8 x 107 S/m) has been utilized 

on both of the upper and lower layers with a thickness of 

0.035 mm. 

 
 

Fig.1: The unit cell of the proposed structure with geometric 

dimensions: a=30 mm, b=28 mm, c=12 mm, d=3.2 mm, e=3.8 

mm, s=1.4 mm, w=2 mm. 

 

 Design of the proposed structure has been 

simulated by using FIT. For TEM mode, boundary 

conditions are set to perfect electric conductor (at x- 

plane), perfect magnetic conductor (at y-plane) and open 

(at z-plane) in simulation. For TE-TM mode, boundary 

conditions are set as unit cell (at x and y directions) and 

open (at z direction).  

The absorptivity A(w) of the metamaterial 

absorber can be defined according to equation A(w) = 1 – 

R(w) – T(w), where R(w) and T(w) indicates reflection 

and transmission coefficient, respectively. Since the down 

layer is totally copper, the transmission value T(ω) is 

zero. Hence, the absorptivity can be represented by A(w) 

= 1 – R(w). 

In Fig.2, absorption and reflection of the 

structure is given for TEM mode. According to the 

simulation results, structure consists of three absorption 

peaks at 9.03 GHz, 9.84 GHz and 11.71 GHz with 

absorptivity of 99.8%, 99.6% and 99.8%, respectively.  

 
Fig.2: Simulation results of absorption and reflection for TEM 

mode 

 

In Fig.3, absorption and reflection of the 

structure is given for TE-TM mode. According to the 

simulation results, structure consists of three absorption 

peaks at 9.06 GHz, 9.85 GHz and 11.71 GHz with 

absorptivity of 99.9%, 99.5% and 99.9%, respectively. 

 
Fig.3: Simulation results of absorption and reflection for TE-TM 

mode 

 

According to the simulation results, absorption 

and reflection results and also absorption peak values are 

almost identical for both two modes as shown in the Fig.2 

and Fig.3. 

Moreover, as shown in Fig.4 and Fig.5, due to 

the symmetry of the structure, the proposed MA is 

polarization independent for transverse electromagnetic 

(TEM) and transverse electric- transverse magnetic (TE-

TM) modes at 0°-90°. 
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Fig.4: Simulated absorption with different polarization angle 

phi for TEM mode 

 

 

 
 
Fig.5: Simulated absorption with different polarization angle 

phi for TE-TM mode 

Conclusions 
 

In this study, a novel perfect metamaterial 

absorber based on double square split ring resonator 

structure has been presented. Perfect absorption has been 

obtained at three different frequencies by changing 

structure dimensions and frequency range in simulation 

program. According to the simulation results, the 

proposed metamaterial absorber has been observed to be 

polarization independent with distinct polarization angles 

and also has nearly same absorption peak values at 

determined operating frequency under TEM and TE-TM 

modes. The proposed multiband MA is low cost and 

shows efficient results for the operating frequency range 

in microwave regime. Proposed structure which has high 

absorption and polarization independence is suitable to 

utilize in many application areas such as energy 

harvesting, radar cross section reduction. 
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In this study, design and simulation of a novel wideband perfect metamaterial absorber which is effect at X band 
region are investigated. The proposed structure includes four split ring resonators with same dimensions, and the 
resonator layer made of copper with the thickness of 0.035 mm. The back side of the structure is completely 
copper to reduce reflection coefficient level. Moreover, the used dielectric layer is FR4 dielectric material with the 
thickness and dielectric constant of 1.6mm and 4.3, respectively. The proposal has absorption of 99% at between 
9.76 GHz and 11.25 GHz frequency range and bandwidth is 1.49 in Transverse Electromagnetic (TEM) mode. 
Also in this frequency range, the proposed structure is polarization independent at different polarization angles. 
Since the proposed structure works in the X band, it is suitable for use in radar applications. 
 
Keywords: Absorber, Wideband, Perfect metamaterial (PM).  
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1. Introduction 

Metamaterials (MMs) are materials that do not exist 

in the nature but can be produced artificially and their light 

refraction properties are negative. In 1967, Victor Veselago 

et al. put forward the term of the negative refractive index 

[1]. In 1996, Pendry et al. [2] presented the theoretical 

studies to obtain a medium with negative constitutive 

parameters and, Smith et al. carried it out experimentally in 

2000 [3]. In the last decade, scientists have increased their 

researches on metamaterials. Due to their unique 

electromagnetic properties, these metamaterials have been 

widely used in various fields such as cloaking [4, 5], 

antennas [6, 7], absorbers [8, 9], perfect lens [10] and radar 

applications [11]. One of the important studies on perfect 

metamaterial absorbers was proposed by Landy et al. in 

2008 [12]. In the literature, after this study, the fact, which 

metamaterials show perfect absorption in a wide band from 

microwave band to the optical band of the electromagnetic 

spectrum, has led to a significant increase in research on 

these structures [13, 14]. After a single resonance study by 

Landy, polarization and angle independent structures that 

showed absorption at two or more resonant frequencies have 

been studied intensively [15, 16]. However, in these 

structures, absorption shows itself in a narrow band. By 

multiplexing the unit cell vertically and horizontally, 

absorption was carried out in wide band [17, 18]. 

 

In this study, a wideband metamaterial perfect 

absorber comprised of split ring resonators operating in X 

band has been proposed. The study is numerically achieved 

by CST based on Finite Integration Technique (FIT) that 

supports under Transverse Electromagnetic (TEM) mode. 

The absorption results are obtained with and without 

resistive load between the split parts of resonator. Moreover, 

the proposed structure has been examined by different 

polarization angles.   

  

2. Design and Simulation 

Design of the proposed structure has been 

simulated in the full wave CST Microwave Studio and for 

TEM mode simulation. Boundary conditions have been set 

to perfect electric conductor (at x- plane), perfect magnetic 

conductor (at y-plane) and open (at z-plane) in simulation. 

As shown in the Fig.1, unit cell of the proposed 

structure comprises of four split ring resonators which are 

the same sizes and dimensions. Bottom layer of the absorber 

design is coated with copper to eliminate the transmitted 

power. Resonators are formed of copper that has a 

conductivity of 5,8 x 107 S/m and it has a thickness of 0,035 

mm. The proposed structure is constructed on a FR4 type 

dielectric substrate with a thickness and dielectric constant 

of 1,6 mm and 4,3 respectively. The size of the unit cell is 

20 mm x 20 mm at the x-y plane. 
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Fig.1: Top view of the proposed structure 
 

The unit cell dimensions of the split ring resonator 

based structure have shown in Fig.2 and the parameter list 

has given in Table 1. 

 

 
 

Fig.2: Dimensions of the unit cell 
  

 
Table 1: Parameter list of unit cell  

 

Parameter b1 b2 c1 c2 m w 

Value (mm) 4,5 2,8 2,3 0,75 0,6 0,8 

 

 

 

The absorptivity A(w) of the metamaterial absorber 

can be defined according to equation A(w) = 1 – R(w) – 

T(w), where R(w) and T(w) indicates reflection and 

transmission coefficient, respectively. When the ground 

plane is used metal, T(w) = |S21|2 = 0. So we get the 

following equation:  

A(w) = 1 – R(w) = 1 - |S11|2 . 

 Operating frequency range has been determined 

between 7 and 13 GHz for use in radar applications. In the 

proposed structure, effect of the resistance load on the 

absorptivity has researched. Fig.3 shows the result of the 

structure without using resistive load, and Fig.4 shows the 

results of the structure using 300 Ω resistors placed in the 

gaps seen in Fig.1. 

 

 
 
Fig.3: Absorption of the metamaterial absorber without resistive 

loads 

 

 
Fig.4: Absorption of the metamaterial absorber with resistive loads 

 

 

The perfect absorption peak is observed 9.32 GHz 

without using resistive load demonstrated in Fig.3. A perfect 

absorption bandwidth is obtained by adding the resistive 

load at the split gaps of the resonator. According to obtained 

results using TEM mode, absorption value is 90 % at 

between 9.47 GHz and 12.32 GHz, and bandwidth is 2.85 

GHz. Also the perfect absorption value is 99 % at between 

9.76 GHz and 11.25 GHz, and bandwidth is 1.49 GHz 

illustrated in Fig.4. Furthermore, independency of 

polarization angle is another important factor for 

metamaterial absorber in different polarization angle phi 

applications. As shown in Fig.5, the proposed structure is 

demonstrated to be polarization independent at the 

polarization angle phi (0°- 60°). 
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Fig.5: Absorption under different polarization angle phi for TEM 

mode 
Conclusions 

 

In this paper, design and numerical study of the 

wideband and polarization independent perfect metamaterial 

absorber in the microwave has been achieved. Proposed 

absorber structure is composed of multiple split ring 

resonators and resistors. Simulation results show that the 

absorber has perfect absorption characteristic with 

absorptivity more than 99% from 9.76 GHz to 11.25 GHz. 
Moreover, since the structure is symmetrical, it was also 

supported by the simulation results in which it is 

polarization independent at different polarization angles. 

The proposed structure could be efficiently integrated in 

radar applications considering the operating frequency band.  
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Solid oxide fuel cells (SOFCs) are high temperature energy conversion devices, converting chemical energy of a fuel directly 

into electrical and heat energy through electrochemical reactions of fuel and air. They have received great attention since they 

provide clean and efficient operation together with fuel flexibility. SOFCs can be broadly classified according to their geometry 

as planar, tubular and micro-tubular. Micro-tubular SOFCs are advantageous over planar and tubular SOFCs in terms of ease 

of sealing, small in size, high power density, short start-up and shutdown periods, quick response to dynamic loads and high 

resistance to thermal shock. The extrusion technique is widely used to manufacture support micro-tubes. In this respect, the 

properties of the extrusion solutions have a great impact on the final product. In this study, therefore, the effects of 

components in the extrusion slurry of NiO- YSZ anode support micro-tubes are systematically studied for a successful anode 

support micro-tube fabrication via extrusion. For this purpose, the amounts of solvent, pore former and plasticizer are 

considered. It is determined that the appropriate amount of organic solvent, pore former and plasticizer in the extrusion slurry 

for the fabrication of NiO-YSZ anode support micro-tube with desired properties should be 50 wt. %, 10 wt. % and 5 wt. %, 

respectively. The optimized anode-support micro-tube is then dip coated with YSZ electrolyte and LSM-YSZ cathode. The 

anode supported micro-tubular cell is tested under hydrogen and open cathode conditions. The cell exhibits a peak power of 

1.43 W at an operating temperature of 800 °C 

 

Keywords: Solid oxide fuel cells, SOFC, micro-tubular, extrusion, slurry composition. 
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1. Introduction 

             Today, the need for energy, most of which is 

obtained from fossil-based fuels, has an increasing trend 

due to developments in technology and increasing world 

population. The fact that fossil resources are finite and the 

irreversible damages they cause to our world in the long 

term, especially global warming, have led the commercial 

and scientific circles to research for new and renewable 

environmentally friendly energy sources. In this respect, 

fuel cells, which convert the chemical energy of a fuel 

directly into electrical  

 

and useful heat energy by an electrochemical way, have 

received great interest due to their high efficiency and 

environmentally friendly operation. Over the other 

available fuel cell types, solid oxide fuel cells offer some 

advantages including relatively higher efficiency due to 

high operation temperature (600-1000°C), fuel flexibility, 

no need for precious catalysts like Pt and tolerance 
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impurities in the fuel. SOFCs can be broadly divided into 

two according to geometry: tubular and planar. Beside 

these, tubular SOFCs with few millimeters in diameter are 

called micro-tubular SOFCs. 

 

              The concept was first introduced by Kendall [1], 

who fabricated YSZ electrolyte supported micro-tubular 

cells having 1 mm diameter. This SOFC design, providing 

easy sealing, high power density, good thermal cycling 

and high thermal shock resistance due to having 

cylindrical geometry and small size, together with rapid 

start up and shut down times, can be used for stationary 

applications as well as mobile applications [2-4]. In the 

literature, micro-tubular SOFCs have commonly anode-

supported structure to improve the cell performance by 

reducing the thickness of the electrolyte. In the fabrication 

of micro-tubular SOFCs, classical extrusion method has 

been often employed to fabricate this support micro-tube, 

whereas other layers have been generally coated via dip 

coating. In addition, the anode support and the electrolyte 

layer have been generally co-sintered. Beside the 

processing parameters such as pre-sintering temperature 

of the anode support micro-tube [5, 6] and co-sintering 

temperature [7, 8], the properties of the extrusion slurry 

used in anode support micro-tube fabrication such as the 

powder size and ratio, the type and ratio of the additives 

as well as the composition have also great impact on the 

final product, since they mainly decide the final anode 

support microstructure thus the cell performance. There 

exist some studies in the literature investigating the 

effects of the extrusion slurry. Suzuki et al. [9], for 

example, focused on the powder size of NiO in the 

fabrication of NiO-GDC anode support micro-tube via 

extrusion on the cell performance and microstructure. 

They tested NiO powders having 0.5 µm and 5 µm 

particle sizes. The micro-tubular cell including fine NiO 

powders exhibited relatively higher power densities at all 

operating temperatures studied. This was explained by the 

more optimized anode microstructure for better cell 

performance as a result of fine NiO powders used.  

Monzon et al. [7] reported that the optimum solid powder 

content in the extrusion slurry of NiO-YSZ anode support 

micro-tube should be 65 vol % in terms of acceptable 

homogeneity, torque values and thermoplastic behavior. 

 

              In this study, on the other hand, the amount of 

solvent, pore former and plasticizer used in the extrusion 

slurry of NiO-YSZ anode support micro-tube are 

optimized for a successful extrusion process including 

sintering step without any structural and geometrical 

defects.    

2. Experimental detail 

              Commercially available NiO (NiO-F, Novamet, 

New Jersey, USA) and YSZ (Tosoh, Tokyo, Japan) 

powders are mixed at a weight ratio of 3:2. An 

appropriate amount of fish oil (Sigma-Aldrich, Munich, 

Germany) as a dispersant and solvent (a mixture of 

ethanol and ethyl methyl ketone, Sigma-Aldrich) are then 

added to the mixture. In order to study the effects of the 

amount of solvent, solvent content of the extrusion slurry 

was varied between 40 and 55 wt. % with respect to solid 

anode support powders. Next, plasticizer (polyethylene 

glycol, Sigma-Aldrich) and pore former (activated 

charcoal, Sigma-Aldrich). Similarly, the amount of 

plasticizer and pore former was changed from 1 to 10 

wt. % and from 0 to 20 wt. % with respect to solid 

powders, respectively, to investigate their effects on the 

anode support micro-tube extrusion process. Following 

the ball milling around 24 h, the solutions were subjected 

to stirring by a transmission type mechanical stirrer with 

addition of paraffin wax and stearic acid at suitable ratios. 

After the desired viscosity is achieved, the slurry is 

extruded by a home-made extrusion machine with a die 

having inner and outer diameter of 4 mm and 5.25 mm, 

respectively. The green tubes were then dried under 

atmospheric conditions for 24. The sintering of the anode 

support micro-tubes was performed at 1300 °C for 4h.   

 

3. Results and discussion: 
 
    3.1. Effect of solvent content 

              Anode support micro-tubes are obtained after the 

extrusion of slurries with various solvent contents. 

Extrusion slurry with 40 wt. % solvent fails in the 

homogenization step during the stirring due to 

agglomeration. Therefore, the extrusion process could not 

be proceeded for this solution. This can be explained by 

inadequate solvent content of the extrusion slurry, 

resulting in agglomeration of the anode support powders. 

It is possible to extrude the anode support micro-tube 

slurry having 45 wt. % solvent. However, after the drying 

steps, some micro-cracks are observed on the tube 

surface, which cause mechanical failure during sintering 

as shown in Figure 1. 
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Fig.1: SEM images of anode support micro-tube prepared with 

40 wt. % solvent 

 
              50 wt. % solvent concentration provides a 

successful extrusion and sintering step as shown in Figure 

2. A further increase in the solvent content (55 wt. %) 

leads to piling up of the slurry during the extrusion step as 

illustrated in Figure 3. This may be due to relatively low 

viscosity of the corresponding extrusion slurry as a result 

of relatively higher amount of solvent addition.   

 

    

(a) 

 

          (b) 

 
Fig. 2: SEM images (a) and photo after sintering (b) of anode 

support micro-tubes with 50 wt. % solvent 

 
 

 

 

Fig.3: Photo of the extrusion step of the slurry having 55 wt. % 

solvent 

 

3.2. Effect of pore former content 

 

              After deciding the amount of solvent in the 

extrusion slurry, pore former content is studied since 

SEM images shown in Figure 1 and Figure 2 indicate an 

inadequate porosity. In order to investigate the effect of 

pore former content in the extrusion slurry of NiO-YSZ 

anode support micro-tubes, various solutions including 5-

20 wt. % pore former with respect to solid powders are 

prepared. The resultant microstructures are shown in 

Figure 4. As expected, the porosity tends to increase with 

increasing the pore former content. On the other hand, the 

mechanical strength of the tubes is inversely affected. 

Although an improvement in the gas diffusion can be 

achieved at higher pore former contents, the number and 

the length of the anode triple phase boundaries, where 

anode electrochemical reactions take place, certainly 

decrease. Therefore, it is reasonable to expect relatively 

low cell performances at high anode porosities. 

Considering the decrease in both mechanical strength and 

the number of electrochemical reaction zones with the 

porosity together with long experience in planar SOFCs, 

the pore former content in the NiO-YSZ anode support 

micro-tube extrusion slurry is selected as 10 wt. %.  

 

 

 

(a)                         (b) 

                (c)                                     (d) 
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                                             (e) 

 
Fig.4: Micrograph of NiO-YSZ anode support micro-tube 

without pore former (a) and with 5-20 wt. % pore former (c-e) 

 

3.3. Effect of plasticizer content 

 

              With the addition of pore former into the 

extrusion slurry, it is observed that the workability of the 

extrudates decreases, leading to broken structure during 

cutting the micro-tubes after the extrusion at a desired 

length. To solve this problem, 1, 5, 7 and 10 wt. % 

plasticizer with respect to solid powders is added into the 

mixture. According to the observations during the 

extrusion process, it is seen that at 7 and 10 % loadings 

the hardness of the extrudates is inadequate, resulting in 

micro-tubes with non-uniform thickness and irregular 

geometry. At 1 wt. % plasticizer content, on the other 

hand, there is no significant change observed in the 

workability of the extrudates. Therefore, the optimum 

plasticizer content is decided to be 5 wt. % with respect to 

solid anode powders. Photos of the extrusion process and 

of the micro-tube after sintering at this plasticizer content 

are given in Figure 5.      

 

 

(a) 

 

(b) 

Fig.5: Extrusion process of the slurry having 5 wt. % plasticizer 

(a) and the resultant micro-tube after sintering (b)  

 

After determining the suitable amounts of solvent, pore 

former and plasticizer, anode support micro-tubes are 

coated with YSZ electrolyte and LSM-YSZ cathode in an 

order via dip coating to fabricate anode-supported micro-

tubular cell. The active cathode length is adjusted to 50 

mm whereas the total length is 70 mm. The inner and 

outer diameter of the anode support is measured to be 3 

mm and 4.5 mm, respectively while both the electrolyte 

and the cathode layers have a thickness of 20 µm. The 

cell is then tested under hydrogen and open cathode 

conditions at 700-800 °C operation temperatures in a 

temperature-controlled furnace. The performance results 

are depicted in Figure 6. As expected, the cell 

performance tends to increase with the operating 

temperature due to enhanced reaction rate at elevated 

temperatures. Open circuit potentials are close to 

theoretical value indicating dense and crack free 

electrolyte layer together with achieved gas tightness in 

the tests. The cell exhibits 1.43 W/cm2 peak power 

density at an operation temperature of 800 °C, which is 

compatible with the current literature. 

 

 
 

Fig.6: Performance curves of NiO-YSZ supported anode 

supported micro-tubular SOFC 

 
Conclusions 
 
              In this study, the amounts of solvent, pore former 

and plasticizer used in the extrusion slurry of  NiO-YSZ 

anode support are experimentally optimized, considering 

a successful extrusion process without any defects 

together with microstructural observations. The results 

indicate that at low solvent contents, it is not possible to 

extrude the slurry due to agglomeration while at high 

solvent contents, the slurry cannot proceed further and 

conglomerate on the die due to relatively low viscosity. In 

addition, in spite of the additives in the extrusion slurry, 

the final porosity of the anode support micro-tube is 

found to be inadequate for the desired gas diffusion. 

Therefore, some amount of pore former addition into the 

extrusion slurry is required. On the other hand, the 

mechanical strength and the number of the reaction zones 

decrease with the pore former content. In addition, the 

workability of the extrudate is observed to be not enough 
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with the addition of pore former. To eliminate this 

problem, addition of certain amount of plasticizer into the 

extrusion slurry is suggested. However, it is observed that 

at higher plasticizer contents, the slurry shows a 

fluidization behavior, thus low hardness. As a conclusion, 

the amount of solvent, pore former and plasticizer should 

be carefully decided to obtain anode support micro-tubes 

with desired properties. Within the ranges considered in 

this study, the appropriate amount of organic solvent, pore 

former and plasticizer in the extrusion slurry for the 

fabrication of NiO-YSZ anode support micro-tube with 

desired properties are found to be 50 wt. %, 10 wt. % and 

5 wt. %, respectively.   
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This study presents for obtaining both theoretical and experimental nanoparticles, DFT (Density Functional Theory) and 

hydrothermal methods were used. In our calculations, Gaussian 09W and Gauss View programs including molecular 

mechanics, quasi-experimental and ab-initio methods, which have a large number of theories and basic set options used and 

also for characterizing structures fourier transform infrared spectroscopy are used and also obtaining size and structure of 

nanoparticles were studied by analyzing X-ray diffraction and morphology of surface and structure of synthesized 

nanoparticles were studied 
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1. Introduction 

Especially 21st century nanoparticles have 

become a very important part of our lives. The types of 

nanoparticles investigated have extended our lives and 

brought great convenience to our lives due to their useful 

properties [1]. Iron oxides are compounds used in 

nanoparticles. The size of the iron oxides obtained at the 

nanoscale is very low. Because they are nanoscale, they 

stack together and reduce surface energies. Surfactant 

(surface coating) is added to the structures to influence 

magnetic interaction. The oxidation caused by the 

external environment is minimized by the coating, the 

distribution of the particles in different environments is 

ensured and thus the application areas are increased. In 

general, there are various synthesis processes used in the 

development of magnetic nanoparticles. Before the 

experimental process, there are many chemical 

calculations made using computer in chemical research. 

The data obtained by theoretical calculations are very 

consistent with the data obtained by experimental 

methods such as 13C and 1H-NMR spectral data, IR 

frequency values, bond angles, bond lengths, dihedral 

angles, Mulliken atomic charges, HOMO-LUMO 

energies, dipole. Most of the features are available in less 

time and more reliably. Here, depending on the physical, 

chemical, thermal and mechanical properties, nanoparticle 

size, surface growth and composition density can be 

changed by experimental processes [2-4]. As is known, 

nanostructures range from 1 nm to 100 nm [5]. 

Nanoparticles of these dimensions have different physical 

properties compared to other structures [6]. Accordingly, 

the change in particle sizes changes the magnetic 

properties of the particles. When we look at these 

structures, it is very important to extend the application 

areas which are known to determine the 

superparamagnetic or ferromagnetic properties of the 

structure depending on the magnetization values of the 

structure. 

The size of the iron oxides obtained at the 

nanoscale is very low. Because they are nanoscale, they 

stack together and reduce surface energies. The magnetic 

interaction added to the surfactant (surface coated) 

structures is important. Oxidation caused by the external 

environment is minimized [7]. With the coating, 

dispersions of the particles in different media are 

obtained, thereby increasing the application area. The 

particles may be coated with an organic layer (polymer or 

surfactant) or an inorganic layer (gold, silver, silica, 

carbon) [8]. 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

178 
 

Magnetic nanostructures are seen in 3 structures 

as magnetite (Fe3O4), maghemite (γ-Fe2O3) and hematite 

(α-Fe2O3). These structures have a wide range of 

applications. Due to its low toxicity and low magnetic 

crystal anisotropy, it is preferred in technological and 

biomedical applications, drug therapy, magnetic cell 

separation and biosensor applications. 

 

Today, iron oxide (Fe3O4) nanoparticles can be 

synthesized in many different ways. These methods 

include hydrothermal method, co-precipitation, 

microemulsion, thermal precipitation, sol-gel method. [9-

11]. In the synthesis of nanostructures, the hydrothermal 

method is the most preferred method due to the high 

crystallinity and temperature-dependent variation of the 

particle size. 

The first stage of the study consists of theoretical 

calculations. Nowadays, there are many chemical 

calculations made using computer in chemical research. 

In our calculations, Gaussian 09W [12] and GaussView 

[13] programs including molecular mechanics, quasi-

experimental and ab-initio methods, and a large number 

of theories and basic set options are used. Hartree-Fock 

method (HF) and Becke's three-parameter energy function 

hybrid approach [14] and Lee-Yang and Parr [15]'s 

correlation function within the program, B3LYP theory 6 

-31G (d, p) Basic set was used. In addition, the basic sets 

DFT / 6-31G (d, p) and HF / 6-31G (d, p) are used. In our 

study, the basic bond angles, bond lengths, bond angles, 

HOMO-LUMO and Mulliken atomic charges of the 

molecules we synthesized theoretically were calculated. 

The structures formed are iron based structures. The 

detailed analysis of these structures, the highest occupied 

molecular orbital and the lowest empty orbital 

eigenvalues and other parameters were examined 

meticulously and the probability and yield of the 

compound were investigated depending on these 

parameters. We have once again observed that many 

features are obtained in a shorter time and more reliably 

It has been a challenge to accurately describe the 

magnetic and electronic properties, especially from 

conventional density functional theory DFT that explain 

iron oxide which have electronic band gap. The electronic 

and equilibrium structure density function theory of Fe3O4 

used in our experiments was calculated by calculating the 

hybrid density of DFT and B3LYP, and the structure 

equilibrium of the cubic cell was calculated. Particularly, 

α-FeOOH, α-Fe2O3, Fe3O4 and FeO are the most common 

compositions in many heterogeneous catalysis. 

DFT and B3LYP density functions were used to 

calculate phonons at the point of the Brillouin region. The 

frequencies predicted for these crystal structures are 

compared to frequencies of infrared conductivity. 

There have been several studies about structure 

of magnetite Fe3O4 which computed using DFT and 

B3LYP hybrid density functional[16-18] Studied 

electronic structure and crystal structure of Fe3O4 in the 

cubic and monoclinic unit cells using generalized gradient 

approximation _GGA_–density functional theory _DFT_ 

or B3LYP hybrid DFT[19]. Classified oxide based on the 

stres condition. They work interface of properties from 

DFT calculations and they are using to find failure modes 

in metal-metal-oxide interfaces  are searched the charge 

redistribution between systems by CCD charge density 

differences [20]. 

 

In the second stage of our study, experimental 

method was followed. In this study, the controlled 

changes in the crystallinity and size of the 

superparamagnetic nanoparticles synthesized by 

hydrothermal methods and the changes in their magnetic 

properties were investigated. Changes in particle size 

depend on surfactant, temperature, 

 

2. Experimental details 
 

2.1. Iron Oxide (Fe3O4) 

Magnetite is a natural iron oxide magnet, so the 

name offers a very pleasant distinguishing feature. 

Magnetite is the most magnetic of all minerals in the 

world. 

Magnetite is shown as as the formula A (B) 2O4. 

A and B are shown atom’s ions which covered possible 

regions of the crystal structure. Because of the magnet, 

Fe3O4, A metal Fe+2 and B metal Fe+3; Two different 

metal ions in two special area. This arrangement causes 

electron transfer between different irons in a structured 

path or vector. This electric vector produces a magnetic 

field. 

 

 
 

            Fig.1: Conformation of Fe3O4 

 

             The most suitable form of structure iron oxide is 

drawn as a result of several stages. A conformation is 

optimized with Gaussian 03 B3LYP / 6-31 (d, p) 

calculated method package. The optimized conformation 
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of the steady state is shown in Fig. 1. To determine the 

most suitable conformation, many conformations are 

drawn and the relative energies of the conformations are 

calculated. Energies of molecule, bond lenghts, bond 

angles, distance between atoms, standard orientation and 

HOMO-LUMO values were examined. Accordingly, 

B3LYP / 6-31 (d, p) was optimized using the method and 

Table 1, Table 2 and Table 3 collected. 

 

Table 1: Energies of conformation (eV). 

 

Energy Gibbs Free Energy ZFC 

4091.83321 4091.874778 4091.840865 

 

It was concluded that the structure formed was 

determined by looking at the energies of the 

conformation. According to the results, the difference 

between the energy of the structure, Gibbs energy and 

zero point energies is very small. This is an indication that 

the structure is stable.  

 

According to HF / 6-31G (d, p) calculations 

change of bond length and bond angles in Fe3O4 are given 

in Table 2 and Table 3. 

 

Table 2: Fe3O4’s bond lengths [Å]. 

 

Parameter Bond Lenghts 

Fe1-Fe2 2.1956 
Fe1-Fe3 2.3371 
Fe1-O1 1.765 
Fe1-O2 1.765 
Fe1-O3 1.6646 
Fe2-Fe3 2.3351 
Fe2-O1 1.7648 
Fe2-O2 1.7649 
Fe2-O4 1.6643 
Fe3-O3 1.8468 
Fe3-O4 1.8468 

 

B3LYP / 6-311 ++ with G (d, p) base set In 

another study, the average length of this bond 1.795Å, 

1.822Å and 2,2371Å is given as [21-26]. Our calculations 

are consistent with these studies 

 

Table 3: Fe3O4’s bond angles [°]. 

 

Parameter Bond Angles 

FE2-Fe1-O3 113.6232 
Fe3-Fe1-O1 87.719 
Fe3-Fe1-O2 87.6906 

O1-Fe1-O2 93.5545 
O1-Fe1-O3 120.792 
O2-Fe1-O3 120.7633 
Fe1-Fe2-O4 113.7687 
Fe3-Fe2-O1 87.7895 
Fe3-Fe2-O2 87.7604 
O1-Fe2-O2 93.5683 
O1-Fe2-O4 120.8618 
O2-Fe2-O4 120.8455 
Fe1-Fe3-O4 101.1089 
Fe2-Fe3-O3 101.0797 
O3-Fe3-O3 146.1297 
O3-Fe1-Fe2-O4 -0.0079 
O1-Fe1-Fe3-O4 -46.8059 
O2-Fe1-Fe3-O4 46.8466 
O1-Fe2-Fe3-O3 46.8169 
O2-Fe2-Fe3-O3 - 46.8434 

 

The longest Fe-Fe bond is Fe2-Fe3, 

2,33510197Å and the longest Fe3-O4 bands is 1,8433 Å 

as calculated. And also Fe1-Fe2 band and the other Fe-O 

bands are expected value and also while we look at the 

angles, the values have good agreement with the 

literature.  Mean bond lengths from the B3LYP functional 

calculation, where bond lengths were allowed to 

calculation. 

 

 

 

 

Table 4: Standard Orientation Coordinates.  

 
Center 

number 
Atomic 

Number 
x y z 

1 26 -1.11936 -0.59927 -0.00201 

2 26 1.07263 -0.67363 0.00270 

3 26 0.05137 1.42840 -0.0015 

4 26 -0.03077 -1.1472 -1.28590 

5 26 -0.04906 -1.1348 1.29094 

6 26 -1.73062   0.95014 -0.00314 

7 26 1.7954   0.8261 0.00100 

 

Standard orientation is shown that in the gas is 

the form of iron oxide in cartesian coordinates and is 

given that Table 4.  

Mulliken load distribution, the main idea of the 

method is to distribute the wave functions to atoms while 

the overlap is possible. But this distribution does not show 

the complete electronegativity of the elements. Mulliken 

loads experimental data used to make qualitative 

estimates other than quantitative prediction.   

              

                     Table 5: Mulliken atomic charges. 

 
Fe1 1.073331 

Fe2   1.071951 

Fe3 1.038357 
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O4    -0.768009 

O5   -0.772577 

O6 -0.822345 
O7   -0.820708 

 

Sum of Mulliken charges summed into heavy 

atoms as shown tahat the moleculer of Fe3O4 is 

determined. 

       

      

  
 

4O3HOMO AND LUMO of Fe Fig.2: 

 

Molecular orbital theory due to interactions 

between HOMO-LUMO p-p * transitions are observed in 

transition states according to other works [27]. HOMO 

energy ionization LUMO energy is related to electron 

activation HOMO and LUMO. The energy difference 

between is called energy band gap. Structures is an 

important parameter for stability. 

 

 

 
 

4O3Raman spektra of Fe Fig.3: 
 

The method used in the experimental study is the 

hydrothermal method. In experimental results as shown 

by Raman spektra Figure 3. And the results are discussed 

in Ref 29.  The structural and magnetic properties of the 

synthesized nanoparticles were investigated. Changes in 

the structural and magnetic properties of the nanoparticles 

were investigated depending on the reaction time, 

temperature and pH parameters. On the other hand, the 

surfaces of the particles were coated with the surfactant 

TA, which we call surfactant. 

 

2.2. Metarials 

The chemical reagents used in this work were 

this Iron (III) sulfate((Fe2(SO4)3) Sigma Aldrich >99%) 

and ferrous sulphate heptahydrate. (FeSO4.7H2O sodium 

hydroxide (NaOH, Sigma Aldich >99%) and PEG (Sigma 

Aldich >99%) All the chemical reagents were of 

analytical degree. 

 

2.3. Synthesis 

The samples of magnetite nanoparticles were 

prepared according to our last study to Ref 28. All the 

steps are told there.   

 

2.4. Characterization 

The devices are the same which we have used 

our last experimental and analyses are given Ref 29. The 

properties of these devices appropriate the search our 

expectations that we suspect.   

 

3. Results and discussion 
 

We have preapered nanoparticles with the 

hydrothermal synthesis method which increases heat and 

time.  We performed this based on the mixing of ferric 

sulfate and iron sulphate during a wet process involving 

the Fe 2 + and Fe 3 + reaction.  

The results which we have found our last study 

that are given that Ref 28.   By XRD purity of samples 

prepared at different temperatures and amount of TA.  

The XRD peaks are e five diffraction peaks (220), (311), 

(400), (422), (440). And the their highest intensity peak 

was (311). A spinel structure of the Fe3O4 crystal, and 

the resulting nanoparticles are a magnetic structure [30]. 

To search the effect of the reaction temperature on the 

nanoparticle size without surfactan,  the temparature was 

increased from 100 °C to 150 °C, the dXRD increased from 

14 to 16 nm.  

As a result that using surfactan, particle size is 

become smaller and when temperature  increased 150°C 

to 180°C, the particle’s size increased from 16 nm to 67,5 

nm. At 150°C iron oxide was found,  dXRD is 13 nm. We 

have identified TA as both surfactant and modulators. 

The dFESEM of the nanoparticles are also listed in 

Table 5 and some selected FESEM images of the 

nanoparticles were displayed Ref 28. In the absence TA 

hydrothermal process are well crystallized, exhibiting a 

broad size distribution and a relatively small mean size 

~24 nm (Table 6). During the hydrothermal process in the 

absence of TA. The S1-150-0 particles grow intensely and 

reach 80 nm at 150°C. Because of the founding such a big 

particles we purposed that absence of the TA caused the 

growth.  Presence of tartaric acid, dFESEM of nanoparticles 

decreased in order of 80nm and 18 nm. As a result that 

the growth is strongly inhibited, even at elevated 

temperatures, when the value of amount of TA is high. 

We purposed that while increasing temperature the 
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growing of particle size is bigger than 30 nm But TA is 

inhibit the growing so at optimal temperature we get 

superparamagnetic and ferromagnetic particles 

nanopartizles. Reflections are a magnetite feature with a 

hollow structure [31-32] 

However, when the temperature of the solution 

was 180 °C, the absorption intensity decreased. And the 

dXRD of the nanoparticles are not observed to be consistent 

with the dFESEM. We deducted that when the solution 

reaches supersaturation, crystal nuclei are formed and the 

release of iron ions is stopped. Weak change in such a 

different temperatures interval will depend on the 

inhibition of TA to grow iron oxide crystals. However, 

crystal growth is quite slow due to the inhibitory effect of 

TA and the increase in absorption curve. This trend can 

then be explained by the fact that FeOOH must 

correspond to the dehydration phase and the Fe3O4 

crystals to the growth phase. 

 

 

Table 6: The crystal parameters, dXRD, lattice parameters, 

dFESEM of nanoparticles calculated from the broadened 

peak data using the Scherer equation and represented. 

 

Sample T (C) a 
(nm) 

(nm)XRDd (nm)SEMd Reactio
n Time 

H 
(Oe) 

S1-100-0 100 8.366 14 24.0±2 6 99 
S1-150-0 150 8.366 16 80±2.3 6 99 
S1-150-1 150 8.366 13 18±5.8 6 99 
S1-150-2 150 8.366 20 10±3.0 6 99 
S1-180-1 180 8.366 67,3 18±3.4 1 99 
S1-180-2 180 8.366 67,3 20±5.0 1 99 

 

 
Conclusions 
 

As a result of the bond lengths and bond angles 

of the structure of iron oxide structure and better 

understand the structure can be added to the structure we 

can work on what we can understand the possible work 

This simulation study was a preliminary data study for us. 

We examined the basic properties of the structures that 

may occur by centering iron oxide. We have worked on 

new ligands and new surface coatings that can be added to 

this structure .As we found that bond lengths and angles 

are avarege.   

In experimental section we examined 

nanoparticles at different temperatures which coated with 

surfactant. The XRD results are given as we told that Ref 

23. We can say that some of the particles we find as a 

result of the particle are superparamagnetical.  

We can say that when we use TA as a surfactant 

in the synthesis of magnetic Fe3O4 nanoparticles, the 

particles become smaller.  

We can also come to the conclusion that using 

DFT we can say that by analyzing iron oxide we can find 

bond charecteristics as a atomic orbital. Altough the 

bond’s energies are too low, O atoms are has got a ability 

to electron exchange. 
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Blind mole rats (genus Nannospalax) are wild rodents with significant adaptation to subterranean life. These organisms are 

best known for their high tolerance to hypoxia and resistance to cancer. Blind mole rats exist in several different cytotypes with 

chromosome numbers ranging from 2n=36 to 2n=62 and are represented as four major species living in Turkey; N. xanthodon, 

N. leucodon, N. ehrenbergi, and N. tuncelicus. This study aimed to comparatively analyze the liver tissue to determine 

possible cellular and structural changes between different cytotypes. 

Liver tissues from different Nannospalax cytotypes (2n=52, 54, 58 and 60) harvested, formalin-fixed and paraffin embedded 

through histological procedures. 5 micron sections were cut using a microtome. Liver sections were stained with hematoxylin-

eosin (H&E) and their histopathology was evaluated under the light microscope. Additionally, in order to have a better view of 

the nuclear organization, sections were stained with DAPI (4′,6-diamidino-2-phenylindole) and analyzed using a fluorescent 

microscope. Our results did not identify significant structural differences in the liver parenchyma, portal areas, hepatocytes as 

well as their nuclear organization. 

This study provides the first comparative analysis on the liver tissue of Nannospalax cytotypes with varying chromosome 

numbers. Our finding that liver tissue from different cytotypes of Nannospalax did not have unique histological structures 

suggest that these tissues are unlikely to possess distinct functions. Liver is a vital organ for an organism; therefore, it is highly 

similar in structure across different organisms, which is in line with our findings. 

 

Keywords: Histopathology, blind mole rat, liver tissue, nuclear organization 
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1
. Introduction 

 
Subterranean mammals often converge at molecular and 

organismal levels while developing adaptations to life 

underground [1]. Blind mole rats (genus Nannospalax) 

are wild rodents with significant adaptation to 

subterranean life. Due to external factors that drive 

evolution such as the climate change, through affecting 

vegetation that acts as a population filter, “Spalax” 

lineage has split into various clades [2]. Turkey is one of 

the main habitats of the blind mole rats, which are 

represented as four major species; N. xanthodon, N. 

leucodon, N. ehrenbergi, and N. tuncelicus. Several 

studies have indicated that it is very complicated to 

clearly define the taxonomic status of these rodents as 

their chromosomal variations are not reflected in the 

extent of morphological differentiation [3-5]. 

Karyological studies have reported that different 

Nannospalax cytotypes display distinct chromosomal 

polymorphisms [6]. In Turkey, 21 different karyotypic 

forms have been described, which exist in several 

different cytotypes with chromosome numbers ranging 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

184 
 

from 2n=36 to 2n=62 [7]. Although the morphologies, 

chromosomal properties and the mitochondrial DNA 

composition of the different cytotypes of the blind mole 

rats are widely studied; there are no studies that 

extensively analyze the histopathology of the liver tissue 

across Nannospalax cytotypes. Therefore, this study 

aimed to comparatively analyze the liver tissue from blind 

mole rats with different chromosome numbers (2n=52, 

54, 58 and 60) to determine possible cellular and 

structural changes. 

 

 

2. Experimental details 
 

All animal procedures were approved by the Institutional 

Ethics Committee at Niğde Ömer Halisdemir University 

(Date: 10.09.2019, Protocol number: 2019/25) and were 

carried out in accordance with the principles of the Guide 

for the Care and Use of Laboratory Animals (NIH 

Publication No. 85-23, revised 1996).  

Without any treatment, animals were sacrificed via ether 

inhalation. Liver tissues were harvested, fixed in 10% 

formaldehyde and embedded into paraffin through routine 

procedures. 5 micron sections were cut using Leica 

Biosystems RM 2245 Microtome (Germany) and stained 

with Hematoxylin & Eosin (H&E) as described in8.  

 

 
 

Figure 1. Histopathological analysis of the liver tissue 

across Nannospalax cytotypes with chromosome numbers 

A) 2n= 52, B) 2n= 54, C) 2n= 58, D) 2n= 60 (H&E, x10). 

 

For immunofluorescent staining with DAPI (4′,6-

diamidino-2-phenylindole), the sections were 

deparaffinized by passing them sequentially through 

100%-95%-70%-50% of EtOH. For heat induced antigen 

retrieval, samples were boiled in 10 mM Sodium Citrate 

buffer (pH 6.0) for 10 minutes. Sections were 

permeabilized in 0.4% Triton X-100 in PBS for 20 

minutes and blocked with 4% BSA-PBS-Triton X for 1 

hour at room temperature. After washing the sections 

3x10min in PBS, the sections were mounted in 

Fluoroshield mounting medium containing the DNA 

intercalating dye DAPI (Abcam). The sections were 

sealed with nail varnish and stored at 4°C in the dark. 

Microscopic analyses were performed using a microscope 

(Olympus, BX53, Japan) equipped with a digital camera 

(DP 80, Olympus, Japan) and Cellsens standard program 

(version1.17) at different magnifications. 

 

 
 

Figure 2. Nuclear organization of the liver tissue in 

Nannospalax at a) x10, b) x20, c) x40, d) x60 (DAPI). 

 

 

3. Results and discussion 
 

Mammalian livers differ significantly in size in 

accordance with their body weight [9]. However, 

structurally and functionally rodent livers share many 

similarities both within themselves and even with humans 

[10]. Likewise, the microscopic architecture of the liver is 

generally similar in all mammals. Our results did not 

identify significant structural differences in the liver 

parenchyma, portal areas, hepatocytes as well as their 

nuclear organization. 

The histopathological analysis of the liver parenchyma, 

portal areas, and hepatocytes from different cytotypes of 

Nannospalax no difference was observed (Figure 1).  

Blind mole rats have evolved into different cytotypes with 

varying chromosome numbers. However, the functional 
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reflection of these genomic variations has not been clearly 

defined yet. In mammals, one copy of the two X 

chromosomes in females is randomly silenced by tightly 

packaging the DNA into heterochromatin to provide 

dosage compensation [11]. In order to investigate whether 

Nannospalax cytotypes with more chromosome numbers 

undergo a similar heterochromatinization and silencing, 

we performed immunofluorescent staining using DAPI, 

which is a DNA-binding dye (Figure 2 and Figure 3). 

This technique allowed us to evaluate the nuclear 

organization within the liver tissue across different 

Nannospalax cytotypes, which was quite similar between 

different specimens despite having significant genomic 

differences. 

 

 
 

Figure 3. Nuclear organization of the liver tissue in 

Nannospalax cytotypes with varying chromosome 

numbers A) 2n= 52, B) 2n= 54, C) 2n= 58, D) 2n= 60 

(DAPI, x20). 
 
 
4. Conclusion 
 

This study provides the first comparative analysis on the 

liver tissue of Nannospalax cytotypes with varying 

chromosome numbers. Our finding that liver tissue from 

different cytotypes of Nannospalax did not have unique 

histological structures or nuclear organization suggests 

that these tissues are unlikely to differ functionally. Liver 

is a vital organ for an organism; therefore, it is highly 

similar in structure across different organisms, which is in 

line with our findings. 
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3d printing techniques are widely used in manufacturing applications, mass customization, cloud-based additive 
manufacturing, rapid manufacturing, rapid prototyping, food, medical applications, bio-printing, pills, automotive industry, 
computers and robots, 3d selfies, communication, cultural heritage, etc.  In this research, usage areas of 3d printer materials 
in creative industry applications are investigated and examined on samples. It has been determined how the material 
technology is used in creative industry applications; the future of 3d printer technologies and innovative materials in this field. 
The examples are based on the usage of 3d technologies in design, the applications of the materials in this field have been 
evaluated and the scope of the study has been limited in this way. The aim of this research is to examine the historical process 
of design-based 3d printers and materials, the different application techniques in today's fields and the effects of new 
approaches in the future. 
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1. Introduction 

The three-dimensional printer and material technology are 

the subjects of this article and they have been researched 

within the following headings. It is aimed to create 

awareness about 3D technology and 3D printing 

materials. 

 

  
 

Figure 1 Charless Hull, 3D Systems 

The first three-dimensional printer and SLA technology 

was developed in 1984 by Charless Hull [12]. First 3D 

printer technology company was founded by 3D Systems 

in 1986, and the first color printing was produced in the 

USA in 1993. At the same time, NASA (National 

Aeronautics and Space Administration) created the 

deficiencies and hardware needs of astronauts and 

scientists in space through 3D printer technology reduced 

the cost of sending spare parts. [3], [4]. In the 2000s, open 

source codes influenced the expansion of the mass of 

users in the future of smart printers, while at the 

Massachusetts Institute of Technology (MIT) scientists 

printed programmable 3D formats using pure glass 

material. By RepRap project [5], [6], 3D printers have 

become available to users, thus reducing the cost of 3D 

printers. 

 
 

Figure 2 RepRap project  

 

Working principles of 3D printers start with sketch 

design; drawings with programs such as AutoCAD, Solid 

works and 3DsMax are transformed into 3D models. The 

formation of the model is completed by overlapping the 

filament melting with heat. There are more than 100 

trademarks and machines in the 3D printer industry. 

Zortrax, Stratasys, Leapfrog 3D printers and Form labs 

Form 1+ are the most well known 3D printers. 
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Figure 3 Working principles of 3D printers 

 

 
 

Figure 4 Plastic, SLS, Carbon AND Poly jet resins with 

DLS, Metal, SLM, DMLS, Binder Spraying and wax 

casting metal 3DP.  

 

Filaments used in three-dimensional printer technology 

are listed below: 

• PLA (Polyactiric Acid) 

• ABS (Acrylonitrile Büdadiene Styrene) 

• PETG (Polyethylene Terephthalate Glycol-Modified) 

• Flexible (Flex) 

• TPU (Thermoplastic Polyurethane) 

• Special Filaments (copper, carbon fiber, water soluble, 

metal, phosphorous, PVA, polycarbonate filaments). 

 

 

3D printers use the production method with filaments; 

chemical properties with thermo-plastic materials 

(Additive Manufacturing) as a result of the production. 

3D printers have features, heat sensitivity and different 

types of filaments. The properties of Filament used in 

printing models in 3D printers affect the printing quality 

and accuracy. 

ABS, PLA, PETG, Flex and TPU, Bamboo and 

Antibacterial filaments are used as filaments suitable for 

personal use. The methods used in 3D printers are 

Polymerization, Laser Stereo lithography (SLA), Polymer 

Jet Method, Digital Light Method, Micro Stereo 

lithography, Laser Sintering, Laser Melting, Melting with 

Electron Beam, Laminated Object Production, Powder 

Binding Production and Extrusion Layer Modelling 

methods are used. [7]. 

 

 
 

Figure 5 Application areas of 3D printers 

 

3D printers support production in wearable technology, 

orthopaedic solutions, accessories and similar areas. The 

developments in the medical field are about to be able to 

break new ground. [8] The positive effects of organs such 

as prostheses, joints, skulls, heart, and bone structures 

have become noticeable. 3D printer technology creates 

prefabricated houses from the architectural field by 

pouring concrete or fibreglass from robot 3D printers and 

extruder used in this field. Gantri, which produces design 

objects in the field of illumination, produces modern 

home lighting products. Italian designer Libero Rutilo 

uses innovative plastic bottles and 3D printers to create 

innovative designs. Dinara Kasko, who has moved from 

interior design to the food industry, is a Ukrainian chef 

cake designer who has set an outstanding example of 

creativity in cake and cake baking with 3D printer 

technology. 

 

 
Figure 6 Ukrainian cake designer Dinara Kasko 

2. 3d printing technology 

2.1. Rapid Tooling and Casting  
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3D printing techniques based on layer-by-layer 

manufacturing are extending their fields of application, 

from the building of aesthetic and functional prototypes to 

the production of tools and moulds for technological 

prototypes or pre-series. In particular, additive 

construction applied to the production of dies and 

electrodes, directly from digital data, is defined as rapid 

tooling (RT). Patterns, cores and cavities for metal 

castings can be obtained through rapid casting (RC) 

techniques [8], [9]. In both cases, since the tooling phase 

is highly laborious, great competitive advantages can be 

achieved thanks to solutions ensuring shorter time to 

market.  

 

 

Figure 7 Computer based model of a benchmark 

Moreover, RT and RC processes allow the simultaneous 

development and validation of the product and of the 

manufacturing process. Technological prototypes can 

constitute a strategic means, not only for functional and 

assembly tests or to obtain the customer’s acceptance, but 

mainly to outline eventual critical points in the production 

process [9]. 

In this field, innovative solutions are now available based 

on 3D printing process, which can extend RC possibilities 

thanks to the lower costs with respect to previous 

technologies such as selective laser sintering of sand [10]. 

One such technological solution consists in investment 

casting starting from starch patterns produced on 3D-

printing conceptual modellers. A second solution is 

another process, in which 3D-printing technology with the 

use of a ceramic material allows the production of 

complex cavities and cores, suitable for casting light 

alloys which is named as ZCastTM technique [9]. 

 

Figure 8 Shell after casting removal (left), prototype 

obtained by rapid casting (right). 

Due to technological advances, new techniques are 

developed in industry. As a result, customer based 

solutions can be gathered with higher efficiency. ZCastTM 

technique is an example of that approach and it can be 

used for steel casting and Aluminium alloys. ZCastTM 

technique is proved to be effective for the production of 

cast technological prototypes in very short times, avoiding 

any tooling phase and with dimensional tolerances that 

are completely consistent with metal casting processes 

[9]. Technological advances in 3d printing techniques are 

extended the usage of 3d printing materials as ceramic 

materials, alloys, steel and composites. Through advances 

in rapid tooling and casting, possible defects in 3d 

material is minimized with less time and lower cost.  

2.2. Bio-Printing 

Bio-printing is another variant of rapid prototyping 

technology as rapid casting (fig. 7 & fig. 8). It is based on 

organic fluidity. Bio-printing is applied on one layer at a 

time until a particular 3D material is formed by computer 

based positioning of natural materials. The disadvantage 

of this printing type is occurred as the inability to exactly 

place organic material (cell or matrix) or cell aggregation 

on recent applications. In upcoming future, through 

clarifications on bio-printing technology, bio-printing will 

become more beneficial.  

 

Figure 9 Bio-printer, related devices and cell printer. 
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Bio-printing can be defined as a rapid prototyping 

computer aided 3D printing technology with using layer 

to layer positioning of organic material and/or organic 

material aggregates into 3D gel the printed structure into 

vascularised living tissue or organ (fig.9). This definition 

of organ printing includes the many different printer 

designs and components of the deposition process such 

as, for example, jet-based cell printers, bio plotters and 

the different types of 3D hydro gels and varying cell types 

[11].  

Bio-printing can be classified into three main steps: pre-

processing, processing and post processing. Pre-

processing refers to the development of a computer-aided 

design or blueprint of a specific organ. The design can be 

varied through the complexity of desired organ. 

Computerized tomography or detailed 3D reconstruction 

of organs can be used as imaging data. As the second step 

processing can be summarized as actual computer-aided 

printing or layer by-layer placement of cells or cell 

aggregates into a 3D environment using CAD or 

blueprints. Third step which is post-processing concerned 

with the perfusion of printed organs and their 

biomechanical conditioning to both direct and accelerate 

organ maturation [11]. 

 2.3. Automotive Industry 

In the automotive sector where three-dimensional printers 

are used, the production consists of models produced by 

SLA technology. In the pre-production and production 

stage, jig and fixture, thermoforming and injection [9] 

coating materials are used, but 3D printer technology is 

used effectively in the intermediate stages of production. 

Customization and Customization in the automotive field 

provides high temperatures, durability, humidity, diversity 

and sustainability in the production of parts, while the 

advantages in the automotive industry are performance, 

lightweight polymers and metal parts that combine three-

dimensional printer technology with light and durable 

parts to provide a positive impact on time and cost.  

'Strati' is the world’s first 3D printed car with all 

components (basically PLA), processed in as little as two 

days and can extend its speed up to 37.2822715 miles or 

60 kilometres per hour. 

Moreover, companies like Koenigsegg One, Local 

Motors, Audi, Honda, WilliamsF1, BMW and Ford use 

3D printers because of the advantages of innovative 

technologies in product development, performance, 

diversification, customization, cost reduction and R & D. 

 

Figure 10 “Strati (2014)”.  

Ford uses silver PLA as the printed material of the engine 

block, which lasts more than 77 hours, with three-

dimensional printer technology, the advantages of 

innovative technologies in R & D. 

 

 

Figure 11 Ford automobile motor blog  

2.4. Medical Applications 

Artificial organs, bones, face and leg prostheses, 

reconstructive dental applications, audiology, orthopedic 

implants, surgical instrument manufacturing, soft tissue 

and cell printing, bio-medical skeletal systems, which are 

considered to be the definitive solutions for many diseases 

in the health sector in the future The researches have led 

to the development of a new sector in the field of human 

life and health. 

Artificial organs and joints created by 3D printer 

technology used in patients in the UK and the Netherlands 

have enabled patients to be healthy thanks to these 

innovative methods. 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

191 
 

 

Figure 12 Some medical applications based on 3d 

printing.  

In the 21st century, thanks to researchers and scientists, 

3D printer technology has been replaced by a new field of 

4-dimensional biomass (which is compatible with human 

body gel production technology) and biomaterials using 

bio ink technology to develop dynamic tissue production 

methods. As a result of a warning, the Lewis laboratory in 

the USA used gel technology that moves and swells, folds 

and opens mimics tissues. 

3. Results and discussion: 

3.1. Rapid Tooling and Casting Technology  

Rapid tooling and rapid casting are developing techniques 

having recent problems on obtaining the exact material 

due to defects and production process. Even though new, 

creative and effective solutions are produced such as 

ZCastTM technique.  With technological improvements, 

problems on having complex cavities and cores will be 

overcome and usage of RC and RT will get more popular 

as their advantages on time, cost and material diversity as 

ceramic materials and light alloys.   

3.2. Bio-Printing Technology and related areas 

Bio-printing, which can be classified under rapid casting, 

is a medical based technology including printing cells, 

organs or any living units of human or animal body. Thus, 

bio-printing has importance on health and any kind of 

medical companies. Bio-printing technology is an 

interdisciplinary area related with computer engineering, 

materials science engineering and medical sciences. 

Advances on bio-printing technology will extend human 

health and quality of human life.   

Conclusions 

The promise of 3D printing is based on custom products 

that are made to order, such as dental and medical 

devices, and low-turnover replacements parts. These 

goods are typically ordered in unique configurations and 

in very small quantities. A significant advantage of 3D 

printing is a firm's ability to quickly and cost-effectively 

supply low-demand parts without the risk of carrying an 

unsold finished goods inventory. Since items are made 

only when ordered and paid for, designers are able to 

undertake risks they would not otherwise pursue. With 3-

D printing, the risk of a poor design is based on wasted 

design time rather than inventory investment. 

A major advantage of 3D printing is the separation of 

product design from manufacturing capabilities. Since 

design and manufacturing can be easily outsourced in 3D 

printing, designers can contract with firms such as shape 

ways to produce, ship, and collect proceeds for goods 

based on their designs. Alternatively, a consumer can 

download a CAD software design for a replacement part 

online, as easily as he/she would download digital music 

and then download and print the part on his/her 3-D 

printer [12,13]. 

In up-coming future, 3D printing will be used for general 

purposes-more individually and widely. Since today’s 3d 

printers’ investment cost seems to be high, as for other 

communication devices, 3d printer will be available for 

any budget as well. 3D printing materials will reach to 

higher amounts and diversity in materials will be obtained 

as ceramics, alloys, metals and differing composites. 

Today, the main disadvantage on using 3d printer is the 

cost and time-printing time can extend to some hundred 

hours depending on the complexity of desired material-

and such problems will be solved in some years. New 

technological methodologies are being developed-such as 

ZCastTM technique and these developments are signing 

the bright future in 3d printing materials and technology.   
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The structural, electronic and elastic properties of BeTiH3 in Pm-3m space group are studied by performing density functional 

theory (DFT) within the generalized gradient approximation of Perdew-Burke-Ernzerhof (GGA-PBE). The optimized lattice 

constant of BeTiH3 is 3.438Å. In addition, electronic band structure calculations are carried out for this material. From the 

electronic calculations made for BeTiH3, it was found that this alloy was metallic in nature. The obtained second-order elastic 

constants (Cij) for BeTiH3 do not satisfy mechanical stability criterions, indicating that BeTiH3 is mechanically unstable in the 

studied phase. 
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1. Introduction 

 
The world's growing energy demand, depletion of fossil 

fuels and environmental concerns have increased the 

critical need for clean and sustainable energy resources. 

Various alternatives such as renewable energy sources, 

nuclear and hydrogen energy are being investigated to 

produce clean and sustainable energy. Among these 

sources, hydrogen energy is the most promising 

technology because it does not present problems such as 

nuclear waste, regional sensitivity and noise [1,2]. Metal 

or complex hydrides, many alloys, and metalorganic 

frameworks have been under investigations as hydrogen 

storage materials. MgTiX (X = Ni and Si) is also 

considered; however, dehydrogenation of these materials 

were found to be low for practical applications [3]. 

This study adopts first principles calculations in order to 

investigate and evaluate the structural, electronic and 

elastic properties of BeTiH3 alloy for hydrogen storage. 

 
2. Computational details 
 

All herein done total energy calculations were carried out 

using a pseudopotential plane-wave (PP-PW) scheme 

within density functional theory (DFT) as implemented in 

the Quantum-ESPRESSO package [4]. The electronic 

Exchange-correlation potential was calculated within the 

generalized gradient approximation (GGA) in the scheme 

of Perdew-Burke-Ernzerhof (PBE) [5]. In all done total 

energy calculations, Vanderbilt-type ultra-soft pseudo-

potential was used to treat the potential seen by the 

valence electrons because of the nucleus and the frozen 

core electrons. The wave functions were expanded in a 

plane-wave basis set with a kinetic energy cut-off of 50 

Ry. The electronic charge density was evaluated up to the 

kinetic energy cut-off of 500 Ry. Brillouin-zone 

integrations were performed using 12×12×12 k-points. 

Integration up to the Fermi surface was performed using 

the smearing technique [6] with smearing parameter σ = 

0.02 Ry. 

 

 
 

Figure 1. Crystal Structure of BeTiH3 
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3. Results and discussion 
 
BeTiH3 alloy is a lattice with Pm-3m symmetry where the 

Wyckoff positions 1a (0, 0,0), 3c (0, 1/2, 1/2) and 1b 

(1/4,1/4,1/4) are occupied by Be, H and Ti respectively 

(see Figure 1). For BeTiH3 alloy, the lattice parameter, 

bulk and shear modulus, B/G ratio was calculated, and the 

results were given in Table 1. Since B / G ratio is 6.05 > 

1.75, Pm-3m symmetrical BeTiH3 alloy was found to be 

ductile. 

 

Table 1. Lattice parameter a (Å), Bulk B, Shear G, and 

Young’s E modulus (GPa), B/G ratio, Poisson’s ratio σ of 

BeTiH3. 

 

Alloy a B G B/G E σ 

BeTiH3 3.440 90.80 14.99 6.05 42.62 0.42 

 

In cubic materials, there are only three independent elastic 

constants. The calculated values of elastic constants are 

listed in Table 2. 

 

Table 2. Elactic constants (C11, C12 and C44 (GPa)) for 

BeTiH3 alloy. 

 

Alloy C11 C12 C44 

BeTiH3 197.36 37.53 -0.87 

 

Mechanical stability of this alloy has been analysed in 

terms of its elastic constants. The conditions of 

mechanical stability for a cubic crystal are given by [7] 

 

 
 

The obtained elastic constants for BeTiH3 do not satisfy 

these mechanical stability criterions, indicating that the 

BeTiH3 is mechanical unstable in the studied phase. 

 

The calculated electronic band structure and partial 

densities of states for BeTiH3 along the high symmetry 

directions in the Brillouin zone given in Figure 2. In the 

figures, the Fermi energy level is taken as 0 eV. It is seen 

that there is no band gap at the Fermi level, as a result, 

BeTiH3 alloy exhibit a metallic behavior. As seen from 

the partial densities of states, the bands near the Fermi 

level are formed mainly by the Ti 3d-states for BeTiH3. 
Besides, the energy region between −7 and -3 eV consists 

mainly of the electrons of H 1s and Ti 3d atoms. 

 
 

 
 

Figure 2. Calculated electronic band structure, total and 

partial DOS for BeTiH3 alloy 

 

 

4. Conclusion 
 

BeTiH3 alloy’s structural, elastic and electronic properties 

are examined using first principle calculations. The 

evaluation of elastic constants in terms of mechanical 

stability shows that BeTiH3 is mechanically unstable 

because it does not meet known mechanical stability 

criteria. In addition, the electronic band structure of 

BeTiH3 shows that this alloy is metallic in nature. 
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1. Introduction 

 
Intermetallic compounds with formula AB3 are 

currently under intensive research due to their 

structural and physical properties. These 

compounds have interesting mechanical properties, 

those having the L12 atomic order are much softer 

than the compounds which crystallize in D22 phase, 

are used for ultra-high temperature applications and 

generally have high melting points and good 

corrosion resistance [1]. However, Cobalt-based 

superalloys are promising candidates for 

widespread use as high-temperature materials in 

aircraft engines, gas turbines and electric generator 

systems, as they have more qualified high 

temperature properties than Nickel-based 

superalloys [2-5]. In the present work, the 

structural, electronic and mechanical properties of 

Co3Nb alloy have been studied. 

 

2. Computational details 
 

The Co3Nb alloy is in the L12 phase and is found in 

the Pm-3m space group as shown in Figure 1 and 

crystallize in the cubic structure. The crystal 

structure of Co3Nb is occupied by three Co atoms 

and one by Nb atom, while it appears as a simple 

cubic sub-lattice with four atoms behind each other. 

The atoms are placed according to Wyckoff 

locations: Co 3c (0; 1/2; 1/2) and Nb 1a (0; 0;  

 

0). First-principles studies of the Co3Nb alloy was 

performed by employing the self-consistent 

ultrasoft pseudopotential method [6] based on the 

density functional theory, within the generalized 

gradient approximation (GGA), incorporated into 

the quantum-Espresso code [7]. The electronic 

exchange-correlation potential was calculated 

within the generalized gradient approximation 

(GGA) in the scheme of Perdew-Burke-Ernzerhof 

(PBE) [8]. In all done total energy calculations, 

ultra-soft pseudo-potential was used to treat the 

potential seen by the valence electrons because of 

the nucleus and the frozen core electrons. The wave 

functions were expanded in a plane-wave basis set 

with a kinetic energy cut-off of 40 Ry for L12 

structure. The electronic charge density was 

evaluated up to the kinetic energy cut-off 400 Ry. 

Brillouin zone integrations were performed using a 

10 0 10 k-points mesh. Integration up to the 

Fermi surface was performed using the smearing 

technique [9] with smearing parameter = 0.02 Ry 
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Figure 1. The crystal structure of Co3Nb alloy in 

the L12 phase. 

3. Results and discussion 
 

Firstly, the equilibrium lattice constants is 

determined by minimizing the total energy, 

according to the different values of the lattice 

constants. Secondly, we have fit the calculated total 

energy into the Murnaghan equations of state to 

obtain the lattice constant (a0), Bulk modulus (B) 

and its pressure derivative (B′). The a0, B and B′ 

values obtained for Co3Nb compound are presented 

in Table 1. 

 

Table 1. Calculated lattice constant a0 (in Å), Bulk 

modulus B (in GPa), its pressure derivative (B′) and 

total magnetic moment M (in μB).  

 

Alloy References a0 B B′ M 

Co3Nb 
Present 3.653 215.48 4.27 1.77 

VASP [10] 3.654 - -  

 

 
 

Figure 2. Band structure along the high symmetry 

directions for Co3Nb 

 

 
 

Figure 3. Calculated total and partial density of 

states for Co3Nb 

To get an insight into this alloy, its examined the 

band structure. The band structure of Co3Nb along 

selected high-symmetry lines within the first 

Brillouin zone is shown in Figure 2. It is clearly 

seen that there is no gap at the Fermi level (EF). The 

valence and conduction bands overlap greatly and 

there are many bands across EF, which is like those 

in many AuCu3-type structure phases. As a result, 

Co3Nb is expected to exhibit metallic 

conductivities, such as good thermal and electrical 

conductivities. The calculated partial and total 

density of states (DOS) are shown in Figure 3. It is 

clear that this alloy is metallic due to the fact that 

the DOS values differ from zero at the Fermi level. 

The most dominant contribution to DOS comes 

from Co-3d and Nb-4d states. 

 

Table 2. Bulk modulus B (in GPa), elastic 

constants (C11, C12 and C44, (in GPa)), Shear moduli 

G (in GPa), and B/G ratio. 

 

Alloy C11 C12 C44 B G B/G 

Co3Nb 289.70 178.37 147.03 215.48 99.62 2.16 

 

In the case of cubic system, there are only three 

independent elastic constants, namely, C11, C12 and 

C44. The calculated values of elastic constants are 

listed in Table 1. The key criteria for mechanical 

stability of a crystal is that the strain energy must be 

positive [11], which means in a cubic crystal that 

the elastic constants should satisfy the following 

inequalities: 

 

     C44 > 0, C11 > |C12|, C11 + 2C12 > 0                           

(1) 
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The obtained elastic constants for Co3Nb satisfy 

these mechanical stability criterions, indicating that 

the Co3Nb is mechanical stable in the studied phase. 

According to Pugh [12], if B/G ratio is smaller than 

1.75, the material behaves in a brittle manner; 

otherwise, the material behaves in a ductile manner. 

It is clearly seen from Table 2 that Co3Nb is ductile 

material. 

 

4. Conclusion 
 

The structural, electronic and mechanical properties 

of Co3Nb alloy has been studied. According to the 

calculations, the Co3Nb alloy is of a metallic nature 

with magnetic property. Furthermore, according to 

Pugh, Co3Nb alloy behaves in a ductile manner. 
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In this study, biosynthesis of silver nanoparticles with grape seed extracts was determined by using in vivo animal 
experiments in order to determine whether there is any effect on kidney damage caused by LPS. 
80 Wistar albino male adult rats were used for the study. 8 equal groups were made. Groups consists of Group 1 
(Control Group), Grup 2 (LPS Grubu), Group 3 (LPS + Silver Nanoparticle), Group 4 (LPS + Grape Seed Extract), 
Group 5 (LPS + Ag), Group 6 (Grape Seed Extract), Group 7 (Silver Nanoparticle), Group 8 (Ag ion).  The 
histopathological damage and the number of Tunel positive cells in LPS were higher than the other groups (P 
<0.05). We observed that this damage was reduced in the drug treated groups. 
 
Keywords: lipopolysaccharide, kidney, silver nanoparticle 
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1. Introduction 
Nanoparticles have entered many fields including 

energy storage, textile, paint industry and health.In 

addition, it is noteworthy that the share of 

nanotechnology in these areas is increasing day by 

day [1]. For the synthesis of silver nanoparticles, 

environmentally safe materials such as plant extract 

[2], bacteria [3], fungus [4] and enzymes [5] are 

used.  

Septic acute kidney injury (AKI) is one of the most 

common disorders and is known to be associated 

with high mortality [6]. 

The most important application of silver (Ag) and 

silver nanoparticles (AgNP) is the use in the 

medical industry such as topical ointments to 

prevent infection against burns and open wounds. 

[7]. 

2. Method 
In this study, biosynthesis of silver nanoparticles 

with grape seed extracts was determined by using in 

vivo animal experiments in order to determine 

whether there is any effect on kidney damage 

caused by LPS. 

Group 1 (Control Group): Only saline (SF) (0.9% 

NaCl solution) 0.1 ml. 

Group 2 (LPS Group): LPS (30 mg / kg) (SF + 

LPS) 30 minutes after SF administration (n = 10). It 

was administered intraperitoneally. 

Group 3 (LPS + Silver Nanoparticle): AgNP was 

given orally 60 minutes after LPS administration. 

(200mg / kg) 

Group 4 (LPS + Grape Seed Extract): LPS (30 mg / 

kg) was given orally after 60 min. (200mg / kg) (n 

= 10). 

Group 5 (LPS + Ag): AgNO3 was given orally after 

60 minutes to animals given LPS (30 mg / kg). 

(200mg / kg) (n = 10). 

Group 6 (Grape Seed Extract): Grape seed extract 

was given orally 30 minutes after SF 

administration. (200 mg / kg) (n = 10). 

Group 7 (Silver Nanoparticle): AgNP was given 

orally 30 minutes after SF administration. (200 mg / 

kg) (n = 10). 

Group 8 (Ag ion): SF (30 mg / kg) was given orally 

to AgNO3 after 30 minutes (200 mg / kg n = 10). 

Histopathological evaluation  
Hematoxylin and Tunel staining was performed on 

the sections from kidney tissues obtained from 

sacrified rats. Kidney tissue was examined and 

mailto:zuleyha.doganyigit@gmail.com
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evaluated in random order under blinded conditions 

with standard light microscopy by a histologist.  

Glomerular degeneration, tubular lumen 

enlargement, hemorrhage, epithelial atrophy, 

vacuolization, shedding of cells in the tubule and 

tubular residues were evaluated in renal sections. 

Histopathological results in each category were 

scored as follows: 0 = none, 1 = mild, 2 = 

moderate, and 3 = severe. 

The TUNEL method was utilized to show apoptosis 

of kidney tissue. TUNEL-positive cells in kidney in 

20 randomly chosen fields were counted.  

Statistical analysis  
All statistical analyses were carried out using SPSS 

statistical software (SPSS for Windows, SPSS Inc., 

Chicago, IL, USA, version 15.0). The 

Kolmogorov–Smirnov test was used to identify 

normal distribution of the data. In case of normal 

distribution, quantitative variables were compared 

using one-way analysis of variance (ANOVA) and 

post hoc Tukey test. These differences were 

considered significant when probability was less 

than 0.05.  

3. Results 
Histopathological findings  
AgNP, Ag and Grape seed treated groups were 

observed to show a similar structure histologically 

similar to those in the control (Figure 1A). Bleeding 

(blue arrow), enlargement of tubular lumen (yellow 

arrow), tubular residues (green arrow) and 

glomerular degeneration (asterisk) are observed in 

LPS-treated kidney tissue. Vacuolization (orange 

arrow) was more intense especially in the 

LPS+AgNP group. 

The histopathological damage observed in LPS was 

higher than all other groups (P <0.05). It is seen that 

there is a decrease in damage in LPS + drug groups 

compared to LPS group. 

 

 

Figure1: A Control group, B grape group, C Silver 

nanoparticle group, D Silver nitrate group, E LPS 

group, F LPS + grape group, G LPS + Silver 

nitrate group, H LPS + Silver Nitrate group.X400. 

 

Apoptotic findings 
The number of TUNEL positive cells increased 

significantly in LPS group compared to control, 

grape seed, nanoparticle and silver nitrate groups. 

In LPS+grape seed and LPS+nanoparticle groups, 

there was a statistically significant decrease in the 

number of Tunel positive cells compared to LPS 

group (Table 1).  

Table 1. TUNEL values in kidney tissue 

G

r

o

u

p

s  

C

on

tr

ol 

G

ra

pe 

N

P 

G

N 

L

PS 

LP

S+

Gr

ap

e 

L

PS

+

N

P 

L

PS

+

G

N 

p 

T

U

N

E

L 

0.

52

±0

.9

1a 

0.

24

±0

.5

2a 

0.

25

±0

.5

4a 

0.

16

±0

.4

7a 

1.

20

±1

.3

5b 

0.4

4±

0.8

2a 

0.

48

±0

.8

2a 

0.8

0±

0.8

1ab 

0

.

0

0

1 

Data were shown as mean± standard deviation. 

P<0.05 accepted as significant. There is not 

statistically significant difference among the groups 

containing the same letter.  

 
Şekil 2. A Control group, B grape 

group, C Silver nanoparticle group, 

D Silver nitrate group, E LPS 

group, F LPS + grape group, G 

LPS + Silver nitrate group, H LPS 

+ Silver Nitrate group. Yellow 

arrows indicate Tunel Positive 

cells. X400. 
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4. Discussion 
LPS administration caused histologically kidney 

tissue damage. In a study, the histopathology shown 

that acute tubular damage in the cortex and acute 

necrosis from the cortex to medulla [8]. 

In our study, we observed that kidney damage 

increased significantly with Lps and the number of 

apoptotoic cells increased in renal tissue.  We 

observed that this damage was reduced in the drug 

treated groups. We believe that it will be important 

to reduce endotoxic damage with new studies and 

similar results. The present results might point to 

AGNP, grape sees and AG being an important new 

therapeutic target for the treatment of LPS-induced 

acute kidney injury. 
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This work presents the preliminary TL and OSL studies of MgO phosphors produced by the Solution Combustion Synthesis 

(SCS) method. The aim of this study is to obtain the high sensitivity magnesium oxide (MgO) luminophors doped with different 

ions to be used as Thermoluminescence (TL) and Continuous-wave Optically stimulated luminescence (CW-OSL) dosimeters. 

Differences in TL glow curves and OSL decay curves obtained from doped MgO phosphors, were investigated and compared. 

During the production, the Al, Ca, Li and Na ions were added as the dopants with different molar concentrations by the SCS 

method. Structure characterization analyzes of the synthesized materials were performed by X-ray Diffraction (XRD) and 

Scanning Electron Microscope (SEM) methods. The TL and OSL curves of doped and undoped MgO phosphors were 

compared. It was observed that TL and OSL signals of Na doped and Li doped MgO phosphors increased about 25 times 

compared to undoped MgO sample. X-Band room temperature Electron Spin Resonance (ESR) measurements of undoped 

and doped materials were conducted. A sharp intense central peak together with 5 smaller peaks in the undoped material was 

found. The g-factor of the sharp and intense signal was recorded around 1.977 which is different than free radical g-factor. 

This refers to the structure of MgO material itself. On the other hand, the spectra of MgO:Li and MgO:Na samples were very 

similar but they also possess sharp intense central peak and 5 less intense peaks. The MgO:Li,Na spectrum consists of the 

overlap of a broad single signal and the central sharp single signal. 

 

Keywords: Magnesium oxide (MgO), Solution Combustion synthesis, Radiation Dosimetry, Luminescence, Thermoluminescence (TL), 

Electron spin resonance (ESR). 
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1. Introduction 
 

Magnesium oxide (MgO) is a wide band-gap (Eg=7.8 eV) 

insulator with a rock-salt crystal structure under ambient 

pressure. The Mg ions occupy the octahedral sites within 

the anion close-packed structure [1]. 

MgO, or magnesia, is a white hygroscopic solid mineral 

that occurs naturally as periclase and is a source of 

magnesium. MgO powders have long been great interest 

owing to its applications in many industrials’ area. 

Therefore, many extensive studies have been performed 

to synthesize nanoscale MgO powders using various 

novel wet chemical methods, e.g. sol-gel synthesis, 

followed by supercritical drying [2] and spray pyrolysis 

[3]. But these techniques usually consume much longer 

time and include many complicated processes. The 

solution combustion synthesis can be an alternative 

technique a solution to some of the above-mentioned 

problems [4]. 

MgO has long been accepted as a luminescence dosimetry 

material, mainly for use with the thermoluminescence 

(TL) technique. In order to increase the number of 

materials suitable for optically stimulated luminescence 

(OSL) dosimetry, many researchers have investigated the 

luminescence characteristics of this material [5-7].  

The luminescence occurring in MgO as a results of 

radiation exposure has been associated with charge 

transfer processes involving impurities such as 

lanthanides, V-type centers, transitions metal ions or other 

crystal defects. There are many reports about MgO doped 

mailto:veysiguckan@gmail.com
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with lanthanides, including Ce, Eu, Tb, and Dy to 

increase the TL or OSL signals and to improve its 

dosimetric characteristics[5, 8, 9].In addition to the 

lanthanides, TL emission spectra of MgO doped with 

transition metals (Mn, Cr, Ni, Fe, Co, Cu) are also 

reported by some authors. 

This study presents the preliminary TL and OSL studies 

of MgO phosphors produced by the SCS method. Several 

ions were doped into the MgO phosphors during synthesis 

process such as Al, Ca, Li and Na as dopants to obtain 

high sensitivity MgO luminophors that can be for TL and 

CW-OSL dosimeters, . Structure and morphology of the 

synthesized materials were checked by XRD and SEM 

methods. The TL and OSL curves of doped and undoped 

MgO phosphors were compared with each other. X-Band 

room temperature ESR measurements of undoped and 

doped materials were conducted and the effects of 

dopants on luminescence mechanism were interpreted. 
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Figure 1. XRD analysis of MgO pellets doped with Al, 

Ca, Li  

 

2. Experimental details 
 

MgO phosphors were prepared using SCS method as a 

powder form. Firstly, magnesium nitrate hexahydrate, 

Mg(NO3)2.6H2O, were stirred in the pure water with 

chemicals from which dopant ions were taken such as; 

aluminum oxide, Al(NO3)3.9H2O, calcium nitrate, 

Ca(NO3)3.4H2O, lithium nitrate, LiNO3, and sodium 

nitrate, Na(NO3). Then, urea was added into the solution. 

After the solution became homogenous, it was gradually 

heated up to 350 oC on the magnetic heater and the water 

was removed, and the material was burned. Finally, 

charred material was calcinated at 800 oC – 4h and white 

powder of MgO phosphors were obtained. Each sample 

were prepared as pellet form using ∼25 mg powder 

sample and sintered at 1200 oC – 4h before all of the 

luminescence measurements. 

TL and CW-OSL measurements were carried out using a 

Risø TL/OSL reader model DA-20. Blue light stimulation 

(470 nm) was performed with the blue light emitting 

diodes equipped in the reader. Luminescence emission 

were measured in the VIS region using a Schott BG-39 

filter (300–700 nm) and UV region using a (Hoya, U-340, 

transmittance range from 250 to 390 nm) glass bandpass 

filter with thickness of 7.5 mm in front of the photo 

multiplier tube (PMT) tube. In order to the detection of 

light, a bialkali PMT was used (model 9235QB, Electron 

Tubes Ltd.).  Samples were irradiated at room 

temperature using an in situ 90Sr/90Y beta source which 

emits beta particles with a maximum energy of 2.27 MeV. 

All TL measurements were performed by heating each 

sample from room temperature up to 450 °C with a 

heating rate of 5 oC/s. ESR measurements were 

conducted at room temperature with a Bruker EMX X-

band ESR spectrometer operating at 9.5 GHz equipped 

with a highly sensitive cylindrical cavity. 

 

 
 

Figure 2. SEM images ofMgO pellets doped with Al,Ca,Li 

and Na ions. 

 

3. Results and discussion 
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The XRD pattern of doped MgO pellets are given in Fig. 

1. It shows that the pattern matched well with 

International Center for Diffraction Data (ICDD 98-064-

2714) in terms of peak positions. It has cubic structure 

with lattice parameters of a =b=c=4.2080 Â. 
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Figure 3. TL glow curves from (a) MgO:Alx%, (b)MgO: 

Cax%, (c) MgO:Lix% and (d) MgO:Nax% pellets with 

different dopant concentrations. 
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Figure 4. OSL decay curves from (a) MgO:Alx%, (b)MgO: 

Cax%, (c) MgO:Lix% and (d) MgO:Nax% pellets with 

different dopant concentrations. 

 

The morphology of the MgO pellets has been investigated 

using SEM. The images show the homogeneous and non-

porous structure. This nonporous structure is known to 

increase thermal interaction in the material. Therefore, it 

it is expected to contribute to TL signal in good 

direction[10].  

 

Fig. 3 shows the TL glow curves of MgO pellets doped 

with different ions with different concentrations 

(abbreviated as MgO:Abx%) after 2 Gy beta irradiation in 

comparison with that of the undoped sample. TL readouts 

were performed by heating each sample from room 

temperature up to 450 °C with a heating rate of 5 °C/s.   

 

Fig.4 demonstrate the OSL glow curves of MgO pellets 

doped with different ions with different concentrations 

(abbreviated as MgO:Abx%) after 2 Gy beta irradiation in 

comparison with that of the undoped sample. OSL 

measurements were performed with stimulation time as 

100 s with 470 nm blue lights at a power density of 

∼70mWcm−2. Compared to the undoped sample, no 

increase in OSL signal were observed in Al doped and Ca 

doped MgO samples, but  up to 25 times increase were 

obtained in Li and Na doped samples. 
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Figure 5. Room temperature ESR spectra of doped and 

undoped MgO samples 

 

 

Room temperature X-band (9.5 GHz) ESR measurements 

of undoped MgO and Li, Na doped MgO without 

irradiation are given in Figure 5. Undoped samples poses 

5 small peaks together with a sharp central peak. When 

the samples are doped with either Na or Li, the smaller 

peaks vanish but still can be detectable. The g-factor of 

the intense signal was recorded around 1.977 which is 
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different than free radical g-factor. Hence, it refers to a 

paramagnetic center emanating from MgO structure itself. 

On the other hand, a broad peak appears when two ions 

are doped at the same time. This shows a synergy 

between these ions. In all samples, the vicinity of sharp 

central peak due to MgO presents the strong crystal field 

created by MgO. However, for a better understanding, 

ESR measurements should be done on the radiated 

samples as well. 

 

4. Conclusion 
 

Al, Ca, Li and Na doped MgO samples produced by 

solution combustion synthesis method were verifiedby 

XRD measurements and it was observed that our MgO 

samples which did not contain different phases were 

highly compatible with the reference number "ICDD 98-

064-2714". SEM images showed that all samples had 

cubic structure of MgO particles with no hollow structure 

between the grains.  Moreover, a structure that contribute 

to TL signal was formed. According to TL measurements 

Li doped MgO samples showed up to 25-fold increase in 

signal. However, it is evident that the trap structures 

formed in the material could not be formed at high energy 

levels by the dopants. Therefore, TL peaks were obtained 

at temperatures lower than desired. It was observed that 

the increase in OSL signals increases with TL signals 

proportionally. ESR measurements show a paramagnetic 

center due to MgO structure itself. By doping the intensity 

of this center was decreased but still could be detectable. 

In order to have a full understanding about the structure 

and free electron formation, radiated samples should also 

be investigated in detail. 
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S. AKSOY PEHLIVANOGLU1*, Y. CAGLAR2, and M. CAGLAR2 

 
1 Department of Physics, University of Sinop, Sinop, Turkey 
2 Department of Physics, University of Eskişehir Technical, Eskişehir, Turkey 

 

In this study, undoped (ZnO) and Mn doped ZnO (ZM) films were deposited by sol gel spin coating technique on 100 nm SiO2 

coated Si wafer. Then, The ZnO:Mn-TFTs were fabricated. The effect of different concentrations (0–10 at.%) of Mn on the 

morphological properties of films was investigated. From AFM images, the lowest RMS value was found to be in undoped ZnO 

film. From SEM images, it is seen that all films have a smooth, uniform nanostructure. Then electrical performance of ZnO:Mn-

TFTs was investigated. The Ids-Vds graphs for all transistor exhibit a transition from linear to saturation behavior. The μ, Vth, 

ION/IOFF and SS values of the ZnO:Mn-TFTs were determined. 
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1. Introduction 

 
Metal oxide semiconductors (MOS) are a very versatile 

material for optoelectronic applications. Among the 

MOSs, the well-known ZnO has excellent properties such 

as wide band gap (3.37 eV), large free excitation binding 

energy (~ 60 meV), high transmittance. Also, ZnO films 

have great potential applications such as photovoltaic 

solar cells [1], photo detectors [2], chemical or biosensors 

[3] and liquid crystal displays [4], transistor [5]. Thin-film 

transistors (TFTs) are electronic devices based on the FET 

principle, which are finely obtained on an insulating 

substrate of the semiconductor such as ZnO. The 

electrical parameters (field effect mobility, on/off ratio, 

threshold voltage, sub-threshold swing) of the TFTs are 

very important for the evaluation of their performance. 

ZnO films can be obtained by different methods; 

magnetron sputtering [6], pulsed laser deposition [7], 

atomic layer deposition [8], metal–organic chemical 

vapor deposition [9], sol gel processing [10]. The sol gel 

process has some advantage such as; excellent 

compositional control, homogeneity, low cost, simplicity 

and low annealing temperature. In addition, the doping 

process can be easily carried out with this method. The 

structural, morphological and electrical properties of the 

main material can be easily changed with the doping 

material. At the same time, the effect of the contribution 

to ZnO films is also important in affecting the 

performance of TFTs. 

In this study, undoped and Manganese (Mn) doped ZnO 

films were produced by using sol gel spin coating 

technique. The effect of Mn doping on the surface 

properties of the films was investigated. In addition, TFTs 

were produced and investigated to determine how the 

electrical performance of these TFTs was influenced by 

the Mn doping. 

 

2. Experimental details 
 

In this study, undoped and Mn doped ZnO films were 

prepared using sol gel spin coating technique. The starting 

material, dopant, stabilizer and solvent were used zinc 

acetate dihidrate [Zn(CH3COO)2.2H2O], Manganase 

acetate [Mn (CH3COO)2.4H2O], monoethanolamine 

(C2H7NO) and 2-methoxyethanol (C3H8O2), respectively. 

All solutions were prepared as 0.05 M. Mn doping in 

ZnAc solution was made at different volume ratio (1, 3 

and 10%). 100 nm SiO2 coated Si wafer was used as 

substrate. Deposition temperature and annealing 

temperature were determined as 300°C (10min) and 

750°C (2h), respectively. After coating the films, 

aluminum sources and drain electrodes were formed by 

metal evaporation system (Vaksis PVD Handy-

MT/101T). In addition, silver paste was used for gate 

contact. The transistors are labeled ZM0, ZM1, ZM3 and 
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ZM10 after production (taking into account the Mn 

dopant amount) respectively. The schematic diagram of 

the TFTs is shown in Figure 1.  

 

 

 

 

 

 

 

 

 

Figure 1. Schematic diagram of the transistors. 

 

 

The surface morphology of the ZnO:Mn films were 

investigated by atom force microscope (NT-MDT; AFM) 

and scanning electron microscope (ZEISS ULTRA 

PLUSS, SEM). Electrical measurements of the TFTs were 

performed with Keithley 4200 SCS with connected 

Signatone Probe Station. 

 

3. Results and discussion 
 

Atomic force microscope (AFM) was used to obtain 3-D 

images of undoped and Mn doped ZnO films and to 

examine the effects of Mn dopant on the morphology of 

films. Figure 2 shows the AFM images of all films. The 

root-mean-square (RMS) roughness values of active 

layers for ZM0, ZM1, ZM3 and ZM10 are 4.068 nm, 

8.379 nm, 5.687 nm and 11.760 nm, respectively. It is 

seen from AFM images that the film with the lowest RMS 

value is ZM0 film. This may cause the film to perform 

better in device applications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. AFM images of the films. 

 

The surface morphology of the films was examined and 

FESEM images are given in Figure 3. In these SEM 

images, a smooth, uniform microstructure is clearly 

visible. It can be seen from Figure 3 that all films exhibit 

a small-grained microstructure. All films were densely 

coated. This shows that the coating is very suitable for use 

as a device. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. SEM images of the films. 

 

To investigate the effect of Mn dopant amount on the 

device performance, TFT devices containing 

semiconductor films deposited at different dopant 

amounts were fabricated. Figure 4-7 indicate the transfer 

characteristics of ZM0, ZM1, ZM3 and ZM10 transistors 

respectively (Vds = 30 V). All measurements were 

performed at room temperature and under a dark. 

Electrical parameters of all TFTs are given in Table 1. As 

shown in Figure 4-7, the current of the devices is 

increased by positive Vg. When the positive gate voltage 

is applied to the transistor, it exhibits n-type behavior, 

which has a characteristic that shows a linear behavior at 

small source-drain voltages (Vds) and a good saturation at 

Vds values near the gate voltages (Vgs). The mobility (μ) 

and threshold voltage (Vth) values are determined using 

Equation (1) from the slope and intercept values obtained 

in the saturation region of the  - Vg graph (satisfying 

the Vds> Vgs-Vth condition) [11]. 
 

    (1) 

 

Ci, W and L are the gate capacitance per unit area, the 

width of the channel and the length of the channel, 

respectively (in our study, W = 50µm and L = 1000µm). 

The threshold voltages of ZM0-TFT and ZM10-TFT were 

Ag 
co
nta
ct 

p-Si 

Si
O

2
 

(1
00 
n
m
) 

Semic
ondu
ctor 

 film 

Au source 

Au drain 

ZM1 

ZM0 

ZM10 

ZM3 

ZM0 ZM1 

ZM3 ZM10 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

208 
 

obtained -5.87V and -7.73V, respectively. This result 

indicates that these TFTs are operating in depletion mode 

mode. Because the detectable drain current flows at zero 

gate voltage. However, the threshold voltages for ZM1 

and ZM3 were calculated 17 V and 40.85 V, respectively. 

A positive threshold voltage indicates that the transistor is 

operating in enhancement mode, at Vgs = 0 V, the device 

is in the off position and a positive gate bias is required to 

form a conductive channel. [12, 13]. The subthreshold 

swing (SS) is expressed by Equation (2) and is 

determined from the slope of the linear part of the log (Ids) 

-Vgs graph [14]. 

 

    (2) 

 

The SS value of the TFTs indicates the presence of 

interface trap states between the active layer and the gate 

dielectric layer, thus expressing the interface quality. The 

SS values for the transistors values for ZM0, ZM1, ZM3 

and ZM10 are 30.87, 59.77, 87.41 and 31.21 V/decade, 

respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Output characteristics, transfer characteristics 

and plot of Ids versus Vg for the ZM0 TF 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Output characteristics, transfer characteristics 

and plot of Ids versus Vg for the ZM1 TFTs. 

 

Table 1. Electrical properties of the TFTs. 

 
Transistor 

code 
µ 

(cm2/Vs) 
Vth 
(V) 

Ion/Ioff SS 
(V/decade) 

ZM0 2.78 -5.87 1.15x104 30.87 

ZM1 4.04x10-3 17 16.10 59.77 

ZM3 2.12x10-3 40.85 2.60 87.41 

ZM10 5.81x10-4 -7.73 511 31.21 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Output characteristics, transfer characteristics 

and plot of Ids versus Vg for the ZM3 TFTs. 
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Figure 7. Output characteristics, transfer characteristics 

and plot of Ids versus Vg for the ZM10 TFTs. 

 

4. Conclusion 
 

Using the sol-gel process, undoped and Mn doped ZnO 

films were produced. The morphological properties of the 

films were examined and then the necessary contact 

procedures were performed to examine the device 

performances. The effect of Mn doping on the 

performance of the devices was investigated. The ZM0 

TFT exhibited an good mobility of 2.78 cm2/Vs. For ZM0 

and ZM10 TFT's, a negative threshold voltage was 

calculated and it was an indication that TFT operated in 

depletion mode. The threshold voltages for ZM1 and 

ZM3 were calculated as 17 V and 40.85 V. Furthermore, 

the device with the highest Ion/Ioff ratio is the ZM0-TFT. 
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In this study, Cu doped ZnO nanopowders were deposited by hydrothermal method. To investigate the crystalline structure 

and the orientation of the Cu:ZnO films, XRD patterns were used. The structural, optical and morphological properties of ZnO 

nanopowders and films were investigated. The effect of Cu dopant concentrations on the morphology of ZnO and the 

performance of DSSCs were systematically investigated. According to kubelka-munk theory, the band gap values of the films 

were found and the band gap values decreased with increasing Cu concentration. Then, Cu:ZnO-DSSC was fabricated. The 

current–voltage characterization of fabricated DSSCs was performed by AM 1.5 simulated. The cell parameters (the short 

circuit current, the open circuit voltage, the conversion efficiency and the fill factor) of Cu:ZnO-DSSCs were determined. 

 

Keywords: Cu doped ZnO, hydrothermal synthesis, dye sensitized solar cell. 
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1. Introduction 

 
Solar energy is one of the most promising alternative 

energy sources in the future. Producing devices with low 

production costs and high efficiency is essential for 

capturing sunlight and saving energy. Dye sensitized 

Solar Cells (DSSCs) have many advantages compare to 

other photovoltaic devices, such as a superior 

performance in conditions of low intensity, low angle of 

incidence and high temperature. DSSC uses dye 

molecules adsorbed on the nanocrystalline oxide 

semiconductors such as titanium oxide (TiO2) or zinc 

oxide (ZnO) to collect sunlight. A DSSC comprises a 

series of different component layers stacked in series. 

These are counter electrodes coated with glass substrate, 

transparent conductive layer, photoanode (TiO2 or ZnO), 

dye, electrolyte and sealing gasket. Since Zinc oxide 

(ZnO) has better electrical properties, its use in DSSCs is 

considered to be the best alternative to TiO2.[1]. 

However, ZnO-based DSSCs suffer from lower cell 

efficiencies than TiO2 nanoparticle-based DSSCs, mainly 

due to the recombination of injected electrons [2]. 

Improvement in electrical and optical properties of ZnOs 

is realized with contribution. In particular, the electrical 

resistance of ZnO is improved by the addition of trivalent 

elements such as aluminum, indium, gallium and boron. 

It is known that the Copper (Cu) element doped in ZnO 

changes the morphology, narrows the band gap and 

increases the absorption wavelength. In the literature, 

techniques such as pulsed laser deposition [3], sol-gel 

method [4], spraying [5], hydrothermal [6] are used to 

obtain Cu-doped ZnO nanopowder. Among them 

hydrothermal technique is a promising alternative 

synthetic method because of the simple equipment, 

catalyst-free growth, low-cost, large area uniform 

production, environmental friendliness and less 

hazardous.  

In present work, Cu-doped ZnO nanopowders were 

produced by hydrothermal synthesis method at varying 

concentrations. The Cu doped ZnO films have been 

fabricated by doctor blade method. The structural and 

morphological properties of the ZnO nanopowders and 

films were characterized by XRD and SEM, respectively. 

The electrical performance of the ZnO:Cu-DSSCs were 

investigated. 

 
2. Experimental details 
 

2.1. Synthesis of Cu doped ZnO 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

211 
 

The Cu doped ZnO nanopowders were synthesized by the 

hydrothermal method. Zinc nitrate hexahydrate 

(Zn(NO3)2.6H2O) and sodium hydroxide (NaOH) were 

used as initial materials for the ZnO nanopowders. 

Copper acetate ((CH3COO)2Cu·H2O) were used as 

dopant source. To obtain a homogeneous solution, these 

were dissolved in water by mixing the appropriate 

stoichiometric ratios of initial materials in 10 minutes. 

Then 1g sodium dodecyl sulfate (NaC12H2.5SO4) was 

added and stirred for 30 minutes. Then, the solution was 

placed to 100 mL capacity of teflon coated stainless steel 

autoclaves. The Teflon-lined stainless-steel autoclaves 

was heated at 140oC for 12 h. Subsequently, the 

autoclave was cooled to room temperature. The resulting 

precipitates were collected by filtration and washed with 

deionized water and ethanol for several minutes. The final 

products were dried in an oven at 60 °C. The obtained 

powders were named as ZC-05, ZC-1, ZC-3 and ZC-8. 

 

2.2. Fabrication of ZnO:Cu-DSSC 

Firstly, fluorine-doped tin oxide (FTO) substates were 

firstly cleaned and the FTOs were dried at nitrogen 

ambient. And then, the ZnO:Cu paste was prepared by 

mixing the nanopowders, Triton-X 100 and acetyl 

acetone. The resulting pastes were spread onto the FTO 

glass by doctor-blade method and annealed for 2 h at 

450◦C in air and then cooled. Then the ZnO:Cu-DSSCs 

were prepared by squeezing the paste onto the FTO 

substrates using plastic tapes. And then, The ZnO:Cu 

films were immersed into a 0.5 mM N719 (Ruthenizer 

535 bis-TBA, Solaronix)) for 1-4 hours. Finally, the dye 

loaded films were assembled with the prepared Pt counter 

electrodes to form a sandwich-type DSSCs using a sealing 

plastic. The active area of the ZnO:Cu films were adjusted 

to around 0.25 cm2. 

2.3. Characterizations and measurements 

Phase identifications of the nanopowders were 

characterized by X-ray diffraction (XRD, Rigaku 

SMARTLAB). The morphologies of the nanopowders 

were investigated by scanning electron microscope (SEM, 

TESCAN MAIA3). The current–voltage (I–V) 

characteristics of the DSSCs were recorded by a solar cell 

measurement system (FYTRONIX OPTOSENSE). 

SCHIMADZU UV-2450 spectrophotometer was used for 

reflectance measurements.  

3. Results and discussion 
 

Cu doped nanopowders have been studied using field 

emission electron microscopy (FESEM). The SEM 

images of the films have been shown in Fig.1. It is seen 

that the leafy structure is disturbed by the copper 

contribution and it starts to become irregular. 

XRD pattern of ZnO:Cu nanopowders are shown in Fig. 

2. Fig. 2 confirms that all nanopowders are a 

polycrystalline nature. The diffraction planes (100), (002), 

(101) (102), (110) (103) and (112) are in good consent 

with ZnO-JCPDS card no. 36-1451 and belong to 

hexagonal wurtzite structure.  

 

 
 
Figure 1. SEM images of the Cu doped ZnO powders at 

different magnifications  
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Figure 2. XRD spectra of the Cu doped ZnO powders 
 
As seen from XRD patterns, only ZnO peaks were 

observed up to 3% Cu doped ZnO nanopowders, while 

CuO peaks were observed in 3 and 8% Cu doped ZnO 

nanopowders. 

 
The diffuse reflectance measurements were used to find 

the band gaps of the obtained nanopowders. The diffuse 

reflectance spectra of all ZnO nanopowders are given in 

Fig. 3. It is shown that the R% values in this figure 

decrease with increasing Cu content. 

 

Using reflectance measurements, (F(R)h/t)2 vs h graphs 

were drawn according to Kubelka-Munk theory [7]. The 

band gap values of all nanopowders were determined 

from the point that cuts the energy axis of the linear part 

of the graph given in Fig. 4. and the band gap values were 

found to be 3.27 eV, 3.26 eV, 3.25 eV, 3.24 eV, 

respectively ZC-05, ZC-1, ZC-3 and ZC-8. As expected, 

the band gap values decrease with Cu incorporation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Reflectance spectra of the Cu doped ZnO powders 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  (F(R)h/t)2 vs. h graph of the Cu doped ZnO powders 
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Fig. 5-9 are given in the current density-voltage 

(J-V) graphs for ZnO-DSSC and ZnO:Cu-DSSCs at 

different loading time (1-4h) under 100mW/cm2 

simulated sunlight illumination. From the J-V graphs, 

DSSC parameters such as open circuit voltage (Voc), short 

circuit current density (Jsc), and conversion efficiency 

(n%) are estimated using Equation (1) [8] and given in 

inset in Fig. 5-9.  

 

   

 (1) 

 
where FF is the Fill factor and Pin is the intensity of the 

incident light. 

 

 
 

Figure 5. J-V curves of the ZnO:0.5%Cu-DSSCs 
 

 
Figure 6. J-V curves of the ZnO:1%Cu-DSSCs 

 
Figure 7.  J-V curves of the ZnO:3%Cu-DSSCs 

 

 
 

Figure 8. J-V curves of the ZnO:8%Cu-DSSCs 
 

It can be seen in these Figures that the dye loading time 

and Cu content generates a significant effect on the 

photovoltaic performance of the DSSCs. The highest 

efficiency (n%) among all DSSCs is the cells immersed in 

1 h. The ideal dye loading time was optimized to be 1 

hours. 

 

4. Conclusion 
 

In this study, ZnO:Cu nanopowders were deposited by the 

hydrothermal method. The effects of different Cu 

concentration on the structural and morphological 

properties of ZnO powders were investigated. ZnO:Cu-

DSSCs were fabricated using N719 dye-sensitized. The 

effects of dye loading time and Cu concentration on 

DSSC parameters were systematically investigated. 
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Especially, over the last two decades, the alkaline earth chalcogenides gain importance in terms of the structural 

phase transition under high pressure. Calcium chalcogenides are substantial for constructing ternary compunds, 

which have a wide application field in technology. CaTe compound is decided to examine as a member of this 

family and its significant physical properties are calculated via VASP (Vienna Ab initio Simulation Package). A 

first-principles study is carried out within DFT (density functional theory) and GGA-PBE (generalized gradient 

approximation with Perdew, Burke and Ernzerhof correction) is used during the computation process. CaTe 

crystallizes in NaCl (rocksalt) type at ambient conditions and has mechanical stability due to obtained elastic 

constants. Lattice constants and the other elastic parameters are also reported in present work. The plotted 

energy-volume curve indicates that NaCl phase of this compound is the most stable one and a phase transition to 

CsCl phase is predicted under pressure. Furthermore, the pressure effects on structural, electronic and elastic 

behavior of CaTe are discussed even the focus of this paper is phase transition. The DOS (density of states) is 

given with the band structure and the phonon curves calculated by PHONOPY are analyzed. Briefly, a systematic 

method is used to comprehend pressure effect on the characteristics of CaTe and it is concluded that this calcium 

chalcogenide is dynamically stable in the ground state. A good agreement is reached in comparison of our results 

with other available theoretical and experimental data in the literature. 

Keywords: CaTe, Elastic properties, Phase Transition  
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1. Introduction 

The structural and electronic properties of the 

heavy alkaline earth chalcogenides (AECs) at high pressures 

are a subject of considerable theoretical and experimental 

interest [1]. High pressure, along with ambient-pressure 

studies on materials, can help with analyzing the nature of 

interaction among the atoms. These compounds crystallized 

in the NaCl-type (B1) structure at ambient conditions. The 

AECs form a very important group of semiconductors with 

large band gap and valence-band width. Pressure is an 

attractive thermodynamical variable to reveal the 

mechanical properties of most of the solids and alloys. Since 

cohesion of solids is crucial, the interatomic distance 

changes as a consequence of the application of pressure. A 

noticeable feature in the electronic band structure of the 

CaX compounds is that there is no d electron in the valence 

band. The application of pressure on the NaCl structure of 

the alkaline earth chalcogenides undergoes a structural 

phase transition to CsCl- type (B2) structure with eight fold-

coordination.  

Luo et al. [2] have performed an extensive 

experimental study of the behavior of CaS, CaSe and CaTe 

under pressure using energy-dispersive X-ray diffraction. 

They found that the first two compounds have a phase 

transition from the B1 (NaCl) to the B2 (CsCl) phase at a 

pressure of 40 and 38 GPa, respectively. However, CaTe 

first transforms to an intermediate 

state, which is a mixture of the NaCl and MnP phases at 25 

GPa and then, at a pressure slightly greater than 33 GPa, to 

the B2 phase. Zimmer et al. [3] obtained pressure–volume 

relationships and structural transitions in CaTe using X-ray 

diffraction. Khenata et al. [4] calculated electronic band 

structures and the total energies of CaSe and CaTe in NaCl 

mailto:ilknurdurukan@gazi.edu.tr
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and CsCl-type structures using full-potential linearized 

augmented plane wave method (FP-LAPW) within the 

generalized gradient approximation (GGA). 

In this study structural phase transition, elastic, 

electronic, and vibrational properties of CaTe compound  

have been associated with these physical properties in CsCl 

(B2) and NaCl(B1) type crystal structures. In our study,  we 

also have evaluated the vibrational properties of CaTe.   

 

2. Method of Calculation 

The calculations have been performed using the 

Vienna Ab-initio Simulation Package (VASP) [5-9] based 

on the density functional theory (DFT). The interaction 

between ions and electrons is described by the projector-

augmented wave (PAW) method [10, 11]. The number of k-

points in irreducible part of the Brillouin zone has a great 

influence on the accuracy of the calculations. The k-points 

of 15×15×15 have been generated by the Monkhorst-Pack 

grid [12] for the sampling of the Brillouin zone. The 

algorithm implemented in VASP is based on the conjugate 

gradient scheme for this study. This algorithm calculates 

atomic forces and electronic ground state situations for a 

given geometry in a few iterations. These steps are repeated 

until energy and force convergence criteria are satisfied. The 

gradient-corrected functional in the form of the generalized-

gradient approximation (GGA) by Perdew and Wang [13, 

14] and the projector-augmented wave (PAW) method 

developed by Blöchl [15] have been used for calculations. 

All results presented below have been obtained by using a 

plane wave basis set with 700 eV cut off energy. 

 

3. Results and discussion: 
 

At 0GPa, the CaTe  crystallize in the NaCl-type 

structure, with Fm3m as a space group and it undergoes a 

first-order transition, from the sixfold coordinated rocksalt 

(B1) structure to the eightfold coordinated Cesium chloride 

(B2) structure under compression. To determine the 

equilibrium geometry, we relaxed (ISIF=3 in VASP) the 

volume of unit cell and the all atomic positions. With the 

relaxed equilibrium lattice constant, the Murnaghan 

equation of state was fitted to the E (V) curves in order to 

determine the Bulk modulus (B)and its pressure derivative 

for B1 and B2 structure of CaTe.  The obtained results of 

investigated compound are given in Table . The unit cells of 

CaTe compound in B1 and B2 crystal structures are shown 

in Figure 1. 
 
 
 

 
 

Fig.1: The unitcell of CaTe in B1 and B2 structure. 

 

It is seen from Table I, calculated lattice constant 

a0, Bulk module  B and  derivative of bulk module B’, and 

formation energy of CoxA1-xAl compound is in good 

agreement with the other theoretical and experimental study.  

 

Table 1: Calculated equilibrium lattice constant (a0), bulk 

modulus (B0), and its pressure derivative (B0') and total 

energies (Etot)  of CaTe compound. 

 

      
 

It is seen from Table 1, calculated lattice constants 

of B1 and B2 structure is very compatible with the 

experimental value (a= 6.348, 3.93 Å) [2] and quite 

compatible with the theoretical value in Ref. [16]. The 

variations are due to the difference in the method of 

calculation. The total energies were calculated as a function 

of volume CaTe are given in Figure 2.  According to the Fig. 

2, it is clear that the B1 crystal structure is more stable than 

the B2 crystal structure of CaTe compound.   
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Fig.2: Energy versus volume curves for B1 and B2 crystal 

structures of CaTe compound 

 

 

The phase transition behavior of CaTe is also 

investigated to see the high pressure structural properties. 

The total energy curves of CaTe for two different crystal 

structures (B1 and B2) are shown in Fig. 2. It is clear from 

Fig. 2 that CaTe compound undergoes a phase transition 

from B1 to B2 structure. This transition pressure (Pt) is 

determined by calculating the Gibbs free energies at 0 K. 

The related enthalpy changes (ΔH)-pressure (P) graph is 

presented in both phases for CaTe compound as shown in 

Figure 3. The transition pressure is a pressure at which H-P 

curves for both phases crosses. The transition pressures are 

calculated to be    28.5  GPa for  CaTe and this value is good 

agreement with other theoretical study (30.41GPa)[16] and 

lower than the experimental value (33GPa) [2]. It is depicted 

that B1 crystal structure is more stable than the B2 crystal 

structure. 
 

 
 

Fig.3: Estimation of phase transition pressure from B1 to B2 

structure for CaTe 

 

In order to understand the electronic and phase 

stability of  CaTe  the energy band structure along with total 

electronic density of states in B1 and B2 structure of CaTe 

are presented in Figure 4 and Figure 5. Fermi level is set 0 

eV. Our calculation shows that  CaTe in B1 structure is 

semiconductor which has indirect band gap of 1.45 eV in Γ 

and X (lower than 2.57 eV of other study)  while in B2 

structure this compound is of metallic conductivity as there 

is no band gap near the Fermi level and there are many 

bands crossing the Fermi level. 

 

 
 

Fig.4: Electronic band  structure  in B1 structure  for  CaTe. 
 

 
 

Fig.4: Electronic band structure  in B2 structure  for  CaTe. 
 

Elastic properties are very important properties for 

materials, which can be determined elasticity, mechanical 

stability, and stiffness of crystals that is essential to 

understand the chemical bonding and the cohesion of 

material [17]. In this study, the second-order elastic 

constants (Cij) are calculated using the "stress-strain" 

relations [18]. Calculated elastic constants at zero pressure 

for B32 and B2 crystal structures of CaTel are listed in 

Table II and given with Zener anisotropy factor, Poisson’s 

ratio and G/B ratio. 
 

Table 2 Calculated single-crystal elastic constants, Cij 

[GPa]; Zener anisotropy factor (A) and Poisson’s ratio (v) , 

G/B ratio and Young modulus 
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The traditional conditions for the mechanical stability of 

cubic crystals are: C11-C12>0, C11>0, C44>0, C11+2C12>0, 

C12<B<C11. Our calculated elastic constants satisfy these 

stability conditions for both phases of CaTe. Therefore, B1 

and B2 structures of CaTe are mechanically stable to 

support the stability conditions. 

 

Conclusions 
 

In our study, as a summary, we have used the first 

principles calculations have been performed to investigate 

the structural, electronic and elastic properties of CaTe 

compound in B1 and B2 crystal structures. The obtained 

lattice parameters of B1 and B2 structures are in good 

agreement with experimental data. Our results for the elastic 

constants satisfy the traditional mechanical stability 

conditions for both phases of CaTe compound.  The 

transition pressures are calculated to be    28.5  GPa for  

CaTe and this value is good agreement with other theoretical 

study. CaTe in B1 structure  exhibits a semiconductor  but in 

B2 structure exhibits metalic behavior.  
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The main research purpose of this study is to report on the effect of  A(Rh,Ir) doping on CoxA1-x Al in different 
concentrations (x=0, 0.25, 0.5, 0.75, 1). We have performed first-principles calculations based on density 
functional  theory  via the CASTEP packed program. The ground state properties such as lattice constant, bulk 
modulus and pressure  derivative of bulk modulus and formation energy have been calculated which are in good 
agreement with available experimental and other theoretical data. Mechanical properties have been calculated 
and compared other experimental and other theoretical data. 
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1. Introduction 

Intermetallic compounds include a class of metallic 

materials that are studied extensively by material scientists 

and engineers today. These compounds are already 

indispensable in many applications and offer additional 

breakthroughs in their performance[1,2]. These compounds, 

such as nickel, titanium, cobalt and niobium aluminates, are 

known as promising compounds in the tecnology because 

they are highly suitable materials for high temperature 

structural applications [3-6].  

A relatively small proportion of the many 

intermetallic compounds studied so far have been regarded 

as suitable candidates for high temperature applications. 

CoAl intermetallic compound crystallizing in B2 structure is 

an excellent material for many high temperature applications 

due to its melting temperature density, moderate oxidation 

resistance and thermal conductivity[7]. 

In this work, we have reported theoretical studies to 

explore the structural and mechanical properties of CoxA1-

xAl, CoxA1-xAl  compounds at some specified dopant 

concentrations x= 0.0, 0.25, 0.5, 0.75 and 1.0 using DFT.  

2. Method of Calculation 

The density functional theory (DFT) [8, 9] has successfully 

been carried out using the first principles calculations for 

ground state properties. We have applied to the GGA 

(Generalized Gradient Approximation) [10] for the 

exchange-correlation functional. All properties of 

calculations are investigated by using the CASTEP packed 

program [11-14]. The plane-wave basis sets with energy cut-

off 650 eV and the 16x16x16 Monkhorst and Pack [15] k-

points are used in the Brillouin zone for CoxA1-xAl 

(A=Rh,Ir). Elastic properties are estimated using the stress-

strain method [16,17].  

 

3. Results and discussion: 
 

The crystal structure of CoxA1-xAl (A=Rh,Ir) 

compounds is cubic, with the space group Pm-3m, the 

Pearson symbol is cP2, the prototype is CsCl. The structure 

is shown in Fig. 1, the A atom in the center represents Rh 

and Ir atoms. 

 

 
 

 

 

 

 

 

 

 

Al (A=Rh,Ir) compounds  x-1AxCrystal structure of Co ig.1:F

showing the three  occupied sub-lattices. Purple circles: Co atoms, 

Green circles Al atoms, orange circles Rh or Ir atoms. 
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It is seen from Table I, calculated lattice constant a0, Bulk 

module  B and  derivative of bulk module B’, and formation 

energy of CoxA1-xAl compound are in good agreement with 

the other theoretical and experimental study.  

 

Table 1: Lattice constant, Bulk module, first derivative bulk 

module and formation energy of CoxA1-x Al compound. 

 

 
 

Figs. 2, and 3 illustrate the Lattice parameters and 

bulk modulus as a function of composition x. From Fig. 2 

and, Fig.3  we can say that the lattice constants and bulk 

modulus decrease almost linearly with composition. 

 

Elastic constants provide information about the 

dynamic and mechanical properties of solids as well as the 

properties of forces in solids [28,29]. It also provides 

information about the hardness and stability of the material. 

Therefore, to study the stability of these compounds in Pm-

3m structure, we have calculated the elastic constants at 

equilibrium lattice parameter. 

 

The elastic properties of a cubic crystal are defined 

exactly by three independent elastic constants,  C11, C12 and 

C44. The mechanical stability of the cubic crystals must be in 

accordance with the Born stability criteria, which are very 

good for their elastic constants[30]. The calculated elastic 

constants are compatible with other theoretical and 

experimental constants. 

  

 
Fig.2: Lattice Constants of Cox A1-x Al compound 

 

 
 

 

 
 

Fig.3: Bulk modulus of CoxA1-xAl compound 
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Table 2 Elastic constants Cij (GPa) of CoxA1-xAl compound. 

 
 
 
Conclusions 
 

In this study, the first principles calculations have 

been performed to investigate the structural, and elastic 

properties of CoxA1-xAl (A=Rh,Ir)  compound. The obtained 

lattice parameter and Bulk module and  pressure derivative 

of bulk modulus of Co xA1-xAl (A=Rh,Ir)  compound is in 

good agreement with experimental and other data. 

According to elastic measurements, CoxA1-xAl (A=Rh,Ir) 

alloy is mechanically stable. 
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The structural, elastic  and electronic properties of TcSi alloyed with Mn,Re are investigated by using density functional theory 

(DFT). The study suggests that Mn and Re all tend to be substituted for an Tc site. BxTc8-xSi8 using (2x2x2) supercell  in B2 

structure are investigated by means of first-principles using CASTEP program. The results on the basic  physical parameters, 

such as the bulk modulus, lattice constant, and elastic constant are presented. The obtained results are in agreement with the 

available and experimental and other theoretical values.  The effect of the ratio of Mn and Re on TcSi is studied for the 

electronic band structure and density of states.  
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1. Introduction 

Intermetallic compounds are known to have 

attractive  physical, chemical, mechanical electrical, and 

magnetic properties, which are generally superior to 

ordinary alloys [1]. Intermetallic compounds with 

structural properties B2 have been noted for several 

decades due to the high strength and high strength and 

high oxidation resistance required for engineering 

applications [2-5]. 

The mechanical and physical properties of B2 

structure of intermetallic compounds, such as the transi- 

tion-metal aluminides, have attracted much attention due 

to their low density, good corrosion, high melting 

temperature, high strength, and resistance for elevated 

temperature engineering applications [6,7] stiffness, 

strength, and oxidation resistance for high-temperature 

engineering applications [8–10].  

In this study, The structural, elastic and 

electronic properties of TcSi compound alloyed with Mn, 

Re are investigated by using density functional theory 

(DFT). 

2. Method of Calculation 

All data presented in this study were performed 

using CASTEP program[11,12]. They are based on the 

density functional theory (DFT) using the projector-

augmented-wave (PAW) method. The exchange 

correlation potential was considered within the 

generalized gradient approximation (GGA)[13,14]. 

Firstly, the optimization of lattice parameter and internal 

structure were determined. Then, band structure 

calculations were made using the calculations in the 

optimization. The valence-electron configurations for the 

Tc and Si were generated as 4f1 4d5 5s2, 3s2 3p2, 

respectively. For optimization of the lattice parameters 

and atomic positions 14x14x14 Monkhorst and Pack [15] 

grid of k-points were used for integration in the 

irreducible Brillouin zone. The kinetic energy cut off is 

taken to be 700 eV for the plane-wave basis set. 

 

 

3. Results and discussion: 
 

In this study,  BxTc8-xSi8  (B= Mn, Re) was 

investigated in B2 (CsCl) phase. Mn(Re)1Tc7Si8 crystal 

structure of the BxTc8-xSi8  in the structure is shown in 

Figure 1a. To determine the equilibrium geometry, we 

relaxed (ISIF=3 in VASP) the volume of unit cell and the 

all atomic positions. With the relaxed equilibrium lattice 

mailto:ilknurdurukan@gazi.edu.tr
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constant, the Murnaghan equation of state[16] was fitted 

to the E (V) curves in order to determine the Bulk 

modulus (B).  
 

 
 
Fig.1: Crystal structure of Mn(Re)1Tc7Si8  compounds showing 

the three occupied sub-lattices. purple circles: Mn or Re atoms, 

Grey circles Tccatoms, Blue circles Si atoms.. 

 

It is seen from Table I, calculated lattice constant a0, Bulk 

module  B and  derivative of bulk module B’, and 

formation energy of BxTc8-xSi8  compound. 

 

Table 1: Lattice constant, Bulk module and first 

derivative bulk module of BxTc8-xSi8  (B= Mn,Re ) 

compound. 

 
 

Elastic properties are very important properties 

for materials, which can be determined elasticity, 

mechanical stability, and stiffness of crystals that is 

essential to understand the chemical bonding and the 

cohesion of material [17]. In this study, the second-order 

elastic constants (Cij) are calculated using the "stress-

strain" relations [18]. Calculated elastic constants are 

listed in Table II. 

 

 
Table 2 Elastic constants Cij (GPa) of BxTc8-xSi8  (B= 

Mn,Re ) compound. 

 

  

The traditional conditions for mechanical 

stability of cubic crystals are: C11-C12>0, C11>0, C44>0, 

C11+2C12>0, C12<B<C11. Our calculated elastic constants 

satisfy these stability conditions for BxTc8-xSi8  (B= Mn, 

Re ). Therefore, BxTc8-xSi8  (B= Mn,Re ) are 

mechanically stable to support the stability conditions. 

In order to make sense of the electronic behavior 

of BxTc8-xSi8  (B= Mn,Re ), we have computed the 

electronic band structure. Electronic band structure of 

Mn2Tc6Si8, Mn4Tc4Si8 and Mn6Tc2Si8 are shown in 

Figure 2. Fermi level is set 0 eV. Our calculation shows 

that these compouns are of metallic character due to there 

are no band gap near the Fermi level. E(Nf) values of 

Mn2Tc6Si8 and Mn6Tc2Si8 are -12.49 eV, -13,63 eV, 

respectively. 
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The total and partial density of states are also 

plotted in Figure 3. Clearly, the valence bands are located 

in three regions. The first  region of valance band consists 

of Si - s states. The second region of the valence band is 

composed of Si– p and Tc-d states. The third region 

originates from the hybridization of Si p-states and Mn 

and Tc–d states. The fourth region of conduction band, 

above the Fermi energy level, the major contribution 

comes from Mn and Tc –d states. With the increase of the 

contribution of Mn, it is seen that the contribution of Mn 

in the total state density increases and the contribution of 

Tc decreases. 

 
 

 

 

 
 

 
 

Fig.2: Electronic band structure for Mn2Tc6Si8 and 

Mn6Tc2Si8 

 

 

 
 

 

 
 

 

Fig.3: Calculated partial density of states for 

Mn2Tc6Si8 ,M6Tc2Si8 
 

 

 

 
Conclusions 
 

In this study, the first principles calculations 

have been performed to investigate the structural, 

electronic, elastic properties of BxTc8-xSi8  (B= Mn,Re ) 

compoud. According to elastic measurements, BxTc 8-x Si8  

(B= Mn,Re ) compoud. is mechanically stable. The 

computed band structures and density of states show that 

the studied BxTc 8-xSi8  (B= Mn,Re ) is metallic in nature. 
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The Ni–Al binary phase diagram contains Al3Ni, Al3Ni2, Al3Ni5, NiAl, Ni3Al five intermetallic compounds. Of these 

intermetallics, NiAl and Ni3Al have the vast majority of scientific attention as they are considered candidate 

materials for high temperature structural because of high melting point (1638 °C for Ni3Al peritectic, 1385 °C for 

NiAl alloy) and coating applications. Also in the Ni–Al binary system these two phases, relatively low densities, 

good strength and high temperature corrosion and oxidation resistance. For the fabrication, it seems that for 

particulate reinforcement of intermetallics, in-situ precipitation methods offer the best prospect for exploitation in 

the short term. In this study, 82.4 % Nickel powders and 17.6 % Aluminum powders were mixed homogeneously. 

Subsequently, mixed powder was added to Aluminium (Al) powders for 5 wt%, 10 wt% and 20 wt % ratios and 

were re-mixed. The samples which were prepared for 3 different ratios were compacted. The compacted samples 

were sintered at 1300 °C for 20 minutes. So, Ni-Al intermetallic reinforced Al-based composites were fabricated 

successfully. Ni-Al intermetalics were formed as in-situ during sintering of composite. The microstructures of 

obtained composites were examined via optical microscope. The mechanical behavior of the composite, 

including  the hardness test. It was shown that increasing Ni-Al intermetallic amount improve the mechanical 

properties of composites. 

 

Keywords: Intermetallic, Composite, Al matrix,, In-situ. 
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1. Introduction 

Intermetallics are a unique group of materials composed of 

two (or more) types of metal (or metal and non-metal) 

atoms, which exist as solid compounds and differ in a 

structure from that of the constituent components. Since a 

great number of intermetallic phases have been recognized 

and examined, the most advanced works in the field of 

metallurgy and performance properties have been carried 

out for intermetallic phases from the Ni–Al, Fe–Al and Ti–

Al binary systems. The main research efforts have been 

focused on NiAl, Ni3Al, FeAl, Fe3Al, TiAl, Ti3Al and TiAl3 

based alloys [1]. Of these intermetallics, NiAl and Ni3Al 

have by far received the vast majority of scientific attention 

as they are considered candidate materials for high 

temperature structural and coating applications. This is not 

surprising considering that these compounds have the 

highest melting points in the Ni–Al binary system, relatively 

low densities, good strength and high temperature corrosion 

and oxidation resistance [2]. The most attractive properties 

of the Ni3 Al intermetallics include: a high tensile and 

compression strength at temperature of 650-1100 °C an 

increase of flow stress with increasing temperature—an 

anomalous positive temperature dependence of the yield 

strength (at 600–900 °C) is a characteristic feature of the 

Ni3Al phase and its alloys; a high corrosion resistance in 

oxygen and carbon enriched atmospheres up to 1100 °C, due 

to a formation of a     continuous surface alumina layer [3-

5].                                  In this work Al matrix has been 

reinforced with Ni3Al intermetallic. The microstructures of 

obtained composites were examined via optical microscope.  

The hardness test was applied to samples. It was shown that 

increasing Ni-Al intermetallic amount improve the 

mechanical properties of            composites.                                              

 
 
2. Experimental details 
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In the experiments, 5%, 10% and 20% of Ni-Al powder 

mixture was added to Al matrix. For this purpose, 86.4% Ni 

(Merck) powder and 17.6% Al (Roth) powder were first 

mixed in a mechanical stirrer for 30 minutes. Subsequently, 

this powder mixture was added to the Al matrix separately 

in 5%, 10%, 20% by weight and the new powder mixture 

was mixed in the mechanical mixer for a further 15 minutes. 

The resulting powders were then made into pellets having a 

diameter of 12 mm and a height of 6 mm under a stretch of 

500 MPa. The resulting pellets were heat-treated at 700 °C. 

Then the internal structure of the obtained samples were 

examined under optical microscope and the microhardness 

of the samples were taken and the mechanical properties of 

the composites were determined.                                                    

 

3. Results and discussion 
 
The Ni-Al mixture was pelleted without addition to the Al 

matrix and heat-treated at 700 °C. The microstructure view 

of     the obtained structure is given in Fig. 1a.                           

 
Figure 1. a) Optical microstructure b) XRD spectra of Ni3Al 

intermetallic synthesized from Ni-Al powder mixture. 

As can be seen from the XRD spectra, two different phases 

were found in the structure. The most dominant phase of 

the microstructure is Ni3Al. The other phase is the NiAl 

intermetallic found in white clumps. . In addition, it can be 

said that NiAl intermetallic are formed. XRD analysis 

shows that Ni-Al intermetallic synthesis is synthesized 

when the           Ni-Al powder mixture is heat treated at 700 

°C.     

The microstructure images of the composites produced in 

Figure 2 are given. The black part is a void. Images are 

appearing blurred due to surface curvature. 

 

 

 

b 

 

a 
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Figure 2. Microstructures of a) Pure, b) 5 wt. % composite, c) 10 

wt. %  composite, d) 20 wt.% composite.      

Five tests were performed for each sample surface. 

Measurements of Vickers hardness were performed to 

determine the microhardness values of the composites. 

Vickers hardness value was calculated by averaging the 

values obtained from each test (Fig. 3). The Vickers 

hardness tests were performed at a holding time 10s. 

 

Figure 3.  Microhardness changing for different reinforcing 

ratio. 

 

The effect of the 5 % reinforcement rate on the hardness 

increase of the Al matrix was relatively limited. However, 

when the reinforcement ratio increased to 10%, the hardness 

increased to 251.4 HV. When the reinforcement ratio is 

increased to 20 % the hardness decrease 192 HV. The 

reason of this situation is test method. Because the area that 

is load on the phase which is cause of the low hardness 

values.  20 % reinforced Ni3Al intermetallic composite has 

surface curvature and so the hardness value less than the 

other ratios. 

 

4. Conclusion 
 

Ni3Al-Al in-situ composites were successfully synthesized. 

As a result of the study, it was analyzed that the synthesis of 

in-situ reactions to be successfully depends on sintering 

temperature and that NiAl phase is formed at this 

temperature besides Ni3Al.                                                                            
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Solid oxide fuel cells (SOFC) can operate high to temperatures, it is systems that work electrochemically and generate 

electricity. It is aimed to reduce the system cost by decreasing the SOFC operating temperature and to have a longer life. As a 

result of recent academic research, SOFC’s are capable of operating moderate temperatures while producing the output of 

high temperature systems, moreover research on low temperatures (<600 °C).  But for low temperature system, very costly 

and very good technological tools should be used. it is one of the most important problems that reduce low temperature 

performance. Although SOFC has a sufficiently high ionic conductivity, it does not operate at low temperatures. The use of 

erbium and bismuth oxide-based electrolytes shows high levels of oxygen ion transmission between electrolytes and the 

electrode, which removes an important barrier for the development of SOFC’s. In addition to the high ionic conductivity of 

Erbium stabilized bismuth oxide (ESB), in the cathode layer achieved surface oxygen exchange rate, charge transfer, and 

oxygen decomposition. Furthermore Erbium stabilized bismuth oxide (ESB) synthesizing with traditional electrolyte materials 

GDC/YSZ/ScSZ  of the coating  with LSM in the cathode layer thus extends the innovative material field. Previous studies with 

ESB electrolytes made with these innovative materials, the highest a cell power produced was approximately 1.95 W/cm2 at 

650 oC. The high-performance increase is achieved by adding the appropriate amount of electrolytes to the cathode surface. in 

the light of all these studies; It is believed that higher power density levels can be achieved by depositing thin, dense and well-

sintered ESB layers. 

 

Keywords: Solid oxide fuel cells (SOFC), Erbium stabilized bismuth oxide (ESB), Lanthanum strontium manganite(LSM),low 
temperature (LT) 
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1. Introduction 

 
Solid oxide fuel cell is a simple working system 

consisting of anode, cathode and electrolyte layer are 

mechanisms that convert electricity and heat into high 

efficiency without combustion and mechanical 

movement. SOFCs are anode-supported, providing a 

wider choice of materials, higher material stability, better 

performance durability and lower production costs, and 

operate to around 800 ° C [1-2]. As a result of these 

studies, the commercial market in the energy conversion 

cycle of SOFCs was limited due to the high operating 

temperatures. Many studies have been conducted with 

conventional electrolyte materials GDC / YSZ / SDC / 

ScSZ. Although different types of electrolyte materials 

have been tested, average power densities reach a 

maximum temperature of 2 W/cm2 at 800 °C[3]. 

Conventional yttria stabilized zirconia (YSZ) electrolyte 

is used to achieve long life, high stability and best 

performance at low operating temperatures. Yttrium   

oxide doped zirconium oxide (YSZ), zirconium based 

oxides, SOFC applications has become a popular due to 

its high ionic conductivity and stability and also which 

benefits from its high stability at a wide range of oxygen 

partial pressure. Other electrolyte materials, such as 

Gadolinium-doped Ceria (GDC) and Bismuth oxides 
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stabilized with lanthanide dopants have higher oxygen ion 

conductivity but worse stability at low oxygen partial 

atmosphere[4-5].  

Erbium stabilized bismuth oxide (ESB) is synthesized for 

used in different materials both in the electrolyte and in 

the cathode layer. Bismuth oxide-based electrolytes have 

been recognized to be highly important for the application 

of solid oxide fuel cells because of the highest oxygen ion 

conductivity among all solid electrolytes. Erbium 

stabilized bismuth oxide electrolyte materials are mainly 

produced with mixture of standard compound (Bi2O3) and 

(Er2O3). in most applications, solid electrolytes will be 

used at an electrochemical potential of ESB which oxygen 

surface exchange coefficient have a better level with other 

electrolytes. Depending on the oxygen level, it increases 

the electrical conductivity in multi-layer ion 

transitions[6]. Studies have shown that double layer 

electrolyte, provide higher ion conductivity as depend on 

ratio ESB / GDC [7]. This is because the ESB layer will 

block electronic conduction through the GDC layer, and a 

sufficiently thick GDC layer will prevent decomposition 

of ESB [8-9]. in addition, ESB/GDC bilayer electrolytes, 

total specific resistance (ASR), can be reduced depending 

on thicknesses. Cathode layer in the same situation 

exhibits approximately 26% smaller cathode polarization 

of deposition of ESB on GDC [10]. it should be noted that 

as a result of the thin and dense accumulation of ESB 

structure, the increase in OCP results from this situation. 

[11-12]. Therefore, the production of thin and dense 

ESB/GDC layers is very important to increase OCP [13-

14].  

Compared with YSZ electrolyte material, GDC 

has better chemical compatibility with many perovskite 

cathode materials. In the commercial area, it is time-

consuming and costly to prepare dense GDC thin layer on 

the surface of YSZ. Doped stabilized bismuth oxide (δ-

Bi2O3) has been known as a promising electrolyte 

material with higher oxygen ions conductivity than both 

GDC and YSZ. The results of this study showed that 

intensive ESB is always used with YSZ and GDC 

electrolyte and cathode structure [15]. Joh et al. [16] 

replaced GDC with YSZ and used LSM -ESB as the 

cathode and obtained a peak power density at 700 °C 

higher than the GDC electrolyte state. Although the 

cathode structure of the LSM-ESB initially performed 

well, it was determined that these materials could work 

for a short time under LT-SOFC conditions. in the 

literature, innovative studies for SOFC in electrolyte and 

cathode layer are continuing. in this study, we 

investigated the resistance of LSM-ESB cells and the use 

of GDC and YSZ electrolytes in the LT-SOFC 

temperature range (450-650 oC). The actual performance 

values of an ESB electrolyte layer and the I-V 

characterization values for the LSM-ESB cathode were 

examined. 

 
2. Experimental details 
 

Generally, commercial YSZ powder (TZ-8YS, Tosoh, 

Japan) is used in the studies and GDC powder is 

synthesized by appropriate reaction. For the LSM-ESB 

electrode ink, LSM powder and ESB powder 

synthesized by diffirent methods with the same 

or difference proportions can be mixed in as 

binder, plasticizer and solvent. With the 

mixture, both ESB and GDC electrolyte 

materials are sintered at different 

temperatures to produce cells [17].   

 

3. Results and discussion 

 
Figure 1 shows a comparison of Maximum Power 

Densities (MPDs) for SOFCs with various LSM-bismuth 

oxide cathodes at low to intermediate temperatures. For 

all temperatures, the LSM-ESB cathode connected 

achieves the highest performance for used with together 

to the ESB electrolyte. The effect of ESB electrolyte layer 

on LSM cathodes for low temperature SOFC was 

investigated. As a result of these comparisons, the effect 

of ESB electrolyte on LSM-ESB performance is valid and 

even greater at low temperature[19]. 
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Figure 1. Comparison of maximum power density of 

SOFCs using LSM-bismuth oxide based composite 

cathodes at IT ranges. 

 

 

 

 
Figure 2. I–V characteristics of the fuel cell samples with 

GDC single-layer and ESB/ GDC bilayer electrolyte at 

650 oC[24]. 

 

An increase in performance values was observed due to 

the fact the double layer of ESB electrolyte layer. Figure 

2. shows for the bilayer cell, this increase in performance 

achieved on the single-layer GDC cell at 650 °C increased 

the maximum power density from 1.03 to 1.95Wcm2 

(93% increase)[24]. The most important factor leading to 

this dramatic improvement in power density, this is the 

ability of a bilayer electrolyte to increase open circuit 

potential (OCP). In this study, different cathode samples 

containing single and double layer electrolytes were 

examined, in SOFC applications, different studies will be 

tried by using two layer YSZ / GDC / ScSZ / ESB 

electrolytes, will lead to new research. It is also a very 

promising research topic at low operating temperatures. 

 

 

4. Conclusion 
 

The application of ESB is extremely important for both 

electrolyte and cathode layers. The presence of ESB in the 

LSM cathode is accelerate the cathode electrochemical 

reaction during the reduction of cathode polarization 

resistance. The use of LSM-ESB in the ESB / GDC / YSZ 

electrolyte in SOFC has the highest power levels of 

studies. The results of these studies show that ESB has 

become a popular research topic due to its electronic and 

ionic properties. 
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This paper investigates the surface modification of calcite (CaCO3) obtained from the Niğde region of Turkey with stearic acid 

as modification agents, which are incorporated into the calcite with dry fine grinding in a laboratory scale tumbling ball mill. The 

effect of surface modification is evaluated by a floating test, which is characterized by the active ratio, colour properties and oil 

absorption. The results showed that modified calcite powder (BMC3) with a coating rate of 1.05%, a mean particle size of 

10.18 μm, oil absorption ratio of 34%, Ry of 85.18% can be obtained with 30 min grinding+modification time, 30% ball filling 

ratio and 5% sample and ball mass ratio. The preliminary results obtained from the experiments indicate that dry surface 

modification with fatty acid may be an alternative method for the surface modification of calcite using a conventional ball mill.  
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1
. Introduction 

 
Calcium carbonate (CaCO3) containing calcite is most 

widely used filler in the plastics, rubber, paper, paint and 

ink industry [1]. In particular, its reaction with fatty and 

other organic acids, especially stearic acid, has been used 

for many years to improve their compatibility with, and 

dispersion in, polymers. The coated fillers are much more 

hydrophobic than the uncoated ones, which reduces water 

pick-up, and have also been shown to have an effect on 

polymer morphology and hence modifying the properties 

of polymers [2].  

Conventional surface modification technologies, which 

consist of the heating mix modification and packing 

modification methods, have been applied widely in the 

treatment of fillers and pigments. However, conventional 

techniques have some drawbacks, such as weak stirring 

capabilities, low materials mixing degree, uneven 

dispersion between  agent  and  materials, and, in  

particular,  a  lack  of  

reaction foundation. Moreover, the modification effect is 

weak when using conventional techniques and the product 

quality is unstable. Thus, the improvement of mechanical 

performance of the product is not significant [3]. 

 

 

 

On the other hand, dry particle coating is a relatively new 

and alternative approach to wet coating methods and it 

has drawn attention of many researcher using different 

equipment such as high shear mixer, vibrating mill, 

planetary ball mill, and jet mill [4-7]. However, there is 

no study on surface modification in the tumbling ball mill. 

In this study, it was investigated the modification of 

calcite with stearic acid (SA), which is incorporated into 

the calcite with dry fine grinding in a tumbling ball mill. 

Moreover, before and after grinding+surface 

modification, calcite was characterized by the coating 

ratio and oil absorption method. 

 

2. Experimental details 
 
2.1. Samples and Reagents 

Calcite powder used was supplied by the Niğtaş 

Company, Niğde, Turkey. A chemical analysis of the 

mailto:otoraman@ohu.edu.tr
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sample is reported in Table 1. The sample was crushed to 

a nominal maximum size of -1.18 mm using a jaw crusher 

in a closed circuit with a 1.18 mm screen. The particle 

size distribution of the crushed sample was determined by 

dry screening, the results of which appear in Fig. 1.  
Chemical reagent (SA) which was used in the surface 

modification, were obtained from Sigma-Aldrich.  

Table 1. Chemical composition of the sample (wt%). 
CaCO3 MgCO3 Fe2O3 SiO2 Al2O3 Total 

99.5 0.2 0.01 0.01 0.02 99.74 

 

Physical properties of chemical reagent used in the 

experimental studies is shown in Table 2. 
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Fig 1. Particle size distribution of feed sample. 

 

Table 2. Chemical reagent used in experimental studies. 
Reagent Density 

(g/cm3) 
Molecular 

formula 
Molecular weight 

(g/mol) 

Stearic acid 0.94 C18H36O2 284.48 

 
2.2. Test and Evaluation Method 

 

Laboratory scale modification tests were conducted in a 

laboratory-scale ball mill made of stainless steel with the 

dimensions 200×200 mm. The grinding media were 

stainless steel balls with a density of 8000 kg/m3 and with 

three different diameters (i.e., 1, 2, and 3 cm). The 

grinding experiment was performed as a batch process; 

after each test, all media and ground samples were 

removed from the mill and the media separated from the 

products by dry sieving.  

The critical speed (Nc), ball filling ratio (Jb), and powder 

filling ratio (fc) were calculated using 

Eqs. (1), (2) and (3), respectively: 

Nc = 42.3/[(D-d)]0.5 (rpm)                                                   

(1) 

(D = mill diameter and d = ball diameter, in meters)  

       

Jb = [(mass of balls/ball density)/mill volume] x 1/0.6       

(2)       

fc = [(mass of powder/powder density)/mill volume] x 

1/0.6        (3)     

  

 

The effect of the surface modification was evaluated by 

the floating test, which measures the ratio of the floated 

product to the overall weight of the sample, after they are 

mixed in water and stirred vigorously. 

 

AR(%) = Mp/(Mp+Mt)*100                                                 

(4)                                                                                                                 

 

where AR is the active ratio (%), Mp the mass of the 

floated product and Mt the mass of the non-floated 

product [8]. A greater active ratio implies better surface 

modification effects [3]. The samples were characterized 

with the Mastersizer Hydro 2000 laser diffraction particle 

size analyzer (Malvern, UK). Analyses of the colour 

properties of the samples with a Datacolor Elrepho 

spectrophotometer were performed. 

An organization called Commission Internationale 

del'Eclairage (CIE) determined the standard values that 

are used worldwide to measure color. The values used by 

CIE are called L*, a*, and b*, and the color measurement 

method is called CIELAB. Symbol L* (Lightness) 

represents the difference between light (“pure white”) 

(where L*=100) and dark (“black”) (where L*= 0); a* 

(Redness-Greenness) represents the difference between 

green (−a*) and red (+a*); and b* (Yellowness-Blueness) 

represents the difference between yellow (+b*) and blue 

(−b*) [9]. The colour measurement method is called 

CIELAB. The CIELAB values are calculated from the red 

green and blue filters of the colorimeters and are 

particularly suited to describing near white samples 

according to the following equations [10]: 

L*=116(Y/Yn)1/3-16                                                            

(5)                                                                                                                            

 

a*=200[((X/Xn)1/3-(Y/Yn)1/3]                                               

(6)                                                                                                                      

 

b*=200[((Z/Zn)1/3-(Y/Yn)1/3]                                               

(7)                                                                                                                       

 

where X, Y and Z are the tristimulus values for the 

samples arising from the colourimetric system and Xn, Yn 

and Zn are those of a surface colour choosen as the 

nominal white stimulus. Using this system and colour that 

correspons to a place on the Cylindrical CIELAB color 

space system was shown in Fig. 2. 

http://www.sciencedirect.com/science/article/pii/S0032591011003676#t0005
http://www.sciencedirect.com/science/article/pii/S0032591015302394#f0005
http://www.sciencedirect.com/science/article/pii/S0032591015302394#fo0005
http://www.sciencedirect.com/science/article/pii/S0032591015302394#fo0010
http://www.sciencedirect.com/science/article/pii/S0032591015302394#fo0015
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Fig 2. Cylindrical CIELAB colour space [11].  

 
Summary of experimental conditions is also shown in 

Table 3. 

 

Table 3. Summary of experimental conditions. 
Item Experimental condition 

Ball filling ratio (Jb) 0.30 

Powder filling ratio (fc) 0.05 

Operational speed (% of Nc) 90 

Grinding time  BMC1: 10 min 
BMC2: 20 min 
BMC3: 30 min 

Ball size distribution (10-20-30 mm) 30%-40%-30% 

Modifying reagent ratio (% of 
powder mass) 

1% Stearic acid 

Material of grinding media Stainless steel 

Powder feed size  -1.18 mm 

 

3. Results 
 
3.1 Coating ratio of modified CaCO3 

 

It is desirable that coated calcite products used in the 

industry have an active rate value close to 100%. Active 

ratios of feed and coated products can be seen from Table 

4. It can be seen from Table 4, the coating ratios of 

CaCO3 was obtained 0.96-1.05% with 1% SA. 

 

Table 4. Coating ratios of coated products. 
Product Coating ratio, ‰  

BMC1 9.85 

BMC2 9.6 

BMC3 10.5 

 
3.2 Particle size distribution of modified CaCO3 

 

Table 5 shows the summary of particle size distributions 

coated products. 

 

 

Table 5. Particle size distributions of coated products. 

Product d50, µm d97, µm -2 µm, % d100, µm 

BMC1 16,89 111,65 13,51 208,93 

BMC2 11,45 61,36 15,36 120,22 

BMC3 10,18 47,96 16,48 79,43 

 
3.3 Oil absorption of modified CaCO3 

 

The decrease in the dop oil absorption rate is regarded as 

an indication of the coating quality. It can be seen from 

Table 6, the dop oil absoption of CaCO3 was obtained 26-

34% with 1% SA.  

 

 

 

 

Table 6. Dop oil absorption ratios of coated products. 
Product DOP oil absorption, g/100g ≤ 

BMC1 26 

BMC2 32 

BMC3 34 

 
3.4 Colour properties of modified CaCO3 

 

Colour parameters (Ry, L*, a*, b*) of  feed sample and 

products coated are shown in Table 7. Whiteness is an 

important specification of micronized mineral filler 

products, and it is important for marketing purposes that 

whiteness be high (≥95%). Notably, the lightness (L*) 

values of the ground calcite products was obtained 93.9-

94.6 with 1% SA. 

 

Table 7. Colour parameters of coated products. 
Product Ry L* a* b* 

BMC1 85,59 94,14 0,24 1,76 

BMC2 86,66 94,59 0,29 1,98 

BMC3 85,18 93,96 0,24 1,5 

 
4. Conclusions 

 
In this study, surface modification with stearic acid as 

modification reagent incorporated with dry fine grinding 

in a tumbling ball mill was investigated. The results 

showed that modified calcite powder (BMC3) with an 

coating rate of 1.05%, a mean particle size of 10.18 μm, 

oil absorption ratio of 34%, Ry of 85.18% can be obtained 

with surface modification method under 1% modifier 

reagent dosage with 30 min grinding+modification time, 

30% ball filling ratio and 5% sample and ball mass ratio.  

The preliminary results obtained from the experiments 

indicate that dry surface modification with fatty acid may 

be an alternative method for the surface modification of 

calcite using a conventional ball mill. 
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Nomenclature 
 

d50 Average particle size, µm 

d97 90% cumulative weight passing size of the 

ground product, µm 

d100 100% cumulative weight passing size of the 

ground product, µm 

SSA Specific surface area, m2/g 

SA Stearic acid 

Ry Brightness of calcite 

L* Lightness of calcite 

a* Redness-greenness of calcite 

b* Yellowness-blueness of calcite 
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In this study, surface modification with stearic acid+sodium oleate mixture as modification reagent incorporated with dry ultra-

fine grinding in a tumbling ball mill was investigated. The results showed that modified calcite powder (YK-2) with an coating 

rate of 0.95%, a mean particle size of 12.92 μm, oil absorption ratio of 19%, Ry of 84.17% can be obtained with surface 

modification method under total 1% modifier reagent dosage with 1.8 m/s stirring velocity, 20 min grinding+modification time, 

30% ball filling ratio and 5% sample and ball mass ratio. This results indicate that dry surface modification with fatty acid 

mixture may be an effective method for the surface modification of calcite using a conventional ball mill.  
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1. Introduction 

 
The coated fillers are much more hydrophobic than the 

uncoated ones, which reduces water pick-up, and have 

also been shown to have an effect on polymer 

morphology and hence modifying the properties of 

polymers [1]. Conventional surface modification 

technologies, which consist of the heating mix 

modification and packing modification methods, have 

been applied widely in the treatment of fillers and 

pigments. However, conventional techniques have some 

drawbacks, such as weak stirring capabilities, low 

materials mixing degree, uneven dispersion between 

agent and materials, and, in particular, a lack of reaction 

foundation. Moreover, the modification effect is weak 

when using conventional techniques and the product 

quality is unstable. Thus, the improvement of mechanical 

performance of the product is not significant [2]. On the 

other hand, dry particle coating is a relatively new and 

alternative approach to wet coating methods and it has 

drawn attention of many researcher using different 

equipments    such  as  high  shear   mixer,   vibrating    

mill, 

 

planetary ball mill, and jet mill [3-6]. However, there are 

no closure studies in the tumbling ball mill. 

In this study, it was investigated the modification of 

calcite with stearic acid (SA)+sodium oleate (SO), which 

is incorporated into the calcite with dry fine grinding in a 

ball mill. Moreover, CaCO3 before and after 

grinding+surface modification was characterized by the 

coating ratio and oil absorption method. 
 
2. Experimental details 
 
2.1. Samples and Reagents 

 
Calcite powder used was supplied by the Niğtaş 

Company, Niğde, Turkey. A chemical analysis of the 

sample is reported in Table 1. The sample was crushed to 

the maximum sizes of −1.18 mm – 0.850 mm – 0.600 mm 

and – 0.425 mm using a jaw crusher in a closed circuit. 

The obtained products were denoted as YK-1, YK-2, YK-

3 and YK-4, respectively. Chemical reagents which was 

used in the surface modification, were obtained from 

Sigma-Aldrich.  

 

 

Table 1. Chemical composition of the sample (wt%). 
CaCO3 MgCO3 Fe2O3 SiO2 Al2O3 Total 

99.5 0.2 0.01 0.01 0.02 99.74 

 

mailto:otoraman@ohu.edu.tr
http://www.sciencedirect.com/science/article/pii/S0032591011003676#t0005
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Physical properties of chemical reagents used in the 

experimental studies are shown in Table 2. 

 
Table 2. Chemical reagent used in experimental studies. 
Reagent Density 

(g/cm3) 
Molecular 

formula 
Molecular weight 

(g/mol) 

Stearic acid 0.94 C18H36O2 284.48 

Sodium oleate 1.02 C18H33NaO2 304.4 

 
2.2. Test and Evaluation Method 

 

Modification tests were conducted in a laboratory-scale 

ball mill made of stainless steel with the dimensions 

200×200 mm. The grinding media were stainless steel 

balls with a density of 8000 kg/m3 and with three different 

diameters (i.e., 10, 20, and 30 mm). The grinding 

experiment was performed as a batch process; after each 

test, all media and ground samples were removed from 

the mill and the media separated from the products by dry 

sieving.  

The critical speed (Nc), ball filling ratio (Jb), and powder 

filling ratio (fc) were calculated using 

Eqs. (1), (2) and (3), respectively: 

Nc = 42.3/[(D-d)]0.5 (rpm)                                                   

(1) 

(D = mill diameter and d = ball diameter, in meters)  

       

Jb = [(mass of balls/ball density)/mill volume] x 1/0.6       

(2)       

fc = [(mass of powder/powder density)/mill volume] x 

1/0.6        (3)     

  

 

The effect of the surface modification was evaluated by 

the floating test, which measures the ratio of the floated 

product to the overall weight of the sample, after they are 

mixed in water and stirred vigorously. 

The samples were characterized with the Mastersizer 

Hydro 2000 laser diffraction particle size 

analyzer (Malvern, UK). Analyses of the colour 

properties of the samples with a Datacolor Elrepho 

spectrophotometer were performed. 

An organization called Commission Internationale 

del'Eclairage (CIE) determined the standard values that 

are used worldwide to measure color. The values used by 

CIE are called L*, a*, and b*, and the color measurement 

method is called CIELAB. Symbol L* (Lightness) 

represents the difference between light (“pure white”) 

(where L*=100) and dark (“black”) (where L*= 0); a* 

(Redness-Greenness) represents the difference between 

green (−a*) and red (+a*); and b* (Yellowness-Blueness) 

represents the difference between yellow (+b*) and blue 

(−b*) [7]. The colour measurement method is called 

CIELAB. The CIELAB values are calculated from the red 

green and blue filters of the colorimeters and are 

particularly suited to describing near white samples 

according to the following equations [8]: 

 

L*=116(Y/Yn)1/3-16                                                            

(4)                                                                                                                            

 

a*=200[((X/Xn)1/3-(Y/Yn)1/3]                                               

(5)                                                                                                                      

 

b*=200[((Z/Zn)1/3-(Y/Yn)1/3]                                               

(6)                                                                                                                       

 

where X, Y and Z are the tristimulus values for the 

samples arising from the colourimetric system and Xn, Yn 

and Zn are those of a surface colour choosen as the 

nominal white stimulus.  

Summary of experimental conditions is also shown in 

Table 3. 

 

Table 3. Summary of experimental conditions. 
Item Experimental condition 

Ball filling ratio (Jb) 0.30 

Powder filling ratio (fc) 0.05 

Operational speed (% of Nc) 90 

Grinding time  20 min 

Ball size distribution (10-20-30 mm) 30%-40%-30% 

Modifying reagent ratio (% of 
powder mass) 

0.5% Stearic acid+0.5% 
Sodium oleate 

Material of grinding media Stainless steel 

Powder feed size   YK-1: -1180 µm  
YK-2: -850 µm  
YK-3: -600 µm  
YK-4: -425 µm 

 

3. Results 
 
3.1 Coating ratio of modified CaCO3 

 

It is desirable that coated calcite products used in the 

industry have an active rate value close to 100%. Active 

ratios of feed and coated products can be seen from Table 

4. It can be seen from Table 4, the coating ratio of CaCO3 

was obtained 0.94-1.01% with 0.5% SO+0.5SA. 

 

Table 4. Coating ratios coated products. 
Product Coating ratio, ‰  

YK-1 9,4 

YK-2 9,5 

YK-3 9,9 

YK-4 10,1 

3.2 Particle size distribution of modified CaCO3 

http://www.sciencedirect.com/science/article/pii/S0032591015302394#fo0005
http://www.sciencedirect.com/science/article/pii/S0032591015302394#fo0010
http://www.sciencedirect.com/science/article/pii/S0032591015302394#fo0015
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Table 5 shows the summary of particle size distributions 

coated products. 

 

Table 5. Particle size distributions of coated products. 
Produc
t 

PSD SSA 
m2/g d10  

µm 
d50  
µm 

d97 
µm 

% of particles 
of diameter 

<2 µm 

d100 
µm 

YK-1 1,65 14,66 67,21 12,79 120,22 1,31 

YK-2 1,19 12,92 73,59 16,74 138,03 1,61 

YK-3 1,29 16,53 163,33 15,66 316,22 1,46 

YK-4 1,43 19,94 201,65 14,22 416,86 1,34 

 
 
3.3 Oil absorption of modified CaCO3 

 

The decrease in the dop oil absorption rate is regarded as 

an indication of the coating quality. Depending on the 

coating quality of the coated calcite products, the amount 

of dop oil absorption is reduced by 50% or more. It can be 

seen from Table 6, the dop oil absoption of CaCO3 was 

obtained 18-22% with 0.5% SO+0.5SA.  

 

Table 6. Dop oil absorption ratios of coated products. 
Product DOP oil absorption, g/100g ≤ 

YK-1 18 

YK-2 19 

YK-3 20 

YK-4 22 

 
3.4 Colour properties of modified CaCO3 

 

Colour parameters (Ry, L*, a*, b*) of feed sample and 

products coated are shown in Table 7. Whiteness is an 

important specification of micronized mineral filler 

products, and it is important for marketing purposes that 

whiteness be high (≥95%). Notably, the lightness (L*) 

values of the ground calcite products was obtained 93.2-

94.0 with 0.5% SO+0.5SA.  

 

Table 7. Colour parameters of feed and coated products. 
Product Ry L* a* b* 

YK-1 85,29 94,01 0,21 1,62 

YK-2 84,17 93,52 0,16 1,44 

YK-3 83,42 93,20 0,09 1,49 

YK-4 84,01 93,46 0,11 1,64 

 
 
 
 
4. Conclusions 

 

In this study, surface modification with SA+SO mixture 

as modification reagent incorporated with dry fine 

grinding in a tumbling ball mill was investigated. The 

results showed that modified calcite powder (YK-2) with 

an coating rate of 0.95%, a mean particle size of 

12.92 μm, oil absorption ratio of 19%, Ry of 84.17% can 

be obtained with surface modification method under total 

1% modifier reagent dosage with 20 min 

grinding+modification time, 30% ball filling ratio and 5% 

sample and ball mass ratio. The preliminary results 

obtained from the experiments indicate that dry surface 

modification with fatty acid mixture may be an effective 

method for the surface modification of calcite using a 

conventional ball mill. 
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Nomenclature 
 

d10 10% cumulative weight passing size of the 

ground product, µm 

d50 Average particle size, µm 

d97 90% cumulative weight passing size of the 

ground product, µm 

d100 100% cumulative weight passing size of the 

ground product, µm 

SSA Specific surface area, m2/g 

SA Stearic acid 

SO Sodium oleate 

Ry Brightness of calcite 

L* Lightness of calcite 

a* Redness-greenness of calcite 

b* Yellowness-blueness of calcite 
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Grinding media selection has a major influence on mill parameters such as energy efficiency, internal wear and operating 

costs. Ceramic beads are usually classified according to their chemical composition and physical properties such as bulk 

density, hardness and fracture toughness. In this paper, three different ceramic beads supplied from different companies are 

compared in terms of grinding performance, self-wear resistance and strength of beads. As a result, it has been shown that 

there is a relationship between the chemical content of the grinding media and abrasion and compressive strength. 
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1. Introduction 

 
In the mining industry, operating costs are the most 

expensive and energy consuming processes and generally 

driven by energy consumption and wear. Wear of 

grinding media is by far the most important wear issue 

tumbling and stirred mills. The mining industry is faced 

with severe challenges due to media composition and 

characteristics, selection for their own application. 

Suppliers are presenting different products with specific 

properties and price. For grinding media selection, there is 

a compromise between grinding efficiency, wear 

resistance and cost [1]. 

The high intensity stirred mills further extend the energy 

benefits of this technology by using higher stirrer speeds 

and smaller grinding media [2]. Media selection has a 

major influence on mill parameters such as energy 

efficiency, internal wear and operating costs. An inert 

grinding environment is beneficial to avoid mineral 

surface degradation and obtain downstream processing 

and cost advantages [3]. Ceramic beads have a profound 

implication to these parameters and the availability of an 

economic ceramic media could give significant benefits to 

the users of mills [4]. They are usually classified 

according to their chemical composition and physical 

properties such as bulk density, hardness and fracture 

toughness.  The bulk   density  

 

 

has a large influence on the mill power draw. Hardness 

and fracture toughness give an indication of the bead’s 

wear resistance [3].  

Mill media selection, evaluation the media wear and the 

operation of stirred mills have been discussed in several 

authors [5-8].  

In this paper, three different ceramic beads supplied from 

different companies are compared in terms of grinding 

performance, self-wear resistance and impact strength of 

beads. 

 
2. Experimental details 
 
2.1. Materials 

 
Calcite (CaCO3) powder used was supplied by the Niğtaş 

Co., Niğde, Turkey. A chemical analysis of the sample is 

reported in Table 1. Grinding aids (0.2% MEG, TEA and 

Glycerol complex) which were used in the grinding 

performance tests, were obtained from Sigma-Aldrich. 

Table 2, Table 3 and Table 4 also show the chemical and 

physical properties of different grinding beads called 

GM01, GM02 and GM03. 

 

 

mailto:otoraman@ohu.edu.tr
http://www.sciencedirect.com/science/article/pii/S0032591011003676#t0005


 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

242 
 

Table 1. Chemical composition of the sample (wt%). 
CaCO3 MgCO3 Fe2O3 SiO2 Al2O3 Total 

99.5 0.2 0.01 0.01 0.02 99.74 

 
Table 2. Chemical composition of grinding medias (wt%). 

 GM01 GM02 GM03 

Fe2O3 0.192 0.227 0.149 

MgO 0.691 1.663 0.685 

Al2O3 87.978     84.917    89.958 

SiO2 4.796 7.658 7.232 

SO3 0.406 0.557 0.029 

K2O 0.060 0.075 0.115 

Na2O 0.199 0.118 0.569 

TiO2 0.080 0.064 0.128 

Co3O4 0.502 0.502 0.083 

ZnO 0.007 0.009 0.012 

SrO 0.010 0.000 0.008 

ZrO2 0.000 0.000 0.628 

BaO 0.357 0.000 0.000 

WO3 2.381 3.037 0.000 

CaO 0.966 1.277 0.191 

 

Table 3. Bulk and real densities of the samples. 
 GM01 GM02 GM03 

Bulk density, Kg/L 2,06 2,10 1,98 

Real density, 
g/cm3 

3,60 3,60 3,60 

 

Table 4. Physical properties of grinding medias. 
 Composition Density 

(g/cm3) 
Hardness 

GM01 Al2O3 (~%88)+SiO2 (%5)+Others (%7) 3.6 >1170 HV 

GM02 Al2O3 (~%85)+SiO2 (%8) Others (%7) 3.6 >1150 HV 

GM03 Al2O3 (~%90)+SiO2 (%8) Others (%2) 3.6 >1190 HV 

 
2.2. Test Method 

 
2.2.1. Self-wear in water 

 
600 g grinding media and 200 g water were added into the 

vertical stirred mill to grind for some time (3-6-10 h). 

Grinding was conducted at a speed of 600 rpm.  

 
2.2.2. Self-wear without water 

 

600 g grinding media was added into the vertical stirred 

mill to grind for some time (8-16-24 h). Grinding was 

conducted at a speed of 600 rpm.  

 
2.2.3. Milling performance with calcite powder 

 

Vertical stirred media mill Fig.1 was used in order to 

provide robust grinding and impacting forces. Also some 

detailed parameters of the mill used are listed in Table 5. 

 

 
Fig 1. Vertical stirred media mill used. 

 

Table 5. Parameters of vertical stirred mill. 
Parameters Vertical stirred mill 

Motor power (kw) 0.5 

Grinding chamber volume (l) 0.75 

Operation speed (rpm) 600 

 
Approximately 900 g grinding media and 45 g calcite 

powder were added into the vertical stirred mill to grind 

for 10 min. Summary of experimental conditions is shown 

in Table 6. 

 

Table 6. Summary of experimental conditions. 
Item Experimental condition 

Bead filling ratio 0.70 

Sample filling ratio 0.05 

Grinding time 10 min 

Temperature Room temperature 

Material of grinding media GM01, GM02, GM03 

Grinding media size 3-4 mm 

Powder sample  

   Specific gravity 2.7 g/cm3 

   Particle size (average) 23.48 µm 

   Specific Surface Area 0.941 m2/g 

 
2.2.4. Strength measurement 

 
Uniaxial compression tests were performed on the studied 

ceramic beads. A digital point load tester with a loading 

capacity of 3000 kN was used to sensitively determine the 

strength of the ceramic beads. Ten samples of each 

ceramic bead type were broken to determine the strength 

of the ceramic beads. First, the specimens were centred 

between the loading plates and then the load was 

gradually increased manually until fracture occurred. Fig. 

2 shows the uniaxial compression test performed by 

adapting the point load tester, and some broken bead 

samples. 
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Fig 2. Uniaxial compression test. 

 
2.2.5. Calculation on wear-rate  

 
The media wear-rate can be calculated by equation “wear-

rate=a/b/t”, where a is the media loss (g), after milling, b 

is the initial media charge (kg), and t is the milling time 

(h). The unit of wear-rate is g.kg-1h-1 [9].   

 

3. Results  

3.1. Grinding tests 

 
Table 7 shows the summary of particle size distributions 

of feed and milled products. It was found that grinding 

efficiency of all beads was very similar. As a result of 

grinding tests, both the average particle sizes (D50) and 

specific surface areas (SSA) are approximately the same 

within the 3 balls. 

 

Table 7. Particle size distributions of feed and milled 

products. 
Media type Particle size, µm Specific 

Surface 
Area, m2/g 

 
D50 

 
D97 

 

<2 µm % of 
particles of 
diameter 

Feed 23,48 89,43 8,38 0,94 

GM01 2,90 13,83 39,81 2,44 

GM02 2,94 16,04 40,39 2,47 

GM03 3,09 19,58 40,21 2,36 

 
3.2.Self-wear tests 

 
Self-wear is a simple and easy way, that’s why it is 

commonly used. Fig. 3 shows the self-wear curves of 

different grinding media in water versus time. It can be 

seen from the Fig. 3 that GM01 and GM03 beads have 

higher self-wear rate in water. The lower wear of GM02 

may be due to the relatively higher WO3, MgO and SiO2 

content in the chemical content. 

 

 
Fig 3. Self-wear curves of beads in vertical stirred mill. 

 
Fig 4. also shows the cumulative wear curves of different 

grinding media without water versus self-wear time. It 

can be seen from the Fig. 4 that GM02 has lower 

cumulative wear rate less than GM01 and GM03. 

 

 
Fig 4. Cumulative wear curves of beads in vertical 

stirred mill. 

 

Fig 5. shows typical SEM photos of media surfaces 

before and after 24 h self-wear test. As can be seen 

from the SEM images, the GM01 ceramic ball was 

fairly rough at the beginning, but after the abrasion 

test it became quite smooth surface, and the GM02 

ceramic ball surface was not very rough, so the wear 

after test was also small. As a result, SEM images 

confirm the results in Fig 3 and Fig 4. 
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(a)                              (c) 

    
(b) (d) 

Fig 5. SEM photos of media surfaces before (a) GM01 (b) 

GM02 and after (c) GM01 (d) GM02 24 h self-wear test. 
 
3.3.Strength test 

 
After the strength test, Table 8, the strength of the GM01 

and GM02 ceramic beads were 354,8 kg and 347 kg, 

respectively, while the value of GM03 was 240,5 kg. The 

slightly lower strength of the GM03 can be explained by 

the fact that WO3 and Co3O4 contents are 0.000% and 

0.083% respectively. 

 

Table 8. Point load strength test results. 
Grinding media type Strength (kg) % standard deviation 

GM01 354,8±44,0 15,0 

GM02 347,6±71,1 31,1 

GM03 240,5±37,2 13,2 

 
4. Conclusions 

 
The following results were obtained in experimental 

studies: 

1. According to the grinding tests, both the average 

particle sizes (D50) and specific surface areas (SSA) are 

approximately the same for 3 balls. 

2. GM01 and GM03 beads have higher self-wear rate in 

water. The lower wear of GM02 is due to the relatively 

higher WO3, MgO and SiO2 content in the chemical 

content. 

3.GM02 has lower cumulative wear rate less than GM01 

and GM03. 

4. GM01 ceramic ball was fairly rough at the beginning, 

but after the abrasion test it became quite smooth surface, 

and the GM02 ceramic ball surface was not very rough, 

so the wear after test was also small. SEM images also 

confirm the test results. 

5. After the compressive strength test, the strength of the 

GM01 and GM02 ceramic beads were 354,8 kg and 347 

kg, respectively, while the value of GM03 was 240,5 kg. 

The slightly lower strength of the GM03 can be explained 

by the fact that WO3 and Co3O4 contents are 0% and 

0.083% respectively. 
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Beryllium Oxide (BeO) has been used extensively in the electronics and nuclear industry since 1950s, due to its many unique 

features, structurally, chemically and physically. So, it has also attracted the attention of many researchers working in dif ferent 

areas. However, BeO ceramics is used nowadays as Optically Stimulated Luminescence (OSL) dosimeters in radiation 

dosimetry applications since they are tissue equivalent materials. In short, the OSL technique is the emission of light as a 

result of optically stimulating a previously irradiated material. In this study, various luminescence characteristics of BeO 

ceramics, such as Thermoluminescence (TL) glow curves, OSL decay curves, and Radioluminescence (RL) emissions have 

been achieved controllably by polymeric sol–gel method. In this approach, beryllium sulfate tetra hydrate Be(SO4)x4(H2O), 

citric acid and ethylene glycol were used as the source of Be2+, the chelating agent and the solvent agent, respectively. The 

effect of calcination conditions on luminescence characteristics of BeO ceramics was discussed. High OSL and TL signals 

were obtained from BeO pellets calcinated at 1000 °C, for 4h. We concluded that the usage of appropriate calcination 

conditions in BeO sol-gel synthesis is a good starting operation to achieve a promising OSL dosimeter with high luminescent 

efficiency. 

 

Keywords: Beryllium oxide (BeO), Sol-gel synthesis, Calcination Conditions, Radiation Dosimetry, Luminescence 
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1.

Introduction 
 

BeO is a widely used material in the field of 

Optically Stimulated Luminescence (OSL) dosimetry 

with Al2O3:C material due to its superior physical and 

chemical properties as well as its superior luminescence 

and dosimetric properties [1, 2]. The material known as 

Thermalox 995 (Materion Corporation) is produced for 

the electronic industry. Thermoluminescence (TL) and 

OSL signals have been reported in many studies [3-7] and 

as a result of ongoing studies, a BeO based OSL 

dosimetry reader system has been produced [8-10]. The 

produced OSL reader system has become the second most 

widely used dosimetry system after the OSL reader 

system (from Epsilon Landauer) designed for Al2O3: C 

nanoDot dosimeters.  

Thermalox 995 as BeO ceramic chips of 99.5% 

purity contains many impurities such as Si, Mg, Fe, Al, B, 

and Ca [6, 11, 12].  Such impurities in a material not 

produced as a luminescence dosimeter prevent access to 

precise information about the source and mechanism of 

TL and OSL emissions from the material. Therefore, the 

defects that will be created in the structure by producing 

for dosimetric purposes will provide us with more 

accurate information about the luminescence mechanism 

of the material. Certainly, different conditions that may 

occur during the synthesis process of a material may 

change the structural properties of the material as well as 

the luminescence properties. Perhaps in this way a more 

suitable material for dosimetric use can be synthesized. 

mailto:valtunal@cu.edu.tr
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BeO material was produced in different forms by using 

different synthesis methods and various structural, 

surface, physical and chemical properties were 

investigated in the literature [2, 12-20].  

 

In this study, BeO ceramics as prepared pellets 

from the nano-powders were synthesized via sol-gel 

method. The calcination process of the material was 

carried out in two stages and the effects of calcination 

temperature and duration on luminescence signals were 

investigated in detail. We investigated whether the usage 

of appropriate calcination conditions in BeO sol-gel 

synthesis is a good starting operation to achieve a 

promising OSL dosimeter with high luminescent 

efficiency, or not.   

2. Material and Method  
 

All the chemicals with high purity were 

purchased from Sigma Aldrich. Deionized water prepared 

using New Human Power ultra-purification system 

(Human Corporation, Korea) and used throughout 

synthesis. The typical synthesis process begins with 

dissolving beryllium sulphate tetra hydrate 

(Be(SO4)x4H2O, %99.9) salts in ethylene glycol (C2H6O2, 

99.8% purity) solution diluted with predetermined 

proportion of deionized water. After the mixture became 

transparent at 80 °C for about half an hour, citric acid 

salts were added to the solution and the solution 

temperature was raised to about 250 °C. Translucent gel 

formation was observed after two hours of stirring and 

heating. The resulting gel was in sticky form and 

subjected to 1-hour heat treatment at 500 °C to remove it 

from the beaker. After the required heat treatment, the 

charred material was milled in agate mortar and subjected 

to secondary heat treatment to burn the organics formed 

during synthesis and to obtain pure BeO powders. This 

second heat treatment was our calcination process. In this 

study, while calcination temperatures were selected as 

800, 900, 1000, 1100 and 1200 °C, the duration times at 

calcination temperatures determined according to TL, 

OSL and RL signals were 2, 4, 6, 8, 10 and 24 hours. 

After the calcination process, BeO pellets were prepared 

by using pure BeO powders obtained for ease of use in 

luminescence measurements. Here, applied pressure was 

500 kgforce/cm2 and duration time was 1 min. Finally, to 

correct trap structures and achieve a uniform crystal 

structure, prepared pellets were sintered at 1600 °C, for 4 

h. The photo of the BeO ceramic pellet obtained after 

sintering was presented with commercially used 

Thermalox995 BeO chip and nanodot Al2O3:C dosimeter 

for comparison in Fig. 1.    

  

 
 

Fig. 1. BeO pellet (synthesized via sol-gel method), 

Thermalox995 BeO chip, and nanoDot Al2O3:C OSL dosimeter  

 

After the synthesis and pellet preparation, the 

luminescence characteristics of the materials were first 

examined by using TL and OSL methods in 90Sr-90Y beta 

radiation source induced DA-20 model RisØ TL / OSL 

reader system which is equipped with bialkali model 9235 

QA photomultiplier tube for detection and blue LEDs (λ ~ 

470 nm) for light stimulation. TL and OSL signals were 

detected using a Hoya U-340 nm filter in front of PMT. In 

OSL measurements, BeO pellets were irradiated with 0.5 

Gy beta doses and preheated at 100 °C, 10 s. Then, OSL 

readout were performed using 200 s blue light 

stimulations in continuous wave OSL mode (CW-OSL 

mode). TL measurements were carried out by heating the 

initially 0.5 Gy irradiated pellets from the room 

temperature up to 650 °C with 3 °C/s heating rate without 

preheating procedure. 

RL emissions of the BeO pellets were obtained 

from a homemade X-ray Luminescence system equipped 

with an 4-40 kV X-ray tube and USB-2000 model Ocean 

Optics fiber spectrometer which is produced for low 

sensitivity applications.  

 

3. Results and Discussion: 
 
3.1. RL emissions 

 

Fig. 2. shows the RL emissions obtained from 

the BeO pellets calcinated at different calcination 

temperature of 800, 900, 1000, 1100 and 1200 °C for 4 h. 

As seen from the Fig. 2., the maximum RL emission 

intensity was obtained from the BeO pellets calcinated at 

1000 °C. The appropriate calcination temperature for BeO 

pellets synthesized via sol-gel method was selected as 

1000 °C. After the determination of the appropriate 

calcination temperature, BeO materials were synthesized 
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in similar way and calcinated at 1000 °C for different 

calcination durations of 2, 4, 6, 8, 10, and 24 hours. Fig. 

3. shows the RL emissions obtained from the BeO pellets 

calcinated at 1000 °C for different durations. As seen 

from the Fig. 3., the maximum RL emission intensity was 

obtained from the BeO pellets calcinated at 1000 °C for 4 

h. The appropriate calcination duration for BeO pellets 

synthesized via sol-gel method was selected as 4 h.  

    

 
 

Fig. 2. RL emissions of BeO pellets calcinated at 

different temperatures for 4 h.  

 
 

Fig. 3. RL emissions of BeO pellets calcinated at 

1000 °C for different durations.  

 

On the other hand, all the obtained RL emissions 

shows the same broad highly sensitive emission peak 

located between 200 and 500 nm. This dominant 

luminescence emission (3-4 eV and 4.9 eV) is originated 

from the radiative annihilation of the self-trapped excitons 

in BeO [2, 12]. Additionally, in Fig. 2., an unexpected 

peak was observed between 700 and 800 nm. This 

observed emission is associated with the oxygen defects 

in BeO may act as anion defects in the structure. It is 

known that such anion defects occurring during synthesis 

in the structure may show large emissions at high 

wavelengths in RL measurements.  

 

3.2. TL Glow Curves  
 

TL glow curves of BeO pellets calcinated at 

different calcination temperature of 800, 900, 1000, 1100 

and 1200 °C for 4 h were obtained after 0.5 Gy 

irradiations and presented in Fig. 4. TL readouts were 

performed by heating each sample from room temperature 

up to 650 °C with a heating rate of 3 °C/s.  As seen from 

the Fig. 4., the maximum TL signal intensity was obtained 

from the BeO pellets calcinated at 1000 °C. Similarly, 

Fig. 5. shows the TL glow curves obtained from the BeO 

pellets calcinated at 1000 °C for different durations of 2, 

4, 6, 8, 10, and 24 hours. As seen from the Fig. 5., the 

maximum TL signal intensity was obtained from the BeO 

pellets calcinated at 1000 °C for 4 h. Considering all the 

TL glow curves of BeO samples, It can be said that 

different calcination conditions do not change the 

structure of traps formed in BeO, but that the traps can 

change the electron trapping densities. 

 

 
Fig. 4. TL glow curves of BeO pellets calcinated 

at different temperatures for 4 h.  
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Fig. 5. TL glow curves of BeO pellets calcinated 

at 1000 °C for different durations.  

 

3.3. OSL Decay Curves  
 

Fig. 6. shows OSL decay curves of 0.5 Gy 

irradiated BeO pellets which was calcinated at different 

temperature of 800, 900, 1000, 1100 and 1200 °C for 4 h. 

The OSL decay curves were obtained by stimulating the 

blue lights for 200 s followed by a preheat treatment of 

100 °C, 10s. As seen from the Fig. 6., the maximum OSL 

signal intensity was obtained from the BeO pellets 

calcinated at 1000 °C as for RL and TL signals. In order 

to see more clearly the total trapped charge population, 

inset Fig. 6.  provides integrated OSL signals obtained by 

collecting data from 0 to 200 s against the calcination 

temperature. As results obtained from the maximum OSL 

signals, the total charge population gave the maximum 

value for the sample calcined at 1000 °C because the 

structure of the OSL decay curves did not change. In 

addition to calcination temperature study, OSL decay 

curves were obtained from the BeO pellets calcinated at 

1000 °C for different durations of 2, 4, 6, 8, 10, and 24 h 

(see Fig. 7). As seen from the Fig. 7., the maximum OSL 

signal intensity was obtained from the BeO pellets 

calcinated at 1000 °C for 4 h. Considering the total 

trapped charge population from a different perspective, 

the integrated OSL signals were presented in inset Fig.7. 

against the calcination durations. Considering all the OSL 

decay curves of BeO samples, the total charge population 

gave the maximum value for the sample calcined at 1000 

°C for 4 h because different calcination conditions do not 

change the structure of OSL traps in BeO.  

 

 
 

 

Fig. 6. OSL decay curves of BeO pellets 

calcinated at different temperatures for 4 h. Inset: 

Integrated OSL signals of BeO pellets calcinated at 

different temperatures for 4 h.  

 

 
 

Fig. 7. OSL decay curves of BeO pellets 

calcinated at 1000 °C for different durations. Inset: 

Integrated OSL signals of BeO pellets calcinated at 1000 

°C for different durations.  

 

 
4. Conclusions 
 

It was demonstrated that undoped BeO powders 

were synthesized via sol-gel technique and prepared as 

ceramic pellet. All the RL emissions are in well 

agreement with previously reported emissions. It was 

clearly shown that TL and OSL signals can be used in 

radiation measurement applications. In future studies, 

dosimetric properties of the material should be examined 
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using TL and OSL methods for different calcination 

conditions.  
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In this study, ZnO was grown with spin coating method which is simple to apply by using different substrates such as ITO and 

silicon. ZnO, a low cost transparent and conductive semiconductor, has a wide band gap energy of 3.37 eV and a high binding 

energy of 60 meV, which are very suitable for optoelectronic applications. The morphological, structural and optical 

characteristics of ZnO thin films were examined by SEM, XRD and UV-Vis spectroscopy. The surface and cross-section 

images of the obtained ZnO thin films prove that the thin films are uniformly distributed over the entire surface and that the thin 

films are approximately 800 nm thick. XRD results showed that the sharpness of the peaks is a sign of high crystallinity. 

Optical results show that the transmission of the thin films produced is quite high. 

Keywords: Semiconductors, Thin Films, Spin Coating Method, Zinc Oxide (ZnO). 
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1. Introduction 

 
In this study, Zinc Oxide (ZnO) thin films were grown on 

different substrates such as Si and glass by using spin 

coating method. The optical and structural properties of 

the thin films were examined by using XRD, SEM and 

UV-VIS mechanisms. ZnO is an important semiconductor 

material with a wide band gap of 3.37eV and a large 

exciton binding energy of about 60 meV. ZnO has a n 

type electrical conductivity from the Zn atoms in the 

interstitial sites and oxygen vacancies. Because of its 

remarkable physical properties. Zinc oxide has been used 

in many applications such as gas sensors [1,2], transparent 

conductor electrode in solar cells [3,4], light emitting 

diodes [5,6] and in spintronic where it is used as a 

functional DMS (Diluted Magnetic Semiconductor) [7]. 

 

We preferred the spin coating method as well as the 

methods commonly used in this study, such as vacuum 

evaporation [8], electrochemical deposition [9-11], 

reactive sputtering [12], thermal and chemical oxidation 

[13], Molecular beam epitaxy [14], sputtering [15].  

 
Figure 1. Spin Coating Device 

 

 

2. Experimental details 

ZnO thin films were produced by using spin coating 

method which is simple to apply using different substrates 

such as Si and Glass. Firstly, the substrates were cut to the 

desired dimensions and after cleaning, coating process 

was realized. Spin coating process was performed by 

spinning the substrates at 500 rpm for 5 second and 3000 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

251 
 

rpm for 55 second. Spin coated samples were dried on a 

hot plate at 200 °C for 10 minutes to evaporate solvent 

and stabilizer residues. After coating and drying, it was 

annealed for 1 hour at 450 ° C. Spin coating and drying 

processes were repeated three times to obtain sufficient 

film thickness. 

 

Figure 2. Phases of spin coating method: 1) Phase of 

instillation of solution to surface, 2) Acceleration phase, 3) 

Phase of dissolution of solution to whole surface, 4) 

Evaporation phase. 

 

The spin coating method can be examined in four main 

parts as shown in Figure 2. In the first stage, the solution 

is dripped onto the ITO coated glass. In the second step, 

the material is rotated on the z-axis with the previously set 

rotation speed. In the third stage, the solution can be 

explained as the spreading of the solution to the surface 

after the dripping and rotating operations. In the last 

stage, the solvent evaporates homogeneously over the 

entire surface area. The process is repeated several times 

to obtain the desired thickness. In addition, the rotational 

speed is another important parameter in terms of coating 

thickness. 

 

 

 

 

3. Results and discussion 
 

The structure of the ZnO thin films were examined by X-

ray diffraction (XRD) and then using Scherrer’s formula 

the crystal size of this thin films was calculated.   

 

 
 

D is the average crystallite size (diameter), λ = 0.15406 

nm, β is the full width at half-maximum (FWHM, rad), 

and θ is the Bragg angle (°). The average crystallite size 

of ZnO and Cu2O were found as 28.61 and 32.25 nm, 

respectively. 

 
Table 1. Crystal sizes of ZnO Thin Films 

Samples 

Number 

Angle 

2θ (°) 

D 

(nm) 

FWHM 

(deg) 

MSA-4 31.5519 28.35 0.2558 

MSA-4 34.2049 26.21 0.3070 

MSA-4 36.0422 24.91 0.2814 

MSA-5 31.6983 28.22 0.2047 

MSA-5 34.3491 26.10 0.2303 

MSA-5 36.2026 24.81 0.3070 

 

 

Using Scherrer’s formula, we calculated the average 

crystal size of ZnO thin films to be approximately 28 nm. 
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Figure 3. XRD pattern of ZnO thin films coated on the glass 

substrate. 

Figure 3 shows the XRD pattern of the ZnO thin film 

coated on the glass substrate. All peaks belong to ZnO 

and match the JPDS card number (98-006-5122). 
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Figure 4. XRD pattern of the ZnO coated on the Si substrate. 

The XRD pattern of ZnO coated on the Si substrate is 

given in figure 4. 2θ=33,11 and 2θ=62,38 peaks belong to 

Si and the other peaks belong to ZnO. 

 

Morphology of the thin films are investigated by 

Scanning Electron Microscopy (SEM). According to the 

results obtained, it was observed that the coatings had a 

very homogeneous structure. 

 

 
Figure 5. Typical view SEM images of ZnO coated on the glass 

substrate. 

Figure 5 shows the SEM image of the ZnO thin films 

coated on the glass substrate. The grains diameter was 

approximately between 20 nm and 30 nm. 

 

 

 
Figure 6. Typical view SEM images of ZnO coated on the Si 

substrate. 

The SEM image of ZnO coated on the Si substrate is 

given in figure 6. The grains diameter was approximately 

between 15 nm and 25 nm. 

 

 
Figure 7. Typical view cross-section SEM images of ZnO 

deposited on the Si substrate 

Figure 7 shows the cross-section view of the ZnO thin 

film coated onto the Si substrate. In the cross-section 

view, with a thickness of around 800 nm. This result 

clearly shows how homogeneous the film is distributed 

over the whole surface. 
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Figure 8. UV-VIS transmittance spectra of ZnO thin films 

coated on the glass substrate. 

The optical properties of the coated samples were 

obtained by measuring the transmittance and absorbance 

at room temperature in the wavelength range of 380-1100 

nm. It was observed that as thin film thickness increased, 

transmissions decreased. As you see in Figure 8. The 

transmission of ZnO films produced is about 80%. 

 
4. Conclusion 
 

In conclusion, the ZnO thin films were successfully 

grown on the Si and glass substrates by using spin coating 

method which is very simple to apply. Structure, 

morphological and optical properties of the thin films 

were investigated by using SEM, XRD and UV-VIS 

mechanisms. According to SEM results, the particle sizes 

of the coatings were between 20-30 for the glass substrate 

and between 15-25 for the Si substrate. The thickness of 

the ZnO thin films was determined about 800 nm by 

cross-section measurement. UV-VIS results show that the 

transmittance of ZnO thin films is about 80%. 
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Along with the development of industry, a large amount of fossil fuels is consumed which caused climate change and 

deficiency of energy, thus human begins to quest for renewable energy sources that lessen greenhouse gases emission. 

Therefore, Bioenergy with low greenhouse gas emission and lower price which meets growing energy demand plays a 

important role in promoting renewable alternatives. As renewable bioenergy, methane can be generated under anaerobic 

conditions from various substrates. Anaerobic process; high concentrations of biodegradable substrates are removed and the 

use of methane in the produced biogas is a biochemical process with the advantages of energy recovery. The anaerobic 

disintegration process consists of four stages involving different microorganisms. These steps are hydrolysis, acidogenesis, 

acetogenesis and methanogenesis, respectively. In the first stage of hydrolysis, complex molecules such as protein, 

carbohydrate and fats are converted into amino acid, monosaccharide and fatty acids which are monomers. The monomers of 

organic compounds, the final product of the hydrolysis step, are introduced into the second step, acidogenesis, and are 

converted by the acidogenic bacteria into volatile fatty acids, ketones, alcohols, hydrogen and carbon dioxide products. 

Acetogenesis, which is the previous step before methane production, products produced during the acidogenesis stage and 

which cannot be used directly by the archaeological group, are converted by acetic acid, hydrogen and carbon dioxide, which 

are the main substrates of archaea. The biogas produced during the methanogenesis stage, which is the final stage of 

anaerobic disintegration, generally consists of 48-65% methane, 36-41% CO2, 17% nitrogen, and 1% hydrogen sulfide-like 

gases. Anaerobic disintegration technology widely used at industrial wastewaters with high organic pollution, complex 

wastewaters containing resistant chemical components, treatment sludges, wastewater at thermophilic temperatures, and in 

recent years has been widely used in the decomposition of urban and industrial organic solid wastes. Supplement of additives, 

such as mineral nutrients, metal oxide nanoparticles, bioaugmentation, and enzyme, stimulates methane production as well as 

improves process stability. Because many bacteria have developed pathways to obtain iron in the form of nutrients or 

electronic acceptor/donor, the iron is vital to the living organisms. Iron nanoparticles (Fe0/Fe2O3/Fe3O4) have created an 

enhanced anaerobic environment with low H2 content (or partial pressure) as well as low oxidation-reduction potential after 

being added to the anaerobic digestive system. As the electron donors for AD system, iron nanoparticles can not only 

accelerate sludge hydrolysis-acidogenesis but also change the fermentation type to increase the acetic acid concentration and 

ultimately promote methane yield. In this study, the effects of iron nanoparticles used in literature on methane yield in 

anaerobic treatment process were discussed. 
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1. Introduction 

 
In the world and in our country, energy demand is 

constantly increasing due to population growth and 

technological advances. Energy is an indispensable 

resource for meeting basic human needs. Today, 

renewable energy sources have been brought to the 

agenda in order to meet the increasing energy needs of 

societies in a reliable, uninterrupted and clean manner. It 

is possible to produce efficient, low cost and continuous 

production from renewable energy sources with 

developing technological innovations. In addition, 

renewable energy sources make significant contributions 

to national economies today. In this context, studies on 

renewable energy production with natural resources 

(solar, wind, hydro) and biofuels (biogas, biodiesel, 

bioethanol) have increased in recent years [1].  

Biogas; It is the energy source formed by fermentation of 

organic substances in airless environments. Biogas, which 

contains 60-70% methane, 30-40% carbon dioxide and 

small amounts of hydrogen sulfide, hydrogen, carbon 

monoxide and nitrogen, is a colorless and flammable gas 

mixture [2].  

Biogas, a biofuel; It is a clean, environmentally friendly 

and highly efficient energy source obtained by processing 

all kinds of organic waste [3]. Biogas production is 

possible by decomposing organic parts of domestic, 

animal, urban, industrial and agricultural wastes in 

anaerobic environment.  Bioenergy has attracted the 

attention of many scientists and researchers who have 

tried to produce innovative solutions for the last decade. 
Nanotechnology is one of the emerging branches of 

science and it deals with materials having one of the 

dimensions less than 100 nm. Nanotechnology can be 

applied in bioenergy field for the purpose of feedstock 

modification and catalysis that is more efficient. 

Nanomaterials include nanoparticles (NPs), nanofibers, 

nanotubes; nanosheets and others have been employed for 

bioenergy production [4]. NPs have a high surface to 

volume ratio, which increases the chemical reaction sites. 

It is generally hypothesized that trace metals  increase in 

biogas production during anaerobic digestion [5]. Trace 

metals worked as an electron donor in an anaerobic 

digestion process. They increase the total consumption of 

hydrogen methanogens and activity. NPs such as iron, 

cobalt and nickel have been reported that  were 

successfully increasing the production of methanogens in 

digester sludge [6]. Iron itself is a non-toxic and low-cost 

electron donor that can be applied to numerous redox 

reactions [7]. 

 

The AD process is carried out by a serial of biochemical 

processes. In this process, bacteria and methanogens co-

work together by means of electron transfer to obtain 

energy. The electron transfer can be done indirectly 

(Indirect interspecies electron transfer = IIET) or directly 

(Direct interspecies electron transfer = DIET). In recent 

years, studies have been carried out to increase the DIET 

between bacteria and methanogens by using conductive 

materials such as iron nanoparticles. 

 

Abdelsalam et al. [8] found that the addition of Fe NPs 

(20 mg L−1) and Fe3O4 NPs (20 mg L−1) in AD of cattle 

slurry significantly increased the biogas yield by 1.5 and 

1.7 times, respectively. Juntupally et al. [9] reported that 

addition of Fe2O3 NPs (12.5 mg L−1) enhanced methane 

production by 1.7–1.8 times. Wang et al. [10] found that 

the presence of 10 mg/g total suspended solids (TSS) 

nano zerovalent iron and 100mg/g TSS Fe2O3 NPs 

increased methane production in AD of waste activated 

sludge. A certain amount of iron nanoparticles can 

increase the biogas yield of the sludge AD system. 

However, the methanogenic effect of the system will 

decrease when the iron nanoparticles dosage exceeds the 

tolerance range of the methanogen [11].  In this study, the 

effects of iron nanoparticles used in literature on methane 

yield in anaerobic treatment process were discussed. 

 

2. Effect of Biogas Yield 
 

The iron homeostasis is critical mechanism for archaea 

microorganisms, as for all forms of life. In fact, Fe2+ and 

Fe3+ ions are essential for power generation and DNA 

replication, amongst other vital functions [12]. Nano iron 

particles can exhibit unique physical and chemical 

properties due to their small sizes and high specific area 

[13]. Because of this point, nano-sized iron particules 

have been widely investigated as a metallic additive in the 

field of anaerobic digestion [14]. According to 

implementation dosage, nano-sized iron based particles 

(1-100 nm) as additive could have negative or positive 

effect on anaerobic digestion processes [15]. 

Ali et al. [16] studied the effects of Fe3O4 on the AD of 

municipal solid waste under mesophilic conditions. 

Results showed that Fe3O4 caused the enhancement of 

methane production rate up to 117%. Also, Su et al. [17] 

and Liu et al. [17] concluded that the addition of iron-

based nanoparticles could provide resistance against the 

formation of hydrogen sulfide (H2S) and increased 

stability by pH buffering. According to Romero-Guiza et 

al. [22], enhanced methane yields were reported for all Fe 

additions (Fe0/Fe2O3/Fe3O4). Their study showed that the 
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reduction of the Fe(III) oxides on the surface promoted 

microbial hydrolysis-acidification of complex matters, 

and therefore provided more organic matter for 

methanogenesis and more biogas production.  

Casals et al. [12] controlled the dosage of Fe+2/Fe+3 ions 

during an AD process. Results showed that the Fe3O4NPs 

(100 ppm of 7 nm) dispersed in the reactor and gradually 

dissolved in form of Fe+2/Fe+3acting as effective elements. 

Therefore, the concentration of Fe+2/Fe+3 ions in optimal 

range during the AD process and boost the bacterial 

activity leading to 180% higher biogas production rate 

during the process.  Note that results show not only an 

enhancement of biogas production, but also that this is 

richer in methane (8% more CH4 respect controls in the 

final measure) [15]. 

Nanoscale zero-valent iron (NZVI) has been widely 

investigated as a metallic additive in the field of biogas 

production. Suanon et al. [18] showed that the application 

of 100 mg/L NZVI (160 nm) in batch reactors enhanced 

the methane production up to 25.2%. The effects of NZVI 

on the archaea during the anaerobic digestion of raw 

manure in a batch reactor were also investigated by [20-

21] They reported that addition of 20 mg/L of NZVI to 

biodigester stimulates the methanogenic archaea and 

increases its activity and subsequently increasing biogas 

and methane production up to 45 and 59%, respectively. 

On the contrary, Yang et al. [19] showed that NZVI 

NPs(55 nm) with a concentration of 1 mM (56 mg/L) 

inhibited methanogenesis more than 20% during the 

anaerobic digestion process since iron, despite of being 

essential, at higher concentrations, is toxic.  

 

3. Conclusion 
 
For optimal biogas production, it is crucial to coordinate 

complex microbial processes in anaerobic reactors. 

Researches have shown that; controlling the DIET 

mechanism is an important strategy for anaerobic 

disintegration of organic wastes. NPs used for this 

purpose seem to be able to promote DIET-based electron 

transfer between bacteria and methanogens. In this study, 

effects of iron NPs on AD performance were reviewed. 

The influence of adding iron NPs on biological waste 

treatments was highlighted. The mechanisms including 

the DIET on AD were addressed. The research needs on 

the proper use of iron NPs to have enhanced AD without 

adverse impact to the involved microorganisms and the 

environment were discussed. 
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In this study, ceramic aluminum alloy Al2O3-13TiO2 oxide powder was coated on surface of substrate at different sizes (0-100 
100 / 100-200 0 / 200-300) using plasma spray method on the surface of the commercially supplied AISI 304 and AISI 316L 
austenitic stainless steel. The powders used were the powders with chemical compositions Al2O3-13TiO2, TiO2 99%, and 
ZrO2 8Y2O3, respectively. In the coatings made with aluminum alloy, the coating thickness ranged between 180 and 300 μm. 
The difference in thickness of these coatings was realized to determine how corrosion and wear resistance varied depending 
on the thickness of the coating. After the coating process, the samples were subjected to metallographic processes (bakelite-
sanding-polishing) and made suitable for mechanical and microstructure analysis. It was made based on pin-on disc method 
using CSM Tribometer for wear test of floor materials and coatings. It was determined that Al2O3 ceramic coatings made by 
using plasma spray coating method increased the wear resistance of AISI 304 and 316L stainless steel materials. 
 
Keywords: AISI 304, AISI 316L, Al2O3, Thermal Spray Coating, Wear. 
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1
. Introduction 

 
Stainless steels are generally steels containing 

approximately 11% chromium in their composition. 

Due to this chromium content, a ductile, thin oxide 

layer which is attached to the surfaces with a great 

force is formed. Therefore, they are passivated 

against chemical environments. This oxide layer is a 

layer that is formed in environments containing 

oxygen and can regenerate itself in case of 

deterioration due to external factors. In addition to 

this chromium rate, the additions of nickel and 

molybdenum are also the factors increasing this 

corrosion resistance. In general, stainless steels are 

examined under 4 different groups according to their 

microstructures. These are named as ferritic, 

martensitic, duplex, and austenitic steels. The most 

commonly used types in austenitic stainless steels are 

AISI 200 and 300 series alloys. In addition, alloy 

additives and special alloy composition have a great 

influence on the weldability and microstructure of 

weld zone. AISI 300 series of these alloys generally 

contain 8-20% Ni and 16-25% Cr [1]. 

  

          Due to their superior thermal, mechanical, 

chemical and electrical properties, ceramic materials 

are preferred in critical applications recently. The 

most common and easy-to-apply ceramic coating 

process is based on heating ceramic in powder form 

and spraying it on the substrate surface. Oxide 

ceramic coatings such as alumina (Al2O3), zirconia 

(ZrO2) and chromia (Cr2O3) produced by thermal 

spray methods are widely used in many industrial 

applications requiring high wear resistance. Alumina 

is known as an expandable ceramic. It is a hard 

refractory material and a good corrosion resistant 

insulator. Moreover, it is an abundant raw material. 

Alumina is often used together with titania (TiO2). As 

TiO2 amount increases, the fracture toughness of the 

coating increases but its hardness along with wear 

resistance decreases. Therefore, a low amount of 

titania is preferred. Plasma sprayed alumina coatings 

are used in automotive industry to isolate metal 

substrates because of their high hardness and good 

electrical insulation properties. Electronic circuits are 

then manufactured on these coatings. Alumina 

coatings are also used in computer memory discs to 
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provide electrical insulation and form a wear-

resistant surface [2]. 

 

           Obtaining high heat with plasma makes it 

possible to use ceramic and metal based alloy 

powders having high melting point in coating 

applications. Ceramics are in an important coating 

material position because of advantages of its 

properties such as high wear and hardness properties, 

the prevalence and cheapness of its raw material, 

corrosion, oxidation, low thermal conductivity and 

high number of thermal cycles. Depending on the use 

of plasma energy, plasma spray coating technology 

allows the machinability (coating) of materials with 

high melting temperature as coating material [3-4]. 

 

            According to DIN 50320 in 1979, wear is the 

undesired surface deformation caused by the 

separation of small particles from the surface by 

mechanical factors as a result of contact of materials 

used with other materials (solid, liquid, gas). 

Accordingly, in order to talk about wear, there must 

be friction, a change on material surface and a 

mechanical effect which is slow but continuous and 

occurs even though it is undesired [5]. Damages 

caused by wear causes high costs. The replacement of 

worn and thus unusable parts is an additional cost. 

Wear types include adhesive wear, abrasive wear, 

fatigue wear, and corrosion wear [6]. This 

classification is made by taking into account the 

factors such as the load applied to the worn surface, 

size and type of the abrasive particle, contact shape 

and contact geometry. The highest wear loss is 

usually seen in the abrasive wear type [7].  

 

           Special aluminum alloy (AA2024-T4) and Al 

bronze (Cu alloy) surface was coated with various 

oxide and carbide powders using atmospheric plasma 

spraying method.  Microstructure, hardness, surface 

roughness, joint strength and thermal expansion 

properties of the coating layers obtained on the 

surface were examined [8]. Kaptan investigated the 

effect of primary and secondary plasma gases (Ar 

and H2) on microstructure and mechanical properties 

in WC-Co coating applied using plasma spray 

process [9]. Aslan produced biocompatible coatings 

formed with single-layer and double-layer powders 

using hydroxyapatite (HAP) and TiO2 powders with 

plasma spray coating method on the surfaces of AISI 

316L stainless steel materials used as implant 

materials [10]. Kiper examined the wear behaviors of 

steel coatings in different quality formed with 

thermal spray method on aluminum under dry shear 

conditions [11].          
 
     In this study, commercially supplied AISI 304 and 

AISI 316 L austenitic stainless steels were coated 

with oxide mixture obtained by adding TiO2 powders 

in Al2O3 and Al2O3 with different percentages and 

plasma spray method was used.  It was aimed to 

improve the wear properties of the steel and 

minimize the wear losses with the coating to be made 

on the surface of AISI 304 and AISI 316L austenitic 

stainless steel.   

 

2. Experimental method 
 

AISI 304 and AISI 316L austenitic stainless steel 

materials commercially supplied in 500x1000 mm 

dimensions were cut into 20x20 mm dimensions with 

Ermaksan Brand laser cutting machine for wear tests. 

AISI 304 and AISI 316L austenitic stainless steels were 

coated with oxide mixture obtained with TiO2 powders 

added into Al2O3 and Al2O3 at different percentages by 

using plasma spray method.  It was coated with 50-µm 

thick Ni20Cr powder as powder binder. Table 1 shows the 

chemical analyses of the materials and Table 2 shows 

powder properties of the sandblasted samples.  Sulzer 

Metco Diamond Jet DJF (Figure 1) plasma spray system 

was used. Coating process was applied with Thermal 

Spray test device. Three coating thicknesses were applied 

for each material (Table 3).. 

 
 

Material Elements (% Weight) 

C N Cr Ni Mn Si S P Mo Fe 

AISI 304 

0.08 - 
18-

20 

8-

12 

2 1 0.03 0.45 - Remaining 

AISI 

316L 

0.03 0.1 16-

18 

10-

14 

2 0.75 0.03 0.45 2-3 Remaining 

Table 1. Chemical analysis of AISI 304 – AISI 316 

materials 

 
Oxide 

Powders 

Powder Grain 

Size 

Powder 

Morphology 

Chemical 

Composition 

Aluminum 

Oxide 

Al2O3 

Amdry 6220 

-22+5µm 

 

Angular 

 

Al2O3 13TiO2 

 

Table 2. Properties of powder used in the experimental 

study 

 
Material 0-100µm 100-200µm 200-300µm 

AISI 304 N1 N2 N3 
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AISI 316L N4 N5 N6 

Table 3. The samples used in the experimental study 

 

 
Figure 1. Thermal Spray Coating (Plasma) Unit 

 

 
Figure 2. Thermal Spray Coating (Plasma) System [12]. 

  

 For the wear test to AISI 304 and 316L austenitic 

stainless steels coated with ceramic powders, 5 N load 

was applied in the CSM Tribometer device.  It was 

carried out at 15 cm/s wear rate, 500 m sliding distance, 

20 °C temperature and 50% humidity level.   

 

3. Experimental Results  
 

3.1.  Microstructure Examination 
In the coatings made with aluminum alloy on surfaces, the 

coating thicknesses varying between 180- 300 μm were 

obtained. The difference in these coating thicknesses was 

thought to be associated with the fact that the plasma 

spray system was not automatic. Figure 3 shows micro 

images of N-Reference N1, N2, N3, N4, N5 and N6 samples 

provided with surface coating process made on the 

surface of AISI 304 and 316L austenitic stainless steel by 

using plasma spray method with ceramic Al2O3-13TiO2. 

 

 

 

 

 

Figure 3. Microstructure images of N1, N2, N3, N4, N5, N6 

samples 

 

The photos show the optical microscope images of the 

coating made with plasma spray method. Oxide coatings 

made on AISI 304 and 316L austenitic stainless steels 

adhered homogeneously to the substrate. No factor that 

can cause any crack on the coatings and substrate material 

surface or a separation of the coating from the sample was 

observed.  There were lamellar structures and porosities 

on the oxide coated surfaces. The observed lamellar 

structure was the regions deforming after molten Al2O3 

alloy hit the substrate material and solidified. 

 

3.2. Investigations of Microhardness 

Analysis  

 Figure 4 shows hardness values of the samples subjected 

to microhardness test.  
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Figure 4. Microhardness values of the samples 

 

 

In the measurement made from the coated material 

region, the hardness values were observed to be at 

maximum level. In this region, the hardness values of the 

samples N3, N5, N6 were higher compared to the other 

samples.  The arithmetic mean of the hardness values was 

around 900 HV.  

In the measurement made on the coating area, namely the 

joint area, microhardness was observed to be higher 

compared to the hardness values taken from the main 

material of the sample. Again, in the hardness 

measurements in this area, a significant difference in 

microhardness of the samples N3, and N6 was also 

determined. The arithmetic mean of the hardness values 

was around 300 HV. The hardness in Al2O3 coated N3, and 

N6 samples was caused by the decrease in porosity 

amount and better resistance provided by oxides by 

forming new phases between themselves. In addition, the 

powder size of both Al2O3 coated N3, and N6 samples was 

200-300 µm. Another reason for this increase was the 

powder size. The arithmetic mean of the hardness values 

of the substrate material was around 250 HV. 

In the hardness measurement taken from the joint point of 

coating, the hardness values of AISI 316 L stainless steel 

were observed to be 50-80 HV lower than AISI 304 

stainless steel. 

 

3.3. Examination of EDS Analysis 

As a result of EDS analysis taken from the surface of 

coated AISI 304 and 316 L stainless steel, it was 

determined that coatings formed on the surface.  Figure 5 

shows the EDS image and graph of the sample N3.   

 

Figure 5. Point EDS analysis image and graph taken from 

the intermediate region of the sample N3.  
 
When the analysis images conducted at this point were 

examined, it was determined that the oxide structure had 

maximum peak in coating region and there were C and Al 

elements. When it comes to the substrate material from 

the coating, the element having the maximum peak was 

Ti. Besides, there were also Fe, Cr, and Ni elements. 

Figure 6 shows point EDS analysis image and plot taken 

from the joint point of the sample N6.  

 

Figure 6. Point EDS analysis image and plot taken from 

the intermediate region of N6 sample.   
 

In the point EDS analysis taken from the substrate 

material of the sample N6, the element making peak in the 

coating region was Ti. Apart from this value, the data of 

the sample N3 were similar with the point EDS analysis 

taken from the base material.  

 

3.4. Examination of XRD Analysis 

 
        Figure 7 shows the XRD plot showing phases and 

compounds of the sample N3 among N-Reference 

samples. When XRD plot of the sample N3 was 
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examined, there were phases such as Al2O3,  Al2Zr3, Ti3O5, 

NiAl32O49, Al2Ti7O15, AlNiZr, Cr2O3 and NiCrO4 in 

coating layer. These compounds were seen to be oxide-

containing compounds in general.  

 

 
Figure 7. XRD plot showing phases and compounds of 

the sample N3.  

 

 

3.5. Wear Examination   

 

Figure 8 shows optical images of the samples subjected to 

wear test.  

 

Figure 8. Optical images of the samples after wear test 

 

When the wears forming on the surfaces of test samples 

subjected to wear test in wear test device and the ceramic 

balls used as abrasive were compared in terms of surface 

area, the wear measurements of AISI 304 steels varied 

between 1300-1600 µm and the trace measurements in the 

balls varied between 850-1650 µm. In AISI 316L steel, 

the wear measurements varied between 1300-2400 µm 

and the trace measurements in the balls varied between 

1000-2650 µm. When these values were compared, AISI 

304 steel was observed to show higher wear resistance 

compared to 316L steel.  

Results and plots of N-Reference samples conducted on 

wear test device are shown below. Mass loss was 

measured in wear path periods in the samples N1, N2, N3, 

N4, N5 and N6 subjected to wear test under the same 

tribological conditions.  Mass loss-number of turns of 

these samples are given in Table 4 and the corresponding 

plot is presented in Figure 9.   
Table 4. Mass losses of the samples based on number of 

turns  

 

Number 

of turns 

1 

x2000 

2 x2000 3 x2000 4 x2000 5 x2000 6 x2000 7 

x2000 

N1 0.988 0.982 0.995 0.999 1.007 1.009 1.000 

N2 0.496 0.739 0.976 0.991 0.991 1.027 1.009 

N3 1.015 1.016 1.011 1.011 1.016 1.011 1.011 

N4 1.087 1.091 1.085 1.082 1.084 1.079 1.076 

N5 1.069 1.078 1.068 1.069 1.072 1.074 1.072 

N6 1.086 1.087 1.085 1.083 1.080 1.086 1.082 
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Figure 9. Mass losses of the samples based on the 

number of turns 

 

In general, when the wear initiations depending on 

number of turns were examined in the plot, the sample N1 

was observed to have approximately constant mass loss in 

the first 4 (x2000) number of turns. It was observed that 

the sample N1 moved up to 5th turn by increasing 

minimally after 4th turn and then exposed to a small but 

constant amount of mass losses. The mass losses of the 

samples N2, N3,N4 and N5 increased up to 3rd turn and there 

were ups and downs at minimal level in the following 

turns. It is observed that the mass loss in the sample N6 

increased rapidly in the 1st and 2nd turns, this mass loss 

increased more slowly in the turn range of 2-3 and there 

were ups and downs at minimal level in the next turns. 

Based on this behavior of the coated samples, it was 

thought that secondary and brittle phases formed 

depending on heat input and also a small amount of wear 

resistance decreased in the coating with the formation of 

these secondary phases.   

 

4. General Conclusions 

1. When the wear marks of the samples were 

examined, the widest wear mark was observed in 

the sample  N5 sample (2890 µm); whereas, the 

narrowest wear mark was observed in the sample 

N2 sample (1348 µm).  

2. Mass losses per turn were N2, N1, N3, N5, N6, 

and N4, respectively in ascending order. The 

results varied depending on the grain size.  

3. It was determined that the coating process made 

with Al2O3 powders using Plasma Spray Coating 

method, one of the Thermal Spray Coating 

Methods, increased the wear resistance of AISI 

304 and 316L austenitic stainless steels. 
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The Effects of Natural Wollastonite on Mechanical and Durability 

Properties of Standard Mortars 
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Wollastonite an inert material includes mainly CaO and SiO2. Wollastonite mineral has been used in concrete and mortar 

production due to its special acicular particle structure. In this study, natural wollastonite (NW) obtained from Balıkesir region 

of Turkey was used in the production of standard mortar (SM) in the ratios of 0%, 3%, 6%, 9% and 12% instead of cement. 

Compressive strength, flexural strength and ultrasonic pulse velocity (UPV) of SMs incorporating NW were measured at 28 

and 90 days. In addition, to determine the effects on durability properties of SMs of NW, water sorptivity and rapid chloride 

permeability tests were performed at 28 and 90 days. The test results indicated that mechanical and durability performance of  

the SMs improved up to 3% replacement ratio of NW. NW does not have a dense acicular particle structure, therefore, 

increasing ratio of NW affected adversely the mechanical and durability properties of SMs. 

 

Keywords: Natural Wollastonite, Standard Mortars, Mechanical and Durability Properties. 
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1. Introduction 

 
Wollastonite (calcium-meta-silicate (CaSiO3)) is an inert, 

white color and acicular micro fiber composed naturally 

of calcium oxide (CaO) and silica (SiO2) in equal 

proportions (nearly 45%) [1, 2]. Wollastonite micro-fibers 

are characterized by loose acicular particles of non-

uniform sizes with diameter typically [3]. The acicular 

particle structure of wollastonite microfibers are defined 

by their aspect ratio. Wollastonite is marketed as low 

aspect ratio (generally 5:1 or less) and high aspect ratio 

(generally 12:1 or more [4]. In addition, when the 

previous studies performed with production of 

wollastonite reported that the 20:1 aspect ratio for 

wollastonite is accepted as high [5]. Tensile strength of 

wollastonite varies from about 2700-4100 MPa and 

modulus of elasticity ranges between 300 and 530 GPa. 

Therefore, refined wollastonite microfibers are frequently 

used in plastics, ceramics, paints and are readily present 

commercially [3, 6-8]. In addition, previous studies 

indicated that wollastonite microfibers due to its acicular 

particle shape have been used as a reinforcing 

filler/material in cementitious composites (i.e., high 

strength concrete, concrete pavements, cement board) [2, 

3, 9, 10]. High purity wollastonite is compatible with a 

hydrating cementitious system as it is chemically and 

temperature resistant. Due to wollastonite being an inert 

material, it has been think that it has no effect on the heat 

of hydration liberated during the hydration process [3, 

11]. Moreover, wollastonite microfibers are founded as 

imbedded in cementitious materials achieved high 

stability without surface or bulk deterioration with time 

[12]. Kalla et al. [10] indicated that 15% wollastonite 

used instead of cement increased about 12% the 

compressive strength of concrete at 90 days. Moreover, 

Mathur et al. [13] reported that 10% wollastonite used 

instead of cement increased 28–35% the compressive 

strength of concrete at 28 and 56 days, respectively. 

According to the literature studies, wollastonite used 

instead of cement has been observed beneficial effects in 

terms of especially compressive strength on 

concrete/mortar. It is known that it is very important to 

use high volume of alternative cementitious materials to 

reduce the consumption volume of ordinary Portland 

cement due to its high carbon footprint [7]. Therefore, in 

this study, the effects on standard mortars (SMs) of 

wollastonite obtained from Balıkesir region of Turkey 

were investigated. Compressive strength, flexural 
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strength, ultrasonic pulse velocity, water sorptivity 

coefficient and rapid chloride permeability values of SMs 

were determined at 28 and 90 days. 

2. Experimental details 
 

In this study, CEM I 42.5 R ordinary Portland cement and 

natural wollastonite (NW) provided from Balıkesir 

Region was used in the design of mortar mixes. Physical 

and chemical properties of these materials are listed in 

Table 1. The particle size distributions, SEM images and 

XRD analysis of cement and NW are given in Figure 1, 2 

and 3, respectively. Scarce acicular particle structure of 

NW proved to be wollastonite with XRD analysis can be 

seen from the SEM image. In addition, the standard sand 

called as the CEN reference sand was used in the SMs. 

CEN sand is round grain and contains silica in the ratio of 

about 98%. 

 

Table 1. Physical and chemical properties of cement and 

NW. 

 

Chemical Analysis (%) Cement NW 

CaO 62.58 30.87 

SiO2 20.25 46.34 

Al2O3 5.31 5.83 

Fe2O3 4.04 6.05 

MgO 2.82 2.97 

SO3 2.73 - 

K2O 0.92 0.09 

Na2O 0.22 - 

Loss of Ignition 2.96 5.85 

Specific Gravity  3.15 3.12 

Blaine Fineness (m2/kg) 326 - 

 

 

Figure 1. The particle size distributions of cement and 

NW. 

 

All of SM mixes were listed in Table 2. NW was used at 

3% increments instead of cement. Thus, SMs containing 

NW in the ratios of 0%, 3%, 6%, 9% and 12% were 

defined as SM0, SM3, SM6, SM9 and SM12, 

respectively. SMs were produced according to ASTM 

C305-12 [14]. 

 
(a) 

 
(b) 

Figure 2. SEM  images of (a) cement and (b) NW samples 

 

 
Figure 3. XRD analyses of natural wollastonite and NW 

obtained from Balıkesir Region 

 

Table 2. Mix proportions of SM mixes (kg/m3). 

 

Mix  
w/p

* 

Cemen

t 

N

W 

Wate

r 
CEN Sand SDF* 

SM0 0.48 500 0 242 1375 17.4 

SM3 0.48 485 15 242 1375 16.9 

SM6 0.48 470 30 242 1375 16.7 

SM9 0.48 455 45 242 1375 16.6 

SM1

2 
0.48 440 60 242 1375 16.4 

* w/p*: water/powder material (cement+NW), SDF*: 

slump flow diameter (cm) 

 

Slump flow diameters of SMs were determined in 

accordance with ASTM C1437-15 [15]. The slump flow 

diameter of SMs is given in Table 2. Due to the acicular 

shape of NW reduced workability of SMs [7]. The 

compressive strength, flexural strength and UPV values of 
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the SM mixes were measured confirm to ASTM C349-14 

[16], ASTM C348-14 [17] and ASTM C597-16 [18], 

respectively. The compressive test was applied to 6 pieces 

by using specimens broken in flexural test. The flexural 

and UPV tests were conducted on 3 prismatic specimens. 

The water sorptivity and rapid chloride permeability tests 

were applied on the three samples of 50 mm height and 

100 mm diameter. In the water sorptivity test, firstly, the 

specimens were dried in oven at 100±5 °C through 24 h. 

Then, the sides of the specimens were coated with a 

waterproof material. The volume of water absorbed by the 

specimens was calculated and water sorptivity 

coefficients of SMs were determined. Rapid chloride 

permeability test was performed according to ASTM 

C1202 [19]. All test results were obtained by calculating 

the averages of results obtained from specimens. The tests 

were done at 28 and 90 days.  

 

3. Results and discussion 
 

Figure 4, 5 and 6 present compressive strength, flexural 

strength and UPV of SMs, respectively. The development 

of mechanical performance was influenced by NW 

content. SM incorporating 3% NW exhibited compressive 

strength, flexural strength and UPV higher than that of the 

control mixture at 28 and 90 days. This can be explained 

with the role of wollastonite in bridging the micro-cracks 

leading to a delay in micro-crack coalescence thanks to its 

acicular particle structure [3, 20]. However, this 

improvement in mechanical properties of SM reduced at 

higher NW content and thus, SM6, SM9 and SM12 

exhibited lower mechanical performance than the control 

mixture at 28 and 90 days. This strength decrease can be 

attributed to higher contents of wollastonite indicating 

towards weak bond formation with increase in content of 

NW. [21, 22]. In addition, previous studies [20, 23] 

reported that mechanical properties of concrete/mortar 

improved up to 10% wollastonite content and after this 

value wollastonite decreased generally the mechanical 

performance of concrete/mortar. According to the data 

obtained in this study, the decrease of mechanical 

properties of SM mixes after 3% NW content can be 

explained by the fact that NW mineral does not have 

dense acicular structure as seen in Figure 2 [24]. 
 

 
Figure 4. Compressive strengths of SMs 

 

In Figure 7 and 8 the variation in water sorptivity 

coefficients and rapid chloride permeability of SMs are 

demonstrated. The durability performance of SM 

improved for the 3% content of the NW at 28 and 90 

days. Similarly, Mathur et al. [13] reported that 

wollastonite reduced the water absorption percentage of 

concrete. Moreover, water sorptivity coefficients and 

rapid chloride permeability tested specimens of mixtures 

incorporating 6%, 9% and 12% NW was higher than that 

of SM0 mixture. This can be explained with the increased 

proportion of NW weakening the bond in the matrix and 

the inability to observe the acicular structure in most of 

the particles [22, 24]. 

 

 
Figure 5. Flexural strengths of SMs 

 

 
Figure 6. UPV values of SMs 
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Figure 7. Water sorptivity coefficients of SMs 

 

 
Figure 8. Rapid chloride permeability values of SMs 

4. Conclusion 

 

In this study, the effects of NW mineral obtained from 

Balikesir Region of Turkey on SMs were investigated in 

terms of mechanical and durability properties at 28 and 90 

days. As a result of experimental studies, the following 

results were achieved. 

- SM mixture incorporating 3% NW wollastonite 

exhibited higher mechanical and durability performance 

with respect to control mixture. This development can be 

attributed to acicular particle structure and thus, bridging 

feature of NW wollastonite. When NW wollastonite was 

used instead of cement in the ratios of 6%, 9% and 12%, 

this wollastonite was found that mechanical and durability 

properties were negatively affected. According to the 

previous studies, wollastonite use in the ratios of 10% is 

known to improve mechanical and durability properties of 

mortar or concrete. Therefore, the negative effect on the 

structure of the mortar in the increasing ratios usage (6%, 

9% and 12%) of NW obtained from Balikesir Region can 

be attributed to the fact that the NW wollastonite does not 

have a dense acicular particle structure and thus weakens 

the bond with the matrix. 
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In this study, Carbon nanotubes (CNTs) were synthesized by chemical vapour deposition. Graphene 

nanoplatelets (GNPs) were synthesized by liquid phase exfoliation method. CNTs and GNPs were mixing with 

with each other for equal ratio. Later, this hybrid reinforcement was added to copper matrix for 0.05 wt % ratio. 

The composite powder were compacted for 500 MPa and sintered at 1000 oC. The obtained sample was 

compared with pure copper sample which was produced at same condition. The hardness of composite was 

higher than pure copper sample about 10 %. The resistivity of composite was less than pure copper sample. 

Consequently, CNT and Graphene together reinforcing improves the properties of copper.  
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1. Introduction 
 

The use of nanocomposites has increased in associate with 

the widespread use of composite materials in industrial 

products. Nowadays, with the increasing industrialization, 

the search for the most appropriate efficiency in electrical 

applications has always been the research object. And in this 

context, composite materials exhibiting superior electrical 

properties in electrical applications have attracted the 

attention of scientists. 

Since the discoveries of carbon nanotubes (CNTs) by Iijima 

and graphene nanoplatelets (GNP) by Novoselov et al., they 

have received a great attention as raw materials for the 

development of nanomaterials due to their excellent thermal, 

electrical and mechanical properties, low density and high 

specific surface area. Nowadays, enormous efforts have 

been devoted to the use of CNT and graphene in various 

applications, such as energy storage field effect transistors 

(FETs), electrodes and sensors [1-3]. Graphene and carbon 

nanotube hybrid structure is one of the promising graphene 

derivatives, which have great potential applications in areas 

such as energy storage, supercapacitor and building blocks 

composite. Experimental works have shown that nicely 

aligned hybrid structures between graphene and carbon 

nanotube are achievable. Their highly tailorable structures 

endow them with highly tunable mechanical properties. It is 

worth mentioning that other properties of the graphene and 

CNT hybrid structures are also of great interest, such as 

chemical properties and thermal transport properties [4]. 

However, the desire to address the limitations of individual 

graphene such as zero bandgap and challenges associated 

with functionalization,  has triggered a new approach in 

which graphene is exploited as a scaffold platform to anchor 

other nanomaterials [5]. To this end the combination of one-

dimensional (1D) carbon nanotubes (CNTs) and two-

dimensional (2D) graphene materials to generate three-

dimensional (3D) carbon nanotube–graphene hybrid has 

attracted great attention owing to their intriguing properties 

via the synergistic effects of these two materials on their 

electrical, optical, and electrochemical properties in 

comparison with their individual components [6]. 

So in this study CNT-GNP hybrid structure reinforced to 

Copper (Cu) matrix to improve the electrical properties 

thanks to the reasons above mentioned. In this connection 

copper matrix nanohybrid composites having 0.05 % 

volume fraction of nanotube and graphene concentrations 

were produced by using powder metallurgy method. CNT 

and Graphene were used as reinforcements materials. 

Carbon nanotubes were produced by Chemical Vapor 

Deposition, and Graphene was produced by Liquid Phase 

Exfoliation Process. Hexagonal graphite was preferred as 

the starting material for this purpose. Hexagonal graphite 
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was sonicated in a solvent. At the end of sonication process, 

stacked graphene layers were separated from each other. 

The produced powders were grained homogeneously with 

copper powders with high energy milling. After that the 

powders were compacted under high pressure and sintered 

in an atmosphere of inert gas at a temperature of  950 ° C. 

Abrasion, hardness, electrical conductivity and contact 

behavior of the produced Nano Hybrid composites were 

investigated. Internal structures of the samples were 

examined by Scanning Electron Microscopy (SEM). As a 

result of these analyzes, conclusions were made about how 

the amount of carbon nanotube and graphene change the 

mechanical and electrical properties of composite meterials. 

 

2. Experimental details 
 

In this work CNT and Graphene were used as 

reinforcements materials. Carbon nanotubes were produced 

by Chemical Vapor Deposition, and Graphene was produced 

by Liquid Phase Exfoliation Process. 

 

2.1 Synthesized of the CNT 
 

The silicon substrate placed at the middle of the furnace was 

cleaned 4 times with a vacuum of 10-3 Torr. After Argon 

(Ar) gas flowing at a flow rate of 1lt /min was heated to 650 

℃ beneath the atmosphere. Then C2H2 gas was and Ar gas 

flushed. Finally, the furnace was naturally cooled in Ar 

atmosphere. 

The resulting powder was allowed to stand for 3 hours in a 

mixture of nitric acid (Sigma-Aldrich 438073) and 

hydrochloric acid (Sigma-Aldrich 258148) to remove the 

amorphous carbon structures present in the powder. The 

powders were then washed with distilled water and dried in 

an oven at 150 ° C for 10 hours. As a result, CNTs were 

successfully produced by CVD method. 

 

2.2 Synthesized of the Graphene                    

Expanded hexagonal graphite which is expanded interlayer 

surface was used as a precursor material to synthesized 

graphene nano plates via liquid phase exfoliation method. 

N-Methyl-2- pyrrolidone (NMP) was used as the solvent for 

separating the layers bounding by Van der Waals bonds. 

Graphene Production Process was used in this study has 

been shown in Figure 1. 

For this production 0.01 gram expanded graphite was mixed 

in 100 ml NMP with ultrasonic homogenizer (Sonix-Vibra 

Cell) at % 70 amplitude for 2.5 hours. The mixed solution 

was separated for 2 hours at 6000 RPM in a brand 

centrifuge. The precipitated graphene layers were washed 3 

times with ethanol (Isolab) and to clean from NMP. In the 

magnetic stirrer, alcohol was evaporated and graphene 

nanotubes were obtained. 

Figure 1. Graphene Production Flow Chart. 

2.3 Mechanical Alloying Process 

Mechanical alloying process was using to prepared the 

compositions by adding graphite and MWCNT particles at a 

rate of 0.05 % by volume to the copper powder which is 

used as the main matrix. Sample added to a 250 ml stainless 

steel grinding vessel were homogenized with high speed 

planatery grinder (Retsch) using a 12mm and 50mm 

diameter ball with rete on 15:1 powder ball ratio with 1.1 g 

zinco stearate (Aldrich) lubricant and homogeneously for a 

total of 12 hours. The obtained composite powder sample 

were compacted at 500 MPa pressure. For the sintering 

process, under 0.5 lt/min. Ar gas was flueshed through the 

horizontal tube furnace and sintered at 950 ° C for 1 hour. 

The obtained sintered samples were cold pressed again at 

500 MPa to reach full density and sintered for a second time 

at 1000 °C. 

3. Results and discussion: 

 
Figure 2 showed that the SEM image of the sample for 

100.000x magnification.  

 

 
Figure 2. SEM image of the sample. 
 

Since both the CNT and the graphene nanoplate have very 

small particle size, the SEM images of the composites were 

taken at 100,000x magnification. Some of the 
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reinforcements particles were placed on the matrix while 

others were embedded in the copper matrix by the effect of 

grinding or forging. 

 

Measurements of Vickers hardness were performed to 

determine the microhardness values of the composites. 

Vickers hardness value was calculated by averaging the 

values obtained from each test (Figure 3). The Vickers 

hardness tests were performed at a holding time 10s. 

Composite samples with only CNT or graphene reinforced 

only have better hardness values than nano-hybrid 

composites. This is because graphene cannot form the 

desired strong interface bond due to agglomerate the CNT 

structure. 

Zhang et al. In the results of the microhardness of graphene 

reinforced copper matrix composites of the [7] study, a 

significant increase in copper matrix hardness obtained by 

adding a small amount of GNS was attributed to the 

reinforcing effect of GNS. The hardness value of 0.05 % 

CNT-GNP nano hybrid composite is 58.44 HV. 

Direct current was used with the help of the device installed 

in the furnace with conductivity tester (Agilent 34401A) and 

electrical conductivity measurements of the samples were 

carried out at room temperatures. 

Four prob conductivity measurement method was used for 

electrical conductivity measurement. electrical conductivity 

values are given as% IACS. The% IACS (International 

Annealed Copper Standard) is the conductivity measurement 

standard made by accepting 100% self-conductivity of fully 

densely annealed pure copper, and 100 % IACS=58 

MSiemens/m [8]. The resistances of the produced samples 

were first measured and the equation and the self-

conductivity values given in equation (1) were found. 

 

           (1) 

 

In the equation, Resistance R (ohm), σ Self conductivity 

(MS/m), L thickness of the sample (m), A represents the 

cross-sectional area (m2). The obtained conductivity values 

were converted to % IACS. The electrical conductivity of 

the synthesized composite was found to be 86.1% IACS for 

0.05 % CNT-GNP. The electrical conductivity value for the 

pure Cu is 85.2 % IACS.                                                                              

In this study, specific wear rates were calculated according 

to equation (2) by subjecting the wear sample produced at 

the specified distances (500m, 1000m, 1500m) and different 

loads (5N, 10N, 15N).       

                                                                   

            (2) 

In here, the k; specific wear rate, ΔV; volume change, P; 

load to which it is exposed, L; indicates the distance taken. 

Figure 3. Specific wear rates of the composite for different 

loads and different wear distances. 
 

Figure 4 shows the material loss during the opening and 

closing of the contacts. This result is in parallel with the 

wear results. 

 
Figure 4. Loss of material in composite material by number 

of contacts.  
 

It is seen that the loss of material in the nanohybrid 

composite material decreases as the number of opening/ 

closing increases.                                                                                                     

 

The contacts were subjected to 5000, 10000 and 20000 

switching operations under 5 A alternating current 

conditions. At the end of the process, the losses of 

substances in the contacts are explained before Figure 5 has 

been showed SEM image of nano hybrid composite after 

2000 cycles. 
 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

273 
 

 
Figure 5. SEM image of nano hybrid composite after 2000 

cycles. 

 

At the end of 20000 cycles, SEM of the contact was 

investigated and the erosion behavior was evaluated. It has 

been observed that the melts and melts formed on the 

surfaces of the moving contacts are transformed into 

droplets and carried to the fixed contact. It is considered that 

material transport in the form of droplets from the moving 

contact to the fixed contact is effected by gravity. 

 
4. Conclusions 
 

In this study, nanohybrid composite was obtained by adding 

CNT and Graphene in various ratios to pure copper powder 

by powder metallurgy method. The effect of reinforcement 

elements on the wear behavior and electrical conductivity of 

the composite samples was investigated. In addition, micro 

hardness and contact properties of the obtained composites 

were examined and the effect of reinforcement ratios on 

mechanical and electrical properties was investigated. As a 

result of the study, it was seen that the hybrid structure 

improved the properties of copper. The electrical 

conductivity and hardness values were 86.1% IACS and 

58.44 HV respectively. 
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 CuO nanoparticles have attracted much attention in recent years due to their superior properties as they differ from the 
volume of nano-sized copper oxide with the decrease in crystal size. High interfacial area, overactive surface, and unusual 
optical, electrical, electronic and catalytic properties have made these particles attractive in photovoltaic applications. In this 
study, electro-optical properties of CuO thin films which were prepared by using sol-gel dip method and kept at 300oC, 350oC, 
400oC, 450oC, 500oC for 1 hour were examined depending on temperature change. Surface morphology of the prepared thin 
films was investigated by using Atomic Force Microscope (AFM Park System XE-100E). The crystalline structure of the films 
was investigated by using the scanning electron microscope (SEM) and X-ray diffraction method (XRD) and it was determined 
that CuO thin films showed structural changes due to temperature effect. Forbidden energy ranges of the samples were found 
to be between 3.6 eV and 3.93 eV. In addition, it was determined that thin films can be produced with less cost and work for 
photovoltaic applications. 
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1. Introduction 

 
Copper oxide (CuO), whose band gap energy value is 

around 1.4 eV, is an important p-type semiconductor 

oxide material among many metal oxide materials.  CuO 

is a semiconductor material which has monoclinic crystal 

structure, is non-toxic, inexpensive, easy to be 

synthesized and abundant in nature. Therefore, CuO thin 

films have been widely investigated for various 

applications in various areas of technology such as 

biosensors, gas sensors, solar cells, lithium ion batteries, 

and thin film transistors [1-5]. The copper oxide 

properties as well as the effect of temperature, thickness 

and doping on the properties of films have been 

investigated. It has been aimed to use the produced films 

in usage areas and photovoltaic applications in a cost-

effective manner by changing reaction temperature [6-

13]. In addition, CuO and ZnO have been combined and 

their photovoltaic properties [14] and their efficiency in 

solar cells has been investigated in the developed studies 

[15-16] and it has been found as a result of these studies 

that copper oxide is a good material for photovoltaic 

applications [17]. Many methods such as sol-gel [18], and 

dip coating [19] have been investigated and photovoltaic 

properties have been planned to be improved by 

synthesizing various nano structures with sol-gel method 

[21]. Moreover, it can be understood from these studies 

that it has become a promising candidate [28-30] for 

semiconductors, photocatalysts [22], piezoelectric devices 

[23], light emitting diodes [24], organic photovoltaic cells 

[25] and gas sensors [26-27] and the focus of the study 

[31-35]. In her study, Özge Hasançebi (2006) prepared 

copper oxide thin films using sol-gel method and 

investigated the optical, electrical, and structural 

properties of these films. She examined the effects of 

temperature, thickness and doping on such properties of 

films [10]. In their study, Meyer et al., (2012) tried to 

obtain maximum efficiency from the optical and 

electronic properties of semiconductors with copper oxide 

compound for photovoltaic applications [11]. In the study 

mailto:ugurcaligulu@gmail.com
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conducted by Claudia Malerbi et al., on absorption 

coefficient of bulk and thin film Cu2O, they investigated 

whether Cu2O was appropriate for photovoltaic 

applications or not [17]. G. Martínez-Saucedo et al., 

examined the conversion of cupric oxide (CuO) to copper 

oxide (Cu2O) thin films with rapid thermal annealing 

(RTA) applications [19].     

In this study, copper oxide (CuO or Cu2O) thin films were 

produced using sol-gel dip coating method and the study 

was completed successfully. The effects of the 

temperature change on the morphological and optical 

properties of the prepared CuO thin films were 

investigated. 

 

2. Experimental method 

 

A copper acetate and ethanol solution stirred at different 

molars was prepared. ITO glasses were coated using sol-

gel dip coating method. Copper Acetate Cu (CH3COO)2 

and ethanol (C2H5OH) were used as the base material. 

While 2-methoxyethanol was used as the solvent, 

dimethylaminoethanol (C4H11NO) was used as the 

stabilizer. The amount of copper acetate was calculated 

for 10 ml solution. 0.90815 g copper acetate was added 

into 10 ml ethanol and mixed with a magnetic stirrer at 

60OC and 500 rpm for 1 hour. After measuring the pH 

value, NaOH amount was calculated for 10 ml 

methoxyethanol to bring the pH value between 8-10. 10 

ml methoxyethanol and 0.3999 g NaOH were added and 

mixed in the magnetic stirrer at 70oC and 500 rpm for 10 

minutes. In order for the pH value of copper acetate 

solution to be between 8-10, 3 drops of  NaOH solution 

were added while stirring the solution in the magnetic 

stirrer.  

ITO glasses were cleaned with acetone, methyl alcohol 

and deionized water, respectively for 10 minutes using an 

ultrasonic bath. The surfaces of the ITO glasses cleaned 

with nitrogen gas were dried. The cleaned ITO glasses 

were dipped into the prepared solution using sol-gel dip 

coating device. For dipping process, ITO glasses were 

kept in the solution for 24 hours. After the dipping 

process was completed, the sample was kept in the oven 

for 1 hour to complete the coating process. This process 

was repeated 5 times only by changing the temperature 

(300oC, 350oC, 400oC, 450oC, and 500oC) (Figure 1).  

 

 
Figure 1.  Thin film coating process with Sol-Gel Dip 

Method  

 

The surface morphology of the prepared thin films was 

examined using Atomic Force Microscope (AFM Park 

System XE-100E). The crystal structure of the films was 

examined with Scanning Electron Microscope (SEM) and 

their characteristic properties were examined by using X-

Ray Diffraction Method (XRD). All measurements were 

conducted at room temperature.  

 

3. Results and Discussions 

 
Sol-gel dip coating method is a low-cost method and 

suitable especially for photovoltaic application and the 

production of CuO thin films.  The surface morphology 

and grain size analysis of thin films coated with CuO 

solution were characterized by Park System XE – 100E 

Atomic Force Microscope (AFM) in 2D (40 μm × 40 

μm). Atomic force microscope is a device providing 3D 

images of the surfaces with a sharpened needle tip of 

materials found in atomic dimensions. It is based on 

imaging as a result of contact of the needle tip with the 

surface by using different tips in accordance with the 

purposes. It has 3 different methods as contact method, 

non-contact method and tapping method.  

 

Figure 2 shows 2-dimensional (40 μm × 40 μm) AFM 

images of the thin films coated with CuO and ethanol 

mixture.  
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Figure 2. 2D (40µx40µ) AFM Surface Images of the 

Prepared Nano-Structured Thin Films 

1 : 300oC , 2 : 350oC , 3 : 400oC , 4 : 450oC, 5 : 500oC  

 
 
When the AFM images were examined, it was seen that 

all films had a smooth and different surface and there was 

inconsistency in the surface images. This inconsistency in 

the surface morphology depended on the temperature, 

growing conditions and growing process of the thin films. 

The resulting structures were observed to have a micro-

fiber morphology. Fiber thicknesses forming the sample 

varied depending on temperature changes (Figure 2). 

 

 
 
 
 
 
 
 
 

 
 

Figure 3. 3D (40µx40µ) AFM Surface Images of the 

Prepared Nano-Structured Thin Films  

 
Figure 3 shows 3D AFM surface photographs of the 

samples 1, 2, 3 and 4. Surface roughness values of the 

films increased with increasing temperature values. The 

fact that defect densities increased in the structures of 

CuO films depending on temperature caused an increase 

in surface roughness due to the defects in the crystal 

structure and surface distribution. Another reason for the 

increase in surface roughness was that the increase in 

temperature values increased the number of nucleation 

centers and this caused an increase in the surface 

roughness [35]. 

 

3.1. Optical Properties of CuO Thin Films 

 

Surface properties are important since it affects the 

electrical and optical properties throughout photovoltaic 

applications. The crystal structure of thin films coated 

with CuO solution was examined by SEM (Scanning 

Electron Microscope). Basically, scanning electron 

microscope is based on the principle of collecting and 

examining the signals resulting from the physical 

interaction of electron beam with the surface of examined 

sample. 
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The crystal structure of thin films coated with CuO 

solution was examined in 2 dimensions (2 μm × 2 μm) 

using Zeiss EVO MA10 Scanning Electron Microscope 

(SEM). Figure 4 shows 2D (2 μm × 2 μm) SEM images of 

the thin films coated with CuO and ethanol mixture and 

processed at 300oC, 350oC, 400oC, 450oC, and 500oC. 
 
                        

Figure 4. (2µx2µ) SEM Surface Images of the Prepared   

Nano-Structured Thin Film  
1: 300oC, 2: 350oC, 3: 400oC, 4: 450oC, 5: 500oC 

 

Starting from 300 °C, the surface of the films showed a 

uniform particle morphology without a significant trend 

in particle size. Besides, the presence of larger pores is 

observed for films treated at higher temperatures. Based 

on these results, the formed pores are thought to be 

composed of Cu2O reduced to more metallic copper 

(Figure 4). 

 

  

               

Figure 5. 300oC EDX Analysis of the Prepared Nano-

Structured Thin Films 

 

Figurec 6. 400oC EDX Analysis of the Prepared Nano-

Structured Thin Films 

 

Figure 7. 500oC EDX Analysis of the Prepared Nano-

Structured Thin Films 

 
The changes of thin films produced by Sol – Gel dip 

coating method depending on temperature were calculated 

by taking EDX analysis from 3 different temperatures. 

When the SEM images and XRD analysis of the surfaces 

were examined, it was determined that the structural 

properties changed with temperature changes and the 

resulting fiber structures showed variation in thickness 

depending on temperature (Figures 5-6-7). When XRD 

analysis taken from the surfaces of thin films produced 

with Sol – Gel dip coating method was examined, Cu, O 

and Si phases were determined in the produced thin films. 

It was thought that the Cu and O phases were the main 

phases of the solution prepared in producing thin film, Si 

phase was in the ITO glasses and it was the phase that 

would not affect thin film negatively 

1 

 
2  

 

3  

           4      5  
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Absorption T(λ), reflection R(λ), and permeability A(λ) 

measurements of the produced films were taken with 

Shimadzu UV-VIS-NIR 3600 model spectrophotometer 

in the wavelength range of 200–1000 nm. All 

measurements were made at room temperature. Figures 8, 

9, and 10 show these characterized curves, respectively. 

 
Figure 8. Absorption Graphs of the Samples 
 
Figure 8 shows the absorption spectrum of CuO based 

thin films annealed at different temperatures recorded in 

the wavelength range of 200-1100 nm. Due to high 

transparency of the samples, the average absorption in the 

visible region was between 1% and 3%. Higher 

absorption was observed in 450oC sample compared to 

the other films in this range. This high absorption value 

was thought to be caused by the low film thickness 

compared to the other samples (Figure 8). 

 

 
Figure 9. Reflection Graphs of the Samples 

 

Figure 9 shows reflection curves of CuO nano-structured 

thin films. When Figure 9 was examined, it was clearly 

remarkable that the sample annealed at 450oC exhibited a 

higher reflection spectrum compared to the other four 

samples. It was seen that the reflection values varied in 

wavelength range of 200-1100 nm and there were 

nonlinear changes in the reflection rates (Figure 9). 

 
Figure 10. Permeability Graphs of Samples 

 

Figure 10 shows permeability curves of the samples. 

When the permeability curves of the samples were 

examined, it was observed that the permeability values 

varied between 40% and 70% and the intensity of the 

light passing through the films decreased and optical 

density values increased due to a certain amount of 

increase in the thickness of the films after 300oC. This 

was thought to be caused by the decrease in the 

permeability values of the films (Figure 10). 

 

 
Figure 11. (ahv)2 – hv (eV) Graph of the samples 
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Another parameter determined by using optical 

measurement results of semiconductor materials was the 

forbidden energy range. One of the methods for direct 

determination of the forbidden energy range of 

semiconductors is to use the optical method by benefiting 

from the basic absorption spectrum. The region which is 

known as the excitation of a photon with known energy 

from valence band to the transmission band and named as 

the region where the absorption shows a sharp increase is 

defined as the basic absorption region. Two types of 

transition events occur in the semiconductors at the basic 

absorption boundary. These are called as direct band 

transition and indirect band transition.                                                                             

The optical method used to determine the forbidden 

energy ranges of semiconductors also provides 

information about optical transitions.  

In this method, the forbidden energy range of the 

semiconductor material was determined from (αhν)2 ~ hν 

variation graph plotted using the basic absorption 

spectrum.  The energy value of the point at which the 

linear part of this change intersected hν axis at (αhν)2=0 

gave the forbidden energy range of the semiconductor 

[32]. In calculating the forbidden energy range: following 

formula was used; 

m

gEhAh )(  
 

[33]. Where, α; absorption coefficient, hν; photon energy, 

Eg; Forbidden Energy Range, n=½ (for direct passes) and 

A; constant. If m value is 2, the material has indirect band 

gap; if it is ½, then it has direct band gap.   

 

 

 

 

 
 
 
 

 

Table 1. Forbidden Energy Parameters of the Films 

 

Figure 11 shows the graphs showing the forbidden energy 

range of the produced CuO thin films. With the help of 

the curves given in Figure 11, the forbidden energy ranges 

of the samples were determined and indicated in Table 1. 

The optical band ranges of the well-known p-type 

semiconductor CuO were between 1.3 eV- 2.1 eV [34]. 

When the obtained results were examined, it was found 

that the forbidden energy parameters of CuO thin films 

were between ideal optical band ranges.  

 

3.2. General Conclusions 

 

 CuO based nano-structured thin films were 

successfully produced without addition and at 

different temperatures using sol-gel dip-coating 

method.  

 It was determined as a result of these investigations, 

the nano structure of CuO based thin films varied 

depending on temperature.  

 This study conducted on the production of 

semiconductor film which has an important place in 

technological applications is important especially in 

terms of producing CuO thin films as an alternative 

to other expensive production methods and 

allowing to change their properties further with 

addition possibility. 

 When AFM images were examined, it was seen that 

all films had smooth and different surfaces and 

there was inconsistency in surface images. This 

inconsistency in surface morphology was thought to 

be dependent on the temperature, growing 

conditions and growing process of the thin films.  

 When the optical properties of CuO thin films were 

examined, it was found that the surface of films 

exhibited a uniform particle morphology starting 

from 300 °C without a significant trend in particle 

size. It was also observed that larger pores formed 

for the films processed at higher temperatures (350, 

400, 450 and 500 °C). 

 When EDX analysis was examined, it was 

determined that the structural properties of CuO 

thin films changed with temperature changes and 

thickness changes occurred depending on the 

temperature in the formed fiber structures. 

 When XRD analysis taken from the surfaces of thin 

films produced using sol-gel dip-coating method 

was examined, Cu, O and Si phases were 

determined in the produced thin films.  

 When UV-VIS-NIR analysis was examined, it was 

found that the average absorption in the visible 

region was about between 1% and 3% due to the 

high transparency of the samples and 450oC sample 

had a higher absorption than all other films in this 

range.  It was clearly remarkable that the sample 

annealed at 450oC had a higher reflection spectrum 

Temperature Eg (eV) 

300OC 1.89 

350OC 1.67 

400OC 1.93 

450OC 1.83 

500OC 1.73 
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compared to the other four samples. Reflection 

values varied in the wavelength range of 200-1100 

nm and non-linear changes in reflection rates were 

observed. 

     When the permeability curves of the samples were 

examined, it was determined that the permeability 

values varied between 40% and 70%, it was seen 

that the intensity of light passes through the films 

decreased depending on the increase of a certain 

amount in thickness and optical intensity values 

increased after 300oC. This was thought to be 

caused by the decrease in the permeability values of 

the films. 

     The optical band gaps of CuO which is a p-type 

semiconductor were between 1.3 eV- 2.1 eV. When 

the forbidden energy ranges of the samples were 

examined, it was found that the optical band gaps 

were between 1.67 eV- 1.93 eV and the forbidden 

energy parameters were in the ideal band range. 

 

Acknowledgement 

 

This study was supported by Firat University Scientific 

Research Projects (FUBAP) management unit (Project 

No: TEKF.18.16).  

 

4. References 

 

[1] Gençer, Ö., 2009 Bakır ve Bakır Oksit 

Nanopartiküllerinin Ultrasonik Sprey Piroliz (Usp) 

Yöntemi ile Üretimi Yüksek Lisans Tezi İstanbul Teknik 

Üniversitesi, Fen Bilimleri Enstitüsü, İstanbul 

[2] Sönmezoğlu, S., Koç, M., Akın, S., 2012 İnce Film 

Üretim Teknikleri Erciyes Üniversitesi Fen Bilimleri 

Enstitüsü Dergisi, Kayseri 

[3] Aydın, R., Şahin, B., Bayansal, F, 2016 SILAR 

yöntemi ile üretilen CuO filmlerin yapısal, morfolojik ve 

optik özelliklerine ikili katkılamanın (Zn, Li) etkisi, 

Sakarya Üniversitesi Fen Bilimleri Dergisi, 20.Cilt, 

3.Sayı, s. 481-487 

[4] Yakuphanoglu, F., Caglar, M., Caglar ve Y., Ilican, S. 

(2010), ʻʻElectrical characterization of nanocluster n-

CdO/p-Si heterojunction diode, ʼʼ Journal of Alloys and 

Compounds, 506, 188-193 

[5] Nasibulin, A. G., Shurygina, L. I. and Kauppinen, E. 

I., 2005. Synthesis of Nanoparticles Using Vapor-Phase 

Decompositionof Copper (II) Acetylacetonate, Colloid 

Journal, 67, 1–20. 

[6] Hong, Z., Cao, Y. and Deng J., 2002. A convenient 

alcohothermal approach for low temperature synthesis of 

CuO nanoparticles, Materials Letters, 52, 34–38. 

[7] Tetsuya Kida et al.,2007. Synthesis and Application of 

Stable Copper Oxide Nanoparticle Suspensions for 

Nanoparticulate Film Fabrication, J. Am. Ceram. Soc., 90, 

107–110. 

[8] Şahin, B., Çomaklı, K., Çomaklı, Ö., Yılmaz, M., 

Nanoakışkanlar ile ısı transferinin iyileştirilmesi, 

Mühendis & Makine, 47, 29-34. 

[9] N.R. Karthikeyan, N. R., John Philip, J. and Raj., 

2008. Effect of clustering on the thermal conductivity of 

nanofluids, Materials Chemistry and Physics, 109, 50-55. 

[10] Hasançebi, Ö., 2006 Electrical, Structural and 

Optical Properties of Copper Oxide Thin Films Prepared 

by Sol-Gel Method, Yüksek Lisans Tezi, Ankara 

University, Ankara,  

[11] B.K. Meyer, A. Polity, D. Reppin, M. Becker, P. 

Hering, P.J. Klar, T. Sander, C. Reindl, J. Benz, M. 

Eickhoff, C. Heiliger, M. Heinemann, J. Bläsing, A. 

Krost, S. Shokovets, C. Reppin, C. Ronning, Binary 

copper oxide semiconductors: from materials towards 

devices, Phys. Status Solidi B 249 (2012) 1487–1509. 

[12] Özüilerigiden, S., 2012 Yarı İletken Oksit Filmlerin 

Gaz Sensörleri Üzerine Uygulanması ve Optimizasyonu, 

Yüksek Lisans Tezi Dokuz Eylül Üniversitesi, Fen 

Bilimleri Enstitüsü, İzmir 

[13] S. Rühle, A.Y. Anderson, H. Barad, B. Kupfer, Y. 

Bouhadana, E. Rosh-Hodesh, A. Zaban, All-oxide 

photovoltaics, J. Phys. Chem. Lett. 3 (2012) 3755–3764.  

[14] T. Dimopoulos, A. Peić, P. Müllner, M. Neuschitzer, 

R. Resel, S. Abermann, M. Postl, E.J.W. List, S. Yakunin, 

W. Heiss, H. Brückl, Photovoltaic properties of thin film 

heterojunctions with cupric oxide absorber, J. Renew. 

Sustain. Energy Rev. 5 (2013) 011205 

[15] W. Shockley, H.J. Queisser, Detailed balance limit of 

efficiency of pn junction solar cells, J. Appl. Phys. 32 

(1961) 510–519.  

[16] B.P. Rai, Cu2O solar cells: a review, Sol. Cells 25 

(1988) 265–272.  

[17] C. Malerba, F. Biccari, C.L. Azanza, M. D’Incau, P. 

Scardi, A. Mittiga, Absorption coefficient of bulk and thin 

film Cu2O, Sol. Energ. Mater. Sol. Cells 95 (2011) 2848–

2854. 

[18] Jeffrey B.C., George, W., 1990 Scherer Sol-gel 

Science: The Physics and Chemistry of Sol-gel 

Processing, s. 908, Gulf Professional Publishing. 

[19] G. Martínez-Saucedoa, R. Castanedo-Péreza, G. 

Torres-Delgadoa, A. Mendoza-Galvána, O. Zelaya Ángel, 

2017 Cuprous oxide thin films obtained by dip-coating 

method using rapid thermal annealing treatments. 

[20] Ateş, H., Bahçeci E., 2015 Nano Malzemeler için 

Üretim Yöntemleri, Gazi Üniversitesi Fen Bilimleri 

Dergisi Part:C, Tasarım ve Teknoloji 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

281 
 

[21] Dağ, M., 2015 Nanoyapıların Fotovoltaik 

Özelliklerinin İncelenmesi, İstanbul Üniversitesi Fen 

Bilimleri Enstitüsü, Yüksek Lisans Tezi, İstanbul 

[22] Lv Y, Zhang Z, Yan J, Zhao W, Zhai C, Liu J. 

Growth mechanism and photoluminescence property of 

hydrothermal oriented ZnO nanostructures evolving from 

nanorods to nanoplates. J. Alloys Compd. 2017; 718: 

161–169. 

[23] Liu S, Wang L, Feng X, Wang Z, Xu Q, Bai S, Qin 

Y, Wang Z.L., Ultrasensitive 2D ZnO Piezotronic 

Transistor Array for High Resolution Tactile Imaging. 

Adv. Mater. 2017; 29.  

[24] Kim D, Fu Y, Kim S, Lee W, Lee K.H, Chung H.K, 

Lee H.J, Yang H, Chae H. Polyethylenimine Ethoxylated-

Mediated All-Solution-Processed High-Performance 

Flexible Inverted Quantum Dot-Light-Emitting Device, 

ACS Nano. 2017; 11: 1982–1990.  

[25] Wang K, Liu C, Meng T, Yi C, Gong X. Inverted 

organic photovoltaic cells. Chem. Soc. Rev. 2016; 45: 

2937–2975.  

[26] Zhu L, Zeng W. A novel coral rock-like ZnO and its 

gas sensing. Mater. Lett. 2017; 209:244–246.  

[27] Xu J, Xue Z, Qin N, Cheng Z, Xiang Q. The crystal 

facet-dependent gas sensing properties of ZnO 

nanosheets: Experimental and computational study, 

Sensors Actuators, B Chem. 2017; 242: 148–157.  

[28] Lupan O, Postica V, Gröttrup J, Mishra A.K, De 

Leeuw N.H, Carreira J.F.C, Rodrigues J, Ben Sedrine N, 

Correia M.R, Monteiro T, Cretu V, Tiginyanu I, Smazna 

D, Mishra Y.K, Adelung R. Hybridization of zinc oxide 

tetrapods for selective gas sensing applications. ACS 

Appl. Mater. Interfaces. 2017; 9: 4084–4099.  

[29] Penner R.M. A Nose for Hydrogen Gas: Fast, 

Sensitive H2Sensors Using Electrodeposited 

Nanomaterials. Acc. Chem. Res. 2017; 50:1902–1910.  

[30] Xu D, Song K, Li Y, Jiao L, Zhong S, Ma J, Bao L, 

Zhang L, Song J, Sc2O3doped Bi2O3-ZnO thin films 

varistor prepared by sol-gel method. J. Alloys Compd. 

2018; 746: 314–319. 

[31] Yang H, Nie S, Preparation and characterization of 

Co-doped ZnO nanomaterials, Mater. Chem. Phys. 2009; 

114:  279–282.  

[32] Aydin C, Farklı Molar Oranlarında, Eşit Miktarlarda 

Mn-Ni Katkılandırılmış ZnO Esaslı Nano Yapılı İnce 

Filmlerin Yüzey Morfolojisi, Optik Sabitleri ve 

Dispersiyon Enerji Parametreleri, Fırat Üniversitesi 

Mühendislik Bilimleri Dergisi 2018; 29(2):  221–232. 

[33] Aydin C, Aydin H, Yakuphanoglu F.  Amorf 

Yarıiletken InTe İnce Filminin Üretilmesi ve 

Karakterizasyonu, Academic Platform Journal of 

Engineering and Science 2019, 7-2, 245-254.  

[34] Dhanya S.M., Shailendra K., Choudhary R. J., 

Avinash D. W., Mahaveer K. J., Subrahmanyam A., 

Synthesis of Cu2O from CuO thin films: Optical and 

electrical, AIP Advances 2015, 5, 047143. 

[35] Hasan, A.F.H., 2017 Bakır Oksit İnce Filmler 

Üzerine Bakır Oksit Nano-Parçacıkların Biriktirilmesi ve 

İncelenmesi, Süleyman Demirel Üniversitesi, Fen 

Bilimleri Enstitüsü, Fizik Anabilim Dalı, Isparta. 

 

 

 

 

 

 

 

 

 

 

 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

282 
 

The Effects of Induction Surface Hardening Process on Microstructure 

and Mechanical Properties of GGG40 Cast Iron 

 
 

H. Dikbas1, U. Caligulu2, O. Yigit3 and U. Gencsoy4 
 

 
1Department of Mechanical and Metal Technology, Vocational School of Technical Science, Elazig, Turkey 
2,3,4Department of Metallurgy and Materials Eng, Faculty of Technology, Elazig, Turkey. 

 

In this study, the effects of surface hardening process with induction made on GGG40 spheroidal graphite cast irons (SGC) on 

the microstructure, hardness and tensile strength were investigated. For this purpose, surface hardening heat treatment with 

induction was applied to GGG40 SGC samples at 0.90 min feed rate at 900 oC. In this study, we investigated the effect of the 

surface hardening heat treatment on the surface roughness of the SiC substrate. Microhardness measurements were also 

made on the surfaces by using the Vickers hardness scale (HV). Tensile tests were carried out at 1 mm / min of tensile speed 

under 50000 N of load in accordance with TS 287 EN 895 standard in order to determine the tensile strengths of heat treated 

and non-heat treated ductile cast iron GGG40 (SGC) samples. Fracture surface morphology of the samples was examined by 

using SEM-EDS and X-ray analyses. As a result of the examinations, it was found that the surface hardening heat treatment 

increased the tensile strength and surface hardness of the test samples. 

 

Keywords: GGG40, Induction hardening, tensile strength, microstructure, microhardness. 
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1. Introduction 

 
Spheroidal graphite cast iron (SGC) is defined as a group 

of materials having mechanical properties of steel and 

manufacturing properties of cast iron. SGCs have the 

strength of gray cast irons approximately two times and 

can be cast much more easily than steel. Moreover, the 

great cost advantage in its production has expanded its 

usage area gradually every passing day compared to both 

steel and other cast irons. Today, spheroidal graphite cast 

irons have been used successfully especially in the 

automotive industry. Depending on the development of 

spheroidal graphite cast iron technology, the ways to 

improve further the mechanical properties of SGC have 

been sought. However, it has been understood in the 

studies that it is impossible to gain another morphology to 

graphite other than sphere which has led researchers to 

conduct studies on improving mechanical properties 

through the modification of the matrix [1].  

Induction surface hardening is an alternative type of heat 

treatment used in cases where hardness is not required on 

the whole part. Induction surface hardening is a process of 

heating the surface of work piece rapidly to austenitic 

conditions and rapid cooling for the conversion of a hard 

martensitic layer. Water or density-adjusted oil is used as 

the cooling medium. In this way, while some parts of the 

pieces are hardened, the other parts remain soft. Water 

hardening is not seen at the highest cooling rate in cooling 

the heated steel piece in the case where the temperature 

difference between the piece and water is the highest but 

it is seen when the difference is 350 and 400°C. This 

situation seen in water is valid at 400°C in other liquids 

such as oil. Water-hardening hardens three times better 

than oil hardening. Water hardening is the most effective 

and common system used in the industry because it is 

economical and easy. In oil hardening, the cooling power 

of oil is 1/3 of water. In addition to cooling in water and 

oil, air cooling is rarely done [2]. Induction surface 

hardening process is generally used in the automotive 

industry to harden the surface of materials such as 

mailto:ugurcaligulu@gmail.com
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gearwheel, crankshaft, and shaft. In addition, this method 

is preferred because it makes the mechanical properties of 

low carbon steels and cast iron to the desired conditions 

[3]. 

In a study conducted by Ayday to improve the surface 

properties of SGCs, it was observed that the surfaces of 

samples hardened with induction were composed of 

martensite structure and residual austenite and this layer 

showed an even distribution on the surface [4]. In their 

study, Baydoğan et al. successfully applied boronizing 

and austempering process to GGG40 class ductile iron to 

combine the advantages of both procedures into a single 

treatment.  This new process formed a 30-µm thick boride 

layer on the surface and was protected from acicular 

ferrite and austenite with the surface matrix structure [5].  

In the studies conducted by Sert et al., on SGCs, they 

observed that the hardness of the samples increased with 

the decrease in austempering time [6]. In their study, 

Totik et al., evaluated the wear behavior of induction 

hardened AISI 4140 steel. It was determined that the wear 

coefficients in normalized samples were higher than the 

induction hardened samples [7]. In their study, Ghaderi et 

al. investigated the effect of chemical composition and 

austempering time on mechanical properties and 

tribological properties by subjecting cast irons having 

different chemical composition to austempering process 

under different austempering times such as 30, 60, 90, 

120 minutes [8]. Hung et al., subjected spheroidal 

graphite cast iron containing 3.5% C, 2.8% Si to 

austempering process for 0.5, 1, 2, 3 hours at 420 °C 

austempering temperature [9]. Alabeedi et al., 

investigated the erosion resistance in spheroidal graphite 

cast iron with the process they made upon slightly laser-

molten of the surface and they suggested that this was 110 

times more durable than untreated state [10]. In their 

study, Haseeb et al. performed austempering process on 

spheroidal graphite cast iron at 360 °C for 2 minutes in 

lead bath after austenitizing at 860°C for 2 hours. In order 

to obtain the same hardness with the material obtained by 

the austempering process, spheroidal graphite cast iron in 

the same composition was cooled in salt water after 

austenitizing at 860°C for 2 hours. Finally, a tempering 

process of 350 ° C was performed to remove the stresses 

in the material [11]. Erdoğan et al., observed that 

austempering temperature had a significant effect on 

fatigue strength and the coarse ausferritic structure 

forming at high austempering temperatures led to 

decrease the fatigue strengths of the samples. In addition, 

as a result of their experimental studies, fatigue strength 

of all heat treated samples was determined to be better 

than the cast SGC [12]. Fredriksson et al., investigated the 

solidification of spheroidal graphite cast iron and small 

changes in the alloy (Mg, C, Ni, Si) exhibited a variable 

graphite distribution during solidification [13]. 

 In this study, the effect of induction surface hardening 

heat treatment applied to GGG40 SGC samples at 900 oC 

with 0.90 min feed rate on hardness, microstructure and 

wear behavior was investigated. 

 

2. Experimental Method 
 
2.1. Materials and Preparation Techniques 
 

SGC test samples with the diameter of 30 mm and the 

length of 120 mm which were cast commercially before 

the treatment were machined in CNC lathe and made 

appropriate for the test by bringing them to 10 mm 

diameter and 100 mm length (Figure 1). Tables 1, 2, and 3 

show the chemical, physical and mechanical properties of 

GGG40 SGC sample, respectively. 

 

 
Figure 1. Macro Image of GGG40 Test Sample 

 
Chemical composition of GGG40 Spheroidal graphite cast iron (% 

weight) 

C 
3.4 

Si 
2.3-3.1 

Mn 
0.1-0.3 

S 
0.2 max 

P 
0.1max 

Chemical composition of GGG40 test sample (% weight) 

C 

3.55 

Si 

2.45 

Mn 

0.159 

S 

0.014 

P 

0.028 

Table 1. Standard Chemical Composition of GGG40 

Ductile Graphite Cast Iron 

 

Table 2.  The Physical Properties of GGG40 Ductile 

Graphite Cast Iron 

 

 
Yield 

strength 

Tensile 

strength 
Hardness 

Elasticity 

module 

Fatigue 

strength 

250 N/mm2 
 400 

N/mm2 
160-190 

HB 
165 N/mm2 

220 
N/mm 

Table 3. The Mechanical Properties of GGG40 Ductile 

Graphite Cast Iron 

Specific 

weight 

Typical 

microstructure 

Electrical 

conductivity 

Thermal 

expansion 

coefficient 

7.2 g/m3 
At least 80% 

ferrite 

20-100 oC -36.5 

watt / m 0C 

20-100 oC -

11.10 - 6 / m 
0C 
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2.2.  Heat Treatments 
Induction surface hardening heat treatment was applied to 

the GGG40 quality SGC samples in the cast condition. By 

passing SGC test samples in case condition through 

induction coils, rapid and homogeneous heat penetration 

from surface to center was achieved. By spraying water 

on the piece surfaces coming out of the induction, 

martensitic structure was formed from the surface of the 

piece to 1 mm depth. With this operation, a martensitic 

structure formed from the targeted surface to 1 mm depth 

(Water was used as the coolant.). The schematic view of 

the induction process is as shown in Figure 2. The test 

samples were processed with a 50kW induction machine 

at 900 oC with 0.90 min. feed rate in a thermo induction 

company 

 

            
Figure 2. Schematic View of Induction Surface 

Hardening 

 

2.3.  Metallographic examination  
Spheroidal graphite cast iron samples which were in cast 

state and were subjected to induction surface hardening 

process were cut in 10x10 mm dimensions to examine the 

microstructures and metallographic examinations were 

conducted.  Conventional cleaning and polishing method 

was used and after sandpapering with 80, 120, 240, 500, 

800 and 1000 mesh sandpaper, respectively, they were 

made ready for etching by polishing with a 3-µm diamond 

paste. Etching process was conducted by using 2% Nital 

for 2 seconds. In order to display the microstructures of 

the prepared samples, each sample was examined with 

Nikon MA2000 optic microscope and JEOL brand JSM-

7001F scanning electron microscope. 

 

2.4.  Microhardness Tests 

Six hardness values were obtained from the regions 

exposed to metallographic process at certain intervals to 

the samples which were subjected to induction surface 

hardness process along with SGC samples in cast state to 

investigate the microhardness of the test samples. The 

hardness tests were conducted in EMCOTEST DuraScan 

brand microhardness device by applying 50 gr load, with 

1.3 mm intervals from the center axis of the samples and 

at 10 sec. feed rate. 

 
2.5. Tensile Test  
Tensile test was applied to the samples in order to see the 

effects of heat treatment on the tensile strength and to 

compare the tensile strengths of the test samples subjected 

to induction surface hardening heat treatment with SGC 

samples in cast state. The tensile test was conducted on 

the test samples under 50.000 N load and at 1 mm/min 

tensile rate in the SHIMADZU AG-X 50 KN brand 

tensile device in the laboratory of Fırat University Faculty 

of Technology Department of Metallurgy and Materials in 

accordance with the standards (Figure 3, Figure 4). 

 

                    

                  

Figure 3. The Test Sample Subjected to the Tensile 

Process 

 

Figure 4. Sample Size According to TS138 EN Tensile 

Test Standard 

3.  Results and Dıscussıons 

3.1. Metallographic Study Results 

 

 

 

Figure 5 shows Ferrite + Pearlite matrix microstructures 

of SGC  
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samples used in this test. As seen in the following figures, 

it was observed that Ferrite formed around Graphite in the 

internal structure of the material. Along with these ferrite 

rings, pearlite formation was observed in the other parts 

and typical “bull’s eye” structure formed.             

 

          

Figure 5. Microstructures (A) and (B) of the SGC 

(GGG40) samples in the cast state are shown in Pearlite 

SGC (Etching: 2% Nital X200) 

SGC samples, whose microstructure was ferrite+pearlite, 

were subjected to induction surface hardening heat 

treatment at 900 oC with 0.90 min. feed rate and the 

effects of induction surface hardening process on the 

hardness and microstructure of these samples were 

examined. The microstructure image of the induction 

sample is as indicated in Figure 6(A). As seen in the 

figure, the difference between the induction zone and the 

internal structure was clearly visible. In the left part of the 

figure, martensitic structure formed by the effect of heat 

in the part subjected to induction and caused an increased 

hardness in the outer shell part. No change was observed 

in the other region and the structure contained 

ferrite+pearlite. It was seen from this that a ductile 

structure on the inside part of this structure and a hard 

structure on its exterior part were obtained. Figure 6 

shows microstructure images of the induction sample (B) 

[14]. 

Figure 6. 

Induction 

Samples 

(Etching: 

2% Nital 

X50) 

3.2. Microhardness Test Results  

Figure 7 shows the hardness results of SGC in cast state 

and SGC samples subjected to induction process in this 

test. It was determined according to the results given in 

the graph that total mean hardness value of SGC samples 

in cast state was 195.73 HV and the total mean hardness 

value of the induction samples was 282.57 HV. 

According to these obtained data, the hardness of the 

induction sample increased by 144.36% compared to SGC 

in cast state. Hardness values of the induction samples 

were obtained by taking the values from the regions close 

to the shell and from the inner regions. As seen from here, 

the mean hardness value of the material increased with 

the effect of hardening in the shell. 

                 

Figure 7. Average Hardness Values of SGC and OSGC 

Samples 

3.3 Tensile Test Results 

Tensile strength of GGG40 Spheroidal graphite cast iron 

in cast state was 400N/mm2. Figure 8 shows the mean 

tensile strength of the heat treated other materials. As can 

be seen from the figure, the tensile strength increased with 

the effect of heat treatment (Figure 8). An increase of 

29% was observed in the mean tensile strength of the 

samples subjected to induction surface hardening process. 

 

(A) 

 

(B) 
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Figure 8. The Tensile Strength Mean Values of SGC and 

Induction Surface Hardened SGC Samples 

3.4. EDS Analysis 

Figure 9 shows EDS analysis graph taken 10 μm away 

from the fracture surface of the samples subjected to 

induction surface hardening process as a result of the 

tensile test. As understood from the EDS analysis results 

(Table 4), it was determined from the percentages of alloy 

elements that the material used in the tests was SGC. As a 

result of EDS analysis; 20.54% C, 0.18% Mg, 1.33% Si, 

and 77.94% Fe elements were determined in the 

microstructure. 

 

Figure 9. EDS Analysis Graphics from Fracture Surfaces 

 

Chemical Composition (% mol.) 

 C Mg Si Fe Total 

% Weight 20.5 0.18 1.33 77.94 100 

% Atomic 54.1 0.24 1.50 44.15 100 

Table 4. Chemical Composition of EDS Analyzes from 

Fracture Surfaces 

4. Conclusions 

1. As a result of EDS analysis taken from the fracture 

surfaces of GGG40 sample subjected to induction 

surface hardening process as a result of tensile test, it 

was determined that the material used was SGC and 

there were 20.54% C, 0.18% Mg, 1.33% Si, and 

77.94% Fe elements in the microstructure. 

2. Martensitic structure was formed by the effect of heat 

in the induction samples and caused an increase in 

the hardness of outer shell part.  

3. The increase of the mean hardness value of the 

samples subjected to induction surface hardness 

process was due to the fact that the hardness 

measurement was performed from the regions close 

to the surface. The hardness of the induction sample 

increased by 144.36% compared to SGC in the cast 

state.  

4. Tensile strength increased with the effect of heat 

treatment. An increase of 29% was observed in the 

tensile strength of the samples subjected to induction 

surface hardening process.  
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Pt doping Effect on the Stability of Ru Nanoparticles as Ru@Pt  

core-shell structure: A Molecular Dynamics Investigation 
 

S. SENTURK DALGIC                                                                                                                                                                                                                                                                  
Department of Physics, Faculty of Science, Trakya University, Edirne 22030, Turkey 

Recently, renewable energy devices such as Fuel Cells for converting chemical energy into electric power with no 
fossil fuels have great considerable attention. It is known that the Pt-Ru nanoparticles are known as the most 
active anodic electro catalysts for polymer electrolyte fuel cells and methanol fuel cells. In this work, the stability of 
the core-shell Ru@Pt structure, which was created by doping Pt atoms on the Ru nanoparticles, has investigated 
by molecular dynamics (MD) method. The different atomic structures of Ru nanoparticles are also used. The 
changes in both the atomic structure and coordination number of constituents have discussed by doping 
concentration and shell thickness. The results have compared with experiments and those obtained by other 
morphologies. It was noted that the core-shell structured of Ru@Pt nanoparticles are stable for the Pt shell at 
least one atom thick.  

 

Keywords: Ru-Pt, Core-Shell, Molecular Dynamics  

 

Corresponding authors: serapd@trakya.edu.tr  dserap@yahoo.com                                       

 

1. Introduction 

Ruthenium (Ru) has great attention as a catalyst 

because of its high catalytic activity. Ru nanocrystals (NCs) 

show an important role in many catalytic interactions [1-4]. 

In addition, Ru based catalysts are preferable because of 

environmental and industrial perspectives. It is known that 

naturally occurring bulk Ru forms a hexagonal close-packed 

(hcp) structure and maintains this structure at high 

temperatures and high pressures. The structure and size 

control of Ru nanocrystals (NCs) are well studied by 

experimentally [1-4]. Very recently, the Ru nanoparticles 

(NPs) with face-centered cubic (fcc) structures were 

discovered and reported [2].  The size-dependent structural 

stability of hcp and fcc Ru-NPs were also analyzed by 

experiments [1]. It has found that hcp Ru NPs larger than 

3.5nm have shown lower catalytic activity than that of fcc 

Ru NPs of the same size. In contrast, hcp Ru NPs of 2nm 

has exhibited a more considerable catalytic activity than that 

of fcc Ru NPs of the same size [1]. On this line, Ru based 

alloy catalysts are designed by taking consideration of both 

size and shape effects on the catalytic activity of the Ru 

NPs. Platinum (Pt) is one of the noble metals which was 

demonstrated as the excellent anode material used with Ru 

nanostructures in fuel cell catalysts [5,6].  Among the Ru-Pt 

nanostructures, it has shown that Ru@Pt core-shell type 

nanostructures are improved their catalytic activities because 

of the strain effect from Ru core [7]. 

There are several reports about the deposition of Pt 

atoms on the Ru substrate as Ru@Pt core-shell 

nanostructures using experimental techniques [7-10]. 

Alayoglu and co-workers have shown that the bimetallic Ru-

Pt NPs have different catalytic activity according to their 

architecture, such as alloy and core-shell NPs, etc. [9].    

The Ru core greatly influenced the chemical action 

of the Ru@Pt core-shell system in the Ru@Pt spherical NP 

that affects significant changes in the structural properties of 

the Pt shell [9]. Xie and co-workers have reported the 

superior catalytic activity of Ru@Pt core-shell NPs with 

ordered core structure in contrast to amorphous one, which 

was studied earlier studies [10]. In very recent experiments, 

the catalytic activity of Ru@Pt NPs on the weakened CO 

adsorption has studied by constructing the ordered, and 

amorphous Ru core of NPs supported on carbon nanotubes 

(CNTs) [11].  

To date, the molecular dynamics (MD) 

investigations on atomic ordering and stability of Ru@Pt 

NPs have been rare reported [9]. In this work, we first obtain 

the stability of truncated octahedral Ru@Pt NPs with 

ordered fcc Ru core.  

 

mailto:serapd@trakya.edu.tr%20%20dserap@yahoo.com
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2. Materials and Method 

The structural and thermal stability of unsupported   Pt 

doped the Ru nanoparticles have investigated by the 

classical MD simulations, as implemented DLPOLY code 

[12] is used. Truncated octahedral (TO) shaped of Ru 

nanoparticle with 1289 atoms is used to construct as a core-

shell Ru@Pt NPs. Here, two different Pt composition of TO 

Ru@Pt NPs was created as the MD sample of our 

calculations. In order to understand the structural and 

morphological stability of TO Ru@Pt NPs, two different 

model potential form is used.         

  

Model Potential 1:  The Sutton-Chen (SC) Potential:  

 

The SC many-body potentials are used to describe the 

interatomic interactions in the Ru@Pt TO nanoparticles. 

Petkov and co-workers have developed SC parameters for 

Ru using the procedure given in the literature [13-15]. For Pt 

and Ru, parameters are taken from [14] and [15], 

respectively.                                                                             

             

In the SC framework, the total energy for a system can be 

written as an equation (1) given by                                          
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The local electron density function of atom i defined by    
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In above Eqs (1-3), the Rij is the distance between atoms i 

and j; ϵ sets the overall energy scale parameter, a and c are a 

length and dimensionless parameter scaling the attractive 

terms, respectively; n and m are integer parameters such that 

n>m.                                                                                          

   

Model Potential 2: Tight-Binding (TB) Potentials: 

 

Based on the tight-binding (TB) model [16], the energy of a 

single atom can be divided into two parts: The attractive 

which  i

RE, and the repulsive interaction termi

BE, potential

is usually assumed to be pairwise, and described by a sum  

of -   
                                                                                                 

                                                                                                 

                                                                                                 

                                                                                                 

   Born-Mayer ion-ion repulsions :   
                                                                                                 

                                   

                                                                                 
                                                                               (4) 

 

is  0and j; r represents the distance between atoms i ijWhere r

the interatomic distance between the nearest neighbor atoms, 

ξ is an effective hopping integral parameter, and q describes 

its dependence on the relative interatomic distance. The α 

and β variables represent different lattice of unlike 

neighboring atoms.                                                                  

                      
                                                                                        

      
(5 ) 

                                                                                                 

                                                                                                 

                                                                                      
where A is dependent on the experimental values of the 

lattice parameter. The parameter p is related to the 

compressibility of the bulk metal. For the hetero-

interactions, an arithmetic mean was taken for the 

while a , 

0r and
q, 

p, parameters related to the distance

geometric mean was taken for parameters related to the 

Both attractive and .                   and A, strength

repulsive energies, described well the cohesive energy of the 

system   as given by                                              . 
                                                                                        

         (6)     
                                                                                                 

  

The TB potential parameters for Pt is taken from Ref. [16].  

For Ru, the TB parameters are obtained by fitting some 

physical properties to the experimental values of bulk Ru 

[17]. core-shell TO Ru@Pt NPs were simulated by NVT 

canonical ensemble and Nose-Hoover thermostat. The time 

step was that 1fs in all simulations. The Verlet-leapfrog 

algorithm was applied for the integral equation of motions. 

That nanoparticle was heated from 25K up to high 

temperatures with a temperature increment of 50K.                
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  3. Results and discussion:                                        
   

 
In this work, first, the thermal stability of the free-

standing of  Ru and Pt NPs have investigated by MD 

simulations. The morphological changes of the unsupported 

fcc Ru TO NPs of 1289 atoms under heating are given in 

Fig.1a by the snapshots from the front view using OVITO at 

three different temperatures, [18]. The corresponding g(r) 

distribution function at 850K is shown in Fig. 1b. The liquid 

structure is observed in Fig. 1b. Thus, it has noted that TO 

shaped Ru NPs have melted at 850K using SC potential. 

However, the corresponding melting temperature of TO Ru 

NPs is higher than that of the temperature obtained by SC 

potentials. 

 

 
Fig.1: Ru NPs with TO morphology under heating 

(a)snapshots at three different temperatures (b) g(r) pair 

distribution function at 850K. 

 
The truncated octahedral (TO) shaped of Ru 

nanoparticle is used to construct two different core-shell 

NPs, with compositions of Ru0.78@Pt0.22 and Ru0.412@Pt0.588 

as given in Fig. 2.  
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Fig.2: Snapshots of the initial geometries of Ru@Pt TO NPs. 

As seen in Fig. 2, for the composition of Ru0.78@Pt0.22 core-

shell TO nanoparticle, Pt atoms are placed at the corner, 

edge, and vertices of Ru TO nanoparticle. Thus Pt atoms do 

not cover the whole Ru atoms. However, for the 

composition of   Ru0.412@Pt0.588, the Pt atoms cover all Ru 

atoms where at least one atomic layer.   

                     The morphological deformations in the core-

shell Ru@Pt NPs studied with SC potentials are given in 

Fig.3 by the snapshots of the front view using the OVITO. 

 

 
Fig.3: The snapshots from front view of the TO-Ru@Pt 

nanoparticles studied with Model 1 SC potential 

 

 

 The local atomic ordering of NPs is one of the 

important property which can be defined by different 

analysis methods such as bond angle analysis (BAA) or 

common neighbor analysis (CNA). The changes in the local 

atomic structure of the NPs are also defined using OVITO. 

The obtained local atomic structures of Ru@Pt NPs are 

shown in Fig. 4  

Fig.4: The local atomic structures of NPs defined by BAA 

method 

It has noticed from Fig. 3 that the NPs studied with 

SC potentials show a different tendency in their structural 

changes from initial to 300K under the heating process. The 

thermally induced morphology of both core-shell Ru@Pt 

NPs is sphere at 300K. As seen in Fig. 3 that 

the Ru0.412@Pt0.588 nanoparticle with a thick layer of Pt 

represents as a core-shell structure of Pt@Ru while 

the Ru0.78@Pt0.22 nanoparticle has an alloy formation. For 

the stable core-shell nanoparticle, the layer thickness of the 

Pt shell must be at least one atom thick. However, it has 

obtained that both core-shell NPs studied with SC potential 

have melted at 300K.   
The alternative potential of TB is also used. The 

thermally induced stability and morphology of the 

Ru0.412@Pt0.588 have calculated by TB potential. Fig. 5 

shows the front view and cross-section of half nanoparticle 

of Ru0.412@Pt0.588. 

 

 
Fig.5: The snapshots from front view and cross sections 

of half nanoparticle of Ru0.412@Pt0.588. 

 

The core-shell structure is maintained for the 

nanoparticles shown in Fig. 5. At the same time, the melting 

is just started in the shell of Pt atoms. The corresponding 

changes in the local atomic structure is given in Fig. 6. The 

common neighbor analysis (C N A) of Ru0.412@Pt0.588 has also 

summary in Fig. 6 for 300K. 

 

 

Fig.6: The local atomic structure of Ru0.412@Pt0.588 

defined by CNA Method. 

 

mailto:Ru0.412@Pt0.588t
mailto:Ru0.412@Pt0.588
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This local atomic structure analysis given in Fig. 6 

shows that the FCC structure is still valid at 300K while it 

was disappeared in the C N A of the corresponding 

nanoparticle studied with SC potentials given in Fig. 2. 

 

Conclusions 
 

It was presented that highly stable FCC core-shell 

type truncated octahedral (TO) NPs as Ru@Pt is studied 

with TB potentials and MD simulation method. The 

thermally induced structural and morphological changes in 

the TO shaped Ru@Pt nanoparticles have determined by the 

classic simulation method using two different potentials for 

comparison. The fcc structure of Ru core is maintained at 

high temperatures when it was covered with the Pt shell at 

least one atomic thick. Results are in good agreement with 

experimental data. 

The stability of Ru based core-shell NPs, such as 

Ru@Pt nanoparticles with different morphologies can be 

investigated by MD simulations using TB or EAM type 

potentials. This work will progress on this line and reported 

shortly.   
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Graphene is a two-dimensional carbon nanolayer with a unique atomic thickness, and it is one of the most widely studied 

materials recently. Besides having excellent optical and electrical properties, its superior mechanical, chemical and thermal 

properties have made graphene popular for industrial and scientific research. Generally, chemical process is used to produce 

graphene, since other methods have some disadvantages, such as limited scalability and high costs. One of the most 

important steps in this chemical process is exfoliation process that helps to increase the distance between the graphene 

sheets to produce reduced graphene oxide. Although the sonication process, mostly used in graphene exfoliation, gives good 

quality graphene flakes as well as being simple and easy method, it requires a long process time which causing destruction of 

the structure of graphene, and also its scalability is limited. Therefore, recently, ball milling process has been developed for 

graphene exfoliation process to handle these limitations. As well scalable exfoliation processes for continuous graphene 

production. Herein, graphene oxides (GO) with different degrees of times have been prepared by ball milling process to 

produce high-quality graphene nanosheets. The prepared graphene oxides have been examined by X-ray diffraction (XRD), 

Raman spectroscopy and Fourier transform infrared (FTIR) spectra. As a consequence, the best optimized milling time has 

been established as 4h to prepare graphene oxide. 

 

Keywords: Ball milling processing, Modified Hummers method, Reduced graphene oxide 
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1. Introduction 
 

Carbon (C) is an element with the atomic number 6 and is 

a member of group IV A in the periodic table. It is the 

main ingredient for life on the planet, the fourth most 

abundant element in nature, and forms the basis of all 

organic chemistry [1]. Due to the variety of bonds made 

by the carbon atom, carbon-based materials can exist in 

many structures with different chemical and physical 

properties. Carbon allotropes: i) fullerene C60 (zero-

dimensional abbreviated with 0D) ii) carbon nanotubes 

(one-dimensional abbreviated with 1D), iii) graphene 

(two-dimensional abbreviated with 2D) and iv) graphite 

(three-dimensional abbreviated with 3D). Among them, 

graphene was isolated in 2004 by Geim and Novoselov 

[2]. Graphene, one of the important allotropes of carbon 

atoms, is the building block of graphite. In the sp3 hybrid, 

a single layer of carbon atoms in densely packed 

honeycomb crystal structure introduces its structure, 

which is connected to another graphene layer by van der 

Waals forces. Due to its single atomic thickness, it is the 

lightest, thinnest 2D material known. Graphite is formed 

by overlapping graphene layers, the distance between the 

two graphene layers is approximately 3.35 A and the 

distance of C-C bonds in the structure is about 1.4 A. 

Thanks to its strong carbon bond structures, it is the most 

robust material and is 100 times more durable than steel, 

as well as being easily bendable and flexible. Its 

flexibility gives it an advantage in terms of its coating 

properties on different materials. Graphene, which is the 

only nonmetal that can conduct electricity, has a higher 
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conductivity value than copper. It is a stable material and 

not chemically reactive, which is reflected in its electronic 

properties [1]. Specifically the superior properties of 

graphene make it an important component for biosensors 

as transducer. 

There are number of processing methods for production 

of graphene as follows: chemical vapor deposition 

(CVD), mechanical exfoliation of graphite or graphite 

oxide or chemically reduction etc. [3-5]. Compared to 

other techniques, the most commonly used process to 

obtain graphene is the chemically reduction of graphene 

oxide. Graphene oxide has been synthesized by Brodie 

[6], Staundenmaier [7], Offeman and Hummers [8], where 

strong acid and oxidants have been used in chemical 

methods. In the Hummers method, sulfuric acid (H2SO4), 

potassium persulfate (K2S2O8), phosphorus pentaoxide 

(P2O5) are added to the graphite. It is continuously stirred 

at a certain temperature then washed and filtered. In 

subsequent processes, H2SO4 and potassium 

permanganate (KMnO4) are added in an ice bath to obtain 

a brown solution with water and hydrogen peroxide 

(H2O2). After washing with HCl, dialysis is performed 

and graphite oxide is obtained. One of the important steps 

to produce the reduced graphene oxide by chemical 

reduction is the exfoliation process which helps to 

increase the distance between the graphene sheets to 

produce reduced graphene. In this work, an optimization 

was performed to investigate ball milling times for 

exfoliation of graphene. Analysis of X-ray diffraction 

(XRD), Raman spectroscopy and Fourier transform 

infrared (FTIR) spectra were utilized to think about the 

physical properties. 

 

2. Experimental details 
 

In this work, reduced graphene oxide (rGO) was obtained 

and characterization studies of ball milling times were 

performed. Oxidation, exfoliation and reduction 

experiments for the manufacture of rGO were performed 

according to the modified hummers’ method. According 

to modified hummers method; firstly, sodium nitrate and 

sulfiric acid are prepared in an ice bath then graphite 

powder and potassium permanganate are added to the 

solution. After that, solution is stirred in an oil bath at 50 

C for 2 h. Add some ddH2O and hydrogen peroxide to 

the mixture, then stand overnight at room temperature and 

after added HCl. Centrifugation, washing and filtering 

performed. In order to get rid of acid residues, the process 

is completed by dialysis for a few days followed by 

drying. N-methyl-2-pyrrolidone (NMP) was used for ball 

milling solution and the samples that are physically 

shredded in the ball milling process appear dark black 

with the solvent (Fig. 1). In the reduction process, the 

solution containing GO and H2O water is sonicated for 10 

minutes.  After sonication, the solution is transferred to 

the magnetic stirrer and stirred for 3 hours, followed by 

the addition of hydrazine hydrate as a reducing agent. The 

system is maintained in the oil bath at 95 C for 24 h. 

After 24 h, the system is turned off and allowed to cool 

then subjected to washing and filtration with a glass 

funnel and allowed to dry. The characterizations of 

products were utilized using XRD, Raman spectroscopy 

and FTIR equipments.   

 

 

 
 

Figure 1. Ball milling process used in experiments 

 
3. Results and discussion 
 

FT-IR analysis was performed to examine the functional 

groups in the GO structure obtained from the 

experiments. FT-IR analysis shows carboxylic acid 

groups, hydroxyl, epoxy and alkoxy groups in GO 

structure. Accordingly, stresses that graphene oxide is 

synthesized successfully; 1713 cm-1 for C = O stretching 

of carboxyl groups, 3116 cm-1 for OH stretching of 

carboxyl and hydroxyl groups, 1215 cm-1 for CO 

stretching, 1042 cm-1 for CO stretching of alkoxy groups 

[9,10]. The presence of functional groups such as epoxy, 

carboxyl and hydroxyl was found to be in the GO 

structure obtained by Hummers method as a result of the 

interaction of IR radiation with the FT-IR method. It is 

seen that functional groups in the structure are removed 

from the structure as a result of reduction (Fig 1). 
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Figure 1. SEM and EDX images of samples with 60 

minutes FT-IR analysis of rGO, graphite and GO. 

 

When the ball milling times were compared, it was found 

that long ball milling times could lead to more breakage 

in the functional groups and cause random bonding, as 

shown in fig 2. Therefore, the short grinding time of the 

ball was found to be sufficient. 

 

 
 

 

 

 

 

 

 

Figure 2. FT-IR analysis of GO for ball milling times. 
 

The crystal properties of GO and rGO has been studied 

using X-ray diffraction (XRD). As shown in Fig 3, the 

XRD peak becomes wider and less dense than graphite 

due to defects in the rGO page and other oxygen 

functional groups 

 

 

Figure 3. X-ray difraction patterns of graphite, GO and 

rGO. 

 

When ball milling times are compared, it is seen that high 

times can initiate the reduction reaction (Fig 4). 

Therefore, the 4-h ball milling time was found to be more 

suitable for exfoliation before reduction. 

 

 

 

 

 

 

 

 

 

Figure 4. XRD patterns of GO for ball milling times. 

 

Raman spectroscopy is a significant apparatus for 

supplement data about the crystal structure of carbon-

based materials. Herein, graphite, GO and rGO crystal 

structures were investigated. In the Raman spectrum, the 

D band indicates the irregularities of the carbon structure, 

the deterioration and the amorphous structures, while the 

G (sp2) band indicates the aromatic / regular structures. 

The intensity of D peak in rGO higher than intensity of 

peak D in GO. The fig 5 shows that new sp2 structures are 

formed instead of functional groups which are removed as 

a result of reduction reaction and the amount of regular 

structure increases. 
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Figure 5. XRD patterns of GO for ball milling times. 
 

Fig 6 shows Raman results after ball milling times. It was 

decided that, the ration of D and G peak intensities most 

suitable at 4 h for exfoliation. While there is not much 

difference in D/G ratios between 12 and 24, it is though 

that the long ball milling time increases the inter layer 

distance also it may breaks the functional groups. This is 

undesirable as this will affect the efficiency of the 

reduction. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Raman graphics after ball milling. 

 

The ratio of D and G bands (ID/IG) is a measure of 

irregularity in the structure and, it provides information 

about defects in the layer. Table 1 shows the D and G 

band ratios of GO and rGO samples. 

 

Table 1: ID/IG ratios of GO and rGO samples. 

 rGO GO-4h GO-12h GO-24h 

ID/IG 1.3 0.96 0.88 0.89 

 

4. Conclusion 
 

Modified Hummers method was used and ball milling 

optimization was studied for exfoliation process in this 

work. Ball milling times (4h, 12h, 24h) were compared 

for the production of reduced graphene oxide. It is 

suggested that high ball milling times can cause 

deformations in structure and optimum ball milling time 

is determined as 4h. As a result of this study, it is aimed 

to use rGO for future GMO biosensor applications. 
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Synthesis of TiO2@reduced graphene oxide (rGO) nanocomposites by 

hydrothermal method for Photocatalytic Applications 
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Since it has superior properties such as thermodynamically stable, strong oxidative ability and non-toxicity, TiO2 has been 

considered as one of the most promising photo-catalyst material compare to other alternative materials. However, the - usage 

of TiO2 has disadvantages in some cases, such as the rapid transition of the electron-space pair and absorption of a narrow 

solar spectrum range. One of the most preferred methods to overcome these limitations is the formation of nanocomposites 

with reduced graphene oxide (rGO). Besides extending absorption spectrum, such a composite structure facilitates the charge 

transportation and separation in a photocatalytic system owing to considerable opto-electronic properties of graphene, 

including excellent mobility, specific surface area, and good optical transparency. 

In this work, TiO2 nanoparticles@reduced graphene oxide (rGO) nanocomposite photocatalysts were synthesized by growing 

TiO2 nanoparticles onto the surface of rGO nanosheets through hydrothermal method. To get this nanocomposite, we primarily 

prepared graphene oxide (GO) using a modified Hummers technique, and then as-obtanied GO nanosheets were converted 

rGO during simultaneously production with TiO2 nanoparticles by hydrothermal process. The prepared nanocomposites were 

characterized by scanning electron microscopy, X‐ray diffraction, Raman spectroscopy, and UV/Vis spectroscopy. We 

evaluated the photocatalytic activities of these nanocomposites via photo-degradation of rhodamine B (RhB) under ultra-violet 

light irradiation. Surprisingly, photocatalytic activity of this nanocomposite has been weakened with integration of rGO inside 

TiO2 nanoparticles due to the disappearance of surface functionalities with reduction. 

 

Keywords: rGO, TiO2, nanocomposites, photocatalytic activity 
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1. Introduction 
 

Semiconductor photocatalysts (ZnO, TiO2, MnO2, Cu2O, 

Fe2O3, SnO2) have been used as photocatalysts for the 

separation of various environmental pollutants.[3] TiO2 

was found to be the most suitable photocatalytic process. 

TiO2 does not cause corrosion, but also has a wide pH 

range and high photochemical stability.[4] However, in 

practical applications, some disadvantages of using TiO2, 

such as the fast coupling of the electron-space pair and the 

use of a small amount of sunlight, are still a commercial 

problem[1]. Therefore, in recent years, it has become 

important to search for alternative materials that can be 

used as effectively as graphene-metal oxide as 

photocatalytic material. One of the most commonly used 

methods to address these problems is the formation of 

nanocomposites with reduced graphene oxide (rGO).[2] 

In TiO2 / rGO nanocomposite, electrons can be 

transported on rGO plates. Reduced graphene oxide layers 

provide effective separation of electron - hole pair.[7] 

Electrons trapped on the GO layers react with O2 

adsorbed to produce reactive oxygen that reacts with 

water to produce hydroxyl radicals.[6] Thus, hydroxyl 

radicals break down the dye rodamine-B (rhB). Reactive 

cavities on TiO2 react with surface orifices which are 

reactive species for degradation of the rhB dye and 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

299 
 

adsorbed water or hydroxyl group to produce surface 

hydroxyl radicals to which rhB molecules can be directly 

oxidized.[7] 

 

2. Experimental details 
 

For the synthesis of titanium nanoparticles, 100 ml of 

ethanol was first mixed with 0.4 ml of 0.1 M potassium 

chloride with a magnetic stirrer. To the mixture was 

added 2.2 ml of TTIP (titanium tetraisopropoxide).(Wang 

et al 2006) Stirring was continued for a further 10 minutes 

and the mixture turned white. The mixture was allowed to 

stand at room temperature for 24 h. After 24 hours, it was 

filtered and dried in a vacuum oven at 50 ° C. [8] 

Graphene oxide was obtained by oxidation using the 

Hummers method. Graphite powders, sulfuric acid 

(H2SO4), phosphorus pentaoxide (P2O5), potassium 

persulfate (K2S2O8) were used as oxidizing acid. First, 

P2O5 and K2S2O8 added to sulfuric acid were stirred in a 

magnetic stirrer until a homogeneous mixture was 

obtained, then graphite powder was added and stirred in 

reflux system at 80 ° C for 4-5 hours. After cooling to 

room temperature, the mixture was washed with de-

ionized water and allowed to dry overnight at room 

conditions. Graphite powder was added to the mixture 

and stirring was continued. During this process, KMnO4 

was added slowly by controlling the temperature 

continuously. After the addition was complete, the 

mixture was stirred at 35 ° C for 2 hours. After 2 hours, it 

was diluted with de-ionized water. Subsequently, after 

some further de-ionization was added, H2O2 was added. 

When the mixture reached room temperature, it was 

washed with 10% HCl after filtration. To remove acid 

residues, it was washed several times with deionized 

water and filtered dried. As a result of the milling process, 

graphite oxide structure is obtained by separating the 

layers of graphite oxide layer. In other words, the purpose 

of this step is to flake the graphene oxide structure. Ball 

milling is used to reduce the amount of oxygen along with 

impurities in the graphite oxide structure. For this process, 

N-methyl-2-pyrrolidone was used as a solvent and the 

graphene oxide powder was carried out in a ball mill in 

the air medium by flaking together with the solvent for a 

certain period of time. The product obtained was dried in 

a vacuum oven to remove moisture by backwashing and 

filtering. For nanocomposite, TiO2 and graphene oxide 

powders were also dissolved in ionized water and a 

homogeneous mixture was obtained. The homogeneous 

mixture obtained was transferred to the teflon vessel and 

remained in the hydrothermal system for 12 hours at 120 ° 

C. It was then dried by filtration and backwashing. 

3. Results and discussion 

The crystallographic structure of the as-obtained pure 

TiO2 and TiO@rGO nanocomposite was evinced by XRD 

measurements. From XRD pattern in Fig1(a), TiO2 was 

purely formed at anatase phase which these peaks are 

indexed to desired crystal planes.  After incorporating 

rGO under the hydrothermal reaction, the carbon peak in 

TiO@rGO nanocomposite weakly appeared which is 

resulting that the TiO2 nanoparticles is separately formed 

due to destruction of functional groups in graphene 

surface during the reduction process  and thus titanium 

oxide cannot hold onto the surface well. This event is 

undesirable for photocatalytic measurements.  

The photocatalytic activities of pure TiO2 and TiO@rGO 

nanocomposite were analyzed by the degradation rhB dye 

under UV-light irradiation, and in Fig. 6, the results were 

shown. It is clear that the TiO@rGO nanocomposite 

exhibited a weaker photocatalytic activity than pure TiO2.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 (a): TiO2 and rGO-TiO2 XRD pattern, (b) TiO2 

and rGO-TiO2 Photocatalytic Degradation 
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4. Conclusion 
 

From the experimental findings, it was understood that 

the rGO-TiO2 composite structure had no photocatalyst 

effect. This is attributed to the fact that the nanocomposite 

structure does not form because the TiO2 cannot hold onto 

the surface because nearly all of the functional groups in 

the rGO structure are broken while the composite 

structure is produced by hydrothermal. 
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Exploring intrinsic magnetism of magnetic semiconductor layers provides great potential applications in semiconductor 

spintronics applications. Therefore, we first investigated NiGe interlayer between ferromagnetic (FM) Ni and semiconductor 

(SC) Ge layers via a high-vacuum physical vapor deposition technique. Following we studied the effect of diamagnetic (DM) 

contribution of the C60 layer on NiGe/Au thin film. Magnetization vs. temperature (M(T)) between 5 K and 300 K and applied 

field (M(H)) up to 3 T obtained Physical Property Measurement System (PPMS) with a Vibrating Sample Magnetometer (VSM) 

head. M(T) results indicated that the DM signal arises from the C60 layer and Si substrate and below 50 K paramagnetic 

contribution becomes dominant in the sample. We observed large saturation (Ms) and remanent magnetization (Mr) and a 

negative hysteresis loop shift that is pinned magnetization (Mp) due to NiGe interlayer. The Ni layer in the sample results in the 

coercive field but there is no exchange interaction due to the absence of an antiferromagnetic (AFM) signal in the sample. 
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1. Introduction 
 

Magnetic semiconductor interfaces become an important 

subject due to the natural spin-related properties for 

spintronics applications, such as insulating barrier for spin 

transistor and spin light-emitting diodes applications [1]. 

Such a combination of ferromagnetic (FM) and 

semiconductor (SC) interface properties provide no long-

range ordered magnetization [2-4]. Fe, Co, and Ni are 

mostly used as a FM layer and Si, Ge, and Ga are uses as 

a SC layer. So controlling the magnetic properties of the 

FM layer, such as Curie temperature, magnetization, is 

possible by creating FM/SC interlayer. Moreover, FM/SC 

systems also provide potential applications in transistor 

technology due to intrinsic tunneling resistance [5]. In the 

literature, NiGe [6, 7], Fe2YSi (Y = Cr, Mn, Fe, Co, Ni) 

[8], BaNiGe [9], FeGe [10], Fe on Si [11], MnGe [12], β-

FeSe [13], Fe on GaAs [14] are studied and resistivity, 

thermal conductivity, Hall effect, and magnetic 

susceptibility with transport measurements are key 

subjects for the FM/SC systems. Although for device 

applications, Si is the most preferred material due to its 

semiconducting nature and easy to obtain, Ge provides 

similar properties addition with higher charge density and 

intrinsic mobility [3, 15]. FM nature of Ni exhibits 

realistic applications due to its high Curie temperature of 

TC=630 K [16] in magnetic recording media [17], 

corrosion-resistant coating [18], solar thermal energy 

conversion [19]. Therefore, NiGe interlayer is an 

interesting system due to a small lattice mismatch and low 

resistivity. Differently, fullerene molecule (C60) is a DM 
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order and provides magnetic and superconducting 

properties when it is doped with alkali metals. Therefore, 

C60 has a potential to control the magnetic properties of 

FM/SC systems. 

In this paper, we studied the effect of the DM C60 layer on 

NiGe/Au thin film. The formation of NiGe layer between 

FM/SC Ni-Ge film contributes to the magnetic properties 

of the sample. Magnetization vs. temperature between 5 K 

and 300 K and applied external field up to 3 T 

measurements reveal remanent magnetization (Mr), 

saturation magnetization (Ms), coercive field (Hc), 

exchange bias (He), and pinned magnetization (Mp). 

 

2. Experimental details 
 

The sample was prepared in EDWARDS 306 evaporator 

under high-vacuum of 10-7 mbar using tantalum boats. We 

first evaporated Ni (0.4 mm pieces with high purity 

99.99%) on a p-type Si wafer without annealing the 

sample and then Ge (0.5 mm with high purity 99.9985%) 

layer formed on it. Following, on the top of Ge, a thin Au 

layer was deposited to prevent the sample from oxidation 

or contamination. Finally, C60 molecules were deposited 

on the Au layer. To determine magnetic properties, a 

Quantum Design Physical Property Measurement System 

(PPMS) with a vibrating sample magnetometer (VSM) 

head was used for the magnetization as a function of a 

applied field, M(H) up to 3 T and temperature, M(T) at 

field cooled (FC) and zero-field cooled (ZFC). M(H) and 

M(T) measurements were performed via parallel applied 

field at 5 K and sweeping the temperature between 300-5 

K, respectively. 

 

3. Results and discussion 
 

We first measured magnetic moment vs. temperature 

(Figure ) between 5 K and 300 K for NiGe/Au/C60 films 

in FC (red) and ZFC (black) and an external magnetic 

field of 500 Oe is applied parallel to the film plane. There 

is no phase transition is observed below 300 K. The film 

exhibits first a decrease in magnetization with decreasing 

temperature and an upturn below 50 K. Such a rise is 

mostly observed at low temperature which can be 

attributed to the DM signal of the C60 layer on the top of 

the sample and Si substrate contribution [20]. Below 50 K 

PM contribution is become dominant in the sample. This 

signal is due to an anisotropic magnetization of the 

unidirectional aligned C60 layer. The applied field is 

strong enough to overwhelm the DM signal additional 

with a PM contribution. 

 

 

 
Figure 1. Magnetic moment vs. temperature (between 5 K 

and 300 K) of NiGe/Au/C60 films measured in FC (red) 

and ZFC (black) for external magnetic field applied 

parallel to the film plane of 500 Oe. 

 

Magnetization vs. applied field (up to 3 T) measurements 

were performed at 5 K and 300 K. The hysteresis loop of 

the sample is presented in Figure2(a) with before (red 

circle) and after (blue circle) background subtraction. The 

increase above 0.4 T is due to DM signals in the sample. 

These DM signals arise from the C60 layer and Si 

substrate [21]. To evaluate FM Ni layer magnetic 

contribution, we need to subtract all DM background 

from the total magnetization. First, we found the slope by 

linear fitting above between 1.5 T to 3 T where the DM 

signal is linear. Following we subtract this DM signal 

from the total magnetization to obtain FM and PM 

signals. After background subtraction, the hysteresis loop 

(blue circle) is presented in Figure2(a). The saturation 

magnetization (Ms=|(Ms+−Ms−)/2|), remanent 

magnetization (Mr=|(Mr+−Mr−)/2|), coercive field 

(Hc=|(Hc+− Hc−)/2|), and exchange bias 

(He=|(Hc++Hc−)/2|) can be determineD by finding 

positive (Mr+, Ms+ and Hc+) and negative (Mr-, Ms- and 

Hc-) intercept of moment and field. Ms can be extracted 

from the intercepts of the moment axis which is found to 

be 618.8 emu/cm3. The loop in Figure2(b) exhibits an 

open-loop near the coercivity. Mr and Hc are calculated 

as 118.9 emu/cm3 and 458.4 Oe, respectively. These 

values can be controlled by the Ge layer which forms a 

thin NiGe interlayer. Here, we observed almost zero 

exchange bias for this system. This is because there is no 

antiferromagnetic (AFM) contribution from any layer. 
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The loop also exhibits a vertical shift which induces a 

small number of pinned moments, pinned magnetization 

(Mp=|(Ms++Ms−)/2|), that do not flow the applied field 

[22]. Mp is found to be 17 emu/cm3 that is probably 

because of NiGe interlayer. 

 
 

Figure 2. M(H) plot for NiGe/Au/C60 sample at 5 K and 

the field is applied parallel to the substrate (a) The 

hysteresis loop of the sample before (red circle) and after 

(blue circle) DM background subtraction. The saturation 

magnetization (Ms) found by linear fitting (red line). (b) 

The remanent magnetization (Mr), coercive field (Hc), and 

exchange bias (He) are determined intercepts of x, y-axis 

as shown in the enlarged plot around the origin. 

 

 
 
 
 
 

4. Conclusion 
 

In this study we investigated the C60 formation on 

NiGe/Au layer and determined magnetic properties at 5 K 

via magnetization of the sample as a function of applied 

field up to 3 T and temperature between 5 K and 300 K. 

We observed strong DM signal arises from the C60 layer 

and Si substrate on M(T) plot with an upturn below 50 K 

due to PM order. The hysteresis loop examined after 

subtraction of DM signal from the total magnetization, a 

large Ms, and Mr calculated along with Mp due to thin 

NiGe interlayer. While the sample exhibits Hc, no He 

observed at a low temperature of 5 K. This is because 

there is no AFM contribution in the sample. 
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The Effects of Borax addition on Microstructure, Wettability and 

Mechanical Properties of High Temperature Nickel Based (630) Super 

Alloy Produced by Mechanical Alloying 

 
Rasiha Nefise MUTLU*, and Ahmet Murat GİZİR 

 
Mersin University, Faculty of Science and Letters, Department of Chemistry, Mersin, TURKEY 

 

Nickel based super alloys can be classified as a high temperature alloy. These materials, which consist of a mixture of at least 

one metal and another element, find extensive use in military, aerospace, medical and electronics applications, as well as any 

other operations requiring durable, oxidation resistance, heat-resistant components. By mixing micrometric metal powders at 

certain ratios and pressing high pressure is aimed to produce a new material. The effect of Na2[B4O5(OH) 4]•8H2O (B) binder 

on the formed alloys was also investigated. The obtained samples were subjected to the sintering process under the N2(g) 

atmosphere. The samples were heated to 900◦C as a speed of 10 ◦C dk-1. It was kept at 900 ◦C for 45 minutes. It was then 

allowed to stand for 15 minutes in a 1000 ° C heated oven and then cooled by the speed of 10 ◦C dk -1. As hardness and 

density measurements of these samples; Brinell hardness and Archimedes water displacement method used respectively. 

Micro and crystal structures of these samples determined with scanning electron microscope (SEM) images and X-Ray 

diffraction (XRD) patterns. The contact angle method also used for determinate the wettability properties. 

 

Keywords: Super Alloy, Mechanical Alloying, Borax, Contact Angel 
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1. Introduction 

 
With the developing technology, the need for 

durable and easy to produce materials has increased. This 

increased the importance of new and advanced material 

manufacturing. New products and new market formations 

that have emerged as a result of developments in material 

technology affect all sectors. Especially in recent years, 

“advanced materials” have become increasingly important 

as materials with superior physical, chemical and 

mechanical properties, lighter, less space and high added 

value [1, 2]. When new materials are produced, the 

structure of the material can be controlled by controlling 

the material at the atomic level in the production stage 

and the desired mechanical and chemical properties such 

as toughness, brittleness, hardness and corrosion 

resistance can be obtained. They are advanced light alloy 

materials such as niobium, vanadium and titanium, micro 

alloy steels, duplex alloy stainless steels, ultra-strong 

steels, nickel, cobalt and titanium-based super alloys and 

aluminum-lithium alloys. On the other hand, the 

applications of aluminum and magnesium alloys in the 

automotive sector and the applications of aluminum-

lithium alloys developed in low density in the aviation 

sector are examples of the introduction of advanced 

metallic materials into our daily lives [3]. Powdered metal 

injection methods such as sintering, hot pressing, metal 

powders are compacted and high-quality parts can be 

produced using advanced manufacturing technology 

called metal powder metallurgy [4]. 

Nickel based super alloys that is effective at 

temperatures of 500-1200 °C and above can be classified 

as a high temperature alloy [5-7]. These materials, which 

consist of a mixture of at least one metal and another 

element, find extensive use in military, aerospace, 

medical and electronics applications, as well as any other 

operations requiring durable, oxidation resistance, heat-

resistant components. They show high strength and 

stability at extreme temperatures, as well exceptional 

environmental [8]. The production of such materials by 
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means of mechanical alloying will produce many 

different shaped product, durable, fast-to-produce and 

economical [4, 9, 10]. 

 In this study, nickel-based inconel (630) alloy is 

formed with micrometric powders, sintered and borax is 

added to improve its properties. 

 

2. Experimental details 
 

By mixing micrometric metal powders at certain 

ratios and pressing high pressure is aimed to produce a 

new material. The effect of Na2[B4O5(OH) 4]•8H2O (B) 

binder on the formed alloys was also investigated. The 

obtained samples were subjected to the sintering process 

under the N2(g) atmosphere. The samples were heated to 

900◦C as a speed of 10 ◦C dk-1. It was kept at 900 ◦C for 

45 minutes. It was then allowed to stand for 15 minutes in 

a 1000 ° C heated oven and then cooled by the speed of 

10 ◦C dk-1. Samples were subjected to density test based 

on Archimedes water removal principle and Brinel 

hardness test. Before the density test, dry weights were 

taken with the help of precision scales. Then, the samples 

were put into pure water and the temperature of the water 

was boiled in a magnetic heater up to 100 ° C and when 

the temperature of the water reached this temperature, it 

was kept at this temperature for 4 hours. The reason for 

this is to ensure that the pure water is distributed 

homogeneously between the grains and pores of the 

sample. The samples in the purified water boiled at this 

temperature for 4 h were then cooled to room 

temperature. The cooled samples were suspended in pure 

water precision scales with a sensitivity of 0.0001 g and 

then dried and weighed again. Brinell hardness test was 

applied in order to examine the strength properties of 

samples which were pressed and heat treated. Traces were 

left on the specimens with a load of 31.25 N with a steel 

ball tip with a radius of 2.5 mm and the radii of these 

traces were taken out by means of optical microscope.  

SEM images were recorded with Nova NovaSEM with 

high vacuum and 20.00 kV EHT. XRD none-sintered and 

sintered samples were obtained from PANalytical –

Empyrean XRD instrument with 45kV tube voltage, 40 

mA tube current and 0.013 ° / min scanning rate and Cu - 

Kα radiation. 

 

3. Results and discussion 
 

The SEM images and contact angels of pressed, pressed- 

sintered and sintered with borax addition Inconel samples 

are given in Fig.1. When looking at the SEM images of 

only the pressed sample given in Fig. 1.a, the inter-

particle voids can be clearly observed.  The contact angle 

is less than 90 degrees as expected. This means that the 

water drop on the surface flows into the pores. When the 

pressed sample is subjected to sintering, see Fig.1.b. As 

seen in the inter-particle gaps began to close, but there are 

still gaps. The contact angel of the sintered samples are 

increased also. SEM images of the sintered sample after 

the addition of borax to the composition are given in Fig. 

1.c. The addition of borax closes the gaps between the 

grains and makes the structures seen as rounded on the 

surface sharper. This means that new crystal structures 

begin to form. In addition, the contact angle increased 

further. 

 

     

    
 

 

 

   , 
5µm 

b 

100µm 

a 

5µm 100µm 
 

 

a 

5µm 100µm 

100µm 

b 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

307 
 

 

 

     
5µm 100µm 5µm 100µm 

a b 

 
 

Figure 1. SEM images and contact angels of INC-non 

sintered, INC-Sintered and INC-B samples 

 

 

XRD pattern of the samples are given in Fig.2.  

When the XRD measurement of the non-sintered sample 

is examined, the XRD patterns of each element are 

composed of superimposed severe peaks and small 

different peaks. When the sample is sintered, the intensity 

of the peaks decreases and a more amorphous structure is 

formed. The addition of borax added to the composition 

produces sharper and less common peaks. This means the 

formation of a more pronounced crystal structure. In 

addition, iron boride, nickel boride structures are formed. 
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Figure 2. XRD patterns of INC-non sintered, INC-

Sintered and INC-B samples 

 

The Hardness and theoric density of samples are 

given in Fig.3. The mean radius of the traces left on the 

samples with a load of 31.25 N in the hardness test was 

obtained with the help of optical microscope. Finally, 

Brinell hardness value (HB, N / mm2) of the samples 

whose average radius was calculated was calculated by 

the following formula. 

 

 

Brinell 

hardness value 

(HB, N/mm2) 

 

= 

 

 
 

 

(1) 

 

P, D and d given in equation (1) are named as the 

loaded load (kg), the largest and smallest track radii, 

respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The Hardness and theoric density of INC-non 

sintered, INC-Sintered and INC-B samples 

 

The hardness value of the non-sintered sample 

could not be calculated because the sample was dispersed 

during the test. When the hardness values in Fig.3 are 

examined, it is seen that the hardness value of the sintered 

sample is lower than that of the borax added sintered 

sample. The addition of borax is increased the hardness. 

However, considering the theoretical densities, the 

addition of borax does not cause a significant change, 

while the sintering process increases the density due to 

the shrinkage in volume. 

The bulk density (g / cm2), apparent solid density (g / 

cm2), apparent and total porosity values (%) and water 

absorption (%) values obtained by the archimedes density 

test are given in Fig.4[11, 12] 
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Figure 4. The bulk density (g / cm2), apparent solid 

density (g / cm2), apparent and total porosity values (%) 

and water absorption (%) values of INC-non sintered, 

INC-Sintered and INC-B samples 

 

Calculations were made by giving the density 

and % porosity equations below with the help of the 

weight values taken after the recorded dry, suspended in 

water and after being removed from the water. 

 

 

 

 

 

WK, WA, WD in the above equations are 

referred to as dry weight, weight suspended in water, and 

weight weighed after being removed from water. Figure 4 

shows that bulk density and density are increased with 

sintering and addition of borax, while apparent porosity, 

water absorption and total porosity are decreased. These 

results are consistent with other measurements. 

 

4. Conclusion 
 

It was demonstrate, although pores of powder 

alloys are covered by sintering, there are still pores on the 

surface. Borax addition reduced these pores and increased 

contact angle, density, hardness and crystal properties and 

decreased porosity. This, increased the quality of the alloy 

produced. 
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In this study, molecular structure and conformational analysis of glycine (Gly) were studied by DFT/B3LYP-6-

311++G(d,p) method. The structure has seven conformers belong to calculations of N-C-C=O, H-O-C=O and C-

C-N-H torsional motions, and three of them are main conformers. Vibrational frequencies of Gly determined for all 

conformers. Highest occupied molecular orbital (HOMO) - lowest unoccupied molecular orbital (LUMO) energy 

gaps for the main three conformers were determined. 
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1. Introduction 
 

Glycine (Gly) is the simplest amino acid which forms the 

building block of protein. It's not an essential amino acid, 

and the body takes it from chemicals. Gly is used for treating 

schizophrenia, stroke, sleep problems, metabolic syndrome, 

and metabolic disorders. Most importantly, it is also used in 

cancer prevention and memory development. Gly has a wide 

application area and both theoretical and experimental 

studies are reported (Coussan and Tarczay, 2016; Bazsó, et 

al., 2012; Kieninger et al., 1998). Stepanian and coworkers 

(1998) studied matrix isolation Gly in argon gases. They 

observed three main conformers in the matrix. Also they 

calculated of infrared (IR) frequencies and intensities with 

DFT/Becke3LYP method with aug-cc-pVDZ basis set and 

Møller-Plesset second-order perturbation theory (MP2) 

method. Reva et al. (1995) studied IR spectra of Gly isolated 

in neon (Ne), argon (Ar) and krypton (Kr) matrices. They 

identified three different conformers of Gly in the matrix 

gases. The near-infrared (NIR) spectrum of Gly in Ar and Kr 

matrices was studied by Bazsó et al. in 2012. Gly and 

Gly·water complex were inverstigated in low-temperature 

matrices by Coussan and Tarczay (2016). They irradiated of 

matrix isolated Gly and Gly·water complex with IR-laser 

(MID and NIR) and observed spectral changes. 

In the present study, the conformers of Gly were studied. It 

was found seven minimal form. Highest electronic energy 

difference (E) between Gly_1 and Gly_7 was ca. 29.7 kJ 

mol-1. The vibration energies calculated using density 

functional theory (DFT) for all conformations were plotted. 

HOMO and LUMO energy gaps were calculated for the 

main three conformers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The structure of the conformers for Gly, 

calculated by B3LYP/6-311++G(d,p) level. 
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2. Theoretical calculations 
 

The optimized geometries and energies of the possible 

conformers of Gly calculations were performed using the 

DFT implementation in the Gaussian 09 (Frisch et al., 2009) 

program package. The calculations were achieved using the 

6-311++G(d,p) basis set. The three-parameter hybrid density 

functional which is called B3LYP, includes Becke’s 

gradient exchange correction (Becke, 1993) and the Lee, 

Yang and Parr (Lee et al., 1998).  

 

3. Results and discussion 
 

If the fragments NH2, CH2, CO, and OH are assumed to be 

rigid, Gly has three rotational degrees of freedom related to 

their connecting bonds C−N, C−C, and C−O, respectively. 

Gly has seven conformers with minimum energies, while 

three of them (Gly_1, Gly_2 and Gly_4) are the main 

conformers. All conformers are given in Fig. 1. Reva and 

coworkers (1995) was found three main conformers in the 

Ne, Ar, and Kr matrices.  

 

 

 

Table 1. Calculated electronic energies obtained from Becke3LeeYangParr/6-311++G(d,p) calculations. 

 

 

 

 

It can be noticed that the electronic, zero point vibrational 

and gibbs energy difference between the conformers 1 and 2 

are 1.78, 3,16 and 3.71 kJ mol-1 (Table 1). 

 

Stepanian and co workers were found zero-point vibrational 

energies difference about 2.32 kJ mol-1 when they calculated 

with DFT/cc-pVDZ level. They also calculated with 

different level of theory and found almost same energies as 

we found in our present study (Stepanian et al., 1998). 

Coussan and Tarczay (2016) were found eight different 

conformers with different energies. One of them same with 

our study. It was Gly_6 but different orientation of N-H2. 

We also found in the calculation but it was not as a 

minimum in the scan about C1-C5-N-H9 dihedral angle 

Therefore it was not a different conformer just H2 in N-H2 

was different state. 

 

In the calculated IR spectra, C=O stretching bonds were 

observed as the most intense vibrating bonds for all 

conformers of Gly. C=O stretching vibrations for all 

conformers were 1815, 1843, 1818, 1808, 1820, 1850, 1850 

cm-1, respectively. Gly_1 and Gly_5 have more intense 

bonds than the other conformers (318 and 352 km mol-1, 

respectively). It is interesting to note that the OH stretching 

peak of the 3488 cm-1 and OH bending peak of the 1410 cm-

1 are very intense bands in the Gly_2. This is because the N 

atom is close to the H4 and bending and stretching 

vibrations affected by the H-bonding therefore it could be 

indicated N…..H-O H bond in the conformer Gly_2 was 

much stronger than the other conformers. Distance between 

N and H4 was calculated as 1.935 Å. 

 

The calculated IR spectra for the three main conformers 

using DFT/B3LYP/6-311++G(d,p) level were agreed with 

the previous reports who were studied about IR spectra of 

conformers for Gly (Reva et al., 1995; Stepanian et al., 

1998; Bazsó et al., 2012; Coussan and Tarczay, 2016).  

 

 

 

 

 

 

 

 

 

 

Conformer 
E 

hartree 

E+ZPV 

hartree 

Gibbs 

hartree 

Entalpy 

hartree 
E 

kJ mol-1 

E(ZPV) 

kJ mol-1 

G 

kJ mol-1 

Entalpy 

kJ mol-1 

Gly_1 -284.530 -284.450 -284.479 -284.444 0 0 0 0 

Gly_2 -284.529 -284.449 -284.478 -284.443 1.78 3.16 3.71 2.46 

Gly_3 -284.527 -284.448 -284.477 -284.441 6.06 5.78 6.53 5.64 

Gly_4 -284.527 -284.448 -284.478 -284.441 6.37 6.47 3.80 6.56 

Gly_5 -284.525 -284.446 -284.475 -284.439 11.16 11.31 11.69 11.08 

Gly_6 -284.521 -284.442 -284.471 -284.435 23.48 22.50 22.46 22.74 

Gly_7 -284.518 -284.439 -284.468 -284.433 29.69 28.34 28.76 28.48 
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Figure 2. IR spectra of the conformers for Gly, calculated by DFT/B3LYP/6-311++G(d,p) level.  

 

Table 2. Mulliken charge valuesa for all conformers of Gly, obtained from B3LYP/6-311++G(d,p) calculationsb. 

 

 

 

 

 

 

 

 

 

 
 

a In units of electron; e = 1.60217646 × 10-19 C.  
b See Fig. 1 for atom numbering. 

 

Atom Gly_1 Gly_2 Gly_3 Gly_4 Gly_5 Gly_6 Gly_7 

C1 0.064251 0.121546 0.126251 0.023161 0.099420 0.027982 0.076986 

O2 -0.285992 -0.288073 -0.313379 -0.284221 -0.293362 -0.266968 -0.288063 

O3 -0.168655 -0.191845 -0.170693 -0.191476 -0.212568 -0.157828 -0.152161 

H4 0.283067 0.296259 0.284964 0.288547 0.289851 0.242735 0.238143 

C5 -0.355896 -0.330366 -0.359367 0.309950 0.320883 -0.287626 -0.292338 

H6 0.197517 0.193922 0.194615 0.200627 0.190348 0.181385 0.162102 

H7 0.197513 0.200534 0.171700 0.200491 0.167208 0.181490 0.175068 

N8 -0.414183 -0.507856 -0.392727 -0.425588 -0.391942 -0.414463 -0.383050 

H9 0.241188 0.249114 0.234342 0.249176 0.233317 0.246637 0.241220 

H10 0.241188 0.121546 0.224292   0.249232   0.238611 0.246656 0.222094 
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Figure 4. HOMO-LUMO energy gap diagram for the main three conformers, calculated by B3LYP/6-311++G(d,p) level.  
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According to molecular orbital theory; As the molecules 

are formed, the atoms form the orbitals of the molecule by 

mixing the atomic orbitals that allow them to form 

molecules close to each other at the required bond 

distance. HOMO and LUMO energies are the basic 

orbitals involved in chemical reactions. The gap between 

HOMO and LUMO energy values is defined as the 

chemical stability of the molecule. The closer the energy 

levels of the interacting molecular orbitals are, the easier 

the interaction. In this work, the energy differences 

between HOMO and LUMO for the main three 

conformers are calculated by B3LYP/6-311++G(d,p) 

level, and plotted in Fig. 4. 

 

4. Conclusion 
 

In this study conformational structure of Gly was studied 

using DFT method. Calculated with DFT/B3LYP/6-

311++G(d,p) level IR spectral characteristics for the 

seven conformers of the Gly were determined. The 

theoretical simulation results of the IR frequencies and 

intensities for the conformers of Gly were plotted. 

HOMO-LUMO energy gaps were calculated for three 

main conformers. The gap of Gly_4 is about 6.38 kJ mol-1 

and so, it is more interact for the other main conformers.  
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In this study, we investigated the structural and morphological properties of ultrafine Ni and Ni/B2O3 core/shell MNPs that they 

were synthesized by polyol process using Polyvinylpyrrolidone (PVP) and Oleic Acid (OAc) as surfactants. The X-Ray 

Diffraction (XRD) analysis was performed to examine the structural properties of MNPs. The crystallite size of MNPs was 

calculated as ~3.59, ~3.88 nm from the XRD pattern for Ni and Ni/B2O3, respectively, which can be called as ultrafine MNPs. 

To investigate morphological and elemental properties, Scanning Electron Microscopy (SEM) and Energy Dispersive 

Spectroscopy (EDS) analysis were performed. It is observed that Ni and Ni/B2O3 core/shell MNPs are homogeneously 

distributed through the sample. The particle size of Ni and Ni/B2O3 core shell MNPs are determined as ~4.21 and ~2.94 nm 

from the SEM images, respectively, which is consistent with the XRD data. 

 

Keywords: Ni, B2O3, Polyvinylpyrrolidone (PVP), Polyol Process 
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1. Introduction 

 
The core/shell magnetic nanoparticles (MNPs) are one of 

the attractive type of nanoparticle due to their interesting 

physical, chemical and biological properties for the 

nanotechnology applications like high-density magnetic 

recording media, catalysts, medical diagnostic and cancer 

treatments [1-3]. However, one of the main problem of 

nanoscale particles is low stability. Therefore, core/shell 

type NPs provide good advantages in terms of physical, 

chemical and biological properties. Core/shell 

nanoparticles are composed of ferromagnetic (FM) or 

superparamagnetic (SPM) core in the center and 

antiferromagnetic (AFM) or ferrimagnetic (FiM) shell in 

the outer layer.  AFM or FiM shell, which is oxidized 

layer, have many important roles on the core surface like 

magnetic core stabilization, surface functionalization, 

cooperative magnetic switching and leads to effective 

exhance coupling  and exchange bias (EB). Due to this all 

advantages  enhaces magnetization stability of core. In the 

literature, it is reported that the insulator matrices like 

SiO2, Al2O3, C, BN and B2O3 are very important for 

industrial applications when they are coated on mangetic 

nanoparticles [4-10]. Nickel (Ni) is one of the 3d 

ferromagnetic materials and have an important place in 

nanotechnology applications. In this study, Ni and 

Ni/B2O3 core/shell MNPs were synthesized by the polyol 

reduction process. Structural and morphological were 

investigated in detail.  

 

2. Experimental details 
 

The Ni and Ni/B2O3 core/shell MNPs were synthesized by 

the polyol reduction process. In this process, 0.8755 g 

Ni(acac)2, 30 ml ethylene glycol (EG) 0.1112 g 

Polyvinylpyrrolidone (PVP) and 2.5 ml oleic acid (OAc) 

were added in a three-necked flask. The solution was 

heated to 100°C under argon atmosphere by stirring at 

800 rpm. Then, 30 ml sodium borohydride (NaBH4)-

dimethylformamide (DMF) solution was injected in 

solution and heated to 140°C for 1 h. The solution 

immediately turned black, indicating Ni nanoparticles 

were formed. After 1 h, the solution was cooled to room 

temperature. Then, the Ni nanoparticles centrifuged and 

washed with hexane and ethanol. Finally, a sum of Ni 

powder was added in a three-necked flask. The 50 ml 

boric acid-EG solution was injected in a three-necked 
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flask drop by drop. After 2 h, 30 ml DMF-NaBH4 solution 

was added in solution at room temperature for 1 h. Then, 

the solution again centrifuged, washed and dried 1 day in 

a drying-oven. 

 

The structural and morphological properties of the 

samples was carried out by X-Ray Diffraction (XRD) 

technique with wavelength of 1.54 Å Cu-K  radiation 

and Scanning Electron Microcope (SEM). The element 

contents in the samples were determined by Energy-

Dispersive x-ray Spectrum (EDS). 

 

3. Results and discussion 
 
The X-ray diffraction (XRD) analysis was performed in 

the range of 35°≤2θ°≤80° for Ni and Ni/B2O3 core/shell 

MNPs, which is shown in Figure 1. The characteristic 

(111), (200) and (220) Ni peaks were obtained for two 

samples. But no observed any B2O3 peak. It is due to the 

B2O3 is amorphous phase on the Ni nanoparticle. It is 

noted that when the B2O3 is coated on Ni, the intensity of 

Ni peaks decreases. It indicates that B2O3 is successfully 

coated and form of Ni/B2O3 core/shell structure. The 

peaks shift to the low angle when B2O3 is coated. This is 

related to changes in the lattice parameter due to the B2O3 

coating. The crystallite size of samples were calculated by 

using Debye-Scherrer formula [11] 

 

 
 

where λ is the X-ray wavelength (1.5406 Å), κ is the 

crystallite shape factor (0.94), β is the peak full width at 

half maximum (in radians) at observed peak angle θ. The 

crystallite size of Ni and Ni/B2O3 core/shell MNPs were 

determined ~3.59 and 3.88 nm, respectively, which can be 

called as ultrafine MNPs. The other crystallographic 

parameters are shown in Table 1. 

 
Figure 1. The powder X-ray diffraction patterns of Ni and 

Ni/B2O3 MNPs. 

Tablo 1. Structural parameter of Ni and Ni/B2O3 

core/shell MNPs. 

Sample 

Crystal 
Structure 

and 
Space 
Group 

a (Å) 
 

V (Å3) 
 

Dc (nm) 
 

Ni 
Cubic 

Fm-3m 
3.530 44.010 3.59 

Ni/B2O3 
Cubic 

Fm-3m 
3.528 43.922 3.88 

 

 

The Scanning electron microscopy (SEM) analysis was 

performed to examine morphological properties of 

samples at high magnification. SEM images of samples 

are shown in figure 2a-d. It is observed that the shape of 

the nanoparticles is nearly spherical for two samples. 

However, it is clear that the Ni MNPs tend to aggregate 

partly (Figs. 2a,b). But when the amorphous B2O3 was 

coated, highly homogeneous distribution was observed 

(Figs. 2c,d). This may be due to the insulator nature of the 

B2O3 [12]. The particle size distribution of samples were 

calculated randomly selected 100 particles, which is 

shown in Figure 2e,f. The particle size of Ni and Ni/B2O3 

core/shell MNPs were determined as ~4.21 and 2.94 nm, 

respectively. This calculated values are consisted with 

XRD result (see Fig.1). Energy dispersive spectroscopy 

(EDS) analysis was also performed to determine atomic 

and weight percent for samples. The obtained results are 

shown in Table 2. In the EDS analysis, no other impurity 

elements were observed in the structure of samples. 
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Figure 2. SEM images of a-b) Ni MNPs, c-d) Ni/B

2
O

3
 

MNPs. e-f) Cluster size distribution of samples. 

Table 2. EDS analysis of Ni and Ni/B2O3 core/shell 

MNPs. 

Sample Ni (%) B (%) O (%) 

Ni 93.22 - 6.78 

Ni/B
2
O

3
 78.79 9.01 12.20 

 
 
4. Conclusion 
 
In conclusion, Ni and Ni/B2O3 core/shell MNPs were 

successfully synthesized via polyol reduction process. 

The X-ray diffraction analysis was performed for Ni and 

Ni/B2O3 core/shell MNPs. The crystallite size of Ni and 

Ni/B2O3 were calculated as ~ 3.59 and ~3.88 nm, 

respectively. Scanning Electron Microscopy (SEM) and 

Energy Dispersive Spectroscopy (EDS) analysis were 

performed. It is observed that Ni and Ni/B2O3 core/shell 

MNPs are homogeneously distributed through the sample. 

The particle size of Ni and Ni/B2O3 core shell MNPs is 

determined as ~4 and ~3 nm from the SEM images, 

respectively.  
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Molecular Dynamics Simulations of Hydrogenated Silicon Nanoparticles 
 

S. SENTURK DALGIC                                                                                                                                                                                                                                                                  
Department of Physics, Faculty of Science, Trakya University, Edirne 22030, Turkey 

In this work, the stability and structure of cubic shaped hydrogenated Si nanoparticles in different sizes have investigated 

under heating by molecular dynamics simulation (MD) method. The temperature dependence of cohesive energy and pair 

correlation function have also calculated. The changes in structure have discussed with the coordination number analysis. The 

results have compared with experiments and those obtained by other morphologies. It was observed that the stability of 

nanoparticles depends on size and shape. The hydrogen termination plays a positive role in stabilizing the structure and 

morphology of cubic Si nanoparticles. The average coordination number of hydrogenated silicon nanoparticles depends on the 

size. It was observed the liquid-like state of outer shells /the solid core of the nanoparticles during heating.   

 

Keywords: Ru-Pt, Core-Shell, Molecular Dynamics  
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1. Introduction 

In recent years, silicon (Si) nanostructures have 

attracted considerable interest both in applied and 

fundamental science [1-4]. Due to quantum confinement, 

Si nanomaterials have different properties from bulk for a 

wide variety of applications in photocatalysis, 

optoelectronics, the drug-delivery, photovoltaics, and 

LiBs. The study on the physical properties and structure 

of Si nanostructures is a significant research area of 

silicon nanotechnology and poorly understood.  

On the other hand, there are several reports on 

the amorphous and crystalline silicon nanostructures such 

as nanoparticles, nanowires and nanofilms have studied 

with first-principle calculations using density functional 

theory (DFT) or classical molecular dynamics (MD) 

simulation method [1-3,5-7].  

On this line, the growth and dynamics of Si 

nano-clusters, Si quantum dots (SiQDs), and Si 

nanoparticles is another interesting subject for 

optoelectronics and other technologic applications. It was 

demonstrated that the functionalization of Si Nano 

surfaces by taking consideration of hydrogen-terminated 

was improved their optoelectronic properties. 

Using the DFT calculations, Amanda and co-

workers have shown that the hydrogen-terminated SiQDs 

have different optoelectronic properties according to their 

architecture and size [2,3]. The near-cubic morphologies 

exhibit superior spectral resolution. It was found that the 

shape-dependent band gaps of hydrogen terminated 

SiQDs affect in their luminescent properties.     

To date, the molecular dynamics (MD) 

investigations on the stability of hydrogen terminated Si 

nanostructures have been reported by some researchers 

[8-11]. Different potential applications in MD simulations 

were presented to determine the interactions between the 

hydrogen and Si atoms. Most of the potential applications 

were based on the original Tersoff potential of Si [12]. 

Hansen and Vogl studied hydrogen absorption on 

hydrogenated Si surfaces [8].  Qi and co-workers have 

reported the stability of core-shell structured Si-H 

nanomaterials using Tersoff type potentials [9].  Mota and 

co-workers proposed Tersoff type potential for 

hydrogenated a-Si [10]. Recently, Amanda and Wilson 

have studied optoelectronic properties of hydrogen 

terminated Si nanoparticles [11]. In this work, different 

potentials are applied to study the stability of 

mailto:serapd@trakya.edu.tr%20%20dserap@yahoo.com
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hydrogenated Si nanoparticles by MD simulations using 

DLPOLY code [13]. 

 

2. Materials and Method 

The structural and thermal stability of hydrogenated 

silicon nanoparticles was investigated by the classical MD 

simulations, as implemented DLPOLY code [13]. Cubic 

shaped silicon nanoparticles are considered to construct as 

hydrogen-terminated silicon NPs. Here, different sizes of 

hydrogenated silicon NPs were created as the MD sample 

of our calculations. In order to understand the effect of Si-

H interactions on the stability of hydrogenated Silicon 

NPs, three different potential functions are used in MD 

simulations. 

 

 Tersoff Potential:                                                               
 

The Tersoff potential is used to describe Si-Si, Si-H and 

H-H for Si-H interactions [1,11,12,15] and adopted in the 

DLPOLY [ 13].                                                                    

                          

 The three-body Tersoff potential (TP) was based on the 

bond-order concept with the strength of a bond between 

two atoms depends on the local atomic environment [12]. 

The interatomic potential energy between i and j atoms is 

given by                                                                               

               

                                                                                             

1 2( )[ exp( ) exp( )]ij c ij ij ij ij ijV f r Aa r Bb r        

                                                                                             

   (1) 

 

1,

1 1 ( )
( ) sin ,

2 2 2

0, r R D

c ij

r R D

r R
f r R D r R D

D



  
 

  
       

  
   

(2)                                                                                    

    

  
terms are the bond order parameters for  ijand b ija where

pulsive and attractive part of the potential energy, the re

-respectively. These parameters describe how the bond ijV

order formation energy affected by the presence of other 

neighboring atoms such as the positions of k atoms. The 

potential parameters and details of the potential can be 

found in elsewhere [8-15].                                                   

                     

 

 

  Morse Potential                                                                

 

The MD simulations were carried out for Si-H and H-H 

interactions using Morse potential while the Si-Si 

interactions using TP force field was used.  

 

Morse potential form is given by 

                                                                                         

  
2

0 0( ) 1 exp( ( )) 1ij ijV r E k r r     
  

     

(3) 

 Where the related parameters of E0, k and ro are taken 

from Galashev [1]. 

 

Lennard- Jones Potential    
  

Moreover, Lennard-Jones (LJ) (12,6) potentials were 

considered to determine the interatomic interactions 

between the Si - H and H-H. The LJ potential form is 

given by  

                                                                                                       

  

12 6

( ) 4ij

ij ij

V r
r r

 

    
             

        

(4) 

 

For Si-H and H-H interactions, LJ potential parameters 

are deduced from the values given in literature [15]  

 

All MD simulations were performed in Isochoric-

Isothermal (NVT) ensemble under heating. The equations 

of atomic motions with a time step as 1fs have integrated 

by the leapfrog Verlet Velocity algorithm. Brendsden 

thermostat controlled the temperature of the system with 

0.1 value in all simulations. The optimization procedure 

was applied to obtain the equilibrium structures at 1K. 

Then the optimized NPs were heated up to 2800K with an 

increment of 50K.  
                                                                                             

 3. Results and discussion:                                     
      
 

In this work, first, the thermal stability of the 

free-standing cubic silicon NPs have presented by MD 

simulations. First, the MD results with Tersoff potential 

of  Si are illustrated for cubic Si239 NPs.The 

morphological and structural changes of the truncated 

cubic silicon NPs of 239 atoms under heating are given in 
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Fig.1 by the snapshots from the front view and selected 

radial distribution functions using OVITO.  It has noted in 

Fig.1 that truncated cubic shaped Si239 NPs have 

morphological changes from cubic form to sphere at 

corresponding temperatures of 1K to 1000K, respectively. 

The melting temperature of that Si239 nanoparticle was 

determined as 1200K, which is lower than that of the 

Tersoff potential simulated result for bulk Si melting  

(Tmbulk=3300K). It is evident in Figs 1 that both the 

hight of the primary and second peak of rdfs of Si 

decrease with temperature increases.  

  

Fig.1: The Snapshots of the Si239 cubic NPs (a) at selected 

temperatures and corresponding rdfs at (b) 300K and (c)1000K  

 

 

As indicated in Fig. 1 that it is possible to 

observe the size-dependent melting for Si nanocubes with 

the Tersoff potential as opposed to the SW potential.  

In order to construct the hydrogenated Si 

nanoparticles, the truncated cube given in Fig.1 was used. 

The 172 hydrogen atoms were terminated on Si239 

nanocube. The stability of hydrogen-terminated nanocube 

of Si0.58H0.42 compositions is shown in Fig. 2 using 

different potential applications for Si-H and H-H 

interactions while Tersoff potential was used for Si-Si 

interactions. The snapshots of Si0.58H0.42 and 

corresponding rdfs are taken from OVITO given in Fig2. 

 
 

 

Fig.2: The Snapshots of the hydrogenated Si239 cubic NPs and 

corresponding rdfs at 300K using different potential 

applications for Si-H interactions. 

   

 It is clear in Fig2 that the Si-H interactions for 

Tersoff potential is stronger than other potential 

applications. For this reason, that the more hydrogen 

atoms terminated on Si cube are still observed at 300K in 

contrast to others. The comparison of morphologies in 

Fig2 that the hydrogenated Si239 cube has maintained its 
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cubic shape when others are almost spherical 

morphology.  

 As indicated in previous studies that hydrogen 

stabilize the Si239 cube of both morphology and structure 

when Tersoff potential is used for all interaction in 

Si0.58H0.42 It can be observed the same behaviour for that 

nanoparticles at higher temperatures as given in Fig. 3. 

The snapshots and corresponding rdf values of 

hydrogenated cubic Si239 are illustrated in Fig3 for 

comparison with non-hydrogenated one as given in Fig. 1. 

As indicated in Fig1 that these snapshots in Fig.3 also 

provide the liquid skin evidence of Si239 cube by 

increasing temperature while hydrogen atoms are 

bonding. Thus surface melting is clear in both all Si 

cubes, namely hydrogenated and non-hydrogenated ones 

where the inner region stays ordered until the melting 

temperature.  

 

 

Fig.3: The Snapshots of the hydrogenated Si239 cubic NPs and 

corresponding rdfs at 1000K using Tersoff potential for Si-H 

interactions 
 

It has noted that the hydrogen atoms also stabilize the Si 

cubes at higher temperatures by comparison of the rdfs 

peaks in Fig.3 with those obtained in Fig. 1c.   

 The coordination number analysis (CNA)  

method is also used to calculate average coordination 

number of  non-hydrogenated and hydrogenated cubic 

Si239 NPs and  given in Fig.4 for hydrogenated Si239 .  

 

 

 

Fig.4: The Coordination numbers of Si atoms in 

hydrogenated cubic Si239 NPs 
 

 

 

It has noticed from Fig. 4 that the average 

coordination number value is 3.2803 for hydrogen 

terminated Si239 NPs by compared with the value of 

3.2468 for non-hydrogenated one. Those values are 

computed from the MD results with Tersoff potentials and 

are in good agreement with previous first principle 

calculations [ 2]. 

 

Conclusions 
 

In summary, the molecular dynamics (MD) 

method has been used to simulate the hydrogenated cubic 

Si nanoparticles. The thermal stabilities of hydrogenated 

silicon nanoparticles during heating process have studied 

with different potentials using MD simulations. The 

cohesive energy of the hydrogenated Si nanoparticles has 

larger values compare with free standing nanoparticles, 

which suggest hydrogen can stabilize the surface of Si 

nanoparticles. The simulated results based on Tersoff 

based potential functions are in good agreement with 

previous studies and experiments. It can suggest that 

Tersoff potential is sufficiently well for the simulation of 

hydrogenated silicon materials. This work will progress 

on this line and reported shortly.   

 
References:   
 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

322 
 

[1] A. Y. Galashev, Mol. Phys, 107 (2009) 2555-2565.  

[2] H.  F. Wilson, L. McKenzie-Sell, A. S. Barnard, J. 

Mater. Chem. C, 2 (2014) 9451-9451.   

[3] A. S. Barnard, H.  F. Wilson, J. Phys. Chem. C, 119 

(2015) 7969-7977.  

[4] J.F. Algorri, D. C. Zografopoulos, A. Ferraro, B. 

García-Cámara, R. Vergaz, R. Beccherelli, J. M. Sánchez-

Pena, Nanomaterials, 9 (2019) 30.     

[5] S. Senturk Dalgic (unpublished results)  

[6] L.W. Chen, Y. Shibuta, M. Kambara, T. Yoshida, J. 

Phys. D: Appl. Phys., 46 (2013) 425302-425308. 

[7] H. Li, R. Xu, Z. Bi, X. Shen, J. Electronic Materials, 

46 (2017) 3826-3830. 

[8] U. Hansen, P. Vogl, Phys. Rev. B,57 (1998) 13295-

13304. 

[9]W. H. Qi, S.T. Lee,Chem. Phys. Lett.483(2009) 247-

249. 

[10] F. de Brito Mota, J. F. Justo, A. Fazzio, J. Appl. 

Phys. 86 (1999) 1843-1847. 

[11] H.  F. Wilson, A. S. Barnard, J. Phys. Chem. C, 118 

(2014) 2580-2586. 

[12] J. Tersoff, Phys. Rev. Lett, 56 (1986) 632. 

[13] DL_POLY: a molecular dynamics simulation 

package was written by W. Smith, T.R. Forester, and I.T. 

Todorov obtained from the 

websitehttp://www.ccp5.ac.uk/DL_POLY 

[14] OVITO: A. Stukowski, Modelling Simul. Mater. Sci. 

Eng. 18, (2010) 015012. 

[15] M. Neek-Amal, R. Asgari, and M. R. Rahimi Tabar,          

Nanotechnology,20 (2009) 135602-135610. 

http://ovito.org/index.php/about/how-to-cite-ovito
http://ovito.org/index.php/about/how-to-cite-ovito


 

6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

323 
 

 

Cu2ZnSnS4 (CZTS) Based Thin Films Solar Cells 
 

M.A. Olgar1,2* 
                                                                                                                                                                                                                                                                 
1Department of Physics, Niğde Ömer Halisdemir University, Nigde, Merkez, Turkey 
2Nanotechnology Application and Research Center, Niğde Ömer Halisdemir University, Nigde, Turkey 

 

CZTS (e) thin films prepared using two-stage process that sputter deposition of metallic Cu, Zn and Sn layers, 

thermal evaporation Se cap layer to form Cu/Sn/Zn/Cu and Cu/Sn/Zn/Cu/Se metallic stacks followed annealing 

process in sulfur vapor atmosphere for CZTS and without sulfur for CZTSe thin film fabrications at different 

reaction temperatures for various reaction times. It was seen that Cu composition has notable effect on the 

structural properties of CZTSe thin films. The CZTS thin films prepared employing various reaction time displayed 

remarkable changes in their Raman spectra of films. Overall, it was observed that composition of the metallic 

precursor and sulfurization procedure (temperature and time) has noticeable impacts on the properties of CZTS 

thin films. 

 

Keywords: Cu2ZnSnS4 (CZTS), Thin film, Sputtering  
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1. Introduction 

 Thin film solar cell technology has attracted great 

attention due to high power conversion efficiency and 

promising developments in the PV industry. CdTe and  Cu 

(In, Ga)Se2 (CIGS) based solar cells are materials 

commonly used in thin film solar cell technology since their 

conversion efficiency have already surpassed 20% value [1, 

2]. However, toxicity of Cd and scarcity of In and Ga have 

been shown as a big issue for further development such kind 

of solar cells. In this context, Cu2SnZnS4 (CZTS) thin film is 

an alternative material in place of CdTe and CIGS materials 

because it contains earth-abundant and environmental-

friendly raw materials. In addition, CZTS has p-type 

conductivity, optical band gap of 1.4-1.5 eV and high 

absorption coefficient (≥ 104 cm-1) that makes this 

compound proper for solar cell applications [3]. The current 

record conversion efficiency for CZTS-based solar cell is 

still 12.6% [4] by using selenium (Se) and sulfur (S) 

together in the compound but Shockley-Queisser theoretical 

limit for CZTS-based solar cell is above 30%. There are 

several reasons that influence performance of the solar cell 

such as composition of the films [5, 6], sulfurization 

temperatures and dwell time of reactions [7, 8], stacking 

order of the precursor layers etc [9, 10]. Therefore, growth 

parameters of CZTS thin films such as deposition technique 

or sulfurization procedure play important role in the quality 

of CZTS structure. CZTS thin films are usually fabricated 

using DC and RF magnetron sputtering [11], thermal 

evaporation [12], e-beam evaporation [13], pulsed laser 

deposition (PLD) [14] spray pyrolysis [7].  In this study, 

effect of deposition parameters such as composition, 

sulfurization temperature, time etc. on the properties of 

CZTS (e) thin films was summarized. 

2. Experimental details 

Precursor layers Cu, Zn and Sn were deposited on 

Mo-coated glass using DC magnetron sputtering. The base 

pressure and operating pressure of the vacuum chamber was 

about 10-6 and 10-3 torr respectively. Metallic stacking order 

was arranged as Mo/Cu/Sn/Zn/Cu. In addition, for 

fabrication of CZTSe thin films, Se cap layer was deposited 

on top of the metallic stack (Mo/Cu/Sn/Zn/Cu/Se).  

The precursor films were then annealed in graphite 

box with placing high purity (99.98%) elemental sulfur near 

the precursor as to convert metallic films to CZTS structure. 

The tubular furnace was heated to reaction temperature (550 

°C) and then samples were pushed to the heating zone as to 

simulate rapid thermal processing. Before the sulfurization 

process, the furnace was evacuated roughly with aid of 

pump and filled with mix gas (95%Ar+5%H2 ) as to get rid 

of air before initiation of the sulfurization process. In order 

to investigate effect of the Cu-composition and reaction 

temperatures, Cu-poor (Cu/Zn+Sn˂1) and Cu-rich 

(Cu/Zn+Sn˃1) compositions and 525, 550, 575 and 600 °C 

temperatures were selected  for fabrication of CZTSe thin 

films.  

mailto:mehmetaliolgar@ohu.edu.tr
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To investigate impact of sulfurization time, 

Mo/Cu/Sn/Zn/Cu stacking order was deposited in the same 

manner and then sulfurization process was carried out at 500 

°C for different reaction times (4, 8, 12 min). 

Chemical composition of the films was determined 

using Oxford Instruments Inca X-act energy dispersive X-

ray spectroscopy (EDX) system. In order to confirm 

formation of kesterite CZTS phase and other phases 

Renishaw inVia Spectrometer was employed for Raman 

spectroscopy using an excitation wavelength of 633 nm. 

Surface morphology of samples was characterized using 

JEOL JSM 6610 scanning electron microscope (SEM). 

 

3. Results and discussion: 

 

3.1. Impact of Cu-composition and reaction temperature 

 

The atomic percentage and atomic ratio of 

precursor (Cu/Sn/Zn/Cu) and CZTS thin films were listed in 

Table 1. The Cu-poor samples were marked as a “A” type 

samples and and Cu-rich samples were denoted as “B” type 

and the followed numbers present their annealing 

temperatures. For example, A550 sample represents the 

sample that it has Cu-poor composition and annealed at 550 

°C.  

 

Table 1. Atomic ratio of Cu-poor CZTSe thin films. 

 

 

Table 2. Atomic ratio of Cu-rich CZTS thin films. 

 

 

A

s 

can 

be 

seen 

in 

the 

Table 1, all CZTS thin films exhibited Cu-poor  

(Cu/(Zn+Sn) ˂1) and Zn-rich composition Zn-rich 

(Zn/Sn˃1), as targeted. On the other hand, CZTS thin films 

listed in Table 2 showed Cu-rich (Cu/(Zn+Sn) ˃1) Zn-rich  

and Zn-rich (Zn/Sn˃1) composition, as targeted too. As can 

be traced from these tables, annealing above the 575 °C  

 

Fig. 1: SEM top views of ; a) A525, b) A550, c) A575, d) 

A600, e) B525, f) B550, g) B575, and h) B600  

samples. 

 

temperature gave rise to Sn-loss hence Cu/Zn+Sn ratio got 

higher values for all films. The surface morphological 

structures of Cu-poor and Cu-rich samples demonstrated in 

Figure 1. 

Although some of the samples show somewhat 

non-uniform and inhomogeneous surface structures, they 

display a rather dense structure irrespective of the 

composition and the reaction temperature. For the “A” type 

films, higher reaction temperatures improved fusion 

between the surface structures and yielded films that are 

more compact. Increasing the reaction temperature yielded 

similar results for the “B” type films also. As the annealing 

temperature increased, cracks within the layers disappeared, 

and the surface structures became larger and more compact 

[6]. 

 

3.2. Impact of reaction time 

 

CZTS thin films were grown employed different 

reaction times (4, 8, 12 min) were denoted according to their 

sulfurization time. For example, CZTS-4 represents the 
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sample sulfurized at 500 °C for 4 min. The chemical 

composition of samples was listed in Table 3. As can be 

seen in the table, irrespective of the sulfurization time all 

samples showed Cu-poor and Zn-rich composition. As the 

reaction time increased some amount of Zn and Sn 

decreased for CZTS-8 and CZTS-12 films due to the high 

vapor pressure of these elements and/or their binary 

compounds. 

 

Table 3. Chemical composition of metallic and CZTS 

samples. 

Specimen 

Atomic Ratio 

Cu/(Zn+Sn) Zn/Sn S/Metal 

Cu/Sn/Zn/Cu 0.83 1.22 - 

CZTS-4 0.86 1.03 1.25 

CZTS-8 0.87 1.12 1.24 

CZTS-12 0.90 1.05 1.20 

 

Raman spectra of CZTS samples obtained various reaction 

time was presented in Figure 2. As shown in the the figure, 

irrespective of the reaction time all films has a dominant 

peak in their Raman spectra at around 336-337 cm-1 that is 

attributed to CZTS phase. The other peaks associated with 

CZTS phase are marked in the figure. Peaks of Cu2-xS and 

Cu2SnS3 (CTS) were also observed for formation of CTS 

phase can be explained with the fact that longer sulfurization 

time may cause decomposition reactions in CZTS-8 and 

CZTS-12 thin films [15]. 

 

  

 

Fig. 2: Raman spectra of CZTS thin films sulfurized for 

different reaction time.  

 

Conclusions 

 

In this study, CZTSe and CZTS thin films were 

grown by two stage process includes sputter deposition of 

metallic Cu, Zn, Sn precursor layers  and thermal 

evaporation of Se cap layer followed by annealing process 

with/without sulfur atmosphere at different reaction 

temperatures for various reaction times. It was observed that 

Cu composition has a substantial effect on the structural 

properties of CZTSe thin films. The CZTS thin films 

obtained using different reaction time displayed remarkable 

changes in their Raman spectra of the films. Overall, it was 

observed that composition of the metallic precursor and 

sulfurization procedure (temperature and time) has notable 

impacts on the properties of CZTS thin films. 
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Graphene is one of the most popular materials in recent years. There are a few methods for graphene synthesis; 

however, in order to obtain large scale and high homogenous graphene, the chemical vapor deposition method 

(CVD) is commonly employed. Graphene has remarkable properties, such as high optical transparency, 

conductivity, flexibility and durability. In addition to these outstanding properties of graphene, it has some 

drawbacks like high sheet resistance and missing energy band gap. These problems can be solved via doping or 

multilayer graphene synthesis. The synthesis of the doped graphene can increase the application areas of the 

graphene. In this study, ammonia (NH3) and pyridine (C5H5N) were used as dopant for the synthesis of doped 

graphene. In addition, the pyridine was used both as carbon source and dopant. NH3 flow rate was optimized for 

single layer and homogenous graphene synthesis. The study revealed NH3 doping of the graphene layer was 

much more successful in terms of single layer graphene synthesis in comparison to the pyridine doping. However, 

few layers were synthesized using only C5H5N. Then, the pristine graphene, NH3 and C5H5N doped graphene 

films were characterized to determine electrical and optical properties. 

Keywords: CVD, Graphene, Ammonia, Pyridine 
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1. Introduction 
 

Graphene has superior properties such as high light 

transmittance, high conductivity and flexibility. 

These properties make graphene appliable in many 

areas of technology. There are a few methods for 

graphene synthesis and each has its own advantages 

over the others in terms of applications. Graphene 

was first isolated by mechanical exfoliation 

methods by Novoselov et. al.  in 2004.  Chemical 

vapor deposition (CVD) method is one of the most 

popular methods for graphene synthesis that 

provides large scale homogenous graphene 

synthesis [1, 2]. 

 

Although graphene has attractive properties, it has 

some handicaps such as missing band gap and high 

sheet resistance. These properties restrain graphene 

applications in particular in electronics. However, 

different methods could be used to overcome these 

issues. Chemical doping is commonly used to lower 

the sheet resistance of graphene film. In order to 

dope  

 

 

graphene films, ammonia, pyridine, nitrogen and 

urea were used as dopants in the literature [3, 4].  

 

Fast and non-disruptive tools to characterize 

graphene films are known to be Raman 

Spectrometer. Graphene has three main peaks 

called D, G and 2D in the Raman spectra. D peak 

generally represents defect or vacancy in the 

structure, G peak shows crystallinity of graphene 

film and 2D peak is related to the graphene film 

thickness. I2D/G is used to determine graphene film 

thickness and quality. If the intensity ratio between 

2D and G peaks is I2D/G ˃ 2, it means single layer 

graphene is obtained [5].  

 

In the present study, NH3 and C5H5N were used as 

dopants during graphene synthesis. The effect of 
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NH3 and C5H5N was investigated to lower sheet 

resistance of single layer graphene. NH3 flow rate 

was investigated in order to synthesize doped 

graphene. Pyridine was used as both carbon source 

and dopant for the graphene synthesis. 

 

2. Experimental 

 

At the beginning, most of the growth such 

parameters like temperature, pressure, growth time 

and annealing time of graphene films were 

optimized to synthesize single layer graphene. In 

the current research, graphene was grown on 25 µm 

thick polycrystalline copper by CVD method. The 

CVD system consists of three-zone furnace and six 

mass flow controllers. Standard pre-cleaning 

(acetone, deionize water, isopropyl alcohol) was 

applied to copper substrates to remove possible 

organic contaminations. High purity (%99,9995) 

Methane (CH4) as a carbon source and high purity 

(%99,9999) Hydrogen (H2) gases were used for the 

pristine (un-doped) single layer graphene synthesis. 

The experimental chart that shows the growth 

process and related parameters was given in Figure 

1. NH3 flow rate effect on graphene doping was 

investigated. Different NH3 flows from 5 sccm to 

15 sccm were applied for in-situ graphene doping. 

Then C5H5N, which is in liquid form, was used both 

as carbon source and as dopant for the second 

approach of the research. Raman spectroscopy was 

used for the characterization of the pristine and 

doped graphene films. 

 

      

 
Figure 1 Experimental CVD process of graphene 

synthesis. 

 

3. Results 
 

The Raman spectroscopy of pristine single layer 

graphene is given in figure 2. Doped single layer 

graphene was synthesized using NH3. The increase 

of NH3 flow rate during the synthesis reduced the 

graphene film quality and the film thickness was 

increased. Single layer doped graphene with high 

homogenity was synthesized using 5 sccm NH3. 

Figure 3 shows Raman spectroscopy results of the 

NH3 doped graphene. The graphene film quality 

was decreased after 5 sccm NH3. When the NH3 

flow increased over 15 sccm under given conditions 

multilayer graphene was synthesized and graphene 

quality decreased seriously.  

 
Figure 2 Raman spectroscopy of pristine 

graphene 
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Figure 3 Raman spectroscopy of NH3 doped 

graphene 

 

Then, C5H5N was used as both carbon source and 

dopant during the synthesis. Only multilayer 

graphene was synthesized by C5H5N although many 

growth parameters were amended during the 

graphene synthesis. Raman spectrum of the 

graphene film was given in Figure 4 and this 

spectrum represents a few layer graphene films. 
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Figure 4 Raman spectroscopy of C5H5N doped 
graphene 

4. Conclusion 
 

NH3 doped and C5H5N doped graphene films were 

synthesized successfully using CVD. Single layer 

and large-scale graphene films were fabricated via 

NH3; however, only a few layered graphene was 

synthesized via C5H5N. 

Acknowledgement 
 

The authors gratefully acknowledge the funding 

from The Scientific and Technological Research 

Council of Turkey (TÜBITAK-117M401). 

 
References   

 
[1] A.K. Geim, K.S. Novoselov, The rise of 

graphene,  Nanoscience and Technology: A 

Collection of Reviews from Nature Journals, World 

Scientific2010, pp. 11-19. 

[2] M.J. Allen, V.C. Tung, R.B. Kaner, Honeycomb 

carbon: a review of graphene, Chemical reviews, 

110 (2009) 132-145. 

[3] L. Panchakarla, K. Subrahmanyam, S. Saha, A. 

Govindaraj, H. Krishnamurthy, U. Waghmare, C. 

Rao, Synthesis, structure, and properties of 

boron‐and nitrogen‐doped graphene, Advanced 

Materials, 21 (2009) 4726-4730. 

[4] S. Das, M. Kim, J.-w. Lee, W. Choi, Synthesis, 

properties, and applications of 2-D materials: a 

comprehensive review, Critical Reviews in Solid 

State and Materials Sciences, 39 (2014) 231-252. 

[5] Y. Hao, Y. Wang, L. Wang, Z. Ni, Z. Wang, R. 

Wang, C.K. Koo, Z. Shen, J.T. Thong, Probing 

layer number and stacking order of few‐layer 

graphene by Raman spectroscopy, small, 6 (2010) 

195-200. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

330 
 

 

Growth of Cu2ZnSnS4 (CZTS) Thin Films Employing Various 

Sulfurization Pressures 
 

M.A. Olgar1*, A.O. Sarp2, A. Seyhan1 and R.Zan1    
                                                                                                                                                                                                                                                              
1Department of Physics, Niğde Ömer Halisdemir University, Nigde, Merkez, Turkey 
2Department of Electrical Electronic Engineering, Niğde Ömer Halisdemir University, Merkez, Turkey 

 

 

CZTS thin films prepared using two-stage process that sputter deposition of metallic layers Cu, Sn and ZnS to 

form CuSn/ZnS/Cu metallic stack followed annealing process in sulfur vapor atmosphere using different annealing 

pressures at 550 °C for 3 min. EDX measurements of the films revealed that Zn-deficiency was observed in all 

CZTS thin films due to high vapor pressure of Zn. The XRD pattern of CZTS films showed diffraction peaks of 

kesterite CZTS phase regardless of the annealing pressure. In addition, minor peaks related to ternary CTS 

phase was observed in all films. Raman spectra of the films confirmed formation of kesterite CZTS phase and 

presented some other extra phases such as SnS2 and Cu2-xS for some films. Overall, it was observed that all 

samples suffer from Zn-deficiency, however after more optimization process CZTS-40 may the most promising 

properties for solar cell applications. 

 

Keywords: Cu2ZnSnS4 (CZTS), Thin film solar cell, Sputtering, Annealing pressure 
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1. Introduction 

     Thin film solar cell is the second-generation 

technology in the PV industry. Several different compounds 

have been used so far in this technology, such as amorphous 

silicon, CdTe and Cu (In, Ga)Se2 (CIGS). Amongst these 

compounds, both CdTe and CIGS based solar cells have 

already reached 22.1% and 23.35% conversion efficiency [1, 

2]. However, toxicity of Cd and scarcity of In and Ga may 

limit further development of such kind of thin film solar 

cells. Therefore, Cu2SnZnS4 (CZTS) thin film has been 

shown as an alternative material to CdTe and CIGS 

materials because it has earth-abundant  and environmental-

friendly materials (Cu, Zn, Sn, S), p-type conductivity and 

superior optical properties that are direct band gap of 1.4-1.5 

eV and high absorption coefficient (≥ 104 cm-1) [3]. 

Although Shockley-Queisser theoretical limit for CZTS-

based solar cell is above 30%, the current record efficiency 

is still 12.6% [4]. The underlying reason for the gap between 

the theoretical limit and reported efficiency may be 

attributed to several parameters such as composition of the 

films [5, 6], sulfurization temperatures and dwell time of 

reactions [7, 8], stacking order of the precursor layers etc [9, 

10]. Therefore, growth parameters of CZTS thin film are 

extremely important in terms of the quality of the films. The 

CZTS thin films are usually prepared either using vacuum 

based methods such as DC and RF magnetron sputtering 

[11], thermal evaporation [12], e-beam evaporation [13], 

pulsed laser deposition (PLD) [14] or non-vacuum required 

methods such as spray pyrolysis [7], dip-coating etc. [15]. 

Sputtering method is widely used for fabrication of CZTS 

thin films because it is feasible for large-scale fabrication, 

easy to control deposition parameters such as thickness, 

pressure etc. and enablement for homogenous thin film 

fabrications.  

In this study, effect of the sulfurization pressure on 

the properties of CZTS thin films were studied. A new 

stacking order (Cu/Sn/ZnS/Cu) was proposed at the first 

time by own research group and utilized in this study. The 

compositional, structural, optical, and electrical properties of 

prepared samples were discussed in detail.  

2. Experimental details 

Metallic Cu, Sn and ZnS layers were deposited 

using DC and RF magnetron sputtering in a determined 

tacking order. DC power source was used for Cu, RF power 

source was used for Sn, and ZnS sputter targets. High purity 

Cu (5N), Sn (4N) and ZnS (4N) targets were used for film 

deposition. Sputtering chamber was evacuated to 10-6 torr in 
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advance deposition process. Sputter deposition of the films 

were performed under 10-3 torr operating pressure. Major 

part of Cu and Sn was co-sputtered on glass substrate with a 

substrate temperature of 200 °C as to obtain CuSn alloy. In 

this way, it was aimed to prevent Sn-loss from CZTS 

compound. The ZnS and Cu layers were deposited 

sequentially on top of CuSn alloy to form 

Glass/CuSn/ZnS/Cu metallic precursor film.  

The precursor films were then annealed in graphite 

box with placing high purity (99.98%) elemental sulfur near 

the precursor as to convert metallic films to CZTS structure. 

The tubular furnace was heated to reaction temperature (550 

°C) and then samples were pushed to the heating zone as to 

simulate rapid thermal processing. Before the sulfurization 

process, the furnace was evacuated roughly with aid of 

pump then different amount of mix gas (95%Ar+5%H2) was 

sent and the precursor films were sulfurized. The sulfurized 

samples were denoted according to employing gas. For 

example, CZTS-20 represents the sample sulfurized under 

20 sccm of 95%Ar+5%H2 gas mixture (see Table 1).  

 

Table 1. Growth parameters of CZTS thin films. 

. 
 

Sample ID 
 

Stacking Order 
Temperature 

& 
Time 

Ar+H2 
(sccm) 

CZTS-0  
 
 

Glass/CuSn/ZnS/Cu 

 
 
 

550 °C, 3 min 

0 

CZTS-20 20 

CZTS-40 40 

CZTS-60 60 

CZTS-80 80 

CZTS-100 100 

 

Chemical composition of the films was determined 

using Oxford Instruments Inca X-act energy dispersive X-

ray spectroscopy (EDX) system. The crystal structure of the 

films was investigated using RigakuSmartLab 

diffractometer with a CuKα radiation source (λ= 1.5405 Å). 

In order to confirm formation of kesterite CZTS phase and 

other phases Renishaw inVia Spectrometer was employed 

for Raman spectroscopy using an excitation wavelength of 

633 nm.  

 

3. Results and discussion: 

 

The atomic percentage and atomic ratio of 

precursor (CuSn/ZnS/Cu) and CZTS thin films were listed 

in Table 2. As can be seen in the table, precursor film 

showed Cu-poor (Cu/(Zn+Sn) ˂1) and Zn-rich (Zn/Sn˃1) 

composition and small value of S/Metal atomic ratio due to 

ZnS prior the sulfurization process.  After reaction of the 

samples under 0, 20, 40, 60, 80 and 100 sccm of 

95%Ar+5%H2 mix gas, the atomic ratio of the samples 

showed remarkable variation in their atomic ratio. As shown 

in the table, with increasing the annealing pressure Zn-loss 

was observed in all composition of the samples (see Table 

2). This situation may be explained by high vapor pressure 

of Zn [16].  

The XRD patterns of CZTS thin films grown under 

different annealing pressures were displayed in Figure 1. As 

can be revealed in the figure, irrespective of the annealing 

pressures, all of the films displayed diffraction peaks at the 

estimated locations  of CZTS (112) (2θ= 28.44°), (220/204) 

(2θ= 47.31°), and (312/116) (2θ= 56.17°) (JCPDS 26-0575) 

planes [17]. In addition to kesterite CZTS phase, two extra 

small peaks were observed in vicinity of 2θ= 14.75°, 34.50° 

that are attributed to formation of CuSn3.75S8 (JCPDS 01-

066-2266).  

 

Table 2. Atomic ratio of precursor and CZTS thin films 

prepared under different annealing pressures. 

 
 

Sample 

Atomic ratio 

 Cu/(Zn+Sn) Zn/Sn S/Metal 

CuSn/ZnS/Cu 0.98 1.19 0.24 

CZTS-0 1.10 0.84 0.94 

CZTS-20 1.13 0.75 0.95 

CZTS-40 1.19 0.67 0.94 

CZTS-60 1.18 0.52 0.98 

CZTS-80 1.30 0.54 0.98 

CZTS-100 1.15 0.77 0.96 

 

Overall, except minor peaks related to ternary phase all 

samples displayed almost pure CZTS crystal structure. 
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Fig.1: XRD pattern of CZTS thin films. 

 

Some phases have similar diffraction patters with 

each other. Since CZTS (JCPDS 26-0575), ZnS (JCPDS 05-

0566) and Cu2SnS3 (CTS) (JCPDS 027-0198) phases have 

similar XRD patterns, Raman spectroscopy of the samples 

was taken as a complementary technique as to distinguish 

these phases and confirm  existence of kesterite phase. 

Figure 2 presents Raman spectra of CZTS thin films 

prepared employing various annealing pressures. 

 

 
 

Fig.2: Raman spectra of CZTS thin films prepared in this study. 
 

 

As can be seen in the figure, irrespective of the 

sulfurization pressure, all of the Raman spectra are 

dominated by a strong peak located around at 338 cm−1 that 

is attributed to kesterite CZTS phase [18]. Other 

characteristic peaks of CZTS phase were also marked in the 

figure. In addition to kesterite CZTS phase, some extra 

phases were also detected such as CTS, SnS2 and Cu2-xS 

phases. Only CZTS-40 showed almost formation of pure 

kesterite CZTS phase.    

 

Conclusions 

 

In this study, CZTS thin films were grown 

successfully by a two-stage method includes sputter 

deposition metallic films followed by sulfurization process 

under different annealing pressures. EDX measurements 

showed that all CZTS thin films suffer from Zn-deficiency 

due to the high vapor pressure of Zn. XRD measurements 

revealed that regardless of the annealing pressure, all 

samples showed diffraction peaks of kesterite CZTS 

structure. Also, ternary CTS phase was observed in all films. 

Raman spectra of the samples confirmed formation of CZTS 

phase and extra some secondary phases such as CTS, SnS2 

and Cu2-x S. Overall, although all CZTS samples 

displayed Zn-deficiency, CZTS-40 thin film may present 

more promising results after optimization of the 

sulfurization process. 
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With its remarkable properties such as a high optical transparency, conductivity, flexibility and durability, graphene 

has become one of the most attractive materials in recent years. Graphene layers can be obtained via various 

techniques; however, growing graphene through chemical vapor deposition (CVD) technique provides large-scale 

single layer graphene with high homogeneity. Besides many good properties, graphene has  some drawbacks like 

high sheet resistance and missing energy band gap. The sheet resistance of the graphene is higher than its rival 

that is indium tin oxide (ITO). In order to employ graphene as transparent conductive electrode in many 

optoelectronic applications, the sheet resistance somehow should be lowered to be competitive with the ITO. In 

order to overcome this issue, doping the graphene layer can be employed. Thus, in situ doping was performed 

using ammonia in this study. The nitrogen doped graphene was synthesized using different growth recipes and 

was characterized using Raman spectroscopy and contactless sheet resistance and transmission measurement 

system.  

Keywords: Graphene, ITO, PVD, CVD, n-doped graphene 
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1. Introduction 
 
Graphene has been one of the most attractive 

materials so far in literature. It has high 

transparency, high durability, high conductivity and 

these aspects make it versatile for large scale 

applications. Besides good properties, it has some 

drawbacks such as missing band gap and high sheet 

resistance [1]. Graphene can be used as a 

transparent conductive oxide (TCO) layer; 

however, high sheet resistance and missing band 

gap restrict graphene usage in electronic 

applications. Indium tin oxide (ITO) is traditionally 

used as TCO for optoelectronic applications. 

However, due highly to its brittleness and high cost, 

new TCO materials are investigated [2, 3]. Besides 

the drawbacks of ITO, it has low sheet resistance in 

comparison to the single layer graphene. Thus, the 

sheet resistance of graphene should be lower to be 

able to be used as TCO. There are a few methods 

for the decrease of graphene sheet resistance. These 

are multi-layer graphene synthesis and doping that 

could decrease the sheet resistance but meanwhile, 

some of the good properties such as transmission 

would be lost [4].  

 

 

There are a few methods for graphene synthesis 

such as mechanical exfoliation, chemical 

exfoliation and chemical vapor deposition (CVD). 

One of the most widely used method is CVD 

because CVD provides large scale single layer 

graphene growth with high homogeneity [5]. 

 

To this end, in this research, a systematical study 

has been conducted regarding graphene and ITO 

fabrication to investigate sheet resistance of the 

films and their comparison. Graphene doping has 

been conducted in order to lower the sheet 

resistance of the graphene film. So, the doped 

graphene films were grown using ammonia (NH3) 

with different recipes on copper substrates in the 

CVD furnace to find out the effect of the doping 

and growth process on the sheet resistance. 
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Additionally, ITO thin films with different 

thicknesses were obtained on glass substrates via 

physical vapor deposition (PVD) system. Then, the 

synthesized doped graphene and ITO films were 

characterized to find out the sheet resistance and 

optical transmittance. 

 
2. Experimental details 
 
In the present study, graphene was grown on 25 µm 

polycrystalline copper by CVD method. CVD 

system consists of 3-zone furnace along with 6 

mass flow controller (Fig.1.). Pristine and doped 

graphene synthesis were conducted using this 

system. Standard pre-cleaning (acetone, deionize 

water, isopropyl alcohol) was used to abolish any 

possible contamination from copper surface that 

could hinder the growth of the graphene films. High 

purity (%99,9995) Methane (CH4)  was used as 

carbon source and high purity (%99,9999) 

Hydrogen (H2) was used for decomposition at 

elevated temperature (1000°C).  

 

Doped graphene films were grown by ammonia 

(NH3) with different flow rates in addition to 

methane and hydrogen gases on the polycrystalline 

copper substrates. 
 

 
 

Figure 1. CVD system used to synthesize of 
graphene 

 

 
The PVD system was used for coating of ITO on 

glass substrate. 20, 40, 60, 80, 100 nm thick ITO 

films were coated at room temperature onto pre-

cleaned glass substrates. The base pressure of the 

system was about 1x10-7 mbar. The sheet resistance 

and optical transmission measurements were 

conducted using contactless sheet resistance and 

transmission measurement system. 

 
 

 
 
 
 
 
 

 
 

Figure 2. PVD system for coating ITO onto 
glass 

 
3. Results 
 

The sheet resistance of the ITO films was measured 

and the results were compared for different film 

thicknesses. The sheet resistance was observed to 

decrease with  the increase of ITO film thickness. 

On the other hand, optical transmission decreased 

with increasing ITO film thickness. 80 nm ITO was 

determined as optimum film thickness to be 

employed as TCO.  

Then NH3 doped graphene was synthesized. 

Different NH3 flow rate was used for doped 

graphene synthesis. Raman spectra of the doped 

graphene films was given in Figure 3. The graphene 

quality was decreased with the increase of NH3 

flow. 5 sccm NH3 flow was determined as optimum 

flow rate for the synthesis of single layer doped 

graphene. Later, the doped graphene was 

transferred onto 80 nm ITO coated substrate. 

 

The sheet resistance of the single layer doped 

graphene films have been found to be around ~350 

Ω/sq with approximately 93% optical transmission. 

Still, ITO sheet resistance values were between 30 

and 300 Ω/sq for different ITO thickness. While the 

sheet resistance increased with the decreasing 

thickness of the ITO film, the optical transmission 

improved. 
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Figure 3 Raman spectroscopy of NH3 doped 
graphene 

 
4. Conclusion 
 
ITO films with different thicknesses were 

successfully fabricated using PVD system and the 

sheet resistance of the films was measured. 

Simultaneously, large-scale single layer NH3 doped 

graphene was synthesized and characterized. Based 

on the comparison between doped graphene and 

ITO, it can be concluded that graphene can be used 

as TCO. In addition, ITO and graphene can be used 

together on top of each other as hybrid electrode for 

opto-electronic applications. 
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SnS thin films were prepared by annealing treatment of deposited films via RF magnetron sputtering technique in sputtering 

chamber using various annealing temperatures (225, 300, 375 °C). Chemical composition of SnS thin films displayed 

remarkable variations after annealing treatment especially at above 300 °C temperature that sulfur loss was observed. XRD 

pattern of samples showed formations of orthorhombic structure of SnS phase. However, lattice constant values of samples 

annealed below 375 °C showed more proper results with subject to theoretical value.  
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1. Introduction 

Limited supply of In, Ga and toxicity of Cd have 

been demonstrated as a big problem for further development 

of Cu (In, Ga)Se2 (CIGS) and CdTe based solar cells though 

they have conversion efficiency above 20% [1]. Cu2SnZnS4 

(CZTS) thin film has emerged as a new and alternative 

material in place of CIGS due to the fact that it has similar 

crystal structure with CIGS and has suitable optical and 

electrical properties such as direct band gap of 1.4-1.5 eV, 

high absorption coefficient (≥ 104 cm-1) and p-type 

conductivity [2]. However, the maximum conversion 

efficiency of CZTS based solar cell has been achieved by 

12.6% so far [3, 4]. Low conversion efficiency may be 

attributed to several reasons. One of the most important 

reason mentioned amongst these reasons is formation of 

different secondary phases because CZTS compound 

consists of at least four different material (Cu, Zn, Sn, S). 

Therefore, another alternative and promising material, tin 

sulfide (SnS), has been extensively studied recently. SnS 

thin film is binary compound includes less kind of material 

and has suitable optical and electrical properties for solar 

cell applications such as band gap of around 1.3 eV, high 

absorption coefficient (≥ 104 cm-1) [5, 6] and p-type 

conductivity [7].  

Fabrication of SnS thin films have been reported 

via several different techniques such as sputtering [8], 

thermal evaporation [9], spray pyrolysis [10] etc. The 

theoretical conversion limit for SnS-based solar cell is 

higher than 30% [11], however the current record efficiency 

is comparatively  

 

 

too low (4.36%) [12]. The underlying reason for the gap 

between these values can be attributed to several reasons 

such  

as composition of the films, improper annealing parameters 

etc. Therefore, growth parameters of SnS thin films should 

be optimized as to improve conversion efficiency of SnS 

based solar cell. Several different optimization studies 

performed in the literature. For example, effect of substrate 

temperature, annealing temperature and time, composition 

of the films etc.  

In this study, effect of in-situ annealing temperature 

(room temperature (RT), 225, 300, 375 °C) performed in the 

sputtering chamber after deposition of SnS films under 

vacuum atmosphere on the properties of SnS thin films was 

investigated. 

2. Experimental details 

SnS thin films were prepared by RF magnetron 

sputtering using high purity SnS target (4N). Before 

deposition process, the glass substrates were cleaned 

sequentially in methanol, aceton and distilled water using 

ultrasonic cleaner. Then, glass substrates were dried under 

flow of nitrogen gas. The base pressure and operating 

pressure of sputtering chamber were 10-6 and 10-3 torr 

respectively. After deposition of the SnS thin films, heater 

placed behind the samples on and samples annealed for 5 

min  and then left to natural cooling. The samples were 

denoted according their annealing temperature. For example, 

SnS-AD represents the sample obtained at room temperature 

and SnS-225 represents the sample annealed at 225 °C (see 

Table 1).  
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Table 1. Growth parameters of SnS thin films. 

 

Chemical composition of the films was determined 

using Oxford Instruments Inca X-act energy dispersive X-

ray spectroscopy (EDX) system. The crystal structure of the 

films was investigated using Rigaku-SmartLab 

diffractometer with a CuKα radiation source (λ= 1.5405 Å).  

 

3. Results and discussion: 

 

The Sn/S atomic ratio and its variation with respect 

to temperature was  shown in Figure 1. As can be seen in the 

figure, Sn/S atomic ratio values showed variation from 1.04 

to 1.22 with increasing the annealing temperature from room 

temperature to 375 °C. It was seen that as the annealing 

temperature increased especially above 300 °C, remarkable 

S loss was observed in the sample (see Figure 1). Therefore, 

fabrication of SnS thin films under vacuum conditions might 

be optimized between 300 and 375 °C temperatures for 

obtaining desired composition. 

Fig. 1: Variation of atomic composition subject to annealing 

temperatures. 

 

XRD pattern of SnS thin films obtained using 

different annealing temperatures were displayed in Figure 2. 

As can be seen in the figure, regardless of annealing 

temperature all annealed samples displayed preferential 

orientation along the (111) plane of orthorhombic phase of  

 

Fig. 2: XRD pattern of SnS thin films prepared in this study. 

 

 

SnS (JCPDS 39-0354). Other diffraction of this phase 

marked in the figure. Only SnS-AD sample revealed 

amorphous structure due to not applying any annealing 

treatment hence crystallization was not occurred.  

 Lattice constants of these samples were calculated 

and compared with theoretical values as to determine the 

optimum annealing temperature. The calculated and 

theoretical values for lattice constants were listed in Table 2.  

 

Table 2. Lattice constant values of SnS thin films. 

 

Sample a(A°) b(A°) c(A°) 

 RT - - - 

 225°C 4.247 11.297 4.024 

 300 °C 4.287 11.278 4.051 

 375 °C 4.190 11.412 4.022 

Theoretical  4.329 11.192 3.984 

 

As shown in Table 2, lattice constant values of 

prepared SnS thin films are very close to theoretical values 

regardless of the annealing temperatures. However, the 

annealed samples below the 375 °C had closer values. 

This situation might be explained by variation in 

composition of films. 
 

 

Conclusions 

Sample 
Annealing Temperature 

& Time 

SnS-AD - 

SnS-225 225 °C, 5 min 

SnS-300 300 °C, 5 min 

SnS-375 375 °C, 5 min 
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In this study, SnS thin films were fabricated 

successfully via RF magnetron sputtering that thin films 

were deposited on glass substrates and in-situ annealing 

treatment was exposed at different temperatures. EDX 

measurements showed that annealing temperature above 300 

°C gave rise to notable S-loss in the samples. XRD 

measurements showed that orthorhombic SnS phase 

was formed regardless of the annealing temperature. 

However, increasing the annealing temperature above 

300 °C may cause more deviation in lattice constant 

values with respect to theoretical  values. 
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In order to use electronic devices more efficiently and safely, they need to be cooled down. Many heating and cooling applica tions 

benefit from using thermal energy storage in phase change materials (PCM). The basic purpose of this study is to develop 

microencapsulation of phase change materials with poly(melamine-urea-formaldehyde) (PMUF) shell which can be used in 

electronics cooling applications with appropriate melting temperature. Lauric acid and PMUF were used as capsule core and shell 

material respectively. Microcapsules were prepared with in situ polymerization method. The thermal properties of composites were 

analyzed using Differential scanning calorimetry (DSC) analysis. PMUF microcapsules were prepared successfully and can be 

used as energy storage material in thermal energy storage applications.  Thanks to the use of prepared microcapsules in electronic 

devices, the cooling load of the device can be reduced and a safer and more efficient use can be achieved. 

 

Keywords: Phase Change Material, Microencapsulation, Thermal Energy Storage, Lauric acid, electronical cooling. 
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1. Introduction 
 

 According to U.S. Air Force service, more than 

55% of the disorders that occur in electronic devices are 

caused by the rise in temperature during use. In addition, 

users feel uncomfortable when the used electronic devices 

reach a temperature above 45 °C. For this specific reason, 

studies on the cooling of electronic devices have become 

important in recent years. 

 Thermal Energy Storage advantages of phase 

change materials (PCM) are considered in increasing of 

productivity of heating and cooling applications [1-3]. In 

order to prevent leakage problem in thermal energy storage 

applications, the PCMs microencapsulated in different shell 

materials [4-10]. 

 In our previous studies polyMUF was used as shell 

material during microencapsulation of decanoic acid [11] 

and pentadecane [12].  

 In this study; the lauric acid microcapsules with 

polyMUF was developed for electronic cooling 

applications.  

Microcapsules were analysed for their form stability and 

thermal properties using DSC. 

 

2. Experimental details 

 

 Lauric acid with purity above 98.0% was used as 

PCM without any further purification. The properties of 

lauric acid was presented in Table 1. Melamine, urea and 

formaldehyde were used as monomers of capsule shell 

material. 

 

Table 1. Properties of lauric acid 
Molecular Formula C12H24O2 

Molar mass 200.32 g/mol 

Appearance(color) white 

Melting Point 43-44 oC 

 

 Lauric acid microcapsules (Table 2) were 

fabricated with the one step-in situ polymerization process 

technique (Konuklu et al; 2014). Lauric acid 

microcapsules were aanlysed for their thermal properties 

using DSC.  

 In order to determination of leakage of composites; 

the water bath at 95 ºC was used in a for 45 min [11]. 

 

Table 2.  Information about preparation of 

microcapsules  
Sample LA Melamine Formaldehyde 
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FD85 20g 2,30g 2,30g 

FD86 24g 2,30g 2,30g 

FD87 28g 2,30g 2,30g 

 

 

 

3. Results and discussion 
 

In this study LA/polyMUF microcapsules were developed. 

Fig. 1. presents the digital photos of the microcapsules at 

room conditions.  As can be seen clearly; the prepared 

microcapsules are in the white powder form. 

 

  

a b 

 

c 

Fig.1. Photos of microcapsules at a) FD85 b)FD86 

c)FD87 

 Thermal resistance test results of microcapsules 

were evaluated due to their leakage free powder forms and 

usable form stable conditions. Fig. 2-4 shows photographs 

of microcapsules heated at 95oC after 60 min. As can be 

seen in this photo after thermal resistance test the 

microcapsules show good heat resistance without PCM 

leakage. 

 

   

a b c 

Fig.2. Thermal resistance test a) FD85 b)FD86 c)FD87 

 

The thermal properties of lauric acid and 

microcapsules were determined by DSC.  The heating and 

cooling thermograms of LA microcapsules are presented 

in Figs. 3-5 and all DSC results are summarized in Table 

2.  

 

 

 

 
Fig. 3. DSC analysis of FD85 

 

 

 
Fig. 4. DSC analysis of FD86 
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Fig. 5. DSC analysis of FD87 

 

Table 3. DSC analyses of LA and LA microcapsules 

 
The melting and freezing temperatures of lauric 

acid were 43.66 ºC and 40.98 ºC, respectively. LA 

microcapsules FD85, FD86 and FD87 have 

melting/freezing temperatures of 42.54 ºC,37.99; 42.72ºC, 

38.21 and 42.56 ºC, 37.20 ºC, respectively. Furthermore, 

the latent heats of melting and freezing are determined 

196.61/-205.19 J/g for LA, 140.79/-145.94 J/g for FD85, 

157.05/-157.12 J/g for FD86 and 158.51/-159.82 J/g for 

FD87 respectively. Higher ratios of LA caused higher latent 

heat storage capacity. 

 

 

4. Conclusion 
 

 In this research, lauric acid microcapsules for were 

synthesized and characterized. Higher ratios of PCM 

caused higher latent heat storage capacity. Microcapsules 

obtained in this study is suitable for thermal energy storage 

applications especially for electronic cooling applications.  

 The overheating of the mobile phones not only 

shortens their lifetime but disturbs the users during use. In 

further studies; thanks to the use of developed micro-nano 

capsules in electronics, the cooling load of the device can 

be reduced and a safer and more efficient use can be 

achieved. 
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(◦C) 

Tem 

(◦C) 

Hm 

(j/g) 

Toc 

(◦C) 

Tpc 

(◦C) 

Tec 

(◦C) 
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Based Implant Materials 
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Titanium and titanium alloys are widely used as implant materials. These alloys can very well bond with the bone 

without a fibrous intermediate surface layer. Different types of dental and medical prostheses have been 

developed and continue to be developed by utilizing the various characteristics of titanium and titanium based 

alloys. This study covers general characterization of titanium and titanium alloys, application types, surface and 

interface properties of implants and various implant manufacturing techniques. Based on titanium as the base 

metal in implant applications, a comparison was made in order to see the positive and negative aspects of the 

alloying with different metals. Titanium has a very important place among implant materials used to date. A lot of 

research has been done on the biological compatibility of titanium with bone and its reliability has been proved. 

The major disadvantage of titanium is the reflection of its gray color under the mucosa. Therefore, non-metallic 

implants or hybrid implants have been developed in order to eliminate the aesthetic concern especially in the loss 

of anterior teeth. In this context, the recent researches on titanium and its alloys have been examined and 

recommendations have been made on future researches 

Keywords: Titanium, Mechanic, Implant, Alloy 
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1. Introduction 

Tissues or organs may become incapacitated due to damages 

in living organisms. In order to make the damaged areas re-

functional,  real-like tissue or organ are produced instead of 

the bone damaged during surgery. These artificial bodies 

that are manufactured to fulfill the function of damaged 

tissue or organ are called implants. Implants are used in 

defective areas to treat bone structure disorders in patients  

due to congenital diseases, cancer, trauma, accident and so 

on [1]. In the selection of the implant material, it is 

necessary to consider the mechanical and biological 

properties of the bone as well as the physical conditions 

where the implant will be applied [2]. 

In the materials to be used as biomedical implant material; 

some properties such as lack of or little toxic elements, 

mechanical properties suitable for human tissue (such as 

bone), biocompatibility, corrosion and abrasion resistance 

are important. Stainless steel, Co-Cr alloys, pure Ta, pure 

Nb, Ti and Ti alloys are used as the most suitable metallic 

biomaterials with these properties. Among these materials, 

Ti and its alloys are preferred over other materials in terms 

of their biocompatibility, corrosion resistance and 

mechanical properties [3]. Titanium metal has an allotropic 

structure. Above 882 °C, it is on the β-phase (volume-

centered cubic), below this temperature it is on the α–phase 

(hexagonal) structure. Apart from these equilibrium phases, 

non-equilibrium phases (αı , αıı, ω) may occur depending on 

alloy ratios and cooling rate variables. αı (hexagonal 

martensite), αıı (orthorhombic martensite) phases are formed 

by rapid cooling from β phase. The ω (hexagonal structure) 

phase is formed by slow quenching from the β phase or by 

aging at an average temperature [4]. Among these phases, 

the phase with the lowest elastic modulus is the semi-stable 

β phase and the phase with the highest elastic modulus is the 

ω phase [5]. Based on the amount of alloying elements, β-Ti 

is formed (as a result of quenching or air cooling). In stable 

alloys, there is no phase conversion by thermomechanical 

processes, whereas in semi-stable β, α precipitation or other 

transformations may occur [6]. Pure Ti is commonly used in 

dental implants, but it is insufficient when high strength is 

required, such as hard tissue replacement. To overcome this 

limitation, pure Ti has been replaced by α + β type Ti-6Al-

4V [7]. The small amount of aluminum and vanadium added 

to the titanium increases the resistance of the alloy 

considerably more than the CpTi. While aluminum acts as 

α-stabilizer, vanadium plays a role in β-stabilization. By 
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adding these elements to titanium at the temperature at 

which the α-β transformation occurs, the transformation is 

suppressed and in this way both α- and β-forms are formed 

at room temperature. Therefore, titanium aluminum-

vanadium (Ti-6Al4V) alloys  have a two-phase structure of 

α and β grains. These alloys are still the most widely used 

biomaterials among different titanium alloys because they 

are easily obtainable, suitable for working conditions and 

have strong mechanical properties at low temperatures [8,9]. 

In addition to its mechanical properties, titanium is known to 

have excellent corrosion properties due to its very stable 

passive film layer which forms rapidly on the metal surface 

[10]. 

Titanium, as an extremely biocompatible metal, does not 

cause allergic reactions and is a relatively radiolucent 

element [11]. On the other hand, the elastic modulus of 

titanium is closer to the elastic modulus of the bone than 

other implant materials, so the force distribution on the bone 

implant surface is more regular.8 Although titanium 

implants are thermodynamically stable, small amounts of 

ion release appears. It is known that titanium released as a 

result of corrosion is well below the values of titanium taken 

with food [12]. Mechanically, titanium bends more easily 

than titanium alloys. Today, Ti-6Al-4V alloy is generally 

used in implant applications. The normal root-form treated 

titanium implants are approximately 1.5 times stronger than 

the compact bone and the treated Ti-6Al-4V alloy is 6 times 

stronger than the compact bone. Therefore, it allows designs 

of thinner cross-section [13]. 

2. Results and discussion: 
 
When we investigate the reasons for using Titanium as a 

biomedical implant material, followings are the highlighted 

features: 

 

 

 It does not cause allergic reactions as a 

biocompatible material 

 It has good corrosion resistance (The passive film 

layer formed on the surface of titanium prevents 

corrosion) 

 It has outstanding mechanical properties 

 It is dvantageous depending on usage by 

experiencing different structures at different 

temperatures 

 The fact that the elastic modulus of the titanium is 

close to the elastic modulus of the bone has 

highlighted the use of Ti. 

 

In Table 1, sample numbers, trade name and composition of 

the material according to titanium ratios are given. 

Table 1. Sample numbers, trade name and compo- sition of 

the material according to titanium ratios. 

Sample Name on 

production line 

(Sorted by 

titanium ratio) 

Alloy of Material 

1 Grade 1 Ti 

2 Grade 9 Ti,Al,V 

3 Grade 19 Ti,Zr,Cr,Mo 

4 Grade 12 Ti, Ni 

5 Grade 6 Ti,Sn 

6 Grade 21 Ti,Nb 

7 Grade 30 Ti,Co 

8 Grade 7 Ti,Pb 

 
 

In this research, our studies to add superior properties to the 

implant materials as a result of the alloying of titanium are 

presented in graphs.  

 

When we examine Ti alloys in Brinel hardness which form 

many implant materials by making compound with different 

metals, in the graph given in Figure 1; it is seen that titanium 

and niobium (Nb) alloy is the hardest alloy with 365 HB in 

terms of hardness values, it is followed by Ti-Zr-Cr-Mo 

alloy with 350 HB. Ti-Pb alloy has the lowest value 

(155HB). Depending on the area to be used, the shape of the 

implant and the forces to be exposed in that area rather than 

the high or low hardness value are important for the titanium 

alloy to be used. 

 

 
Figure 1. Graphs of Brinell Hardness of the Samples 

 

When we examine the Elastic modulus of implant alloys in 

Figure 2, it is seen that Ti-Nb alloy is different from other 

alloys and the other alloys are between 100-130 Gpa. The 

properties and elasticity of the bone in the region where the 

implant is used is very important. Because one of the 

reasons for preference of titanium alloy is that the bone has 

a value close to its elasticity. 
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Figure 2. Elastic Module Graphs of the Samples 

 

Titanium alloys are hard-structured so they are not 

expected an elongation at break. The elongation at break is 

determined to decrease after titanium alloying with (Ti-Pb, 

Ti-Co, Ti-Ni). (Figure 3) This has resulted that by increasing 

the hardness of all the metals alloying with titanium, alloy 

becomes harder than titanium and it shows no elongation at 

break.  

 

 
Figure 3. Graphs of Elongation at Break of the Samples 

 

It is seen that Nb and Zr-Cr-Mo added to titanium increase 

the density in the alloy (540 MPa). The reason for the 

increase in density is due to the fine grain structure (Figure 

4). 

 

 
Figure 4. Density Graphs of the Samples 

 

As a result of the alloying of titanium, an increase in the 

area of the material has been observed in general (Figure 5). 

This shows us that the reduction of the 38% area in the 

production of titanium can be seen as a result of alloying. 

 

 
Figure 5. Area Decrease Graphs of the Samples 

 

As a result of the torsion test applied to the titanium alloys, 

it is seen that with the moment and  the material with equal 

diameter, the shear modulus has the highest value in Ti-Nb 

alloy with 52 Gpa (Figure 6). 
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Figure 6. Shear Modulus Graphs of the Samples 

 

As a result of the tensile tests applied to the titanium alloys, 

when we examine the graph shown in Figure 7, it is seen 

that the elastic and plastic deformation of the Ti-Nb and Ti-

Zr-Cr-Mo alloys have the highest strength with 890-880 

Mpa tensile strength and pure titanium has the lowest one 

with 240 Mpa tensile strength. This shows that alloying of 

titanium with some metals positively affects the tensile 

values. 

 
Figure 7. Tensile Strength Graphs of the Samples 

 

Since the melting degree of niobium is 2477 0C, the Ti-Nb 

alloy has a melting degree of around 1750 0C, but in Figure 

8 it is seen that the other alloys have similar melting 

degrees. 

 

 
Figure 8. Melting Degrees Graphs of the Samples 

 

The specific heat capacity of the steel is 450-480 J / kg ° K, 

the specific heat capacity of copper is 385 J / kg ° K and the 

specific heat capacity of aluminum is 900 J / kg ° K. These 

show that Titanium alloys are between 490-550 J / kg ° K in 

terms of heat transfer. The graph in Figure 9 shows that 

unalloyed titanium's is 530 J / kg ° K. 

 

 
Figure 9. Specific Heat Graphs of the Samples 

 

The electrical conductivity of titanium alloys is between 3.5 

- 4.4 IACS. When Sn and Al whose melting degrees are low 

are added the value decrease can be seen in Figure 10. 
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Figure 10. Electirical Conductivity Graphs of the Samples 

 

 

 

 
Conclusions 
 

In this study we investigate what kind of positive changes 

appear when we alloy Titanium, which is the first metal that 

comes to mind when we say implant material, with different 

metals, we obtain following results: 

• Many Titanium alloys add favorably different properties. 

• Ti-Nb and Ti-Zr-Cr-Mo alloys are found to be 

mechanically good alloys. However, it should be calculated 

that the size of the implant and details during processing 

may complicate the production. 

• The location and shape of the implant impose restrictions 

on the use of alloys. 

• Although mechanically compatible alloys are formed, they 

should be bioavailable and allergically investigated. 

• The Ti-6Al-4V alloy used as a dental implant is hard and 

has good mechanical propertiesalthough it has Al. 

As a result, in this study, since we have formed many alloys, 

many mechanical advantages have been determined. In the 

selection of the implant, it has been determined that not only 

the mechanical properties of a material, but also the 

biocompatibility, place of use and shape should be taken 

into consideration. 
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Investigation of Electrical and Structural Properties of ZrO2 Thin Films 
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ZrO2 thin films was deposited on Si substrate by RF magnetron sputtering. The micro structural analyses of thin films were done by 

Scanning Electron Microscope and it was observed that the films were grown successfully in the form of big grains formed by the 

accumulation of small particles. The frequency dependent electrical properties of ZrO2 thin films has been investigated using 

capacitance–voltage (C–V) and conductance–voltage (G/ω–V) characteristics in the frequency range 120 kHz–400 kHz in the room 

temperature. Obtained results show that C–V and G/ω–V characteristics strongly depend on the frequency. 

Keywords: ZrO2, Dielectric Properties 

*Corresponding E-mail: burhan.coskun@klu.edu.tr 

1. Introduction 
 

ZrO2 has been very important for researchers in 

recent years with its interesting physical properties. It is a 

heat resistant material with excellent insulation and ceramic 

properties. It is extremely resistant to corrosion, erosion and 

abrasion. Having high dielectric constant (18-25), high 

melting point (2680 ± 15 ºC), high chemical stability and 

wide band range (4,7eV-7,8eV), ZrO2 has become one of the 

most studied materials for the last twenty years. It has 

brought. It is a good material especially for metal oxide 

semiconductors (MOS). It has many desired properties such 

as high thermal stability, high refractive index and low 

thermal conductivity. ZrO2 is an allotropic ceramic material. 

Pure ZrO2 has a polymorph structure which can be found in 

monoclinic (m), tetragonal (t) and cubic (c) forms at 

different temperatures [1-4]. 

 

2. Experimental details 
 

In this study, one side polished (100) oriented n-type 

semiconductor Silicon (Si) substrate material with 

dimensions of 20x20 mm2 on which ZrO2-1 and ZrO2-2 thin 

films were investigated was used. In order to prevent 

scratching, contamination and damage, no chemical cleaning 

was applied to the infrastructure. After the Si (100)  

Substructures were placed in the film growth chamber, the 

cover of the growth chamber was closed and the system was  

 

vacuumed. When the base pressure fell below 1.10-7 Torr, 

the butterfly valve was closed and Argon gas was introduced 

into the film growth medium. The power value from the RF 

power supply unit was set to 125 W and pre-sputtering from 

the Zirconium target surface for 5 minutes. After this pre-

sputtering and heating process, ZrO2-1 and ZrO2-2 thin films 

were applied at a constant substrate temperature of 200 oC 

using a Reactive RF Magnetron Sputtering technique, at a 

power value of 125 W and a magnification rate of 0.4Å / s. 

Si (100) was raised on infrastructures. 

 

3. Results and discussion 
 
The SEM image showing the surface morphology of the 

ZrO2-1 and ZrO2-2 sample is shown in Figure 1 a, b. As 

shown in Figure 1a, b the surface structure of the ZrO2 

sample consists of pellets and cavities of different sizes. The 

average size of the pellets was determined to vary in the 

range of ~ 120-280 nm. Similar agglomeration and voids 

were found in different regions of all sample. 
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Figure 1a: SEM images of the ZrO2 -1 sample 

 

 
 
Figure 1b: SEM images of the ZrO2 -2 sample 

 
The Capacitance – voltage and Conductance-

Voltage graphs were drawn with obtained G/ω-V data of 

photodiodes. The graphs were given in Fig. 2a, b, 3a, b. The 

C-V plots give a peak in the negative voltage region. As can 

be seen in these figures, the measured capacitance and 

conductance in depletion region decreases with increasing 

frequency in the frequency range 120 kHz– 400 kHz. 

Negative capacitance in heterocycle structures is often 

explained by interface states. The fact that the loads in the 

interface states follow the ac (alternating current) signal at 

low frequencies creates an additional capacity. However, at 

higher frequencies, interface loads cannot follow the ac 

signal, so they cannot provide additional capacity. Thus the 

capacity shifts to negative. In the conductivity voltage 

graphs, it was observed that the conductivity changes 

depending on the voltage and frequency. It has been 

determined that the conductivity increases depending on the 

frequency [5-7]. 
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Figure 2a. Capacitance – voltage (C–V) characteristics of 

ZrO2-1 film. 
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Figure 2b. Capacitance – voltage (C–V) characteristics of 

ZrO2-2 films. 
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Figure 3a: The Conductance-Voltage (G-V) graph of ZrO2-1 

film 
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Figure 3b: The Conductance-Voltage (G-V) graph of ZrO2-2 

film 
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4. Conclusion 
 

In this work, the photodiode properties of the ZrO2 

based devices have been investigated. The structural and 

electrical properties were determined by using SEM, 

Capacitance – Voltage, Conductance – Voltage 

measurements. Capacitance – Voltage and Conductance – 

Voltage characteristics of the photodiodes were assessed in 

various AC signal frequencies ranging from 120 kHz to 400 

kHz. It is evaluated that the C–V and G/ω–V characteristics 

confirm that the series resistance and interface state densities 

are important parameters that strongly influence the 

electrical properties of the ZrO2 thin films. 
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of Cr/p-type Si and Cr/n-type Si metal semiconductor structures 
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In our study, we investigated the main electrical properties of Cr/p-type Si and Cr/n-type Si metal-semiconductor 

(MS) Schottky structures, with series resistance silicon structures, using current-voltage (I-V) and capacitance-

voltage (C-V) characteristics at the room temperature. The main electrical parameters such as ideality factor (n), 

barrier height (bo) and series resistance (RS) of Cr/p-type Si and Cr/n-type Si metal-semiconductor (MS) 

Schottky structures were determined using the forward bias current–voltage (I–V) measurements. The values of 

ideality factor (n) and barrier height (bo) for the Cr/p-type Si and Cr/n-type Si metal-semiconductor obtained as 

1.577; 1.335 and 0.692; 0.699 eV, respectively. Furthermore, the main electrical parameters such as ideality 

factor (n), barrier height (bo) and series resistance were evaluated using different methods developed by Cheung 

and Norde. Experimental results showed that the series resistance values obtained from Norde method were 

higher than those obtained from Cheung functions. 

 

Keywords: Keywords: Electric properties, Si, Series resistance   

 

Corresponding authors: skaratas@ksu.edu.tr                                        

 

1. Introduction 

Semiconductors are crystalline or amorphous substances 

with a full valence band and an empty conduction 

band. These two bands are separated by the band gap 

energy (Eg). The development of semiconductor electronics 

is reviewed briefly, beginning with the development of 

silicon devices (band gap Eg = 1.12 eV) after World War II. 

Thus, metal-semiconductor (MS) interfaces are an essential 

part of virtually all semiconductor electronic and 

optoelectronic devices [12,]. The physical properties of MS 

interfaces are widely studied, both for their basic physical 

properties and for their technological applications to 

electronic devices [1-3]. 

Metal semiconductor structures type dependent 

investigations have been done by various researchers. For 

example, Akkılıç et al., determined correlation between 

barrier heights and ideality factors of Cd/n-Si and Cd/p-Si 

Schottky barrier diodes [4]. Siad et al studied series 

resistance and diode parameter differences between Al/n-Si 

and Al/p-Si structures [5]. Karataş [6] has been investigated 

electrical properties of the Zn/p-Si and Sn/p-Si structures 

using I-V and C-V measurements at room temperature. 

Yıldız et al. investigated electrical characteristics of 

Au/SnO2/n-Si and Al/SnO2/p-Si Schottky contacts at 

different temperatures [7]. Arslan et al. published electrical 

characteristics of Pt/p-InGaN and Pt/n-InGaN Schottky 

barriers in various temperatures [8]. Korkut [9] investigated 

series resistances of the Pt/p-InP and Pt/n-InP Schottky 

diodes in the different temperatures. 
In this study, our aim is to investigate experimentally 

investigate the relationship between the electrical properties 

obtained from the forward bias I-V characteristics of the 

Cr/p-type Si and Cr/n-type Si metal-semiconductor (MS) 

Schottky structures at absolute temperature (300 K). 

 

2. Experimental details 

mailto:skaratas@ksu.edu.tr
http://goldbook.iupac.org/V06589.html
http://goldbook.iupac.org/C01244.html
http://goldbook.iupac.org/C01244.html
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In this study, cleaned and polished p-Si and n-Si wafers 

were used. The p and n-type silicon polished on one side 

(250-micrometer thickness, <100> oriented, 1-10 Ω-cm) 

was used as substrate. Firstly, the silicon substrate was 

cleaned by RCA process. After, the rectifier contacts were 

formed by evaporation of Cr dots with diameter of about 1.0 

mm. All evaporation processes were carried out in a turbo 

molecular fitted vacuum coating unit at about 10-6 mbar. The 

current-voltage (I-V) measurements of the Cr/p-type Si and 

Cr/n-type Si metal-semiconductors were performed at room 

temperature using a Keithley 2400 source meter. 

 

 3. Results and discussion 

The electrical characteristics of both Cr/p-type Si and Cr/n-

type Si metal-semiconductors were monitored as a function 

of forward and reverse bias conditions at room temperature 

(300 K) and illustrated in Fig.1. As can be shown in the Fig. 

1, for the both structures, the current curves increases 

exponentially with applied forward bias voltage.  

 

 
 

Fig. 1. The current–voltage plots of Cr/p-Si and Cr/n-Si structure          

at room temperature 

 

From the thermionic emission (TE) theory, the experimental 

current-voltage characteristics are analyzed by following 

equation [1-3, 6, 10, and 11];  

 

     


























kT

qV

nkT

qV
II o exp1exp                  (1)    

 

where q is the electron charge, V is applied voltage, n is the 

ideality factor, k is the Boltzman constant 1.38x10-23 J K-1, 

T is the absolute temperature and Io is the saturation current 

derived from the straight line intercept of lnI at V=0 and is 

given by; 

    






 
 

kT

q
TAAI bo

o exp2                         (2)  

where A is the effective diode area, A* is the effective 

Richardson constant of 32 and 112 Acm-2K-2 for p-and n-

type Si, respectively. The ideality factor (n) of the Cr/p-type 

Si and Cr/n-type Si structures are determined from the slope 

of the linear region of the forward bias ln(I)-V 

characteristics through the relation; 
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In the same way, the barrier height (bo) is determined from 

the saturation current (Io) and is given by the relation;   

 

        











o

bo
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kT 2*
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Therefore, using Eq. (3) and Eq. (4) the values of the 

ideality factor (n), and barrier height (bo) of the Cr/p-type 

Si and Cr/n-type Si metal-semiconductors at room 

temperatures were calculated from the slopes of the linear 

region of the forward bias ln(I)-V plots in Fig. 1. The values 

1.577; 1.335 and 0.692; 0.699 eV for the ideality factor (n) 

and barrier height (bo) of the Cr/p-type Si and Cr/n-type Si 

metal-semiconductors, respectively. As can be seen, the 

experimental ideality factors vary from diode to diode. This 

is that the reason for that might be the density of the 

interface state exists between metal and semiconductor 

junction. However, the values of barrier heights obtained 

from Fig. for Cr/p-type Si and Cr/n-type Si metal-

semiconductors are in close agreement with each other. In 

the same time, the values of ideality factor, barrier height 

and the series resistance were evaluated using a method 

developed by Cheung and Cheung [12] who utilized the 

downward curvature of the forward bias current-voltage 

characteristics. According to Cheung function is analyzed by 

following equation; 

 

            IR
q

kT
n

d(lnI)

dV
s                          (5) 
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Experimental dV/d(ln I) vs I and H(I) vs I plots of the of 

Cr/p-type Si and Cr/n-type Si metal-semiconductors at room 

temperature are presented in Fig. 2 and Fig.3, respectively. 

The slope and intercept of dV/dln(I)-I plots according to Eq. 

5 would yield RS and nkT/q, respectively. The values of 

idealitry factor (n) and series resistance (Rs) were found as 

1.79 and 280 Ω for Cr/p-type Si metal-semiconductors and 

1.04 and 1567 Ω for Cr/n-type Si metal-semiconductors, 

respectively. The experimental results clearly seen that there 

are relatively large difference between the values of n 

obtained from the forward bias ln I–V and the dV/d (lnI)–I 

plots. Also, the values of ideality factor (n) and series 

resistance (Rs) obtained from dV/d (lnI)–I plots for Cr/p-

type Si and Cr/n-type Si metal-semiconductors were 

different from each other. This states can be attributed to the 

effect of the RS and nature of bias voltage [13]. The value of 

n obtained from the slope of ln I–V plot corresponds to 

intermediate bias voltages, while that obtained from 

dV/dln(I)–I plots corresponds to high bias voltages. The 

slope and intercept of H(I)-I plots according to Eq. 6 would 

yield Rs and nbo, respectively. The values of barrier height 

(bo) and series resistance (RS) were found as 0.354 eV and 

288 Ω for Cr/p-type Si metal-semiconductors and 0.346 eV 

and 1375 Ω for Cr/n-type Si metal-semiconductors, 

respectively. This is that series resistance values obtained 

from Cheung functions are in good agreement with each 

other. 

 

 
Fig. 2. The dV/dln(I)-I  plots of Cr/p-Si and Cr/n-Si structure at 

room temperature 

 

 
  Fig. 3. The H(I)-I  plots of Cr/p-Si and Cr/n-Si structure at room 

temperature 
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Norde [14] proposed an alternative method as different from 

Cheung's functions to determine values of the barrier height 

and series resistance of Cr/p-type Si and Cr/n-type Si metal 

semiconductors. According to this modified Norde method, 

barrier height (Φbo) and series resistance (RS), both can be 

calculated using the following relation; 

 

           
 











2*
ln

TAA

VI

q

kTV
VF


                 (7)  

                                 
where  is an constant higher than the ideality factor. F(V)- 

V curves of the Cr/p-type Si and Cr/n-type Si metal-

semiconductors at room temperature is shown in Fig. 4. 

According to this method the values of barrier height (Φbo) 

and series resistance (RS) can be obtained from following 

equations, respectively; 
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                               (9) 

where F(V0) is the minimum point of F(V) vs V plot, V0 and 

I are the corresponding bias voltage and current values, 

respectively. 

 

 

Fig. 4. The F(V)-V  plots of Cr/p-Si and Cr/n-Si structure at room 

temperature 
 

For fig.4, the values of barrier height (bo) and series 

resistance (RS) were obtained using Eqs. (8) and (9). The 

values of bo and RS were found as 0.493 eV and 385 Ω for 

Cr/p-type Si metal-semiconductors and 0.257 eV and 2106 

Ω for Cr/n-type Si metal-semiconductors, respectively. The 

experimental showed that the bo and RS values obtained 

from Cheung’s method is lower than the one obtained from 

Norde method. These differences in the barrier height values 

obtained from various methods for the device may be 

attributed to the extraction from different regions of the 

forward-bias current–voltage plot [1-3, 6, 11, 15, and 16]. 

  
4. Conclusions 
 

In this work, we investigated the main electrical properties 

such as ideality factor (n), barrier height (bo) and series 

resistance (RS) of Cr/p-type Si and Cr/n-type Si metal-

semiconductors using the current–voltage (I-V) 

characteristics at room temperature. The barrier height and 

series resistance values obtained from Cheung’s method is 

lower than the one obtained from Norde method. These 

differences in the barrier height values obtained from 

different methods for the device may be attributed to the 

extraction from different regions of the forward-bias 

current–voltage plot. Furthermore, as above mentioned, this 

situation may because of that while Cheung’s functions are 

only applied for the nonlinear region of forward bias I–V 

curve; Norde’s functions are applied for the whole forward 

bias region of I–V curve of the diode. 
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Calcium magnesium acetate (CMA) is an environmentally friendly alternative to sodium and/or calcium chloride 

for the use of de-icing salt on highways. Owing to the several advantages such as low corrosion for asphalt and 

concrete structures and multi-purpose availability, it is highly preferred for the use of road-salt. In this study, 

dolomitic rocks were investigated to synthesize the CMA in laboratory conditions. For this purpose, the initial size 

of rocks was manually reduced and the dolomitic materials with a particle size range of less than 0.5 mm were 

prepared for experimental studies. The prepared materials were utilized in leaching tests where dilute acetic acid 

(CH3COOH) solutions at a specific concentration of 40% were used for the dissolution of dolomite minerals. 

During leaching tests, the effects of leaching time (T, min), temperature (t, °C) as well as the ratio of solid to liquid 

(S/L) on the variations in dolomite dissolution were investigated. As a result of these investigations, it was 

determined that the average of dolomite dissolution rate were found to be 74.60% under the conditions of T = 180 

min, t = 80 °C and S/L = 10%. The chemical constituents of the CMA as a final product was determined by 

crystallizing and evaporating of leach solutions at 80 ‒ 90 °C with a heating control procedure. X-Ray diffraction 

(XRD) and Fourier-transform infrared spectroscopy (FTIR) analyses were used for the characterization of CMA 

products and the results showed that the CMA mainly comprises three main phases with different quantities: 

calcium magnesium acetate (59.7% ‒ 66.1%), calcium acetate (25.7% ‒ 31.5%) and magnesium acetate (8.2% ‒ 

9.3%). 

 

Keywords: Road-Salt, Calcium Magnesium Acetate, Synthesis, Dolomitic Rocks. 
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1. Introduction 
 

Road salt is a conventional choice when dealing with 

deicing management of highways. However, it has been 

experienced from practical applications that the adverse 

effects of rock salt on road and concrete structures may 

outweigh its short-term benefits. In general, road salt refers 

sodium chloride (NaCl) in most cases and no matter how 

widely it is used, it could not be benefited effectively if the 

temperature is lower than -7 °C since NaCl has an 

endothermic nature [1]. In parallel with the ineffectiveness 

of NaCl in colder regions, the extent of chloride ions in salty 

solution penetrating into concrete structures results in a 

remarkable deterioration in such infrastructures of highways 

and bridges [2].  

Therefore, researchers have attempted to focus on 

investigations with relation to more effective natural and/or 

artificial deicing salts. The deicers are generally divided into 

three main categories, which are sorted as chloride-based, 

acetate-based and inorganic-based ones [3, 4]. Common 

chloride-based deicers are NaCl, calcium chloride (CaCl2) 

and magnesium chloride (MgCl2) whereas, acetate-based 

deicers are Calcium-Magnesium Acetate (CMA) and 

Potassium Acetate (KAc). Inorganic-based deicers are 

mainly of sodium monohydrate and/or dehydrate phosphates 

[5]. Apart from these kinds of deicers, a complementary 

agent in deicing management could be mentioned as 

carbohydrate-based ones. Liquid carbohydrate-based agents 

mainly composed of cane or beet sugar do not aid in melting 

ice, however, they allows for diminishing the freezing point 

of ice [6]. Alternatives to road-salt are listed in Table 1 with 

their possible environmental impacts. Accordingly, calcium 

chloride (CaCl2) with an effective temperature of -32 °C 

could be a leading hygroscopic alternative, capturing 

moisture from the contact environment and accelerating the 

Table 1. Environmental impacts of several de-icers 

[modified after 2, 13]. 

 

Environm. 
Impact 

Rock salt 
(NaCl) 

Calcium 
magnesium 

acetate 
(CMA) 

Calcium 
Chloride  
(CaCl2) 

Magnesium 
Chloride 
(MgCl2) 

Soil 

Excessive 
Na+ ions 
may corrupt 
the soil 
structure.  

Potential 
substitution
s of Ca++ 
and Mg++ 
ions may be 
observed in 
soils.  

Chloride-
based 
constituents 
may lead to 
heavy metal 
contaminatio
n in the long-
term. 

Similar to the 
one  
of CMA. 

Ground 
water 

Chloride 
loading or 
accumulatio
n in 
groundwate
r may result 
in anoxia. 
 

Acetate 
degradation 
can 
decrease 
the oxygen 
availability. 

Heavy metal 
contaminatio
n could be 
stimulated if 
it mixes into 
groundwater. 

Similar to the 
ones  
of NaCl and 
CaCl2. 

Vegetation 

The use of 
NaCl around 
vegetated 
areas may 
influence up 
to 120 m  
downwind 
from 
commonly 
used 
roadways, 
which may 
result in a 
decrease of 
biodiversity.  
 

Little or no 
remarkable 
effects are 
expected. 

It could be 
worthwhile 
to plant 
growth.  

Similar to the 
one of CaCl2. 

Highway 
infrastructur
e 

Initiating 
and 
accelerating 
the rate of 
corrosion in 
concrete 
structures, it 
acts 
adversely. 

It is less 
corrosive 
then 
chloride-
based de-
icers. 

It could be a 
potential 
corrosive 
agent when 
stayed longer 
on wet 
surfaces. 

Owing to the 
Mg-related 
reactions, 
infrastructure
s may 
deteriorate. 

Effective 
temp. (°C) 

-7 -27 -32 -18 

 

melting procedure. 

Even if the alternatives to Rock salt listed in Table 1 can be 

consistent with the issues with respect to snow management, 

chloride-based de-icers have significant disadvantages such 

as corrosion and deterioration in concrete structures, 

potentially endangering the life [7 ‒ 12].  

Calcium Magnesium Acetate (CMA), a non-chloride deicing 

agent, was firstly introduced by DOT Company in the USA 

in the 1980s after an extensive research program initiated by 

the Federal Highway Administration (FHWA) [14]. The 

CMA has highly efficient at lower temperatures because of 

its eutectic temperature of −27 °C that is nearly 20 °C lower 

than that of rock salt [15]. The advantages of CMA can be 

summarized as follows: 

 

•Utilization as a deicer in special engineering structures such 

as bridges, airports etc. 

•Less corrosive to highway-related metals and concretes, 

•Less endangering the soil, groundwater and biodiversity. 

 

The only disadvantage of the CMA is expensiveness. The 

CMA approximately costs 10 – 20 times more than that of 

rock salt. The CMA is a physical mixture of magnesium 

acetate (MgAc2·4H2O) and, calcium acetate (CaAc2·H2O) 

both in their stable hydrated forms. Hence, it is possible to 

be synthesized considering rocks with different Ca/Mg 

bearing constituents. It was documented that acetic acid with 

different concentrations could be used to produce the CMA 

in laboratory conditions [16]. In terms of raw materials such 

as limestone, dolomite or dolomitic lime, the CMA 

production could be described by the following equation; 
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CaMg(CO3)2 + 4HAc = CaAc2 + MgAc2 + 2CO2 + 2H2O     

(1) 

 

In this study, dolomitic rocks were leached in dilute acetic 

acid solutions to produce the CMA. During experimental 

studies, the effects of leaching time (T, min), leaching 

temperature (t, °C) and solid-to-liquid ratio (S/L) on 

dolomite dissolution were investigated. As a result of 

leaching tests, the CMA as a product was characterized 

through X-Ray diffraction (XRD) and Fourier-transform 

infrared spectroscopy (FTIR) analyses. 

 

2. Materials and methods 
 

Representative dolomitic rocks to produce CMA were 

obtained from Nasdur Mining Company located in Hatay 

province in Turkey. The dolomitic rocks were crushed by a 

laboratory jaw crusher and then milled to a size of -0.5 mm 

with a ball mill. CMA synthesis was performed using -0.5 

mm sized dolomite sample. The chemical constituents of 

dolomitic rocks were determined using a Minipal 4 

Panalytical XRF (X-Ray Fluorescence) apparatus and the 

results are given in Table 2. 

 

Table 2. Chemical analysis results of the dolomitic rocks 

used in this study. 

 

Contents CaO MgO Fe2O3 LOI 

% 30.43 21.86 0.51 46.38 

 

 
Figure 1. XRD pattern of the dolomitic rocks 

 

For leaching tests, acetic acid solution with a specific 

concentration of 40% was prepared by diluting analytical 

grade glacial acetic acid (100% purity, Merck) in distilled 

water. The tests were executed in a 500-mL glass beaker. 

The leach slurry was mixed by a digital magnetic stirrer 

(MTOPS) at 400 rpm equipped with a temperature controller 

hot plate (MTOPS - MSDSM).  

 

 
Figure 2. FTIR pattern of the dolomitic rocks 

For each experiment, the required volume of distilled water 

was transferred into the reactor and following this 

procedure, it was heated to the desired temperature before 

adding ore sample to commence the leaching process. Once 

the leaching process has been completed, solid-liquid 

separation was conducted. The CMAs were synthesized 

from the obtained solutions with a heat-controlled procedure 

around 80 ‒ 90 °C.  

All the tests were duplicated and conducted at 1 atm 

pressure. 

In order to characterize the CMA as product, the Bruker 

Discover D8 XRD device was used for XRD analyses. In 

addition, Nicolet 6700 FTIR with ATR (Attenuated Total 

Reflection) apparatus was used for FTIR analyses. The 

representative XRD and FTIR patterns of dolomitic rocks 

are given in Figure 1 and Figure 2, respectively. 

 

3. Results and discussion 
3.1. The effects of leaching temperature 

 

For the evaluation of varying temperature effect on dolomite 

dissolution, 20 g of prepared sample was used in the 

experiments under the conditions of mixing speed of 400 

rpm, acetic acid concentration of 40% (in total of 100 mL 

leach solution), and 1 h of leach duration. Under these 

conditions kept stable, leaching tests were performed at 

different temperatures (i.e. 25 °C, 40 °C, 60 °C and 80 °C). 
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The effect of temperature on the dissolution of dolomite was 

found to be significantly high. Particularly, in the 

experiment carried out at 80 °C, the dissolution rate of 

dolomite were more than two times than that of room 

temperature (25 °C) (Figure 3). 

 

 
Figure 3. Dissolution rates of dolomite with respect to 

varying temperatures. 

 

3.2. The effects of leaching time 

 

In this evaluation, sample weight (20 g) mixing speed (400 

rpm) and acetic acid concentration (40%) were the same as 

previously described, however, leaching temperature of 80 

°C was adopted and under these conditions additional tests 

were conducted. Leaching tests were conducted up to 3 h 

and at each hour dolomite, dissolution rates were recorded. 

As seen in Figure 4, dolomite dissolution gradually 

increased with increasing leach duration. In the subsequent 

times, dolomite dissolution continued relatively slow. In 

other words, after a leach duration of 3h, the dolomite 

dissolution rate proportionally increased at a rate of 12% 

when compared the one obtained after 1h leach duration. 

 

 
Figure 4. Dissolution values at different leaching times 

 

3.3. The effects of solid weight 
 

The dissolution tests were performed at three different S/L 

ratios (i.e. S/L ranging from 10% to 20%) when the 

concentration of the acetic acid was 40%, at a temperature 

of 80 °C, stirring speed of 400 rpm, and leaching duration of 

180 min. The decrease in the S/L ratio resulted in an 

increase in the dissolution values. The maximum dolomite 

dissolution yielded in the experiments when S/L ratio of 

10% was in charge (Figure 5). 

 

3.4. Crystallization tests 

 

After the solid-liquid separation, the leach solutions were 

gradually heated up to 80 ‒ 90 °C in a 500 mL beaker. The 

CMAs were obtained at the bottom of the beaker by 

crystallization and evaporation. After an effective 

crystallization has been achieved, the CMAs were obtained 

from the beaker and prepared for the characterization tests. 

As a result of XRD and FTIR patterns of CMAs, more than 

60% of the materials obtained were found as calcium 

magnesium acetate and the remainder are calcium acetate 

and magnesium acetate (Figure 6 and Figure 7). 

Furthermore, it was determined that FTIR analysis results 

are in a good agreement with the study of [16]. 
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Figure 5. Dissolution values at different solid ratios (in 100 

mL solution) 

4. Conclusions 
 

This research demonstrated that CMAs could be synthesized 

from the dolomite mineral after the leaching process with 

acetic acid. The experimental results showed that the 

dolomite dissolution was the highest when the concentration 

of the acetic acid was 40%, at a temperature of 80 °C, a 

solid/liquid ratio of 100 g/L, stirring speed of 400 rpm, a 

size fraction of – 0.5 mm, and leaching duration of 180 min. 

Under these conditions, 74.60% of dolomite was dissolved. 

The CMAs were synthesized from the leach solutions and 

characterized by XRD and FTIR analyses. 

Significant CO2 emissions were observed during during 

leaching operations. This released CO2 can be stored 

attempted to extablish a closed-loop system in order to attain 

dry ice as byproduct. In future studies, it should be planned 

to investigate CMA production after calcination of dolomite. 

In this regard, positive/negative effects of calcination 

process on CMA production might be revealed. 
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Figure 6. The results of XRD analyses for the synthesized 

samples 
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Figure 7. The results of FTIR analyses for the synthesized 

samples 
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If the concrete is affected by high temperature, significant decreases in strength are observed. The temperature of the concrete at 

250-300 °C is considered as a limit. It is stated that the damage occurring below this temperature is insignificant. As the 

temperature progresses into the concrete during the fire, the regions where the temperature rises above these limits are damaged 

and the carrier part of the structure decreases gradually. 

In this study, we researched the strength properties of the geopolymer concretes produced from the mortar, which is a mixture of 

slag, fly ash and sodium silicate (Na2SiO3) solution. Uniaxial compressive strengths (UCS), point load strengths (PLS), and the 

stress-strain curves were revealed and the optimal condition for geopolymer concrete production were determined. After the 

optimum conditions were selected, the concrete specimens were exposured to high temperatures (400, 500 and 600 °C). Effect of 

the high temperatures on strength of the produced specimens were examined. 

 

Keywords: Geopolymer, Concrete, High, Temperature. 
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1. Introduction 
 
Although the amount of energy obtained from renewable 

energy sources such as sun, wind, wave, stream, biomass 

and geothermal is increasing day by day, the use of fossil 

fuels, which are the main source of energy production, will 

continue for the next 100 years in line with the increasing 

energy demand. In addition, advances in flue gas treatment 

methods with advancing technology make the use of fossil 

fuels more environmentally sensitive. In particular, 

applications to bring fly ash to the industry are limited to the 

use of these materials only in cement-ready concrete plants 

in Turkey. 

In parallel with the development of industrial applications, 

the utilization of residual materials accumulated more and 

more is of increasing importance. In the last 20 years, 

studies on the evaluation of such residual materials have 

continued on a limited scale in Turkey. Increasing 

environmental concerns have led to efforts to take measures 

on a global scale. In Turkey, the legislation on the control 

and evaluation of waste has been accelerated especially after 

2000 with the regulations such as “Regulation on Waste 

Management”, and “Regulation on the Landfill of Waste”. 

Fly ashes are the particles of powder size obtained from the 

flue gases with the help of cyclone and electrofilters as a 

result of burning of pulverized coals in thermal power plants 

and loss of carbon and volatile contents in these coals. The 

ash obtained in the lower part of the furnaces in the thermal 

power plant is called as bottom ash and its dimensions are 

higher compared to the fly ash [1-3]. Particle sizes of fly 

ashes vary between 0.5-150 µm. Crude ash can be formed 

by cooling the coal burned in water in the cyclone type 

furnaces [4]. 

Geopolymers are promising materials that can replace 

Portland cement concretes [5-6]. The major disadvantage of 

Portland cement is that the amount of CO2 produced by 

humans is around 5-7% due to the production of portland 

cement [7-8]. CO2 emissions during Portland cement 

production are not only caused by the calcination process 

during clinker production, but also by fossil fuels used to 

provide calcination heat. Both processes are equally 

responsible for CO2 emissions [9-10]. Compared with 

traditional Portland cement, geopolymers have superior 

properties such as fire proofing, low price, environmental 

sensitivity, sound absorption [11-12]. 

The geopolymers described for the first time by Davidovits, 

who also have patents for most soil mineral based materials, 
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include AlO4 and SiO4 quadrangles that form 3-dimensional 

poly (sialate), poly (sialate-siloxo) and poly (sialate-

disiloxo) polymeric chains [13-14]. The molecular 

sequences of geopolymer structures are shown in Figure 1. 

Si-O-Si and Si-O-Al chains are formed by establishing 

polymeric amorphous or semi-crystalline structures [15]. 

Geopolymerization reactions occurs between solid 

aluminasilicate oxides (minerals and inorganic by-products) 

and alkali metal silicate solutions (NaOH, KOH, etc.), at 

moderate temperatures (20-150 °C) and high basic 

conditions. Unlike zeolite crystals, geopolymer chemistry 

has a more amorphous particle structure. Figure 2 

summarizes the procedure for obtaining geopolymer 

materials. 

  

 
Figure 1. Molecular sequences of polysialates (Connie et 

al., 2018) 

 

Polysialates and hydrosodalites are in the three-dimensional 

hexagonal molecule sequence. As a result of 

polycondensation, they give water by dehydratation and 

dehydration and reach a grain structure similar to zeolite 

rocks. Unlike zeolite crystals, three-dimensional hexagonal 

amorphous molecular bond structure of alumino silicate soil 

materials are geopolymers [16]. The simple formulation of 

geopolymers is given below. 

 

Xq[-(SiO2)a-AlO2]q.nH2O             (1) 

 

Here; X is the metal cation (Ca2+, K+ or Na+), a is 1, 2 or 3, 

and q is the degree of polycondensation. 

 

Fly ashes, metakaolines, glass residues, red sludge, ashes of 

agricultural industry by-products (coconut, sugarcane, rice 

paddy, etc.), ferrochrome slag, concrete demolition residues 

are some materials containing aluminacilicate used to 

produce geopolymer concrete [17-24]. 

 
Figure 2.  Flow chart for producing geopolymer material 

 

The University of Queensland's Global Change Institute 

building was built entirely with geopolymer concretes from 

fly ash and blast furnace slag. Brisbane West Wellcamp 

Airport in South Queensland was established using 70000 

tons of geopolymer concrete and was put into service in 

2014 [25]. There are dozens of companies that produce 

geopolymer concrete worldwide [26-29]. 

In this study, we researched the strength properties of the 

geopolymer concretes produced from the mortar, which is a 

mixture of slag, fly ash and sodium silicate (Na2SiO3) 

solution. Uniaxial compressive strengths (UCS), point load 

strengths (PLS), and the stress-strain curves were revealed 

and the optimal condition for geopolymer concrete 

production were determined. After the optimum conditions 

were selected, the concrete specimens were exposured to 

high temperatures (400, 500 and 600 °C). Effect of the high 

temperatures on strength of the produced specimens were 

examined. 

 

2. Materials and methods 
 

Fly ashes were taken from Sugözü Thermal Power Plant in 

Yumurtalık District of Adana. All the fly ashes of Sugözü 

are less than 80 µm in size. Ferrochrome slags from Antalya 

and Elazığ ferrochrome plant and arc furnace slag from 

İskenderun were used for aggregate production. The slags 

were crashed by a laboratory type jaw crusher. In 

accordance with TS 802 standard, aggregates were prepared 

in accordance with the maximum grain size determined to 

be 12 mm [30]. A minimum of 95% sodium meta silicate 

(anhydrous) was obtained from TEKKİM chemical Inc. to 

provide geopolymerization. Sodium meta silicate contains 

49.5% Na2O and 46% SiO2. XRF analyses were applied to 

the slags (Table 1). The density of the fly ash was 

determined as 2.33 g/cm3 by a pycnometer. When the XRF 

analysis of the arc furnace slag obtained from the iron and 

steel plant is examined, it is seen that the slag contains a 

high percentage of iron. The iron content is followed by 

high calcium content. 
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Table 1. XRF analyses of the samples. 

 

 
In the slags obtained from Elazığ ferrochrome plant, which 

produces high carbon ferrochrome, major oxides are 

silicium, magnesium and aluminum oxides. Calcium content 

is very low and loss on ignition value is lower than Antalya 

ferrochrome slag. 

Resistance of slag aggregates against thermal and 

degradation was determined by using saturated magnesium 

sulfate solution according to TS-EN 1367-2 Turkish 

Standard [31]. Samples weighing approximate 500 g 

between 10-14 mm in size were used from each aggregate 

group. The samples which were kept in saturated 

magnesium sulfate solution for 17 hours were filtered and 

dried in the oven for 24 hours and then immersed in the 

solution for 17 hours. In this way, the process was repeated 

5 times and then sieved through a 10 mm sieve and the ratio 

of the portion passing through the sieve to the total sample 

mass and thermal and degradation resistance were 

calculated. 

According to TS-EN 1097-2 Turkish Standard, Loss 

Angeles Abrasion Test was applied to the slags [32]. Slag 

aggregates between 8-12 mm were used in this test. 10 balls 

weighing 4263 g were placed in the Loss Angeles tester and 

the device was rotated 500 revolutions. The sample was then 

extracted and sieved through a 1.6 mm sieve. Wear loss 

values were found by proportional to the total mass used. 

Each experiment was repeated 2 times to obtain the mean 

values. In Table 2, when the los angeles wear values of the 

slag are examined, it is seen that the most resistant to slag is 

the arc furnace slag.  

 

Table 2. Wear, thermal resistance and density values of 

slags. 

 

Aggregate types 
Antalya 

Ferrochrome 
Slags 

Elazığ 
Ferrochrome 

Slags 

Arc 
Furnace 

Slags 

Los Angeles Abrasion 
(%) 

16.46 15.28 15.08 

Density (g/cm3) 3.12 3.25 3.99 

Sulfate Soundness (%) 9.51 12.48 12.57 

 

The slag with the highest density is again the arc furnace 

slag. According to the results of the magnesium sulphate 

test, the most resistant slag against thermal and climatic 

degradation were determined as Antalya ferrochrome slag. 

The alkali solution containing 5M Na2SiO3 was used for 

geopolymerization. Tap water was used in the preparation of 

the solutions. The solutions were prepared 30 minutes 

before the mortar mixture was formed. The mortar mixture 

was poured into 5 x 5 x 5 cm molds immediately after 

preparation. The mixture was stirred for 5 minutes before 

pouring into the molds. A thin layer of grease was used for 

easy removal of concrete blocks from the molds. The molds 

were struck for 3 minutes to remove any air trapped in the 

mortars. After pouring the mortars into the molds, the molds 

were placed in the oven at predetermined temperature and 

left in the oven for 1 day. The curing process was then 

continued at room temperature. The ratio of aggregates to 

fly ash was mixed to be 0.66. 
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In order to measure uniaxial compressive strength, ELE 

brand concrete press was used. In accordance with ASTM 

C109 / C109M standard, cubic samples were placed in the 

loading section and loading process started by computer 

[33]. The loading speed was selected as 200 kgf/sec. When 

the cubic sample was broken, the compressive strength test 

was terminated. UCS values were determined by Equation 2. 

 

σ = F / A             

(2) 

 

Where; F is pressure (kgf) and A is area (cm2).  

 

UCS values were converted to MPa. Point load strength of 

concrete blocks were measured with ELE brand point load 

resistance device. Protherm (PLF model) ash furnace was 

used for high temperature resistance tests. 

 

3. Results and discussions 
3.1. Effect of slag aggregate type on strength of 

geopolymer concrete 

 

During the experiments, it was determined that the relative 

humidity rate ranged from 55 to 70%. The aggregates were 

mixed with Sugözü thermal power plant fly ashes, where the 

ratio of aggregates to fly ash was 0.66, which was best 

achieved in previous experiments. Then 5 M Na2SiO3 

solution was added to the mixture to form the mortar and the 

mortar was poured into molds.  

 

 
Figure 3. Compressive strengths according to types of 

aggregate 

 

The uniaxial compressive strengths were measured on days 

7 and 28 without applying temperature. As it can be seen 

from Figure 3, the best compressive strength values were 

obtained in experiments using arc furnace slags as 

aggregates. These results are consistent with the Los 

Angeles abrasion test results of the aggregates. 

Additional experiments were carried out using arc furnace 

slag where the highest strength was obtained. In these 

experiments, arc furnace slag amounts were increased 

gradually and changes in strength were investigated. After 

the mortar mixtures were poured into the molds, the molds 

were cured in the oven at 70 °C for 1 day. The concrete 

samples were then stored at room temperature. It has been 

determined that the addition of aggregates up to 20% does 

not cause a decrease in strength but after the additions it 

starts to decrease. Especially with the addition of more than 

50% of aggregate, strength was reduced by half (Figure 4). 

It was determined that unit volume weights increased with 

heavier aggregate ratio and heavier concretes were obtained. 

Point load strengths of the specimens were also measured. 

As can be seen in Figure 5, after the addition of 20% arc 

furnace slag, the strength of concrete samples decreases. 

These values were found to confirm the compressive 

strength values. In addition to these findings, the 

deformations of the concrete samples against strength were 

calculated. 

As it can be seen from Figure 6, although the strength 

decreases as the aggregate amount increases, the 

deformation rates are close to each other. 

 
Figure 4. Compressive strengths according to slag 

aggregate ratios of arc furnace 

 

Hard arc furnace slag has a significant effect on the 

formation of this result. The pre-breakage behavior of the 

concretes formed with stretchable aggregates such as 

calcined perlite or pumice is not seen in the concretes 

prepared by using harder arc furnace slag aggregates. 
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Figure 5. Point load strengths according to slag aggregate 

ratios of arc furnace 

 

3.2. The effect of high temperatures on concrete strength 

 

In order to observe the changes in strength of geopolymer 

concretes at high temperature, geopolymer concrete samples 

were exposed to 400, 500 and 600 °C temperature in ash 

furnace for 1 hour. Although no structural changes were 

observed in the samples, shallow capillary cracks were 

detected on their surfaces. The samples were then subjected 

to uniaxial compressive strength tests (Table 3). There was a 

decrease in the strength of the samples held at high 

temperature. While the strength losses at 400 degrees are 

around 10%, the strength losses at 500 and 600 degrees vary 

between 20-40%. 

 

 
Figure 6. Stress-strain curves according to added aggregate 

proportions 

 

As it can be seen in Figure 7, it is determined that the 

decreases in the strengths decrease as the amount of slag 

aggregates increases, even though the strength decreases 

with the increase in temperature. 

Table 3. Changes in concrete strength at high temperatures 

(MPa). 

 

Temp. 
Aggregate amount (%) 

0 10 20 30 40 50 60 70 

- 50.03 51.02 50.03 46.59 44.73 39.82 30.9 28.15 

400 °C 45.12 46.12 44.16 43.12 41.16 37.15 28.16 26.15 

500 °C 34.15 36.15 37.46 34.46 34.46 30.46 24.46 23.16 

600 °C 27.46 27.78 28.16 26.96 26.16 24.48 20.99 19.99 

 

 

 
Figure 7. Strength losses after heat treatments 

 

4. Conclusions 
 

Exposure to fire is one of the most destructive process that 

concrete can face. The decrease in the strength of concrete 

under high temperature depends on the exposure time and 

the exposure temperature [34]. After the 500 °C threshold is 

passed, the compressive strength of concrete generally drops 

by 50% to 60%, and the concrete is considered fully 

damaged [35]. 

In this study, we researched the strength properties of the 

geopolymer concretes produced from the mortar, which is a 

mixture of slag, fly ash and sodium silicate (Na2SiO3) 

solution. Firstly, 3 different slag aggregates were used in 

geopolymer concrete and the concrete samples were formed. 

Slag aggregates used in the highest strength concrete were 

determined as arc furnace slags. It was determined that the 

addition of aggregates up to 20% does not cause a decrease 

in strength but after the additions it starts to decrease. In 

order to observe the changes in strength of geopolymer 

concretes at high temperature, geopolymer concrete samples 

were exposed to 400, 500 and 600 °C temperature in ash 

furnace for 1 hour. While the strength losses at 400 degrees 

are around 10%, the strength losses at 500 and 600 degrees 

vary between 20-40%. it was determined that the decreases 

in the strengths decrease as the amount of slag aggregates 

increases. 
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Addressing the Stability Issue of Perovskite Solar Cells using Low-Cost 

CuSCN Hole Transporting Material 
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Organic-inorganic perovskite solar cells (PSCs) are assembled from a complex ensemble of layers of disparate materials, each has 

a crucial function within the device structure. Specifically, hole-transporting materials (HTMs) have indispensable role in device 

architecture to achieve an outstanding efficiency and long-term stability. However, highly efficient HTMs are commonly consist of 

expensive and additive incorporated organic molecules such as spiro-OMeTAD and PTAA. Such materials limit the cost-

effectiveness and device stability due to their complicated multi-step synthesis procedure and hygroscopic nature. Compared to the 

state-of-the-art spiro-OMeTAD, low-cost CuSCN showed a promising progress in the recent years owing to its high hole mobility 

and efficient hole extraction ability. Herein, CuSCN HTM has been systematically examined in the presence of different perovskite 

systems, i.e., single cation-, and mixed cation-based absorbers. CuSCN HTM showed a comparable efficiencies and exceptional 

stability in all perovskite compositions indicating the universality of such HTM. Consequently, a breakthrough efficiency 

approaching 21% with JSC of 23.87 mA.cm−2, VOC of 1.12 V and FF of 0.78 has been achieved in triple cation perovskite-based 

PSCs. More importantly, devices employing CuSCN HTM exhibited a remarkable operational stability at maximum power point 

(MPP) tracking retaining ∼85% of initial efficiency over 1000 h. These results highlight the great potential of the CuSCN HTM for 

achieving cost-effective and stable perovskite devices within different perovskite systems. 
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   1. Introduction 
With over 25% power conversion efficiency (PCE) [1], 

organic-inorganic perovskite solar cells (PSCs) have 

witnessed tremendous attention in the recent years [2-4]. As 

a key component in high efficiency device architecture, 

hole-transporting materials (HTMs) play a crucial role in 

terms of transferring photo-generated holes [2, 5]. In the 

regular (n-i-p) device configuration, either 2,2′,7,7′-

tetrakis(N,N-di-p-methoxyphenyl-amine)9,9′-

spirobifluorene (spiro-OMeTAD) or polymer-based 

poly(triarylamine) (PTAA) has been mostly employed as 

HTM [6, 7]. Despite the well-aligned energy levels, high 

hole mobility, and rapid hole extraction/collection of current 

HTMs, such materials limit the cost-effectiveness and 

device stability owing to their complicated multi-step 

synthesis procedure and hygroscopic nature [3, 4, 8, 9]. 

The poor stability of these HTMs is substantially associated 

by the highly hydrophilic bis(trifluoromethylsulfonyl)imide 

(Li-TFSI) dopant which tend to penetrate towards the inner 

layers and accelerate the degradation of perovskite and/or 

change the Fermi level of TiO2 electron-transporting 

material (ETM) [4, 9]. Although organic and small molecule 

based different approaches have been reported so far [10-

12]; inorganic HTMs attracted the greatest attention both in 

terms of low-cost and long-term stability. However, most of 

the inorganic HTM-based devices offering long-term 

stability have not yet reached the efficiency values of 

organic HTM-based devices. 

Among various inorganic-based materials, copper thiocyanate 

(CuSCN) has been actively pursued by researchers as an 

extremely cheap, abundant p-type semiconductor that exhibits 

notably high hole mobility (10−2–10−1 cm2 V−1 s−1) and a well-

aligned work function (−5.3 eV) [13, 14]. In addition to 

individual convincing properties of CuSCN, the compatibility of 

current HTM within the device need to be considered for the 

large-scale deployment of PSCs. Especially, the band off-set 

between corresponding perovskite layer and HTM plays a major 

role in the determination of voltage loss. The high-quality 

perovskite surface with good crystallinity is another important 

factor that effects the photovoltaic performance [15]. Although 

CuSCN HTM-based PSCs in different perovskite structures 

performed a great progress over the past few years, there is no 
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any regular study showing the universality of such HTM 

within different perovskite systems. 

In this study, the applicability of CuSCN HTM with various 

perovskite systems i.e., single cation-, double cation-, and 

triple cation-based perovskite absorbers, have been 

investigated systematically. The obtained results showed a 

similar trend in terms of long-term operational stability in all 

perovskite compositions as compared to spiro-OMeTAD. 

CuSCN HTM exhibited a remarkable improvement in 

operational stability of different perovskite structures. In 

addition, triple cation-based PSCs indicated an efficiency of 

20.77% which is one the highest efficiencies among the 

CuSCN HTM based perovskite devices. 

 

2. Experimental details 
 
A 20-to 30-nm thick blocking layer of TiO2 (c-TiO2) was 

deposited on ultrasonically cleaned FTO substrates by spray 

pyrolysis at 450 °C from a precursor solution of titanium 

diisopropoxide bis(acetylacetonate) diluted in ethanol (1:9, 

volume ratio). Then, ~200-nm thick mesoporous TiO2 (mp-

TiO2) film was deposited on the c-TiO2 layer by spin coating 

of TiO2 paste diluted in ethanol (1:6, weight ratio) at 5000 

rpm for 10 s and sintered at 450 °C for 30 min. 

Three different perovskite structures of MA-based MAPbI3, 

MA/FA-based MA0.15FA0.85Pb(I0.85Br0.15)3, and MA/FA/Cs-

based Cs0.05(MA0.15FA0.85)0.95Pb(I0.85Br0.15)3 have been used in 

this work as a single, double, and triple cation-based perovskite 

structure, respectively. These structures have been determined 

on the basis of our experience and literature survey. For 

MAPbI3 perovskite films, a precursor solution (1.3 M) of 

equal molar ratio of PbI2 and MAI has been mixed in 

dimethylformamide/dimethylsulphoxide (9:1, volume ratio). For 

MA0.15FA0.85Pb(I0.85Br0.15)3 perovskite films, a precursor 

solution containing FAI (1.0 M), PbI2 (1.1 M), MABr (0.2 

M), and PbBr2 (0.2 M) in 

dimethylformamide/dimethylsulphoxide (4:1, volume ratio). For 

Cs0.05(MA0.15FA0.85)0.95Pb(I0.85Br0.15)3 perovskite films, CsI 

was pre-dissolved as a 1.5 M stock solution in DMSO was 

added to the double cation perovskite solution as Cs source. 
The spin-coating procedure was performed on the mp-TiO2 

films in a two-step program at 1000 and 6000 rpm for 10 

and 30 s, respectively. During the second step, 200 µL of 

chlorobenzene was poured on the spinning substrate 10 s 

prior to the end of the spinning. The substrates were then 

heated at 100 °C for 1 hour. After cooling down to room 

temperature, the CuSCN and spiro-OMeTAD films were 

coated by the following methods. Subsequently, a spiro-

OMeTAD solution, prepared by dissolving 70 mM spiro-

OMeTAD in 1 mL of chlorobenzene and doped with 200 

mM tert-butylpyridine and 30 mM of lithium 

bis(triuoromethanesulfonyl)imide (Li-TFSI) from a stock 

solution in acetonitrile, was deposited on the top of 

perovskite film by spin coating at 4000 rpm for 20 s. 

Alternatively, to obtain CuSCN film, CuSCN powder was 

dissolved in diethyl sulfide (30 mg mL-1 in concentration). 

The solution was deposited on top of perovskite film by 

spin-coating at 6000 rpm for 30 s. Finally, 70-80 nm of gold 

counter electrode was deposited by thermal evaporation 

under high vacuum. 

Current density-voltage (J-V) characteristics were recorded 

under ambient conditions (humidity of ca. 30%) upon 

illumination by applying an external potential bias to the cell 

while recording the generated photocurrent with a digital 

source meter (Keithley 2400), without device pre-

conditioning. A 450 W xenon lamp (Oriel) was used as the 

light source. All measurements were conducted using a non-

reflective metal mask with an aperture area of 0.16 cm2 to 

define the active area of the device and avoid light scattering 

through the sides. Long-term photo-stability measurements 

were performed with a Biologic MPG2 potentiostat. The 

devices with a metal aperture mask were mounted on the 

sample holder flushed with nitrogen. The devices were 

measured with maximum power point tracking (MPPT) 

under constant one-sun illumination. 

 

3. Results and discussion 

In this study, three different perovskite absorbers have been 

employed to obtain PSCs in the stucture of FTO/c-TiO2/mp-

TiO2/perovskite/spiro-OMeTAD or (CuSCN)/Au. Schematic 

illustration of the typical device architecture is given in 

Figure 1a.  Digital images of perovskite devices employing 

spiro-OMeTAD and CuSCN HTMs are shown in Figure 1b 

and Figure 1c, respectively. For single cation perovskite 

devices, MAPbI3 absorber layer has been used in the 

presence of either spiro-OMeTAD or CuSCN. The J-V 

curve of best-performing devices is shown in Figure 2a. The 

photovoltaic parameters extracted from the corresponding 

curve of the spiro-OMeTAD-based device yielded a short-

circuit current (JSC) = 22.29 mA.cm−2, an open-circuit 

voltage (VOC) = 1080 mV, and a fill factor (FF) = 75.2%, 

resulting in a PCE of 18.10%. Under the same conditions, 

the device with CuSCN as HTM yielded a JSC = 22.16 

mA.cm−2, VOC = 1082 mV, and FF = 75.1%, resulting in a 

PCE of 18.01%.  
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Figure 1. (a) Schematic illustration of the typical device 

architecture.  Digital images of perovskite devices 

employing (b) spiro-OMeTAD (c)CuSCN HTMs. 

J-V metrics for 10 independent devices based on spiro-

OMeTAD and CuSCN HTMs showed a similar tendency 

with champion devices in a wide distribution (Figure 2b). 10 

independent devices based on spiro-OMeTAD and CuSCN 

HTMs showed a similar tendency with champion devices in 

a wide distribution. Such a wide distribution in efficiency 

range can be attributed to the unstable nature and high 

defect-states of MAPBI3 perovskite [16, 17]. Furthermore, 

to study the long-term stability of these devices, the 

operational stability of unencapsulated devices was 

monitored under continuous illumination at maximum 

power point tracking (MPPT) over 1000 h (Figure 2c). 

Apparently, the PSC containing CuSCN HTM revealed a 

relatively better stability than that of device containing 

spiro-OMeTAD HTM. After 1000 h, CuSCN HTM-based 

PSC retained only >28% of its initial efficiency, while the 

efficiency of spiro-OMeTAD HTM-based PSC dropped to 

<10% in only 200 h. 
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Figure 2. (a) J-V curves of the best-performing single 

cation-based devices. (b) PCE histogram of 10 devices 

based on spiro-OMeTAD or CuSCN HTM. (c) Operational 

stability curves of un-encapsulated devices with spiro-

OMeTAD or CuSCN HTM. 

 

Similar to single cation devices, MA0.15FA0.85Pb(I0.85Br0.15)3 

absorber layer has been used for double cation perovskite 

devices in the presence of either spiro-OMeTAD or CuSCN 

HTMs. The J-V curve of best-performing devices is shown 

in Figure 3a. As compared to single cation-based devices, 

higher device performance was achieved for both HTMs. 

The champion PSCs yielded an outstanding efficiency of 

20.04% and 19.94% for spiro-OMeTAD and CuSCN HTM-

based perovskite devices, respectively. As shown in Figure 

3b, it is clear that CuSCN HTM-based PSCs displayed not 

only remarkable performance, but also an outstanding 

reproducibility. Although an admirable efficiency with a 
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narrow distribution has been obtained for both systems, the 

resulting stability curves are still far from the 

commercialization goal. After 1000 h, CuSCN-based PSC 

retained ~60% of its initial efficiency, whereas spiro-

OMeTAD-based device showed ~75% degradation from its 

initial performance (Figure 3c). 
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Figure 3. (a) J-V curves of the best-performing double 

cation-based devices. (b) PCE histogram of 10 devices 

based on spiro-OMeTAD or CuSCN HTM. (c) Operational 

stability curves of un-encapsulated devices with spiro-

OMeTAD or CuSCN HTM. 

 

With the addition of Cs+ cation, improvements in all device 

parameters have been achieved. The J-V characteristics of 

the best PSCs based on spiro-OMeTAD and CuSCN as 

HTMs measured under 100 mW.cm-2 illumination are 

shown in Figure 4a. Devices employing CuSCN as HTM 

showed a slightly lower efficiency of 20.77%, with JSC = 

23.87 mA.cm−2, VOC = 1120 mV, and FF = 77.8% as 

compared to spiro-OMeTAD-based devices (21.06%). The 

reproducibility of the PSCs employing spiro-OMeTAD and 

CuSCN as HTMs were also examined based on 10 identical 

devices as displayed in Figure 4b. The average efficiencies 

of spiro-OMeTAD and CuSCN-based devices are 20.88 ± 

0.13% and 20.68 ± 0.11%, respectively. 
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Figure 4. (a) J-V curves of the best-performing triple 

cation-based devices. (b) PCE histogram of 10 devices 

based on spiro-OMeTAD or CuSCN HTM. (c) Operational 

stability curves of un-encapsulated devices with spiro-

OMeTAD or CuSCN HTM. 

 

Although CuSCN possesses higher hole mobility (~10−3 

cm2.V−1.s−1) indicating higher JSC value [18, 19], the 

photovoltaic performance of devices based on such HTM 
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was found to be rather poor because of the lower VOC value. 

This can be ascribed to higher monomolecular 

recombination occurring within the CuSCN HTM-based 

devices [20]. Besides considerable efficiencies, the stability 

of PSC devices based on different HTMs was further 

examined under continuous illumination at MPPT over 1000 

h. As presented in Figure 4c, device with CuSCN HTM 

exhibited relatively good stability, retaining ~85% of the 

initial efficiency. In contrast, the devices using doped spiro-

OMeTAD showed a much faster degradation rate, retaining 

only 21% of the initial efficiency during the aging period. 

The rapid degradation of spiro-OMeTAD HTM-based 

perovskite devices can be attributed to the high 

concentration of p-dopant and other additives which 

accelerates the perovskite decomposition due to their 

hygroscopic and/or volatile character [2, 4, 8, 9]. Such a 

superb efficiency can be explained on the basis of perovskite 

composition whereas significant long-term stability can be 

attributed to the inorganic nature of CuSCN HTM [20, 21]. 

It is also noteworthy that CuSCN HTM-based perovskite 

devices showed a significant recovery in around 100 h and 

reached to 95% of its initial efficiency. 

 

4. Conclusions 
 
In this study, CuSCN semiconductor has been successfuly 

employed as HTM in three different perovskite systems. The 

photovoltaic performance of CuSCN HTM was analyzed as 

a function of perovskite structure. In conclusion, triple 

cation perovskite employing CuSCN HTM indicated a 

fascinating stability with admirable efficiency approaching 

21%. This has been one of the highest efficiency for CuSCN 

HTM-based PSCs to date. This study obviously illustrates 

that CuSCN HTM employing triple cation perovskites are a 

novel architecture strategy on the road to industrialization of 

PSCs. This study provides an efficient and cost-effective 

way to stabilize the different perovskite structures and 

improve their operational stability, paving the way for the 

industrialization of the PSCs. 
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This paper is aimed to investigate the grinding+surface modification of pumice from the Nevsehir region of Turkey 

with stearic acid (SA) as a modification agent in a laboratory stirred mill (using single unit). Experimental results 

were evaluated based on the stress intensity analysis, particle size and floating test which measures the active 

ratio (AR). In the grinding+surface modification tests, the active ratio of approximately 95% was achieved at 375 

kJ/kg energy level. At this energy level and active ratio, d50 value was obtained 3.80µm. The results indicate that 

the hydrophilic surface of pumice becomes hydrophobic after the modification with SA. 
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1. Introduction 

Turkey has a diverse mineral industry that produces 

more than 50 mineral commodities from about 4,500 known 

mineral deposits, including metals and industrial minerals. 

Pumice is one of them and is particularly used in the 

industries such as construction, agriculture, chemical, 

textile, dentistry and cosmetic to gain a variety of features to 

products. Especially, micronized pumice is preferred in the 

cosmetic and dentistry.  

In order to use industrial mineral as filler, some 

specific physical and physicochemical properties are 

required. The most important one is that it should be milled 

to micronized sizes (first stage) (Fig. 1). In industrial scale, 

micronized material is usually produced by using mills such 

as tumbling mill, pendulum roller mill, ring roller mill, 

stirred mill, vibrating ball mills. The mentioned mills are 

operated in closed circuit by using a pneumatic separator to 

produce fine/ultra-fine products. 

 

 

 

 
Fig. 1. Schematic diagram of milling process in industrial scale 

 Second stage is coating process (surface 

modification) after milling process. Conventional surface 

modification technologies, which consist of the heating mix 

modification and packing modification methods, have been 

applied widely in the treatment of fillers and pigments [1] 

(Fig. 2). 

 

 
Fig. 2. Schematic diagram of the dry coating system (A: 

Micronized calcite, 1: Silo, 2: Feeding screw, 3: Spraying tank, 4: 

mailto:gggggggg@gmail.com
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Melting stearic acid, 5: Pin mill, 6: Filter, 7: Air fan, 8: Rotary 

valve, 9: Packaging) [2, 3] 

 

However, conventional techniques have some 

drawbacks, such as weak stirring capabilities, low materials 

mixing degree, uneven dispersion between agent and 

materials, and, in particular, a lack of reaction foundation. 

Moreover, the modification effect is weak when using 

conventional techniques and the product quality is unstable 

[4]. Mechano-activated surface modification is a 

modification method that could provide better results than 

the conventional methods by utilizing mechano-chemical 

effects during ultrafine grinding. Mechano-chemical effects 

are physical, and mechanical changes occur in the near 

surface region where the solids come into contact with each 

other under mechanical forces [4-6]. 

Moreover, this method combines the surface 

modification and the ultra-fine grinding technique that is 

widely used to produce high quality mineral powder, 

together in one equipment [1, 7]. One of the mecano-

chemical activated machines is stirred ball mills which are 

used in mineral processing applications. Due to a very high 

number of stress events per unit time and unit volume and 

due to appropriate stress intensity the specific energy 

consumption of stirred media mills for producing very fine 

particles is less than the one of tumbling and vibrating ball 

mills. The importance of stirred ball mills increases steadily 

because of an increasing demand for fine and very fine 

particles and because of the advantages of stirred ball mills 

compared to other mills [8]. 

In this study, both grinding and coating 

(grinding+surface modification) were carried out for pumice 

that is an alternative coated product using a laboratory-scale 

stirred ball mill (single unit).  

2. Experimental details 

The pumice sample used in the experiments was 

obtained from Miner Company (~ 100 kg) in Nevsehir. The 

density of pumice was found to be 2.30 g / cm3 using helium 

pycnometer. Feed size analyzes of the samples are shown in 

Fig. 3.  
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Fig. 3. The size distribution of the feed material. 

 

Chemical analysis of the sample using XRF (X-Ray 

Fluorescence Spectroscopy-Panalytical Zetium), 

mineralogical analysis using XRD and image analysis using 

SEM were performed in the Central Research Laboratory of 

Niğde University. The result of the XRF analyze is shown in 

Table 1, the result of the XRD analyze is shown in Figure 4 

and the result of the SEM analyze is shown in Figure 5. 

 

Table 1. Chemical composition of the sample 

Pumice % 

SiO2 74.88 
Al2O3 13.828 
K2O 4.796 
Fe2O 1.445 
CaO 1.003 
Na2O 0.801 
TiO2 0.091 
MnO 0.062 
BaO 0.046 
MgO 0.044 
P2O5 0.004 
LOI 3.1 

 
Fig. 4. XRD patterns of feed sample. 
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Fig. 5. Scanning electron microscope (SEM) photographs of 

the sample 

 Laboratory grinding+coating tests were conducted 

in a laboratory batch type stirred ball mill (Figure 6). It 

comprises a 1200 ml cylindrical steel grinding tank. For 

cooling purposes, the grinding chamber is also equipped 

with a water jacket. The stirrer axis is fitted with five slotted 

stainless steel shaft and arms. The shaft is stirred with a 

motor which has a power of 3 kW and run at RPMs from 50 

to 3000 and can be used for dry grinding.  

 

 

Fig. 6. Stirred ball mill 

 

Grinding+coating tests were carried out in a dry 

stirred ball mill with varying tip speeds, media diameters. 

Surfa modification and the grinding performances were also 

evaluated using the stress energy model at different energy 

levels. The stress intensity “SIGM” has been varied by 

changing the stirrer tip speed vtip (between 1 m/s and 10 

m/s) as well as the grinding media size “dGM” (between 3 

and 4 mm). The stress intensity “SI” is proportional to the 

kinetic energy of a grinding media [9]. 

 

                           (1)  

 

In this study, grinding+coating tests were 

conducted in a single unit (stirred mill), and process steps 

are illustrated in Fig. 7. Grinding+coating tests were 

performed under the conditions given in Table 2. The 

commercial stearic acid (SA) (CH3(CH2)16COOH) was used 

as the surface modification agent in all tests. 

 

 
 

Fig. 7. The grinding+coating process steps. 

 

Table 2. Grinding+coating test conditions  

 Mill volume (ml)   1200  

Stirrer design   5-pin 

Media type   Alumina, (3.6 g/cm3)  

Media filling (%)   60  

Material load (%)   80  

Stearic acid dosage (%)   1,2 

Media size (mm)   3, 4  

Tip speed (m/s)   1, 2, 4, 8, 10  

  

The all grinding+coating tests were performed as a 

batch process in which samples were taken from the pot at 

the determined specific energy. After each test, all of the 

media and ground+coated samples were removed from the 

mill and the media were separated from the products by 

sieving.   

A Wet Laser Diffraction Particle Sizer Malvern 

2000 Ver. 2.00 with Hydro 2000 MU attachment (Malvern 

Co., Ltd., UK) was used for the particle size analysis of the 

feed and the ground+coated products. The effect of the 

surface modification was evaluated with a floating test, 

which measures the ratio of the floated product to the overall 
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weight of the sample, after they are mixed in water and 

stirred vigorously.  

 

AR%=(Mp/(Mp +Mt))⁎100                                                (2) 

 

where AR is the active ratio (%), Mp the mass of the floated 

product and Mt the mass of the non-floated product [10]. A 

greater active ratio implies better surface modification 

effects [1, 7, 10]. 

 

3. Results and discussion 
 
3.1. Effect of Stress Intensity on Pumice Active 
Ratio 
 

In this section, the modification performances of 

pumice at three energy consumption were tested under same 

conditions. The change of the AR values as a function of the 

stress intensity (i.e. different tip speeds and media size) are 

shown in Fig. 8.  

 

 
Fig. 8. The effect of stress intensity on AR at different energy 

input.   
 

AR values increase with an increasing stress 

intensity down to a certain point and then slowly decrease 

for all energy levels. When the energy level decreases, there 

was a significant increase in the active ratios. It was found 

that the best results were obtained at 375 kJ/kg energy level. 

In the pumice grinding + coating tests, the active ratio of 

approximately 95% were achieved at 375 kJ/kg energy 

level, is illustrated in Fig. 9. 

 

 
Fig. 9. Hydrophilicity (left) and hydrophobicity (right) of treated 

and untreated calcium carbonate. 

 

3.2. Effect of Stress Intensity on Particle Size of 
Pumice 

 

Within this section, the grinding performances of 

three different energy levels are shown in Fig. 10. d50 values 

decrease with an increasing stress energy down to a certain 

point and then slowly increases for all energy levels. At low 

stress intensities (<1·10 − 3 Nm) the d50 values is coarser 

than higher stress intensities, as the stress intensity is not 

sufficient to fracture the particles for all stirrer designs. 

Similar findings were observed in cement grinding by Racz 

[11]. He pointed out that, for dry stirred media milling if the 

stress intensity of grinding media is lower than the value for 

the particle breakage, the attrition of the surface rounding of 

the particles is carried out. Racz and Csöke [12], Cayirli and 

Gokcen [13] and Cayirli et al. [14] also found out similar 

results in their dry grinding studies. Regarding all energy 

levels tested, optimum stress intensities changed to be in the 

range of 3*10-3 - 7*10-3 Nm. Finer sizes were obtained with 

1500 kJ/kg energy consumption. In addition, above 

optimum stress intensities, the d50 values slowly increase 

and the grinding performance worsened. 
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Fig. 10. The effect of stress intensity on product size at different 

energy input.  
 

Comparing Fig. 8 to Fig. 10, it is understood that the AR is 

not more efficient as pumice is reduced to finer particle 
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sizes. In the experiments conducted at 375-750 kJ/kg energy 

levels, it was observed that the coating was efficient 

compared to the high energy level (1500 kJ/kg). The 

possible explanation for the decrease in the AR for pumice, 

the amount of acid was not fed sufficiently as the particle 

size decreased. In addition, the relationship between surface 

area and AR should be examined. 

 

4. Conclusions 
 

In this experimental study, pumice powder was subjected to 

a surface treatment with stearic acid, using the dry coating 

system and stirred ball mill. The grinding+coating tests 

conducted showed that: 

 

-For all energy levels, optimum stress intensities change to 

be in the range of 3*10-3 - 7*10-3 Nm. 

-At low stress intensities (<1·10 − 3 Nm) the d50 values did 

not decrease, as the stress intensity is not sufficient to 

fracture the particles. In addition, above optimum stress 

intensities, the d50 values slowly increase and the grinding 

performance worsens. 

-In the pumice grinding + coating tests, the active ratio of 

approximately 95% were achieved at 375 kJ/kg energy 

level. At this energy level and active ratio, d50 value was 

obtained 3.80µm. 

- Pumice surfaces were changed hydrophilic to hydrophobic. 
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The electromagnetic interference (EMI) properties of Sn  doped ZnO materials prepared by hydrothermal method have been 

investigated.  In previous study, the reflection and dielectric properties of Sn  doped ZnO metal oxide materials have been 

investigated .  In present study, we have investigated electrical conductivity of Sn doped ZnO materials to analyze electromagnetic 

shielding conduction mechanism. The obtained results indicate that electrical conductivity of ZnO based materials make a 

significant effect on electromagnetic shielding properties.  
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1. Introduction 

 
Radar absorbing materials have been great attention due to 

defense and military applications. In recent years, 

transparent metal oxide materials. The electromagnetic 

pollution is military and civil applications. The defense and 

radar applications need to new materials for transparent and 

flexible. Most  of metal oxides are transparent and one of 

them is zinc oxide, ZnO. This material can be used for 

electromagnetic shielding effects due to its interesting 

electric and magnetic properties.  

 

In previous study, we have investigated the electromagnetic 

shielding properties of Sn doped ZnO materials prepared by 

sol gel method [1].  

In present study, Sn doped ZnO materials were prepared by 

hydrothermal to analyze electromagnetic conductivity of 

their.  

 

 

 

2. Experimental details  
The used precursors are zinc acetate, tin chloride and 

distilled water. Firstly, the nominal values of zinc acetate 

and tin chloride were dissolved in distilled water for 10 min. 

Then, the solution was  ultrasonically stirred using a 

FYRONIX ultrasonic sonicatior. Then, the solution was 

poured into a Teflon holder. Then, the Teflon was put into 

FYRONIX nanomaterial production system. The reaction 

temperature and time were automatically programmed. The 

reaction was continued  at 180 oC for 12 h. The obtained 

powders were dried at 50 oC for 1h. Then pellets of Sn 

doped ZnO powders were prepared using a FYRONIX 20 

ton benchtop press. The electromagnetic shielding properties 

off samples were measured using  a network analyzer.  

 

 

3. Results and discussion 
 

The electromagnetic shielding properties of Sn doped ZnO 

samples were measured as a function high frequency. Fig. 1 

shows the electrical conductivity of Sn doped ZnO samples 

as function frequency ranging of 20 MHz to 20 GHz. As 

seen in Ffig.1, the electrical conductivity of samples are 

changed with increasing Sn doping and it increases with 

frequency. The decrease in electrical conductivity of ZnO is 

due to Sn doping. The Sn doping changes  the electrical 

conductivity of ZnO.  This change is due to the high 

resistance of Sn doping. The electrical conductivity plots of 

ZnO samples shows two regions. The first region is the low 

frequency and second region is the high frequency region. 

At lower frequencies, the change in conductivity is almost 

the same. Whereas,  at higher frequencies, the electrical 

conductivity is changed with frequency. The samples 
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exhibited an alternating conductivity (AC). AC conductivity 

is related to electromagnetic shielding. The electromagnetic 

shielding is comprising from electric and magnetic 

components. The proportion of electromagnetic waves is 

different in metal, dielectric. The electromagnetic  shielding 

is related to electrical conductivity, resistance and magnetic  

field.  
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Fig.1 Electrical conductivity of Sn doped ZnO samples 
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Fig.2. Plot of SEA vs. frequency off Sn doped ZnO samples 

 

 

 

 

Total EMI shielding effectiveness can given by the formula 

SET = SEA + SER + SEM     (1) 

 

Where  SEA is absorption of electromagnetic  shielding, SER 

is the reflection of electromagnetic  shielding and SEM is the 

multiple reflections. Also, another important parameter is 

skin depth (δ) to analyze electromagnetic shielding effect.  

The skin depth is depth of penetration of electromagnetic 

wave in material.  

The absorption losses are defined with  conductivity (σ) real 

permeability (μ′), skin depth (δ) and thickness (t) of the 

shield material. The SEA value of Sn doped ZnO materials 

were determined using by the following, 

 (2) 

 

The absorbing behavior of Sn doped ZnO samples is shown 

in Fig.2. As seen in Fig.2, SEA values of Sn doped ZnO is 

decreased with decreasing SEA values. The lowest SEA 

value was found to be for 5%Sn doping. The change in SEA 

is almost linear with increasing frequency. Sn doping was 

used in ZnO to improve electrical conductivity to increase. 

The lowest SEA was found to be %5.  The change in SEA is 

not linear behavior.  

The electromagnetic shielding conductivity mechanism of 

Snb Doped ZnO samples is dependent of Sn doping. The 

mechanism of electrical conductivity is almost linear at 

higher frequencies. At higher frequencies, the Sn doped ZnO 

samples exhibited an insulator behavior.  It is seen that Sn 

doping is a significant material for Zinc oxide material.   

The transparent electromagnetic shielding materials can be 

used environmental conditions. For electromagnetic 

applications. These materials also are flexible and are used 

in production of electromagnetic shielding materials.  

 

Conclusions 

Sn doped ZnO materilas has been synthesized by 

hydrothermal for electromagnetic shielding materials. The 

electrical conductivity and absorption properties of the 

samples have been investigated. It is found that the electrical 

conductivity and absorption losses of zin oxide can be 

controlled by Sn doping. The obtained results suggest that 

ZnO based materials can be used in electromagnetic 

shielding applications.  

 

 

References: 
 
[1] A. Dere, B. Coşkun, Electromagnetic Interference 

properties of Sn doped ZnO semiconductors, OEMT2018, 

İğne Ada, Kırklareli, 20-22 September, 2018. 

[2] Aksoy, S., Ruzgar, S. (2019). Effect Of Nitrogen On 

Optical Properties Of Zno Film Deposited By Sol Gel 

Method. Journal of Materials and Electronic Devices, 1(1), 

35-39 



 

6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (ORAL FULL TEXT) 

385 
 

 

Electromagnetic interference shielding properties of Pentacene thin film 

prepared by thermal evaporation 

 
F.Yakuphanoglu1*, A. Dere2, Osman Dayan3, Burhan Coşkun4, Canan Aksu Canbay1 
 
1 Firat University, Department of Physics, Elazig, 23200 TURKEY 
2Firat University, Nanoscience and Nanotechnology Laboratory, Elazig, 23200 TURKEY  
3Department of Chemistry, Faculty of Arts and Science, Çanakkale Onsekiz Mart University, Çanakkale, Turkey 
4Department of Physics, Faculty of Arts and Sciences, Kırklareli University, Kırklareli, TURKEY 
 

 

Pentacene is a promising  material for organic electronic applications. . Also pentacene is known to have a ordered molecular  

structure. In the last decade pentacene has generally been studied as a transistor, but the effect of electromagnetic shielding has 

not been studied. In this study, electromagnetic interference shielding properties of pentacene will be investigated. Fort this the EMI 

properties of pentacene in the frequency range from 1 GHz to 20 GHz were studied. The obtained results revealed that pentacene 

organic semiconductor materials can be used as very effective, lightweight microwave shielding materials for spacecraft, aircraft, 

microelectronic and structural applications.   
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1. Introduction 

 
 

Electromagnetic wave is the transfer of energy in waves by 

the effect of electric and magnetic fields perpendicular to 

each other.. Electromagnetic waves; radio waves, 

microwaves, visible light, ultraviolet rays, infrared rays, x-

rays and gamma ligths, frequencies and energy. It is 

classified as in Figure 1 [1,2]. Natural electromagnetic fields 

and except natural electric fields electromagnetic and 

electrical sprawling from man-made sources areas have 

become a part of our daily lives. Nowadays we often use; 

Bluetooth devices, mobile phones, high voltage lines, radio 

stations, TV antennas, low and high frequency electrical 

appliances are all sources of electromagnetic waves. In 

Figure 2 shown that . electromagnetic wave types and 

energies. 

EM shielding is the process of reducing EM field in a place 

made with conductive or magnetic materials. Also known as 

RF shielding for blocking EM radio frequency.  

 

Pentacene is a generally used p-type organic semiconductor. 

pentacene is a semiconductor material with high diffusion 

length and high carrier mobility [3-6]. Therefore pentacene 

is mainly used in the production of transistors and diodes 

.But in this study of the pentacene thin film were 

investigated by electromagnetic shielding measurements. 

 

 

 
 

Fiqure.1. is electromagnetic spectrum 
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Fiqure.2. Electromagnetic wave types and energies. 

 
2. Experimental details 
 

The pentacene p-type organic semiconductor material was 

purchased from Sigma Aldrich. The molecular formula of 

this material is C22H14 and its molecular weight is 278.35 g / 

mol. The pentacene organic layer of about 200 nm was 

thermally evaporated on microscope glass layer. The 

electromagnetic shielding properties of the pentacene thin 

film were measured with the FYTRONIX Network 

Analyzer. 

 

3. Results and discussion 
 

Relative permittivity, and dielectric loss of pentacene thin 

film as a function of applied frequency in the range of 1-20 

GHz and at room temperature is shown in Fig. 3. As seen in 

Fig. 3, it is depicted that the relative permittivity  at high 

frequencies is gradually increase while the sudden changes 

is shown at low frequencies. this indicates that the relative 

dielectric constant is more stable and higher at high 

frequencies. 
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Fig. 3. Plot of the relative permittivity vs. frequency 
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Fig. 4. Plots of the dielectric loss as a function of frequency. 

 

The dielectric loss curve shown in figure 4 is the opposite of 

this situation. that is, dielectric loss increases at low 

frequencies and decreases at high frequencies. 
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Fig.5. EMI SE of the pentacene thin film at frequency 

 

Fig. 5 shows the EMI shielding effectiveness (SE) of 

pentacene thin film. It is clearly seen that the EMI SE of 

pentacene thin film displays a increase dependence on 

frequency, the minimum standard shielding requirements for 

practical applications (above 20 dB)  

SE value given in the figure is calculated by the following 

equation. The depth at which the electric field drops to 1/e 

of the incident value is called the skin depth (δ), which is 

given by the following formula: 

 

δ = (πμrμ0fσ)-1/2    (1) 
 

where mr is the relative magnetic permeability and μ = 

4πx10-7 H/m.  
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To investigate the effect of skin depth and the contribution 

of 

absorption and reflection to total SE as a function of 

pentacene thin film are investigated 

.
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Fig.6. a) Frequency dependence of reflection loss, b) 

Frequency dependence of real part of reflection. 

 

The real and parts of reflection and reflection loss are shown 

in Fig. 6. The imaginary part of the reflection namely 

reflection loss is decreased with the increasing frequency. 

Real and imaginary part of reflection analysis shows that 

dielectric polarization causes change in dielectric constant of 

pentacene thin film. 

 

Conclusions 
 
The electromagnetic shielding properties of pentacene thin 

film prepared by thermal evaporation method were 

investigated. It is seen that the SE of pentacene thin film is 

changed with  the frequency. The obtained electromagnetic 

shield parameters suggest that pentacene can be used as 

shielding material for electromagnetic applications.  
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Recently, a great number of countries worldwide started to establish water treatment center in order to recycle 
waste water. These constructed centers use different stages such as entrance, aeration and exit to complete 
recycle process. In this study, a metamaterial sensor application was realized to separate water sample taken 
from different stages of water treatment center. Firstly, dielectric properties of water sample were measured by 
the help of 85070E dielectric probe kit. After that, metamaterial sensor application is designed by inserting sensor 
layer at the back of sensor structure and simulation studies are utilized. The simulation results show that total 230 
MHz bandwidth was obtained which means that demonstrated sensor application enable to separate water.  
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1. Introduction 

Recently, a great number of countries worldwide started to 

establish water treatment center in order to recycle waste 

water [1]. Recycling of waste water needs different process 

such as entrance, aeration and exit. Entrance is the point 

where the wastewater enters the plant for the first time. In 

aeration stage, wastewater is supplied with air blowers to 

maintain the vital activity of bacteria. Also, exit is a unit that 

cleaned waste water abandons the system [2]. 

 

In this study, we have proposed metamaterial sensor that 

gives different reaction in response to changes in dielectric 

properties. Metamaterials are artificial structure and famous 

for making dielectric constant and magnetic permeability 

negative at the same time. After numerically demonstrated 

the existence of metamaterial by Vesalago [3], different sort 

of studies have been performed by the scientist. 

Metamaterial absorbers capable of absorbing the energy in 

different frequency range [4]. Also, metamaterial has a fame 

providing ‘’invisibility cloaking’’ [5]. Metamaterials can be 

employed to increase antenna gain, directivity and reducing   

S11 reflection coefficient [6]. In addition to that, sensor 

application of metamaterial is widely used by scientist. A 

sensor application was realized in order to calculate density 

ratio of chemical substances [7]. Also, metamaterial sensors 

are employed to provide solution for adulteration in liquids 

such as oil, diesel [8]. Furthermore, transmission line based 

sensor was realized for sense water samples taken from 

water treatment service [9]. 

The organization of the study was arranged in way that the 

design and simulation setup are given in the first section and 

then the results and discussion were presented in the second 

part. 

 

 2. Design and Simulation 
 
The metamaterial sensor structure for distinguish different 

water samples taken from the water treatment center is 

shown figure 1.As it can be seen in the figure, realized 

structure compromise of  two square and a meander line 

resonators. Also, resonator layers is printed on a substrate 

layer called IS680 having a dielectric constant of 3.2 and 

thickness of 1.6mm. The reason for chosen this type of 

metarial is reducing losses and having small dielectric 

constant value. In order to obtain chiral medium, front and 

back side resonators are inserted asymmetrically [10]. 

Moreover, a sample holder with the thickness of 10mm is 

mailto:s.dalgac@gmail.com
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designed to fill liquid inside and it placed back side. 
Waveguide sample holders front and back sides are covered 

with 25μm capton film. 

 

 
 

Figure1. (a) Front view, (b) 

Back view, (c) profile view of sensor structure 

 
The overall dimension of proposed sensor structure is shown 

figure 2. As shown in the figure, sensors dimensions 

adjusted according to operating frequency range called X 

band (8GHz-12GHz. Also the resonator dimensions of the 

MTM sensor structure are determined depending on the best 

S parameters and quality factor result. In figure 2.b, 

boundary conditions is set as perfect electric conductor 

(PEC) at x, y directions, while it is open add space at z 

direction. 

 

The other step in this study is to measuring dielectric 

properties of water samples. Dielectric constant of the 

sample found in the nature is a unique property and there are 

many ways to calculate it. In this study, we used 85070E 

dielectric probe kit in order to measure dielectric constant 

value as shown figure 3. 

 
 

Figure2. (a)The proposed MTM sensor structure 

dimensions, (b) Boundary conditions of simulation setup 

 

.   

 

 
 

Figure3.Dielectric measurement probe kit 

 

 

 

3. Results and discussion: 
 
In this study, a metamaterial sensor application was 

demonstrated in order to separate of different stage of water 

taken from water treatment services. All process 

compromised of two steps such as measurement of dielectric 

properties and conducting numerical study. As shown figure 

4.a, dielectric properties measured by the help of probe kit is 

given. As it is seen from the figure, dielectric properties of 

aeration, exit and entrance sample vary from 39, 64, 67 to 

32, 54, and 57 depending on frequency range. After having 

electrical properties of samples, all data’s are uploaded 

program as a new material and simulation studies are 

conducted. As presented figure 4.b, the resonant frequencies 

of aerations, entrance and exit stage of water equal to 10.024 

GHz, 10.208 GHz and 10.232 GHz, respectively. Total 
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bandwidth approximately for this study is 230MHz which 

means that sensor structure capable of distinguish different 

stage of water samples. 

 

 
Figure 3. (a)Dielectric Properties and (b)S11 reflection 

coefficient of water samples 

 
Conclusions 
 

In this study, a metamaterial sensor application was 

demonstrated in order to separate of different stage of water 

taken from water treatment services. For this purpose, 

dielectric properties of samples were measured and defined 

simulation program as a new material. Then, simulation 

study was employed and resonant frequencies were 

obtained. According to result, realized sensor structure is 

capable of distinguish water sample. 
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Motor lubrication oils have to be altered in a certain periods of time owing to corrosion effect in oil. 
Therefore, monitoring the quality of engine oil is vital to us in order to prevent giving damage to engine 
parts. In this study, metamaterial sensor application was demonstrated so as to determine car lubrication 
oil quality. The realized sensor structure consist of two resonator layer printed on ISOLA 680 type of 
substrate layer. In addition to that, the dielectric properties of the oil samples are measured by the help of 
probe kit connected to network analyzer then simulation studies are realized. Total bandwidth for new 
(0km) and used (5000km) oil samples equal to 60MHz which means that demonstrated sensor application 
is capable of determining oil sample.  
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1. Introduction 

Lubrication systems are operated in much similar system 

such as gears, machines and vehicles. Although these system 

responsible for many task, their primary duty is reducing 

friction, cleaning component and prevent corrosion  [1]. 
One of the places where the lubrication system is used is the 

cars. The lubrication oil used in cars must be replaced in 

limited time interval because oil exposed many different 

contamination [2]. Up to now, many sensor applications 

have been developed by the Scientist in order to monitor oil 

quality [3-4]. In addition to given sensor studies, we have 

developed metamaterial based sensor structure in order to 

determine oil quality by using metamaterial.  

Metamaterials are artificial material and enable to make 

dielectric constant and magnetic permeability value negative 

at the same time [5]. So far, many studies demonstrated by  

 

 

the help of metamaterial. Metamaterial is employed to 

polarization converter [6]. Also, frequency selective surface 

(FSS) one of the most popular MTM application. Harvesting 

of energy and imaging of samples are possible by using 

metamaterial [7-8]. MTM Sensors are one of the most 

important applications. They can be used as thickness, 

humidity, temperature sensor [9]. Also, cancer cell detection 

is possible with MTM sensor [10]. In addition that, 

transmission based sensor structure exist in the literature in 

order to sense different chemical substances [11].In this 

study, chiral metamaterial sensor application that have  
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circle and square shape of resonator is demonstrated. This 

design especially improved and advanced for best 

bandwidth and sensing capabilities in waveguide.           

 

2.Desing and Simulation 

The realized sensor structure for monitoring quality of 

lubrication oil samples is given figure 1. As show from the 

figure, the resonator layers includes square with split and 

circle shape resonators. Also, in order to obtain chiral 

medium, front and back side resonators have been placed 

asymmetrically as presented figure 1.a and 1.b. Resonators 

are composed from copper that has a conductivity of 

 S/m and thickness of 0.035mm. This is why 

square split ring resonators placed asymmetrically that 

increase mutual capacitive effects between fronts and back 

resonators both side of IS680 type material which have a 

dielectric constant 3.2 and thickness of 1.52mm .In addition 

that, a sample holder is designed for filling with oil samples 

and capton band is used to cover sample holder to prevent 

leakage as given figure 1.c. 

 

Figure 1. (a)Front and (b)back view, (c)sensor-sample 

holder connection  of proposed sensor structure 

The overall dimensions of the sensor structure are given 

figure 2.a. As presented in the figure, each length of edge of 

square resonators is 7.07mm, diameter of the circular 

resonator equals to 4mm. Also, 1mm splits are inserted each 

square. In addition that, the length of the substrate layer 

dimension (22.86mm-10.16mm) arranged to the X band 

frequency (8GHz-12GHz). All dimensions have been 

optimized in terms of best S11 reflection coefficient and best 

quality factor. While Boundary conditions are set as perfect 

electric conductor at x and y directions, open add space 

employed at z direction as given figure 2.b.  

 

Chiral metamaterial is a subset of normal metamaterial. It 

can be obtained by asymmetrically placement of resonator 

layers. As shown figure 1.a and 1.b, there is 45 angle degree 

differences among the front and back side resonator. The 

chilarity value of proposed structure can be found as given 

formula below [9] and plotted figure 3; 

                                        Re(κ)        

Where  can be introduced by rotation of 

polarization angle for right circularly polarization (RCP) and 

left circularly polarization (LCP). Also k0 and d express free 

space wave number and thickness of the whole structure. 

 

 

Figure2. (a)Dimensions and (b) PEC boundary 

conditions of chiral sensor structure 
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Figure 3. Chirality value of proposed chiral medium 

 

3. Results and discussion: 

Replacing of lubrications oil samples in limited time interval 

is very significant parameter for car health. In addition that, 

the proposed sensors developed so far only informs the 

driver regarding with oil level and temperature. The most 

crucial side of our sensor structure is enabling to monitoring 

oil quality remotely as it has done [12]. Firstly, dielectric 

properties of lubrication oil samples is measured by the help 

of Agilent 85070E dielectric probe kit, the result plotted 

figure 4.a.It obvious that, electrical properties of these two 

sample different one another. While new (0km) oil sample 

start from 2.4, used sample start from 2.58.After obtaining 

these values, these data’s uploaded the simulation program 

and numerical study is performed. As given figure 4.b, 

resonant frequency of new (0km) and used (5000) oil 

samples equal to 8.24 GHz and 8.18 GHz. There are 60 

MHz frequency differences among two samples. 

 

Conclusions 

In this study, chiral metamaterial sensor structure was 

demonstrated in order to monitor lubrication oil quality 

remotely. Firstly, dielectric properties of samples are 

measured by the help of probe kit then numerical study is 

conducted. According to the result, there is 60 MHz. 

frequency differences among two samples. This 

resultreveals that, proposed sensor structure is capable of 

determining oil quality remotely. 
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In this study, the potential of sunflower oil as green collector was examined as an alternative to the kerosene, which is an oil 

product as a collector. Coal flotation experiments and contact angle measurements were carried out with kerosene and 

sunflower oil. Plant eucalyptus oil was used as frother in all the flotation experiments. After that, the results obtained from 

flotation experiments were compared in terms of ash, combustible recovery and efficiency index while contact angle values 

compared to each other. The results show that sunflower oil is a vegetable oil that can be used as an alternative to the 

kerosene.  

 

Keywords: Bituminous coal; sunflower oil; kerosene; flotation; contact angle. 
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1. Introduction 
 
Collectors which are organic compounds which make the 

mineral surface hydrophobic, are generally classified as 

anionic, cationic and non-ionic [1]. The collectors on the 

mineral surface reduce the stability of the hydrate layer, 

thus the mineral to form an interface with the air bubble. 

Compounds which are used as water-insoluble emulsions 

and which consist of hydrocarbon oils that make the 

surface hydrophobic by covering the mineral surface non-

ionizing collectors. The most important of these are 

petroleum products such as kerosene, diesel and natural 

vegetable oils. 

Petroleum products (usually kerosene) have been widely 

used in flotation process of fine coals (<0.5 mm) as 

collectors and consistently provided robust performance 

due to their unique capability to selectively adsorb on the 

surface of coal and render them hydrophobic. The dosage 

of collector has significant effect on flotation performance 

[2]. Since the petroleum product is non-polar oil, its 

disposal in an environmentally acceptable manner is 

challenging task. These products are also nonrenewable 

and highly flammable. Hence, a replacement for these 

products was initiated. Vegetable oils with negligible 

sulfur, nitrogen and heavy metal content are renewable, 

available and a non-polluting raw material. Because of 

these important characteristics, they are suitable 

candidates for purposes other than food. In this sense, 

vegetable oils are becoming more widely investigated for 

alternative uses such as biodiesel production and raw 

material for the chemical and other industries [3]. It was 

hypothesized that vegetable oils consisting of long-chain 

fatty acids which could act as both frother and collector, 

and having ester groups linked with the ability to behave 

as a frother, would improve the flotation recovery of the 

coal particles [4].  

Mainly sunflower oil, soybean, cotton, olive, sesame, corn 

and many other vegetable oil types can be produced in 

Turkey. Turkey produces nearly 1 million tons of 

vegetable oil annually and 50% of this oil is sunflower oil 

[5] In this study, coal flotation with sunflower oil was 

performed and the results were compared with kerosene 

which is known as the best collector in the literature. 
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2. Experimental details 
2.1. Materials 
 
Coal sample used in the flotation experiments was 

collected from a thickener underflow stream of a coal 

washing plant treating the Zonguldak bituminous coal in 

Turkey. The results of the chemical analysis of the test 

sample are given in Table 1. In addition, the distribution 

of ash and combustibles according to the size fractions is 

given in Table 2. It indicates that about 50% of the coal 

has a particle size less than -38 µm and contains about 

33.75% ash and 0.70% total sulfur. Thus, the sample may 

be characterized as a relatively high ash and low sulfur 

coal. 

 

 

Table 1. Proximate analysis of the sample coal (on dry 

basis) 

 

Analysis Values 

Ash content (%) 33.75 

Volatile matter (%) 29.20 

Fixed carbon (%) 37.50 

Total sulfur (%) 0.70 

Upper calorific value (kcal/kg) 5220 

 
Table 2. The distribution of weight, ash and combustible 

recovery in the size fractions. 

 

Size 

Fractions 

(µm) 

Weight 

(%) 

Ash 

(%) 

Combustible Recovery 

(%) 

500x300 3.51 8.20 4.86 

300x212 10.12 7.10 14.20 

212x150 14.40 13.30 18.84 

150x125 4.62 9.60 6.30 

125x63 9.58 22.30 11.24 

63x38 4.98 44.60 4.13 

-38 52.84 49.30 40.44 

Total 100.00 33.75 - 

 

For contact angle measurements, the coal sample was 

received in the form of lump-sized from the entrance of 

washery plant in Zonguldak (Turkey). Coal sample was 

cleaved 15×13×4 mm and coarse polishing with silicon 

carbide abrasive paper makes the coal flat surface. 

Kerosene (from Tupras Company in Izmir from Turkey) 

and sunflower oil (from Kristal company in Izmir from 

Turkey) as collector and eucalyptus oil as frother (from 

Ciftcizade company in Antalya from Turkey) were used 

as received 

 

2.2. Methods 
2.2.1. Contact angle measurements 
 
The surface wettability can be determined by measuring 

the some parameters such as the electrical potential and 

contact angle [6]. Contact angle is one of the common 

techniques to measure the wettability of material. Wetting 

refers to the study of how a liquid deposited on a solid (or 

liquid) substrate spreads out or the ability of liquids to 

form boundary surfaces with solid states. The wetting, as 

mentioned before is determined by measuring the contact 

angle which the liquid forms in contact with the solids or 

liquids. 

In this study, the contact angle of kerosene and sunflower 

oil were carried out with Sessile Drop method by using 

Attension theta contact angle goniometer on a flat coal 

surface (Fig.1). The advancing contact angle 

measurements were carried out 10-20 seconds after the 

increase in the size of the drop. These values were 

determined through using the approach provided by 

Fowkes [7]. All the measurements were carried out at the 

room temperature (20-22°C).  

 
 

Figure 1. (a) Shematic of contact angle goniometer. (b) 

schematic of wetting statics in the Young equation for 

solid-liquid-vapor system. 

 

The contact angle is defined as the angle formed by the 

intersection between of the solid-liquid interface and the 

liquid-vapor interface which is described by Young 

equation [8]. As illustrated in Fig.1(c) contact angle of oil 

droplet on a coal surface in an aqueous medium is defined 
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as the equilibrium of the oil droplet under the action of 

three interfacial tensions; liquid-vapor, solid-vapor and 

solid-liquid. This relation is known Young’s equation is 

shown in Eq.(1) 

                                                                
(1)       

where γLV, γSV, and γSL represent the liquid-vapor, solid-

vapor, and solid-liquid interfacial tensions, respectively, 

and θ is the three phase contact angle. If θ is higher than 

90°, the solid is hydrophobic or oil-wet, if θ is lower than 

90°, the solid surface is hydrophilic or water wet. 

 

2.2.2. Batch Flotation and Release Tests with 
Sunflower and Kerosene Collectors 
 
Flotation tests were performed in a Denver machine with 

a cell capacity of 1.5 liters. The impeller speed was fixed 

at 1100 rpm. A pulp density of 10% was used in all 

experiments. For each flotation tests, the sample was 

mixed with tap water in the cell for 10 min to ensure the 

wetting of its surface. Sunflower oil (2000 g/t) was used 

as collector, and eucalyptus oil (100 g/t) was used as 

frother. Viscosity, density and oil-water interfacial tension 

of the sunflower oil were 72 mPa/s, 0.90 g/cm3 and 22.00 

mN/m, respectively. The measurement of these physical 

properties of the oil was carried out at 20 oC. Similar 

conditions were used for determination of flotation 

performance of the kerosene collector. In the experiments 

2000 g/t kerosene and 100 g/t eucalyptus oil as frother 

was used. The mechanism of particle-oil adsorption in 

coal flotation with kerosene and sunflower oil were 

schematized in Fig.2. The flotation process was achieved 

by mixing chemicals known as collectors (kerosene, 

sunflower oil) and frother (eucalyptus oil) with in the coal 

slurry. The collectors adsorb onto the coal surfaces, 

making these coal particles hydrophobic. Air was passed 

through the slurry in a tank known as a flotation cell. The 

new hydrophobic coal particles (coated with the 

collectors) attach to the bubbles, rising with them to the 

surface of the flotation cell, where they form a froth. The 

froth flows over the top edge of the flotation cell and 

moved the concentrate launder Fig 2 (a, b). Fig.2 (b) 

However, the selectivity of the collection mechanism was 

not perfect for sunflower oil flotation process. Some 

gangue minerals were also carried into the froth, largely 

by bad selectivity of sunflower oil and entrainment with 

the water rising with the bubbles. This was particularly 

the case for particles less than 10 µm in size. Some of the 

gangue particles follow the water between the bubbles as 

it drains back to the underlying slurry. 

Kinetic flotation tests (for 30, 60 and 240 sec. froth 

skimming) were conducted to determine collecting 

potential of sunflower oil and kerosene, separately. The 

obtained concentrates were filtered, water with acetone 

washed, dryed in oven, weighted to calculate the yield, 

and analyzed for ash content.  Before starting the kinetic 

flotation tests, "release test" procedure developed by [9] 

was applied in order to determine final washability limit 

of the coal sample. Release test was performed in order to 

determine the best washability result at varying stirring 

speeds in a Denver cell and at high reagent dosages (10 

kg/t sunflower oil, 0.4 kg/t eucalyptus oil).  

 

 
 

Figure 2. The mechanism of particle-oil adsorption in 

coal flotation with kerosene (a) and sunflower oil (b). 

Detailed view of flotation cell [10] (c). 

 

The performance of any separation system can be 

evaluated based on the quality and quantity of the 

products produced. Many researchers evaluated the 

flotation performance using yield, recovery, assay, 

efficiency index, selectivity index, flotation kinetic 

parameters etc. In this study, the curve of combustible 

recovery versus concentrate ash was used to compare 

flotation performance [11]. 

 

3. Results and discussion 
Release curves for sunflower oil and kerosene collectors 

are shown in Figure 3. According to Fig. 3 the collecting 

feature of the kerosene is better than the sunflower oil. 

Clean coal with a 8.73% ash with kerosene collector were 

https://en.wikipedia.org/wiki/Gangue
https://en.wikipedia.org/wiki/%CE%9Cm
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obtained with a combustible recovery value of 62.54%, 

while sunflower oil with 10.35% ash clean coal with a 

combustion recovery value of 55.48%. For a salable clean 

coal ash value (eg. 10% ash), the combustible recovery 

value (~ 70%) of the kerosene collector is higher than the 

combustible recovery value (~ 53%) of the sunflower oil. 

On the other hand, the results of kinetic flotation studies 

for sunflower oil and kerosene are presented in Figure 4. 

 
Figure 3. Release test results with sunflower oil and 

kerosene. 

 

 
Figure 4. Release test results with sunflower oil and 

kerosene. 

 

 
Figure 5. Release test results with sunflower oil and 

kerosene. 

 

 
Figure 6. (a) Product ash, (b) yield, and (c) combustible 

recovery values as a function of flotation time with 

kerosene and sunflower oil as collector. 

 

From Fig.6 results, it can be seen that, the combustible 

recovery values of both oil types are approximately the 

same during low (30 sec.) and high (240 sec.) flotation 

time. For example, the combustible recovery value of 

sunflower oil is 30.96%, while the kerosene is 32.35% at 

30 seconds of flotation. The combustible recovery of 

sunflower oil is 90.72%, while the kerosene is 91.85% at 

240 seconds of flotation. When the results are examined 

in terms of selectivity, it was seen that the kerosene was 

more selective. For example, the product ash obtained at 

the flotation time of 240 seconds was 16.95% with 

kerosene and 21.93% with sunflower oil. The clean coal 

ash obtained with sunflower oil is 4.98% higher than that 

of the kerosene.  

 

4. Conclusion 
 
The ash content of bituminous coal used in the 

metallurgical industry should be maximum 10%. 



 
6th International Conference on Materials Science and Nanotechnology For Next Generation (MSNG2019) 

 October 16-18, 2019, Niğde, TURKEY (POSTER FULL TEXT) 

400 
 
 

 

Otherwise, the desired coke quality cannot be obtained. 

As a result of this study, it was observed that sunflower 

oil could reduce the fine bituminous coal ash value from 

33.75% to 6.50%. Although sunflower oil can produce 

clean coal with very low ash content, it has given poor 

results in terms of combustible recovery than that of 

kerosene. Its probable cause is that the surface coating 

ability of the sunflower oil is lower than kerosene. For 

obtain a clean coal with 10% ash, the combustible 

recovery value of sunflower oil is ~53%, while kerosene 

is ~70%. Kerosene has also given better results in terms 

of selectivity. The product ash obtained at the longest 

flotation time (240 sec.) is 16.95% with kerosene while 

22.05% with sunflower oil. According to all results, the 

overall performance of sunflower oil is about 20-30% 

lower than kerosene. However, it should not be forgotten 

that sunflower oil is a renewable green collector while 

kerosene is non-renewable resource. 
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Determination of current-transport mechanisms of (CTMs) of Schottky diode (SD) is quite important in order to improve the 

device performance. In this study, Io (reverse saturation current), ideality factor (n) and zero-bias barrier height (ΦBo) of 

Au/PVA/n-GaAs are evaluated from forward bias semi-logarithmic I-V measurements at 200 K, 240 K, 320 K and 360 K. It is 

acquired that the forward bias I-V curve of the sample have three distinct linear regions which are called Region 1 (between 

0.039 V and 0.338V), Region 2 (between 0.379 V and 0.595 V) and Region 3 (between 0.639 V and 0.918 V). Obtained 

results showed that while temperature increases, n value decreases and ΦBo value increases. Also, series resistance (Rs) 

values of sample were calculated by Ohm’s Law for 200K, 240 K, 320 K and 360 K. Consequently, it is clarified that CTMs of 

Au/PVA/ n-GaAs MPS type SD are strongly depending on temperature and voltage. 
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1. Introduction 

Metal-organic/polymer-semiconductor (MPS) 

type Schottky diodes (SDs) has become major component 

of the microelectronic circuit elements in today’s 

technology. GaAs semiconductor has become competitive 

with Si in the technology world, due to increased need for 

semiconductor devices that working in the microwave 

frequency in the electronic industry. Furthermore, GaAs 

is preferred by the researchers because of its high electron 

mobility, semi-insulator property and direct band gap [1-

3]. In consequence of all attributes of GaAs, in this study 

n-type GaAs has been used as the semiconductor material. 

 

 Recently, instead of low dielectric SiO2, high 

dielectric materials have been used as the interface 

material between the metal and semiconductor [4]. The 

presence of this layer prevents the diffusion to the MS 

interface, deactivates the surface states and increases the 

rectifying rate by decreasing the leakage currents [4]. 

Polyvinyl alcohol (PVA) used in this study has become 

attractive as an interface material due to its physical and 

chemical properties (high water solubility, high film 

forming capacity, etc.) [4-5]. In fact, the electrical 

conductivity of PVA and similar polymers is low. 

However, the electrical conductivity of PVA which can 

be modified by doping concentration, can be increased by 

doping materials such as Zn, Co, Ni [4-7]. In this study, 

the effect of interface material PVA, which has low 

production cost and easy processing, was examined on 

possible current-transmission mechanisms (CTMs) at 

several temperatures (200K, 240 K, 320 K and 360 K). 

  

As is known, in order to improve the 

performance of semiconductor devices, it is important to 

describe the possible CTMs. Especially at low 

temperatures, the CTMs of the device becomes complex 

and one or more mechanisms can be dominant at the same 

time. As is known, at high temperatures, the Thermionic 

Emission theory (TE) applies because the carriers have 

sufficient energy to pass the potential barrier. However, 

due to carriers that do not have sufficient energy at low 

temperatures, one or more of the CTMs such as TFE, FE, 

To anomaly may be dominant at the same time [8-9]. 

mailto:esraevcin@gmail.com
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Therefore, I-V measurements at different temperatures are 

important to determine the basic diode parameters of the 

device, such as ideality factor (n), zero-bias potential 

barrier height (ɸBo) and series resistance (Rs). 

 

 In literature, MPS type SDs prepared that was 

doped such as ZnO, Co, CdS, etc. to PVA used as 

interface material are of great interest [4,7,10]. In order to 

make comparisons with these studies and to investigate 

the temperature-dependent CTMs, the I-V measurements 

of Au/pure PVA/n-GaAs were taken at 200 K, 240 K, 320 

K and 360 K. 

 

2. Experimental details 

The Au/PVA/n-GaAs sample has been prepared 

by using n-type Si doped GaAs wafer that is 300µm 

thickness and 1-10 Ω.cm resistivity as substrate. n-GaAs 

wafer has been divided into 1cm x 1cm pieces. Then 

wafer has been ultrasonically cleaned by acetone, 

isopropyl alcohol and deionized water for 5 minutes, 

respectively. After cleaning process, for back ohmic 

contact formation, unpolished side of wafer has been 

coated by Au metal with 99.999% purity and 150nm 

thickness by thermal evaporation method. For low ohmic 

contact resistance, wafer has been annealed at 500oC for 

3 minutes in N2 atmosphere [11]. 

 

After process of back ohmic contact, wafer has 

been cleaned by HF+10H2O solution to uproot the native 

oxide layer. On the other hand, high purity PVA solution 

has been prepared and heated to 80oC for 3 hours. Then, 

for the arrangement of the PVA interface layer, PVA 

solution has been transferred to the polished side of n-

GaAs wafer as nanofiber by electrospinning method. 

Lastly, Au metal has been coated on the PVA layer 

surface with the mask that has been had 150 nm dots 

about 1.00 mm diameter by thermal evaporating method 

to creation of Schottky contact. 

 

For examination the temperature dependent I-V 

characteristics of Au/PVA/n-GaAs, current-voltage 

measurements have been taken by Keithley 2400 source 

meter for the temperatures 200 K, 240 K, 320 K and 360 

K. Temperature control has been performed by Janis vpf-

475 cryostat and the temperature change has been 

followed by Lake Shore 321.  

 
 

 

 

3. Results and discussion: 
 
 

 
 

Fig.1. Semi-logarithmic forward and reverse bias I-V 

characteristics of Au/PVA/n-GaAs MPS type SBD at 200 K, 240 

K, 320 K and 360 K. 

 
 Fig. 1 shows the forward and reverse bias lnI-V 

characteristics of Au/PVA/n-GaAs for the temperature of 

200 K, 240 K, 320 K and 360 K. As can be seen in Figure 

2, there are three linear distinct regions for both 

temperatures. These regions are Region 1 (between 0.039 

V and 0.338V), Region 2 (between 0.379 V and 0.595 V) 

and Region 3 (between 0.639 V and 0.918 V). The slopes 

of linear regions remain almost constant as independent 

temperature. At the high voltage values, because of Rs 

effect, lnI-V curves are not linear for both temperatures. 

This type of I-V behavior of forward bias can be 

explained by TE mechanism [12,13]: 
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Where A* is the effective Richardson constant 

and equals 8.16 A/cm2K2 for n-GaAs, A is the diode area 

and for our sample, it equals 7.85x10-3cm2. Other 

quantities are well-known physical quantities. 

(1)  
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Table 1 shows the Io, n and ΦBo values for both 

three regions. Io and n values are specified from intercept 

and slope of the linear regions, respectively. ΦBo values 

are computed by using below [12,13]: 

 

2

0

*
lnBo

kT AA T

q I


 
  

 
       

 

 

 

 

-values of Au/PVA/n B0and Φ 0. Experimental n, ITable 1

GaAs for Region I, Region II and Region III for 200 K, 

240 K, 320 K and 360 K. 

Region I Region II Region III 

T (K) n I0 (A) ΦB0 (eV) n I0 (A) ΦB0 (eV) n I0 (A) ΦB0 (eV) 

200 8.31 1.07 E-06 0.37 5.36 2.76 E-07 0.40 6.80 1.15 E-06 0.37 

240 6.50 7.44 E-07 0.46 4.88 2.45 E-07 0.48 4.06 6.88 E-08 0.51 

320 5.16 1.17 E-06 0.62 3.48 2.94 E-07 0.66 3.17 1.91 E-07 0.67 

360 4..42 1.51 E-06 0.70 2.98 3.75 E-07 0.74 3.04 5.15 E-07 0.73 

 
 

 

 As can be seen in Table 1, when temperature 

increases, n values decrease but ΦBo values increase for 

both regions. It is clear that, this condition contrasts with 

negative temperature coefficient of barrier height [4,8-

10]. At low temperatures, current flows through to 

patches of lower barrier heights and n becomes greater [4-

11]. 

 

 

(a) 
 

 
(b) 

 

 
(c) 

 
Fig. 2. Temperature dependent n and ΦB0 values of Au/ PVA/n-

GaAs (a) for Region I, (b) for Region II and (c) for Region III. 

 
 

Temperature dependent n and ΦBo changes are 

shown in Fig. 2 (a) for Region I, (b) for Region II and (c) 

for Region III. The deviation from classic TE theory can 

be seen Fig. 2, too. Nearly exponential decrease is 

observed in n values, as temperature increases. Expected 

n values for an ideal diode must be unit or intimate the 

unit [2,14-16]. Also, as temperature increases, ΦBo 

values must be decreased like Eg (Forbidden band gap) of 

semiconductor [14-16]. These low values of ΦBo causes 

the minor barriers at the metal-semiconductor interfaces 

[14-16]. So, charge carriers can pass from metal to the 

(2)  
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semiconductor and CTMs are directed by these charges 

that flow through these patches. Thus, n values or current 

increases. All of these unexpected results are based on 

quantum mechanical tunneling mechanisms that FE (Field 

Emission) and TFE (Thermionic Field Emission) 

[8,10,17].  

 

 
Fig. 3. Ri vs V as a function of temperature and Rs vs T plots of 

Au/PVA/n-GaAs. 

 
 

Fig. 3 shows the temperature dependent Ri-V 

plots. Rs and Rsh parameters of Au/PVA/n-GaAs are 

determined from I-V characteristic of sample by using 

Ohm’s Law: 

 
 

i
i

i

dV
R

dI
  

 
As seen in Fig. 3, Ri values are strongly 

depending on both temperature and applied voltage. As it 

is known, resistance value decreases with increasing 

temperature [18-19]. At sufficiently forward bias, the 

resistance of the diode becomes steady that value is the 

Rs. Likewise, if enough reverse bias is applied, the 

resistance of the diode is fixed again and that point is 

called Rsh (shunt resistance). Due to low leakage current, 

maximum Rsh value is at the lowest temperature region, 

200 K. This result increases the rectifying rate of the SD 

at low temperature. The maximum Rs value is also at low 

temperature. Additionally, in the supplement plot in Fig.3 

shows that when applied forward bias increase, Rs value 

decreases. This behavior can be attributed the 

recombination or generation mechanisms [19-21].  

 
Conclusions 
 

 In conclusion, Au/PVA/n-GaAs MPS type SD 

was prepared by electrospinning and thermal evaporating 

methods. The semi-logarithmic current – voltage 

measurements were taken at 200K, 240 K, 320 K and 360 

K to obtain a detailed information about possible CTMs. 

According to experimental results, it can be said that there 

is a deviation from thermionic emission theory because of 

barrier inhomogeneities at M/S interface. Especially at 

low temperatures, quantum mechanical tunneling 

mechanisms (FE and TFE) can be ascended. Also, Ri 

values of sample were determined that Ri values depend 

on both temperature and applied bias voltage.  
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Investigation of Gamma Irradiation Effects on The Current-Voltage 

Characteristics of Au/n-Si/Ag Schottky Diodes (SDs) 
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The effects of 60Co (𝛾-ray) irradiation on the electrical properties of Au/n-Si/Ag Schottky diodes (SDs) have been investigated 

by using current-voltage (I-V) measurements at room temperature. Au/n-Si/Ag SDs were exposed to dose 60 kGy irradiation to 

see the effects of 60Co (𝛾-ray) on the fundamental electrical parameters of SDs such as zero bias barrier height (𝛷B0), ideality 

factor (n), series resistance (Rs) and shunt resistance (Rsh). These parameters have been calculated before and after 

irradiation by using the reverse and forward bias I-V measurements at room temperature. It is obtained that the barrier height 

and series resistance values increase while the ideality factor and shunt resistance values decrease after exposure the SDs to 

𝛾-ray source. On the other hand, the rectifying ratio values of SDs for before and after irradiation have been obtained as 276 

and 36 respectively, at (± 3 V). In this case, experimental results confirm that 𝛾-ray irradiation have significant effect on the 

electrical properties of SDs. 

 

Keywords: Schottky diodes, I-V characteristics, radiation effects, gamma-ray effects. 
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1. 
Introduction 

 
It is known that change in current-voltage (I-V) 

characteristics of semiconductor-based structures such as 

Schottky diodes (SDs), MOS capacitors, solar cells or 

other MS/MIS/MPS and MOS type structures is lower 

than the      C-V characteristics when exposure them to 

the low-dose gamma-ray irradiation [1]. On the other 

hand, if it is used high-dose 60Co-𝛾-ray source for 

investigating response of these structures, it could be seen 

apparently change in I-V characteristics [2]. SDs and 

other semiconductor-based structures form the basis of 

many electronic systems such as satellite, nuclear industry 

and medical applications. However, it is well known that 

space environment contains magnetic and electric fields, 

solar radiation, charged particles, galactic radiation, etc. 

[3,4] and it is also possible to encounter some similar 

effects in other applications. Due to these structures are 

fairly sensitive to electromagnetic radiation such as 𝛾-rays  

 

[5], the radiation effect of these materials has to be 

understood very well. Therefore, the measurements of I-V 

characteristics of Au/n-Si/Ag Schottky diode has been 

performed before and after 60 kGy irradiation and the 

possible effects of the radiation is discussed in this study. 

In addition, the analysis of the measurements is carried 

out and thus, the basic diode parameters are determined 

by utilizing the linear region of the forward bias I-V 

characteristics. It has been found that effects of 𝛾-

irradiation can be listed as follows: a) it is seen significant 

degradation in the currents especially in reverse bias 

currents, b) it is occurred decrease in the ideality factor 

and shunt resistance, c) the zero bias barrier height and 

series resistance values increase and d) it is occurred 

significant decrease in the diode rectifying ratio value 

which represent the diode quality. 

 

 

2. Experimental details 
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In order to produce SDs with a Metal-Semiconductor 

(MS) structure, Ag/n-Si SDs have been fabricated on P-

doped       (n-Si) wafer with (100) float zone, ∼300 𝜇m 

thickness and 0.4 𝛺.cm resistivity. The first stage for 

fabrication of these structures is that n-Si wafer was 

dipped in 5H2SO4 + H2O2 + H2O solution for about a 

minute to remove damaged surface layer and organic 

impurities. Thereafter, it was quickly dried with high-

purity N2 gas as soon as etching by H2O+HCl solution 

and rinsing in de-ionized water with 18 M𝛺 resistivity. 

The other stage is that high purity Au (99.999%) was 

evaporated on the whole back side of the n-Si wafer in 

high vacuum thermal evaporation system at about 10-6 

Torr and then it was thermally annealed at 500 ℃ for 3 

min bin the nitrogen ambient for getting a low ohmic 

resistivity. In the final stage, rectifier contacts with 

7.85x10-3 cm2 area was grown on the front surface of the 

n-Si wafer using high purity Ag (99.999%). It is known 

that the formation of a natural oxide layer is inevitable, 

although MS structure production is intended. In this case, 

it could be said that the structures are actually Metal-

Oxide-Semiconductor (MOS) not MS. It could be found 

more information in reference [6] for fabrication stage of 

Au/n-Si/Ag SDs. On the other hand, measurements of I-V 

characteristics are performed by using Keithley 2400 

current-voltage source which can measure with 0.15% 

accuracy. 

 

3. Results and discussion 
 

The I-V characteristics of Au/n-Si/Ag Schottky diodes are 

measured in the wide range voltage (± 3 V) before and 

after 𝛾-irradiation and they are given in Fig. 1. Plots of the 

currents are given as logarithmic in order to evaluate the 

reverse and forward bias currents together. The linear 

regions of the logarithmic currents are also given in this 

figure. It is clearly seen here that currents are deteriorated 

after 𝛾-irradiation especially reverse bias current is 

affected a lot after radiation such as many of the previous 

studies [7-10]. Due to the values of reverse bias currents 

are quite small compared to the forward bias currents, 

effects of the radiation on these currents would be 

expected more because of the enhancement of trapped 

charge densities and restructure and reordering of them 

under electric field. Another reason for the increase of the 

reverse bias currents is attributed to the occurrence of new 

charge carriers and a great number of defects in close 

proximity provided path for charge carriers [7]. However, 

for obtaining more information about radiation effect, it 

should be detailed analyzed the other parameters such as 

zero bias barrier height (𝛷B0) and ideality factor (n). These 

parameters can be obtained using linear regions of the 

forward bias    ln(I)-V characteristics. 

 

It is well known that currents of SDs under a bias voltage 

can be given by Eq. (1). Here   corresponds to the reverse 

saturation current and its formula can be written by Eq. 

(2) and other symbols are well known in the literature. 
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Using Eq. (1) and Eq. (2), it can be extracted formula of 

ideality factor and Schottky barrier height and they are 

given by Eq. (3) and Eq. (4) respectively for  V⩾3Kt/q. 
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Figure 1.The reverse and forward bias ln(I)-V 

characteristics of the Au/n-Si/Ag structure 
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From slope of the linear region of the ln(I)-V 

characteristic, it can be obtained  I0, n  and  𝛷B0. On the 

other hand, it can be found series resistance (Rs) and shunt 

resistance (Rsh) values using ohm’s laws. Additionally, 

resistance (Ri) values have been obtained for all bias 

voltage and plots of them are given in Fig. 2 while other 

parameters are demonstrated in Table 1. 

 

Table 1. Basic diode parameters for Au/n-Si/Ag SD 

 
 I0 (A) n 𝛷B0 Rs (𝛺) Rsh (𝛺) RR at 

±3V 

BEFORE 1.24x10-7 4.66 0.741 3.26x103 9.00x105 276.05 

60 KGY 4.59x10-9 3.55 0.826 4.49x103 1.63x105 36.28 

 

According to Table (1), I0, n  and  Rsh values are decrease 

while 𝛷B0 and Rs values are increased after irradiation. 

After 𝛾-irradiation, reduction of the carrier concentration 

in the depletion region of SDs through the emergence of 

recombination centers or traps caused by radiation 

damage, results by increase in the barrier height [11]. On 

the other hand, the increase/decrease of the ideality factor 

can be attributed in homogeneities of SD’s interfaces and 

because of the other possible carrier mechanisms are 

effective or ineffective after irradiation such as diffusion 

theory, quantum mechanical tunneling and gaussian 

distribution when the ideality factor is bigger than unity. 

It is seen that saturation reverse current decrease 

significantly after irradiation. This situation can be 

explained because of the deep levels may act as 

recombination centers and frequently assume the role of 

the carrier recombination in inverse characteristics [11]. 

Additionally, due to the series resistance is increased and 

shunt resistance is decreased, the diode rectifying ratio 

value which represent the diode quality is decreased. 

Reduction of the diode rectifying ratio value after 

irradiation could be found in a lot of studies such as 

references [8,9,11]. 

 

 
Figure 2. The forward and reverse bias Ri characteristics 

of the Au/n-Si/Ag structure 

 

4. Conclusion 
 

In this study, the effects of 60Co-𝛾-irradiation on the SDs 

are observed using reverse and forward bias I-V 

measurements at room temperature. Experimental results 

show effects of radiation apparently in that a) It is 

occurred significant degradation in the currents especially 

in the reverse bias currents, b) decrease in the ideality 

factor and shunt resistance, c) increase in the zero bias 

barrier height and series resistance values and d) 

significant decrease in the diode rectifying ratio value 

which represent the diode quality. This study shows that 

𝛾-ray induced defects play important role on the electrical 

properties of the structures, which have possible use in 

satellite, biomedical or industrial applications. 
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In this study, the potential of sunflower oil as green collector was examined as an alternative to the kerosene, which is an oil 

product as a collector. Coal flotation experiments and contact angle measurements were carried out with kerosene and 

sunflower oil. Plant eucalyptus oil was used as frother in all the flotation experiments. After that, the results obtained from 

flotation experiments were compared in terms of ash, combustible recovery and efficiency index while contact angle values 

compared to each other. The results show that sunflower oil is a vegetable oil that can be used as an alternative to the 

kerosene.  
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1. Introduction 
Collectors which are organic compounds which make the 

mineral surface hydrophobic, are generally classified as 

anionic, cationic and non-ionic [1]. The collectors on the 

mineral surface reduce the stability of the hydrate layer, 

thus the mineral to form an interface with the air bubble. 

Compounds which are used as water-insoluble emulsions 

and which consist of hydrocarbon oils that make the 

surface hydrophobic by covering the mineral surface non-

ionizing collectors. The most important of these are 

petroleum products such as kerosene, diesel and natural 

vegetable oils. 

Petroleum products (usually kerosene) have been widely 

used in flotation process of fine coals (<0.5 mm) as 

collectors and consistently provided robust performance 

due to their unique capability to selectively adsorb on the 

surface of coal and render them hydrophobic. The dosage 

of collector has significant effect on flotation performance 

[2]. Since the petroleum product is non-polar oil, its 

disposal in an environmentally acceptable manner is 

challenging task. These products are also nonrenewable 

and highly flammable. Hence, a replacement for these 

products was initiated. Vegetable oils with negligible 

sulfur, nitrogen and heavy metal content are renewable, 

available and a non-polluting raw material. Because of 

these important characteristics, they are suitable 

candidates for purposes other than food. In this sense, 

vegetable oils are becoming more widely investigated for 

alternative uses such as biodiesel production and raw 

material for the chemical and other industries [3]. It was 

hypothesized that vegetable oils consisting of long-chain 

fatty acids which could act as both frother and collector, 

and having ester groups linked with the ability to behave 

as a frother, would improve the flotation recovery of the 

coal particles [4].  

Mainly sunflower oil, soybean, cotton, olive, sesame, corn 

and many other vegetable oil types can be produced in 

Turkey. Turkey produces nearly 1 million tons of 

vegetable oil annually and 50% of this oil is sunflower oil 

[5] In this study, coal flotation with sunflower oil was 

performed and the results were compared with kerosene 

which is known as the best collector in the literature. 

 

2. Experimental details 
2.1. Materials 
 
Coal sample used in the flotation experiments was 

collected from a thickener underflow stream of a coal 

washing plant treating the Zonguldak bituminous coal in 

Turkey. The results of the chemical analysis of the test 

sample are given in Table 1. In addition, the distribution 

of ash and combustibles according to the size fractions is 

given in Table 2. It indicates that about 50% of the coal 

mailto:dilek.senol@agu.edu.t
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has a particle size less than -38 µm and contains about 

33.75% ash and 0.70% total sulfur. Thus, the sample may 

be characterized as a relatively high ash and low sulfur 

coal. 

 

 

Table 1. Proximate analysis of the sample coal (on dry 

basis) 

 

Analysis Values 

Ash content (%) 33.75 

Volatile matter (%) 29.20 

Fixed carbon (%) 37.50 

Total sulfur (%) 0.70 

Upper calorific value (kcal/kg) 5220 

 
Table 2. The distribution of weight, ash and combustible 

recovery in the size fractions. 

 

Size 

Fractions 

(µm) 

Weight 

(%) 

Ash 

(%) 

Combustible Recovery 

(%) 

500x300 3.51 8.20 4.86 

300x212 10.12 7.10 14.20 

212x150 14.40 13.30 18.84 

150x125 4.62 9.60 6.30 

125x63 9.58 22.30 11.24 

63x38 4.98 44.60 4.13 

-38 52.84 49.30 40.44 

Total 100.00 33.75 - 

 

For contact angle measurements, the coal sample was 

received in the form of lump-sized from the entrance of 

washery plant in Zonguldak (Turkey). Coal sample was 

cleaved 15×13×4 mm and coarse polishing with silicon 

carbide abrasive paper makes the coal flat surface. 

Kerosene (from Tupras Company in Izmir from Turkey) 

and sunflower oil (from Kristal company in Izmir from 

Turkey) as collector and eucalyptus oil as frother (from 

Ciftcizade company in Antalya from Turkey) were used 

as received 

 

2.2. Methods 
2.2.1. Contact angle measurements 
 
The surface wettability can be determined by measuring 

the some parameters such as the electrical potential and 

contact angle [6]. Contact angle is one of the common 

techniques to measure the wettability of material. Wetting 

refers to the study of how a liquid deposited on a solid (or 

liquid) substrate spreads out or the ability of liquids to 

form boundary surfaces with solid states. The wetting, as 

mentioned before is determined by measuring the contact 

angle which the liquid forms in contact with the solids or 

liquids. 

In this study, the contact angle of kerosene and sunflower 

oil were carried out with Sessile Drop method by using 

Attension theta contact angle goniometer on a flat coal 

surface (Fig.1). The advancing contact angle 

measurements were carried out 10-20 seconds after the 

increase in the size of the drop. These values were 

determined through using the approach provided by 

Fowkes [7]. All the measurements were carried out at the 

room temperature (20-22°C).  

 
 

Figure 1. (a) Shematic of contact angle goniometer. (b) 

schematic of wetting statics in the Young equation for 

solid-liquid-vapor system. 

 

The contact angle is defined as the angle formed by the 

intersection between of the solid-liquid interface and the 

liquid-vapor interface which is described by Young 

equation [8]. As illustrated in Fig.1(c) contact angle of oil 

droplet on a coal surface in an aqueous medium is defined 

as the equilibrium of the oil droplet under the action of 

three interfacial tensions; liquid-vapor, solid-vapor and 

solid-liquid. This relation is known Young’s equation is 

shown in Eq.(1) 

                                                                
(1)       

where γLV, γSV, and γSL represent the liquid-vapor, solid-

vapor, and solid-liquid interfacial tensions, respectively, 

and θ is the three phase contact angle. If θ is higher than 

90°, the solid is hydrophobic or oil-wet, if θ is lower than 

90°, the solid surface is hydrophilic or water wet. 

 

2.2.2. Batch Flotation and Release Tests with 
Sunflower and Kerosene Collectors 
 
Flotation tests were performed in a Denver machine with 

a cell capacity of 1.5 liters. The impeller speed was fixed 

at 1100 rpm. A pulp density of 10% was used in all 
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experiments. For each flotation tests, the sample was 

mixed with tap water in the cell for 10 min to ensure the 

wetting of its surface. Sunflower oil (2000 g/t) was used 

as collector, and eucalyptus oil (100 g/t) was used as 

frother. Viscosity, density and oil-water interfacial tension 

of the sunflower oil were 72 mPa/s, 0.90 g/cm3 and 22.00 

mN/m, respectively. The measurement of these physical 

properties of the oil was carried out at 20 oC. Similar 

conditions were used for determination of flotation 

performance of the kerosene collector. In the experiments 

2000 g/t kerosene and 100 g/t eucalyptus oil as frother 

was used. The mechanism of particle-oil adsorption in 

coal flotation with kerosene and sunflower oil were 

schematized in Fig.2. The flotation process was achieved 

by mixing chemicals known as collectors (kerosene, 

sunflower oil) and frother (eucalyptus oil) with in the coal 

slurry. The collectors adsorb onto the coal surfaces, 

making these coal particles hydrophobic. Air was passed 

through the slurry in a tank known as a flotation cell. The 

new hydrophobic coal particles (coated with the 

collectors) attach to the bubbles, rising with them to the 

surface of the flotation cell, where they form a froth. The 

froth flows over the top edge of the flotation cell and 

moved the concentrate launder Fig 2 (a, b). Fig.2 (b) 

However, the selectivity of the collection mechanism was 

not perfect for sunflower oil flotation process. Some 

gangue minerals were also carried into the froth, largely 

by bad selectivity of sunflower oil and entrainment with 

the water rising with the bubbles. This was particularly 

the case for particles less than 10 µm in size. Some of the 

gangue particles follow the water between the bubbles as 

it drains back to the underlying slurry. 

Kinetic flotation tests (for 30, 60 and 240 sec. froth 

skimming) were conducted to determine collecting 

potential of sunflower oil and kerosene, separately. The 

obtained concentrates were filtered, water with acetone 

washed, dryed in oven, weighted to calculate the yield, 

and analyzed for ash content.  Before starting the kinetic 

flotation tests, "release test" procedure developed by [9] 

was applied in order to determine final washability limit 

of the coal sample. Release test was performed in order to 

determine the best washability result at varying stirring 

speeds in a Denver cell and at high reagent dosages (10 

kg/t sunflower oil, 0.4 kg/t eucalyptus oil).  

 

 
 

Figure 2. The mechanism of particle-oil adsorption in 

coal flotation with kerosene (a) and sunflower oil (b). 

Detailed view of flotation cell [10] (c). 

 

The performance of any separation system can be 

evaluated based on the quality and quantity of the 

products produced. Many researchers evaluated the 

flotation performance using yield, recovery, assay, 

efficiency index, selectivity index, flotation kinetic 

parameters etc. In this study, the curve of combustible 

recovery versus concentrate ash was used to compare 

flotation performance [11]. 

 

3. Results and discussion 
 
Release curves for sunflower oil and kerosene collectors 

are shown in Figure 3. According to Fig. 3 the collecting 

feature of the kerosene is better than the sunflower oil. 

Clean coal with a 8.73% ash with kerosene collector were 

obtained with a combustible recovery value of 62.54%, 

while sunflower oil with 10.35% ash clean coal with a 

combustion recovery value of 55.48%. For a salable clean 

coal ash value (eg. 10% ash), the combustible recovery 

value (~ 70%) of the kerosene collector is higher than the 

combustible recovery value (~ 53%) of the sunflower oil. 

On the other hand, the results of kinetic flotation studies 

for sunflower oil and kerosene are presented in Figure 4. 

https://en.wikipedia.org/wiki/Gangue
https://en.wikipedia.org/wiki/%CE%9Cm
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Figure 3. Release test results with sunflower oil and 

kerosene. 

 

 
Figure 4. Release test results with sunflower oil and 

kerosene. 

 

 
Figure 5. Release test results with sunflower oil and 

kerosene. 

 

 
Figure 6. (a) Product ash, (b) yield, and (c) combustible 

recovery values as a function of flotation time with 

kerosene and sunflower oil as collector. 

 

From Fig.6 results, it can be seen that, the combustible 

recovery values of both oil types are approximately the 

same during low (30 sec.) and high (240 sec.) flotation 

time. For example, the combustible recovery value of 

sunflower oil is 30.96%, while the kerosene is 32.35% at 

30 seconds of flotation. The combustible recovery of 

sunflower oil is 90.72%, while the kerosene is 91.85% at 

240 seconds of flotation. When the results are examined 

in terms of selectivity, it was seen that the kerosene was 

more selective. For example, the product ash obtained at 

the flotation time of 240 seconds was 16.95% with 

kerosene and 21.93% with sunflower oil. The clean coal 

ash obtained with sunflower oil is 4.98% higher than that 

of the kerosene.  

 

4. Conclusion 
 
The ash content of bituminous coal used in the 

metallurgical industry should be maximum 10%. 

Otherwise, the desired coke quality cannot be obtained. 

As a result of this study, it was observed that sunflower 

oil could reduce the fine bituminous coal ash value from 

33.75% to 6.50%. Although sunflower oil can produce 

clean coal with very low ash content, it has given poor 

results in terms of combustible recovery than that of 

kerosene. Its probable cause is that the surface coating 

ability of the sunflower oil is lower than kerosene. For 

obtain a clean coal with 10% ash, the combustible 

recovery value of sunflower oil is ~53%, while kerosene 

is ~70%. Kerosene has also given better results in terms 

of selectivity. The product ash obtained at the longest 

flotation time (240 sec.) is 16.95% with kerosene while 

22.05% with sunflower oil. According to all results, the 

overall performance of sunflower oil is about 20-30% 

lower than kerosene. However, it should not be forgotten 

that sunflower oil is a renewable green collector while 

kerosene is non-renewable resource. 
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