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Preface

Dear Participants,

I am very pleased to welcome you all to the “International Conference on Condensed Matter
and Materials Science-2019 (ICCMMS-2019)” organized between 14-19 October, 2019 in
Mithat Ozsan Amfi of Cukurova University, Adana, Turkey.

The conference was open to all physics researchers and graduate students from all the
countries. The purpose of the conference was to provide a platform for researchers and
graduate students in the areas identified in Condensed Physics and Materials Science to
publicize their ongoing research work through oral and poster presentations. The aim of the
oral and poster presentation was to encourage the young researchers and students to research
and practice on giving presentations. In this way, the young researchers and graduate students
would have the opportunity to interact with their peers and publicize and get feedback on their
work, exchange experiences, make contacts, and learn what other researchers are doing in the
Condensed Matter Physics and Material Sciences.

It is particularly pleasing to see participation of so many graduate students, young researches
and senior scientists. We are grateful to you for your contributions and support. We should
also like to thank to Tubitak for support (2223-B_Scientific Meetings Grants Program,
Project Number-1929B021900661) and our sponsors for their generous contributions in this
conference.

Yours Sincerely,

Bekir OZCELIK
Director for ICCMMS-19
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Effect of Rb Substitution on the Structural, Physical and Superconducting Properties of
Bi-2212 Superconductor
l.Ergin", B. Ozcelik!, M. A. Madre?, A. Sotelo?
! Department of Physics, Faculty of Sciences and Letters, Cukurova University. 01330 Adana,
Turkey
2 |CMA (CSIC-Universidad de Zaragoza). Maria de Luna, 3. 50018 Zaragoza, Spain
Corresponding author: erginibrahim2@gmail.com

Abstract

In this research, the effects of Rubidium (Rb) inclusion on the microstructural, physical and
superconducting properties of Bi2Sr2Ca1-xRbxCu20g+ with x=0.0, 0.025, 0.05, 0.075, 0.10,
and 0.125, superconductor have, in detail, been studied. For this purpose, the samples were
prepared through the classical solid state reaction route. From the XRD patterns, the crystal
symmetries of samples were determined as pseudo tetragonal and consist of dominant Bi-
2212 phase together with small amount of secondary phases. SEM-EDX results have
confirmed that the major phase is related to Bi-2212, with minor amounts of secondary
phases. In magnetization versus temperature measurements, very sharp diamagnetic transition
is observed. The superconducting critical temperatures, Tc, for all samples are obtained
around 80 K. From M-H measurement, it has been found that all samples have very narrow
loop areas. By using the data from M-H measurements in the Bean model, the intragranular
critical field, Jc, has been determined. It has been found that the pure Bi-2212 (x=0.0) sample
shows the highest superconducting properties and the largest Jc values (2,2x10* A/lcm? at 10
K).

Keywords: Bi-2212, Rubidium substitution, Magnetic Properties.

Introduction

Bi-based superconductors with Bi-Sr-Ca-Cu-O (BSCCO) content and stoichiometric 2-2-1-2
respectively are called Bi-2212, which are into the high-temperature superconductor structure.
It is too easy to produce in terms of their oxidized structure and contain no rare earth elements
and is not easily affected by oxygenated environments. Moreover, it has high current carrying
capacity, high magnetic field carrying capacity and the high transition temperature to
superconductivity makes this type of superconductor more attractive in industry. However,
mechanical properties such as weak bonds, brittleness and weak elasticity in the structure of
this superconductor family restrict their application. The BSCCO superconductor family with
a chemical structure has n = 1, 2 and 3 phase structures (Bi-2201, Bi-2212 and Bi-2223
respectively) depending on CuO2 content [1-3].

It has been stated the superconducting properties of the BSCCO system can be improved by
alkaline metals substitutions, since their +1 valence state generates a variation in the charge
carrier concentration. In addition, their ionic radii, ranging in between 73-181 pm, superpose
with the Bi, Sr, Ca, and Cu ones [4-6]. In this work, the optimum amount of Rb substitution
into BSCCO system by replacing Ca will be determined through the variation of structural,
physical and magnetic properties of the doped systems as a function of Rb-concentration.

1
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2. Experimental details

Bi>Sr.Ca1xRbxCu20y samples were produced by solid state method at x = 0.0, 0.025, 0.05,
0.075, 0.1, and 0.125 combinations. Oxidized and carbonate powders used are Bi»O3, SrCOs3,
CaCOs3, Rb2O and CuO. Oxidized and carbonate powders were mixed separately for each
sample. The mixtures were well mixed by milling in an agate mortar and calcined twice at
750 and 800°C for 12 h in order to decompose the alkaline-earth carbonates. The purpose of
the calcination course is to ensure the decomposition of carbonated structures. The carbonated
structures are separated during the sintering process after calcination and can form bubble
structures. In this case it may have a slowing or stopping effect on the formation of the
desired crystal structure. Rigaku Minifilex, XRD device, which emits CuKa radiation at a
certain ratio of 10 to 70 degrees (260) at room temperature as powder, was used to determine
the phases in the heat treated material. From these phases, crystal lattice parameters were
calculated with an uncertainty of = 0.001. For surface morphology and elemental analysis,
LEO Evo-40 VPX scanning electron microscopy (SEM) and energy dispersive spectroscopy
(EDS) were used. For magnetic measurements, the 7304 model Vibrating Sample
Magnetometer of Lake Shore was used to determine the transition temperature to
superconductivity and to observe the magnetization change in the £1 Tesla magnetic field.

3. Results and Discussion

+=Bi-2212
*= secondary phases
x=0.125

x=0.1

A M MJ\ ,Lh A AAccAMAX=0.025
“ J\MIA }, A,h AALUe B0

T & T L T ¥ T

15 30 20 45 60

Fig. 1. XRD patterns for all samples with increasing Rb concentration from bottom to top.

As can be observed from XRD patterns given in Fig.1, the main phase labeled as (+) is Bi-
2212 one together with minor phases (*), for all different Rb-substitution. The crystal
symmetry is found as pseudo tetragonal with the lattice parameters, calculated by using the
least squares method, are a=b=5.398 A and ¢=30.685 A, in all cases.
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Fig. 2. SEM micrographs for all samples. (a) x=0.0, (b) x=0.025, (c) x=0.05, (d) x=0.075, (e)
x=0.1, (f) x=0.125

Fig. 2 shows the phases according to the specific contrast setting on the material surface. The
identities of the phases are determined according to the elemental analysis (EDS) at the places
marked with 1, 2 and 3. EDS analysis of these contrasts has allowed to associate each of them
to different phases: major gray contrast (indicated by #1) in all micrographs corresponds to
the Bi-2212 superconducting phase, while white (#2) and dark gray (#3) have been associated
to Bi2+x(Sr,Ca)206+d (without Cu phase), and (Sr,Ca)CuO. (without Bi phase) secondary
phases, respectively.
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Fig. 3. Magnetization (M) versus temperature (T), for all samples.

Magnetization, M, versus temperature is exhibited in Fig. 3, for all samples. All data were
generated in a cooled mode under magnetic field from 20 K to 100 K under 100 Oe magnetic
field. By increasing the sensitivity in a temperature range close to the transition temperature,
Tc, it is provided to determine the transition temperatures to an exact value. From the M-T
graph, the critical transition temperatures for all samples were deduced in a very similar way.
It can be seen from Table 1 that all samples, regardless of the concentration of the Rb
additive, have a critical transition temperature of around 80 K.

Samples | Tc (K)
x=0.0 80
x=0.025 | 78.6
x=0.05 | 80.3
x=0.075 | 79.5
x=0.1 79
x=0.125 | 82

Table 1. Critical transition temperature, Tc, for all samples

It is likely that diamagnetic behavior makes it difficult to infiltrate the magnetic field between
these grain boundaries due to the strong connection between the grain boundaries.
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Fig. 4. Magnetization, M, versus magnetic field, H, for all samples.

The M—H loops measured at 10 K, between +1 Tesla applied external fields, and determined
under ZFC mode, are presented in Fig. 4. All samples exhibit very narrow hysteresis and the
area of these hysteresis loops decrease depending on concentration. M-H data were used in
Eq. 1, proposed for quadrangular samples, in the well-known critical Bean model [7]

AM
Je =20 -5 1)
3b
[“u— Pure Bi-2212|
\ ® x=0.025RRb
204 'w 4 x=0.05Rb
AN v—x=0.075 Rb
- " 4 x=0.1Rb
€ . > x=0.125 Rb
S 154 " )
HD b l,_._--
E L ®o o .""I-.._._.
o 104 A oo R
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Y—y. 22 11 g * o m
Y-y v A ~,
4 4 4 A A 4 4 : "
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H(Oe)

Fig. 5. Critical current density, Jc, versus magnetic field, H, for all samples.

where AM = M+ - M. is measured in electromagnetic units per 200 Oe, a and b are the length
of the sample plane perpendicular to the applied magnetic field. Using the Eq.1, the
intragranular critical current density values, Jc, in ampéres per square centimeter are
calculated for all samples, and the results obtained at 10 K are presented in Fig. 5. These data
clearly show that the pure sample (x=0.0) possesses higher superconducting properties and
has the largest Jc values (2,2x10* A/cm? at 1000 Oe fields), which explicitly reduce when the
magnetic field and the amount of Rb are raised. In this stage, it is possible to argue that the

different type of secondary phases embedded in the crystal structure can reveal such a kind of
5
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results. According to the flux-pinning mechanism, those non-superconducting phases behave
like very effective flux-pinning centers. Depending on the sizes of those secondary phases,
the applied fields may diffuse into the sample, causing a decline in the critical current, Jc,
values. The maximum J; value obtained for the x=0.05 sample is almost near with the given

in literature for Vanadium (2.53x10° A/cm?) [8], and very similar to the obtained in Cs-
substituted materials (2,3x10* A/lcm?) [9]. This effect may be associated to the different cation
sizes affecting the oxygen quantity and the number of charge carrier. In addition, comparison
to Na-doped materials, a possible slight charge carrier concentration enhancement can be
arisen by the lower effective attraction of the external electrons in the Rb* cations [10].

Conclusions:

In summary, the structural, physical and magnetic properties of Bi>Sr2CaixRbxCu2Og+y
superconducting material with x=0.0, 0.025, 0.05, 0.075, 0.10, and 0.125 has been intensively
studied. X-ray diffraction patterns indicate that all samples have main Bi-2212 phase. SEM
micrographs and EDX results have shown that Bi-2212 was major phase with minor amounts
of secondary phases. A very sharp diamagnetic transitions typical for granular materials were
observed, when measuring magnetization versus temperature. The critical onset temperatures
were around 80 K, independently of Rb content. M-H measurements have shown that the
hysteresis loops are very narrow. The critical current field, Jc, of pure sample was found the
highest value as 2,2x10* A/cm?.
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Specific Heat Capacity Behaviours of P/M Distaloy AE Alloy Compacts
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The alloying techniques consist of pre-alloyed, pre-mixed and diffusion-bonded powders.
Depending on these techniques, microstructures of steel alloys that are produced via powder
metallurgy (P/M) method change. Distaloy AE alloy used in this study is type of diffusion-
bonded alloy consisting of Fe, Ni and Mo alloying elements and has high strength sintered
components. In this study, distaloy AE powder pressed on the 400 and 600 MPa pressures via
die pressing technique. Compacted distaloy AE alloy samples sintered at 1200°C for 2 hrs
under N2 atmosphere. Sintered distaloy AE alloy samples cut to down small pieces. Specific
heat capacity behaviours of these small alloy pieces have been examined at temperature
ranging from 0 to 600 °C 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.

Introduction

Powder metallurgy, which is one of manufacturing methods of iron and iron-based alloys,
provides net or near-net shape, better material utilization, pure microstructure, controllable
characteristic properties and high dimensional stability [1-4]. This method consists of various
stages of powder preparation, shaping of powder and sintering of shaped powders and
secondary operations to sintered body [5]. This sintered body has regular-net shape,
strengthening microstructure.

Related to alloying techniques such as pre alloyed, pre mixed, and diffusion bonded,
microstructures of iron and iron based alloys prepared by powder metallurgy changes. Pre
alloyed or diffusion bonded alloys have Fe,Ni and Mo alloying elements and more relevance
for researchers owing to high strengthening structure and possess more utilization areas in
industry [6-8]. The distaloy AE is a diffusion bonding powder and consist of Fe, Ni and Mo
alloying elements. Alloying elements spread into the Fe. Between Fe and spreading alloying
elements, metallurgical bonding occurs. Therefore, the microstructure of Fe-alloy gains high
strengthening besides high compactibility [8-10].

The thermophysical properties refers as physical properties changing with temperature;
specific heat capacity of alloys is also needed heat amount to rise temperature of 1 g alloy by
1°C [12-14]. In this work; the thermophysical properties (i.e. specific heat capacity) of
distaloy AE alloys prepared by powder metallurgy method have been examined and discussed
how this properties of this alloys changes with the powder metallurgy method.
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Material and Method

In this work; Distaloy AE alloy powder which is acquired from Hoganas in Sweden used.
The chemical composition of this powder consists of 0.01 of C%, 4.00 of Ni%, 0.50 of M0o%
and Fe in balance and also, particle shape of this powder has irregular appearance as seen in
Figure 1.

Figure 1. The SEM image of Distaloy AE alloy powder

In order to acquire homogeneous distribution; this Distaloy AE powder was blended with
lubricant and 37 g of distaloy AE alloy mixture was placed into prismatic mold of
(10x15x70) mm and pressed on the 400 and 600MPa pressures applying conventional
pressing technique at RT (room temperature). The pressed Distaloy AE specimens, sintered
under N2 atmosphere. Firstly; Samples waited on the 600and 900°C temperatures for 30 min
in order to delubricate, debind and remove contaminants and oxides according to literature
[15-17]. After, samples sintered 1200°C, for 2 hours and after then, cooled to room
temperature in furnace. Heating and cooling rate were selected as 5°C/min. In this work; the
specific heat capacity behaviours of these sintered samples were examined and sintered
samples cut to down small pieces. These behaviours of these samples were performed at
range of Differential Scanning Calorimeter (DSC) with 20 °C/min of heating rate, 50mL/min
gas flow and applied under N2 atmosphere and also the Specific heat capacity measurements
of these samples supported by SEM images using FEI Quanta 650 Field Emission SEM
device; EDS spectrums which is subsidiary SEM device and crystal structures of these
samples characterized using PANalytical Empyrean XRD (A=1.54A).
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Results and Discussions
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Figure 2. The Specific Heat Capacity (cp) versus temperature curves of Sintered Distaloy AE
alloy samples with fitted cp values

In Figure 2; the specific heat capacity versus temperature curves of Distaloy AE samples
prepared on 400 and 600 MPa pressures are observed and in Table 1., specific heat capacity
values of these samples are given with fitted cp values and errors of percentages. With
increasing of temperature; specific heat capacity values of both samples increases. Generally;
as increasing of pressure; pores closes and grain binding occurs and the structure of materials
has more strengthening structure. It was interested that when increasing pressure, specific heat
capacity of samples decreased. It can be considered and recommended that carbide
precipitations in the microstructures of alloy cause to increase thermophysical properties.
Maximum specific heat capacity is obtained on the sample prepared on the high pressure
(1,56 J/g°C, 580 °C). For sample prepared on the 400 MPa pressures, At range of 200 - 380°C
temperature; plateau like appearance observed and it can be recommended that this
appearance resulted from precipitation which is occurred on the structure of samples [18]. On
the Figure 2; Both specific heat capacity v.s temperature curves of distaloy AE alloy samples
fitted according to equation (1) that is formula of Specific heat capacity [19]. The fit
coefficients and nonlinear —squares regression values of specific heat capacity behaviour of
both distaloy AE alloy samples were given on the Table 2. From non linear-squares
regression values of distaloy AE samples on Table 2; the better fit was provided on the
sample prepared on the low pressure (R?>=0.9928).

cp = Co + C1X + cx% + c3x73 (1)

Table 1. The Specific Heat Capacity values versus temperature of sintered Distaloy AE alloy
samples with fitted cp values and errors %
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T 400MPa | 400 MPa Error% 600 MPa | 600 MPa Error%
0,1 0,86 0,88025513 2,355248 0,65 0,70131 7,893846154
20 0,89 0,895729145 0,643724 0,67 0,70636 5,426865672
40 |0,91 0,91270368 0,297108 0,69 0,71344 3,397101449
60 |0,93 0,930197752 0,021264 0,7 0,72124 3,034285714
80 |0,95 0,948211362 -0,18828 0,71 0,72976 2,783098592
100 | 0,97 0,966744508 -0,33562 0,72 0,739 2,638888889
120 | 1,0 0,985797192 -1,42028 0,73 0,74896 2,5697260274
140 | 1,02 1,005369413 -1,43437 0,75 0,75964 1,285333333
160 | 1,04 1,025461172 -1,39796 0,76 0,77104 1,452631579
180 | 1,06 1,046072467 -1,31392 0,77 0,78316 1,709090909
200 | 1,05 1,0672033 1,63841 0,79 0,796 0,759493671
220 | 1,07 1,08885367 1,762025 0,8 0,80956 1,195
240 | 1,09 1,111023578 1,928769 0,81 0,82384 1,708641975
260 [ 1,12 1,133713022 1,224377 0,83 0,83884 1,065060241
280 | 1,14 1,156922004 1,484386 0,85 0,85456 0,536470588
300 | 1,16 1,180650524 1,780218 0,87 0,871 0,114942529
320 | 1,19 1,20489858 1,251982 0,89 0,88816 -0,206741573
340 | 1,22 1,229666174 0,792309 0,91 0,90604 -0,435164835
360 | 1,26 1,254953305 -0,40053 0,92 0,92464 0,504347826
380 (1,3 1,280759973 -1,48 0,95 0,94396 -0,635789474
400 | 1,32 1,307086178 -0,97832 0,97 0,964 -0,618556701
420 | 1,35 1,333931921 -1,19023 0,98 0,98476 0,485714286
440 1,37 1,361297201 -0,63524 1,0 1,00624 0,624
460 | 1,39 1,389182018 -0,05885 1,03 1,02844 -0,151456311
480 | 1,41 1,417586373 0,538041 1,05 1,05136 0,12952381
500 | 1,44 1,446510264 0,452102 1,07 1,075 0,46728972
520 | 1,47 1,475953693 0,405013 1,09 1,09936 0,858715596
540 | 1,51 1,50591666 -0,27042 111 1,12444 1,300900901
560 | 1,56 1,536399163 -1,51287 1,13 1,15024 1,791150442
580 | 1,56 1,567401204 0,474436 1,13 1,17676 4,138053097
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Table 2. The fit coefficients and nonlinear —squares regression values of specific heat
capacity behaviour of Distaloy AE alloy samples prepared on the 400 and 600 MPa pressures.

400 MPa 600 MPa
co |0,87927415 0,7

c1 |0,00080976 0,0003
C2 |6,4942E-07 0,0000009
c3 |0,0000009 0,0000001
R2(0,9928 0,9750

In Figure 3; The SEM images and EDS spectrums of Distaloy AE samples prepared on the
400and 600MPa pressures are given. Surfaces of both Distaloy AE samples, has smooth
appearances. On the EDS spectrums on the sintered Distaloy AE samples; it was appeared
that C, Ni, Cu ratios decreased, Fe and Mo increased. This case supported by XRD patterns.
Sintering at 1200°C, reaction forming among alloy matrix and carbides produces a liquid
phase. This liquid phase causes to densification [20]. Much carbon amount on the
microstructure of Distaloy AE alloy prepared on the low pressure causes transition to
martensitic structure having Cu-rich network [6]. Porosity in diffusion bonded alloys are
observed in martensitic structures on both Distaloy AE alloys. This situation is much more on
the sample prepared on the 400MPa pressure. Ni-rich areas lead to austenitic structure and Cu
melts at approximately ~1083°C and throughout sintering process; liquid phase around
powder particles forms and Ni diffusion occur into the Cu-melting. Ni and Cu-rich martensitic
structure have a role on the reinforcing of the sintering neck [6].

400 MPa/sintered 600 MPa/sintered
— -\ﬁ"_; s /‘ .

(a (b)

400MPa/sintered | - ["600MPa/sintered
C |41 C 37
Cu | 1.56 Cu | 128
Mo | 0.3 Mo | 0.34
Fe |89.82 Fe [90.59
(© (d)

Figure 3. The SEM images (a and b) and EDS Spectrums (c and d) of Distaloy AE alloy
compacts prepared on the 400 and 600MPa pressures
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In Figure 4; the XRD patterns of powder and sintered Distaloy AE samples are seen.
On the XRD patterns of these alloy; it was appeared that Fe, Ni alloying element into
microstructure of alloys were dominated to Cu alloying element. XRD pattern of this alloy
powder; (111) cubic crystal structure (at 43.4°) changed to (011) crystal structure on the
both sintered Distaloy AE alloys and at 50.59-51.85° range (020) cubic crystal structure
(Cu,Ni) on the distaloy powder was not seen on both sintered Distaloy AE alloys [21].

—— 600MPa(sintered)
—— 400MPa (sintered)

Distaloy-powder
y-p (020) (121)

(111
J (020) (022) n

30 40 50 60 70 80 90
Degree (20-Ka)

Figure 4. The XRD patterns of powder and press-sintered Distaloy AE alloy samples

Intensity (a.u.)

Conclusion

On this work; specific heat capacity behaviours of Distaloy AE alloy samples prepared by
powder metallurgy method were examined. Following experimental results are given;

When increasing of temperature; specific heat capacity values of both Distaloy AE samples
increased

When increasing of pressure; specific heat capacity values of distaloy AE alloys decreased.
Surfaces of both alloy samples showed smooth surfaces and also it can be recommended
decreasing C , Cu, Ni in the microstructures of alloy samples caused to thermophysical
properties of samples.

Acknowledgement: The authors are greatly thankful to Cukurova University research
funding (FBA-2018-11074)
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ABSTRACT

Co- and Pt-rich CoPt nanoparticles are synthesized by polyol process to control the structural
and magnetic properties for bottom-up nanotechnological applications. This process provides
monodispersed and uniform cluster formations in the samples, which are revealed by SEM
images, with an average size of 13 and 9 nm for CoszPt: and CoosPty, respectively. We also
determined magnetization as a function of the applied field up to 5 T, and the nanoparticles
exhibit ferromagnetic order at 20 K. When we examine the hysteresis loop of the samples, the
large coercive field (Hc), remanent magnetization (M), and saturation magnetization (Ms) are
observed in the Co-rich CosPt: sample. This is because Co provides ferromagnetic order in
the structure and Pt compensates this order in the Pt-rich CoosPt: sample.

Key Words: Doping Pt, CoPt, Nanoparticles, Magnetic properties
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1. INTRODUCTION

Tailoring magnetic nanoparticles properties at the subnanometer scale have attracted great
attention because of potential applications in magnetic resonance imaging (MRI) and
magnetic recording media [1-4]. To be applicable for biomedical purposes, these particles
should provide low toxicity, biocompatible and biodegradable in the body [5,6]. Therefore,
controlling the magnetic properties of ferromagnetic (Fe, Co, Ni, etc.) atoms doping with
noble metals (Au, Pt, Pd, Ag, etc.) is highly important for realistic applications. Among them,
Co is a soft ferromagnetic material and widely uses in magnetic storage [7] and lithium
battery [8] applications. In this context, the magnetic properties of Co nanoparticles can be
tailored with doping Pt, Pd, and Au. CoPt nanoalloys can be investigated with several
methods: magnetron sputtering, thermal decomposition, polyol and solgel processes [4,9-11].
While the physical methods provide more precise nanoparticle growth with a size of
subnanometer scale, the chemical methods allow us to produce a large amount of
nanoparticles in considerably short time. The size of CoPt are highly depended on
temperature and processing time to produce a monodispersed and uniformly distributed
samples. Synthesizing CoPt nanoparticles via polyol process provide order-disorder phase
transitions at a sub-10 nm scale [3].

We study the effect of Pt content in the magnetic properties of CoPt nanoparticles. Therefore,
we produced Co- and Pt-rich CoPt samples using polyol process. This chemical process
allows us to control Co and Pt ratio in the structure, so the structural and magnetic properties.
Scanning Electron Microscope (SEM) images used to determine the size and formation of
nanoparticles in the samples. We also performed magnetic measurements at 20 K as a
function of applied field. In this experiment, Co- and Pt-rich CoPt nanoparticles magnetic
properties determined such as coercive field (Hc), exchange bias (He), remanent magnetization
(M), and saturation magnetization (Ms).

2. EXPERIMENTAL METHOD

We prepared CoPt nanoparticles using polyol process. In this chemical reaction, for CozPt:
sample 2.34 mmol Co(ll) acetylacetonate (C10H1404Co, 257.15 g/mol) and 0.78 mmol Pt(lI)
acetylacetonate (C1oH144Pt, 393.29 g/mol) as starting material in a flask and than 0.78 mmol
1-2Hexadecanediol (C19H3402, 6.46 g) as reducing agent added and dissolved in diethyl ether
solution. Following, 15.6 mmol oleylamine (CisHs7N, 267.49 g/mol) and 15.6 mmol oleic
acid (CieH3402, 282.46 g/mol) added at 40 °C to prevent aggregation and oxidation,
respectively. The solution temperature increased slowly up to 200 °C under N2 gas flow and
waited for 1 h to observe a clear black color where the CoPt nanoparticles are formed. Then
the solution is left to cool down to room temperature and washed with n-hexane and separated
by centrifugation cycles (9000 rpm for 10 min) after adding ethanol. The particles stayed in
an owen at 50 °C for two days. We imaged the formation and size of the particles by FEI
scanning electron microscopy (SEM) at 20 kV. The magnetizations of the samples were
measured as a function of applied field at 20 K by Quantum Design Physical Property
measurement system (PPMS) with a vibrating sample magnetometer (VSM) head.
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3. RESULTS AND DISCUSSION

To study the effect of Pt in CoPt nanoparticles, we produced Co rich and Pt rich
nanoparticles, CosPt; and CoosPty, respectively. The CoPt nanoparticle morphology was
determined by scanning electron microscopy images and presented in Figurel (a, b) for both
samples. We observed that all particles monodisperse without agglomeration for both
samples. The particles also provide round-like formation which can be revealed via SEM
images. The average particle sizes of Co and Pt rich particles found to be 13 and 9 nm,
respectively (see Table 1). The size of particles plays a crucial role on magnetic properties
due to the surface area and interaction between FM Co atoms and metallic Pt atoms [2]. We
also observed that long-range flat surfaces with no impurity on the surfaces via SEM images.

2/11/2019

B | 2:41:28 PM 20,00 KV .’U.“;m\ 4.29-4 Pa :wvuw“- 8.6 mm EI[’) @
Figure 1: (a-b) Uniform distribut

o v A o " W N [S—
B 20.00 kV nm | 2.48e-3 Pa | 400 000 x | 8.8 ETC @

ITESI

ed partlcle reveal by S images CoszPty ad CoosPty wit
x100000 and x400000 magnifications, respectively.

In Figure2, the magnetic moment measurements as a function of applied field performed via a
PPMS-VSM magnetometer. The black and red loops in Figure2 (a,b) are magnetic moments
of CosPt1 and CoosPt: samples, respectively. We observed clear hysteresis loops for both
samples at 20 K. While CoPt nanoparticles exhibit paramagnetic behaviour at room
temperature without hysteresis loop [11,12], a ferromagnetic behaviour is observed at 20 K
which is below the blocking temperature of CoPt nanoparticles (Ts = 58 K) [12]. We
calculated coercive field (Hc), exchange bias (He), remanent magnetization (M), and
saturation magnetization (Ms) from the hysteresis loops that are given in Figure2 (b) with
zooming around the origin and all values presented in Table 1.

We recorded positive (+Hc) and negative (-Hc) intercepts of the field axis and calculated the
coercive field He=(+Hc-(-Hc))/2 and the exchange bias He=(+He+(-H¢))/2. We found that the
Hc exhibits considerable high (115.05 Oe) for Co-rich sample (CosPty) with comparing Pt-rich
sample (31.25 Oe). This is because the ferromagnetic order of Co atoms in the nanoparticle is
not compensated with Pt atoms. Besides, He is found 13.25 Oe and 2.55 Oe for CosPt; and
CoosPt: samples, respectively. These values are negligible and prove that there is no
antiferromagnetic (AFM) order in the sample. Therefore, we can conclude that the system is
prevented from oxidation and CoO formation so AFM order. Moreover, M, is obtained from
both positive and negative intercepts of the magnetic moment axis. We calculated 10.79 and
2.54 emu/gr for CosPt; and CoosPt: samples, respectively. The Co-rich sample provides four
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times higher remanent magnetization. Ms also calculated as 30.63 and 18.75 emu/gr for both
samples at a magnetic field of 5 T which is considered not enough for both samples.

Table 1: Calculated values of average particle size, coercive field (Hc), exchange bias (He),
remanent magnetization (Mr), and saturation magnetization (Ms) from the hysteresis loops for
CosPt; and CoosPt: samples at 20 K.

Average
Particle  SizeH. (Oe) He (Oe) M, (emu/gr) Ms (emu/gr)
(nm)
Sample
1 13 115.05 13.25 10.79 30.63
Sample
2 9 31.25 2.55 2.54 18.75

@20k " l(b)

10 +

Moment (emu)
Moment (emu)

-H, +H,
-10 F
Wl i1 . CosPy | ——CosPy
____J ——Cop 5Pty —=Coo.5P1
30+ : T |
S 4 3 2 1 0 1 2 3 4 3 03 00 03
Magnetic Field (T) Magnetic Field (T)

Figure 2: Magnetic moment measurements as a function of applied field up to 5 T for CosPty
(black) and Coo.s5Pt1 (red) samples. (a). M(H) of CosPt: and CogsPt: samples at 20 K. (b). The
enlarged M-H graph.

4. CONCLUSION

In summary, we investigated the formation and magnetic properties of Co and Pt-rich CoPt
nanoparticles. Polyol process allows us to produce monodispersed nanoparticle with a size of
13 and 9 nm for CosPt1 and CoosPts, respectively. The average size of Co-rich nanoparticles
is enhanced due to more Co involved in the structure. The particle distributions for both
samples are uniform without agglomeration which is revealed by SEM images. This provides
more magnetic properties in the samples. The magnetic properties of samples are determined
by measuring hysteresis loops at 20 K. All coercive field (Hc), exchange bias (He), remanent
magnetization (M), and saturation magnetization (Ms) values are enhanced by Co content in
the structure. So Pt can be doped in Co nanoparticles to control the magnetic properties of Co-
based nanoparticles for ultrahigh density memory devices, biological and medical purposes.
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Abstract

PMMA blends were synthesized through atom transfer radical polymerization (ATRP)
method under at different concentration ratios. The viscosity characteristics of the structure
were investigated to determine the behaviour of macromolecules in blends. The viscosity
characterization of the nanoparticles was determined to explain the molecular structure and
interactions. The intrinsic viscosity of the blend was calculated with three different models
including Huggins, Kraemer, and Rao. All blends were performed to understand the effect of
additives concentration on molecular conformations and the intrinsic viscosity of the
polymers. The voluminosity (Ve) and the shape factor (v) were calculated for the blends to
understand the miscibility behaviour. From experimental results, it was observed that the
intrinsic viscosity was increased with the increase in the amount of substance and the
solubility of the system in solution.

1. Introduction

1.1 Molecular weight
Poly(methyl methacrylate) (PMMA)recognized as plexiglass or acrylic glass [1]. The trade
names of PMMA are plexiglas, acrylite and lucite. PMMA has the transparent and
thermoplastic properties and generally utilized in sheet form [2]. It is a lightweight choice
among the glassy materials [3]. whereas molecules or atoms in crystalline materials are linked
to one another in a certain order, polymer materials which can be formed by more than one
chain have a random sequence.Polymer materials consist of chains, and these chains may vary
in number in terms of the monomer which is the building block of polymers.Therefore, it is
not possible to mention a single molecular weight in most of polymer materials. [4].
There are 4 kinds of molecular weight in polymers:

1) Number Average Molecular Weight(Mn) which can be expressed briefly in Eg-1: it is
obtained by dividing the total molecular weight by the total number of molecules. It is
obtained by methods based on the measurement of colligative properties such as freezing
point descent, boiling point rise, osmotic pressure, vapor pressure drop.

D> NiM;
§ - IN;
‘ (1)

where Mi is the molecular weight of a chain, Ni is the number of chains of that molecular
weight, and i is the number of polymer molecules [5].
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2) Weight Average Molecular Weight(Mw), the higher the molecular weight of the
molecule, the greater the effect of the molecule on the Weight Average Molecular Weight of
the polymer. Unlike first kind of molecular weight, molecules forming polymers do not have
the same effect in calculating of molecular weight.It can be calculated in Eqg-2:

N-M?
Mw — Zl [l
i NiM;

)

where M; is the molecular weight of a chain, Ni is the number of chains of that molecular
weight, and i is the number of polymer molecules[6].

3) Z-Average Molecular Weight(Mz),it is an uncommon type of molecular weight. It is
obtained by ultracentrifugation method.lt is used to determine mechanical properties such as
toughness. It can be calculated in Eq-3.

_ Zi N,-M?
OSUNM?
>N, o

where M;j is the molecular weight of a chain, N; is the number of chains of that molecular
weight, and i is the number of polymer molecules[7].

M:

4) Viscosity Average Molecular Weight(Mv), Viscosity is the measure of resistance to flow
and the viscosity of the solid materials is calculated by dissolving in a suitable solvent. Mv is
briefly calculated in this way: the polymer material is diluted in a suitable solvent in different
proportions. So, solutions are obtained at different concentrations. The viscosities of these
diluted solutions are calculated, and then the molecular weight of the polymer material is
calculated. The relationship between viscosity and molecular weight can be explained as
follows. Flowing of large chain polymers is difficult due to entanglement and friction between
the chains. That makes the solution ticker and these exhibit higher viscosities.

The intrinsic viscosity, 1 as function of average molecular weight, M is represented by Mark-
Houwink Sakurada equation (in Eg-4).

[n]=KM® (4)

where K and a are empirically determined constants for a given polymer solvent temperature
system.

As it can be seen in equation 1-2-3, The distribution of molecular weights in a heterogeneous
polymer is that Mz > Mw >Mv>Mn. This can be easily applied in Figure 1 [8].
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Number of molecules

Increasing order of molecular weight

Figure 1. Demonstration of molecular weights in a heterogeneous poﬂ/mer [8].

1.2 Polydispersity

Monodisperse(some natural polymer)molecular weights of all polymer molecules are same.
Polydisperse pronounces for synthetic polymers and the distributed molecules and it is named
as Polydispersity Index (PI). It is a measure of heterogeneity within the structure. If Pl is 1,
then Mw = Mn like some natural polymers. molecular weight is identical in all structure. If Pl
is more than 1,Mn >Mw and there is heterogeneity within the structure.

One of the most desirable properties of materials used in engineering is the homogeneous
structure. As the polydispersity increases, heterogeneity in the structure will increase, and
especially mechanical differences will occur within the structure.lt must be reduced the
heterogeneity of the structure To eliminate these unwanted mechanical differences. In recent
years, polymers have been started to produce between 1,0 and 1,2 Pl and this rate of
heterogeneity has been gradually reduced as molecular weight differences in the structure are
requested to be reduced to the minimum level (Figure 2) [9].

Molecular Weight Distribution
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Figure 2. Molecular Weight Distribution [9].
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1.3 Relationship between viscosity and mechanical properties

High mechanical values are desirable, however it is observed that it crawl after an
approximate value of molecular weight whereas the viscosity exhibits a continuous increase
with increasing molecular weight. Since the high viscosity means difficult molding of the
material, an optimization is needed between these values. This value of molecular weight is
10000-1000000 g/mol. The above mentioned information is clearly seen in the Figure 3 [10].
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Figure 3. Relationship between viscosity and mechanical properties [10].
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2. Experiments
The used chemicals for the synthesis of PMMA produced by ATRP method:
MMA(C5H802)=50 ml,d=0,939 g/cm3,0,4695 mol
EBIB(C6H11Br02) =0,7826 mmol (density=1,329 g/cm3, Vebib= 115,987pl)
PMDETA(C9H23N3)=0,0004 mol(denstiy =0,830 g/cm3,Vpmdata=164,290 ul)
Bu4NBr=2,00920 g
CuBr=0,11176 g
Bu4NBr (Tetra-n-butylammonium Bromide) was used as solvent at the production of PMMA.
Bu4NBr concentration was increased double amount in PMMA solution to evaluate the
molecular weight variaitons of PMMA by using the maximum amount of the solvent in
PMMA solution.
2.1 Measurement of Viscosity for the Determination of Average Molecular Weight
Viscosity average molecular weight test belonging base PMMA by ATRP was performed in
the following order to obtain homogeneous solution
Weighing of Polymer Samples by using Sensitive Balance to be Measured Viscosity: The
samples (0,19, 0,3 g, 0,5 g and 0,8 g) belonging base PMMA by ATRP was weighed
respectively on the precision scale, whose brand is Radwag AS 220 / C / 2 and whose
accuracy is 10 g .
Preperation of Solvent: 50 ml of toluene was used as solvent in each sample and the used
toluene was measured in the measuring cylinder.
Solution Preparation and Measures Taken to Maintain the Amount of Solvent: Measured
toluene, PMMASs and magnetic stir bar making the mixture homogeneous are placed in the
conical flask. Since toluene is a volatile material, this flask was sealed to be airtight. Any loss
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in toluene results in a difference between the target concentration and the concentration
obtained. This also lead to erroneous results.

The flask was placed on a magnetic stirrer set at 250 revolutions per minute at room
temperature to obtain homogeneous solution.

Measuring the Viscosity of the Solution: When the solutions became homogeneous, the flask
were taken from the magnetic stirrer and the viscosities of the mixtures were measured by
means of a viscometer. The measurements were carried out with AND-SV-10 viscometer.
This viscometer has an accuracy with 0.01 cP for the measurements.

When the solutions became homogeneous, the flask were taken from the magnetic stirrer and
the viscosities of the mixtures were measured by means of a viscometer. The measurements
were carried out with AND-SV-10 viscometer. This viscometer is able to measure with
accuracy of 0.01 cP.

Equations and expressions used to measure the viscosity molecular weight of solution: the
results were used to obtain relative viscosity and specific viscosity, reduced viscosity,
inherent viscosity, intrinsic viscosity. Finally, calculated intrinsic viscosity used in the Mark-
Houwink equation. Where ny (the intrinsic viscosity), M (Molecular weight) and o, K
constants for the particular polymer solvent system. The appropriate solvent for the produce
PMMA in this study was toluene and its fixed value was presented in Table 1. The result with
viscosimetric molecular weight test was determined and Mark-Houwink equation (Eq-4).
n was determined ascut-off point of y axes, k was constant for toluene (0,007 mL/g), o was
constant for toluen (0,71) as solvent, M=Avarage Molecular Weight (in Eq 4).

Table 1. Equation constants for various polymer-solvent pairs [15].

Polymer-solvent system K x 10°mL/g ?Equation constant)
PMMA-Acetone 7.70 0.700
PMMA-Benzene 5.20 0.760
PMMA-Toluene 7.00 0.710
Poly vinyl acetate-Acetone 10.20 0.720
Poly vinyl acetate-Benzene 56.30 0.620
Poly vinyl acetate-Acetonitrile |41.50 0.620
Poly vinyl alcohol-Water 45.30 0.640
Poly styrene-Benzene 10.60 0.735
Poly styrene-Toluene 11.00 0.725

The molecular weight of the polymer was measured by using viscometer and the molecular
weight called viscosity average molecular weigh tobtained by this technique. The mechanical
properties of the polymers which are anisotropic materials can be modified according to the
directions, as PMMA molecular weight is livingpolymer. The molecular weight and chain
uniformity of the structure will be determined according to [n] = KM% (in Eg-4). [n]:

intrinsic viscosity, M: molecular weight, K and o are empirically determined constants for a
23
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given polymer solvent temperature system, After intrinsic viscosity value was determined by
viscometer method, molecular weight was determined [11]. Assesment of intrinsic viscosity
[n] was evaluated. For this pupose, the relative viscosity (nre1) (Eq-5)was calculated from the
ratio between the flow time of the polymer solution (t) and the flow time of the pure solvent
(to). Relative viscosity (nsp), [] and inherent viscosity (ninn) Were determined by using Eq. 5-8
[12-14].
Relative viscosity:

t

Nret = g (5)
Specificviscosity:
t

775p=a_1=77rel_1 (6)
Intrinsic viscosity:

_ t-to _ Tsp
Ml =t;:=7 ()
Inherent viscosity:

t/t re

Nonn = In L2 = In e 8)

3. Results

Table 2 presents the values to determine the viscosity of the solvent and the solutions at
different concentrations. Table 3 shows the viscosities of the solutions at different
concentrations used to calculate the instristic viscosity value.

Table 2. Information about base PMMA.

Amount  of | Solvent ConCt_antration of Sqlven.t (Touluen) Solution  Viscosity
PMMA (Touluen) Solution Viscosity (cP)

(9) Amount (ml) | (g/ml) (cP)

0,1 50 0,002 0,58 0,64

0,3 50 0,006 0,58 0,68

0,5 50 0,01 0,58 0,78

0,8 50 0,016 0,58 0,88

Table 3. Changes in the inherent viscosity of the solutions at different concentrations for base
PMMA.

Relative Viscosity | Specific ~ Viscosity | Reduced Viscosity | Inherent  Viscosity
(nr) (Msp) (Nred) (ninn)

1,103448276 0,103448276 51,72413793 49,22003641
1,172413793 0,172413793 28,73563218 26,51078244
1,344827586 0,344827586 34,48275862 29,62658161
1,517241379 0,517241379 32,32758621 26,05586275
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The assesment of intrinsic viscosity for base PMMA was presented in Figure 4. Hence,
average molecular weight is determined by using Eg-4. A result of the calculations, the
average molecular weight of base PMMA was found to be 274.042 g / mol

60 y =-1697.5x + 50.811
R2=0.914
“£50 7
& y =-1427.1x + 52.831
= 40 - R% = 0.8889
=
]
e W
> S —¢—Reduced Viscosity
2 20
£ == nherent Viscosity
€ 10
—— Dogrusal (Reduced
0 ' ! ' ! Viscosity)
0 0.005 0.01 0.015 0.02
Concentration(g/ml)

Figure 4. The assesment of intrinsic viscosity of base PMMA

Discussions

Synthetic polymers do not consist of the same chains as crystalline atoms or molecules and in
them cannot be mentioned a constant molecular weight. In addition to that, the obtained
molecular weight values can be influenced by many parameters of production. The molecular
weight values of polymer materials are available in a range for several materials in Table 4
[16].

Table 4. Molecular Weight of VVarious Molecules [16].

Molecules cular weight (g/mol)
Water 18
Alcohol 46
Stearic Acid 384
Polistiren 60.000-100.000
Low Density Polyethylene (LDPE) 30.000-60.000
High Density Polyethylene (HDPE) 30.000-150.000

PMMA synthesized by using different techniques has an average molecular weight in the
range of 42.000-130.000. Since, the increase of the value in a controlled manner means
improvement of mechanical properties, the average molecular weight was increased by
several methods (such as, ATRP, ARGET ATRP). The effect of ATP on molecular weight
was clearly examined in Table 5. The average molecular weight of the base PMMA was
determined as ~ 270.000 g/mol. The results indicate that the molecular weight has higher than
that of industrial PMMA:s.
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Table 5. Avarage Molecular Weight of base PMMA.
Material Avarage Molecular Weight (g/mol)
PMMA [17] 120.000
(by GPC)
PMMA [18]

(PMMA prepared from the block copolymer|90.000
micelle/homopolymer)

PMMA [19]

(PMMA synthesed (1|\2/I?N5/(I\)/(I)n: 1,300)
by the catalyzed recyclable Ni—Co alloy nanoparticle) '
PMMA [20] 42.500

(ARGET ATRP) (PDI=1.36)
PMMA

274.043

(produced by ATRP method in this study)

PDI: Polydispersity index.

GPC: A gel permeation chromatography.

ARGET: Activators regenerated by electron transfer.

. Conclusions

The results of this study indicated that PMMA produced by ATRP method was suitable
technique to improve the average molecular weight in this study. PMMA produced by ATRP
method named the living polymerization technique has higher the average molecular weight
than the molecular weight of the PMMA produced by different techniques in the literature.
The molecular weight for the PMMA produced by ATRP method was determined ~270.000
g/mol.
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Investigation of superconducting, microstructural and Vickers microhardness
properties of CoFe204 doped Y123 superconducting ceramics
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Different proportions of CoFe,O4 nanoparticles are substituted with Cu in the Y123 structure
produced by classical solid state reaction method (YBa2Cuz-x(CoFe204)xO7-5, Xx=0.05 and
0.15). The effects of doping process on the crystal structure were examined by calculating
lattice parameters of produced samples by X-ray diffraction (XRD) analysis. The surface
morphology and grain orientations of the samples were investigated by scanning electron
microscopy (SEM). Vicker’s microhardness analysis, was performed by using different loads
to the analysis of mechanical properties. The calculated microhardness values were found to
increase with the doping ratio. The undoped sample showed Reverse Indentation Size Effect
(RISE) behavior, but Indentation Size Effect (ISE) behavior obtained for CoFe;Os doped
samples. The yield strength and elastic (Young) modulus values were calculated by using the
Vickers microhardness test data. In addition, Meyer’s law, elastic-plastic deformation (EPD)
model and Hays-Kendall (HK) approach were applied to obtain the independent
microhardness values.

Keywords: YBCO, Y123, high temperature superconductors, solid state reaction method,
CoFe204, Vickers, Meyer’s law.

1.Introduction

The YBCO which is a member of high temperature superconductors (HTS) has different
phases and each phase has a different critical temperature value. In numerous studies,
different elements were added to Y123 phase and their properties were investigated. To use in
different technological applications So many features have been investigated such as
structural, electrical, mechanical, magnetic and many others [1-5].

The properties of lattice parameters, critical temperature value, magnetic levitation and
mechanical properties which vary with the contribution were examined. Investigation of these
parameters are important for shaping the material according to the area of use.

Solid state reaction method is one of the most efficient and most preferred methods used in
YBCO production. In samples produced using the solid state reaction method, the doping
process can increase or decrease the critical temperature value. The additive element and its
ratio provide different results. There are also changes in the crystal lattice parameters,
magnetic levitation and other properties [6-9].

Some studies examining the effects of the CoFe2O4 doping in the Y123 phase have shown
that the increase in the doping ratio leads to a decrease in the critical temperature value. The
changes in lattice parameters and structural defects were examined and it was concluded that
Co-Cu and Fe-Cu substitutions caused the decrease in the critical temperature value [10-12].
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Slimani et al. [13] discussed the structural changes in mesh parameters and surface
morphology in the Y123 system, in which they examined their properties by doping CoFe204
in 2014. In this study, they showed that CoFe,O4 doping affects the superconductivity
properties and the critical temperature value decreases with the increasing of doping ratio. In
another study conducted by this group in 2015 [14], the results were similar to the previous
study.

In this study, changes in structural and mechanical properties of Cu-(CoFe2O4) substituted
Y123 phase were investigated. In addition, different models were used to investigate the
mechanical properties.

2.Experimental

Co doped superconducting materials have been prepared by using classical solid state reaction
method. For obtaining samples; Y203 (Yttrium (l1) oxide %99.99, purchased from Alfa
Aesar), BaCO3 (Barium carbonate %99.95, purchased from Alfa Aesar), CuO (Copper (II)
oxide %99.9995, purchased from Alfa Aesar) and CoFe>O4 (nanopowder, 30 nm particle size
(TEM), %99, purchased from Sigma-Aldrich) powders were used. Two different ratios were
selected for the doping process (0.05 and 0.15%w) Powders have been grounded for 1 hour in
agate mortar to acquire more stable mixing. Samples were calcined 3 times at 850°C for 24
hours in ash furnace. After each calcination powders grounded for 1 hour. Obtained powders
were pressed into bulk form (13mm diameter and 2mm thickness). The bulk samples were
placed in tube furnace on the alumina crucible for sintering process. Samples sintered at
930°C for 24 hours by heating rate of 5°C/min and then cooled to 500°C in 60 minutes. The
samples were kept in the oxygen atmosphere for 5 hours at 500°C. Samples are named as
Y123-U, Y123-10 and Y123-15 in accordance with doping ratio.

The XRD analysis of the samples performed by Broker D8 Advance X-ray diffractometer by
using CuKa (from 3 to 90°). Surface morphology investigated by FEI Quanta Feg 250 model
scanning electron microscopy. Vicker’s microhardness test performed by using SHIMADZU
HMV-2 model microhardness tester. Meyer’s Law, elastic plastic-deformation (EPD) model
and Hays-Kendall (HK) approaches applied for obtaining load independent hardness values.

3.Results and discussion

a. Structural analysis

To investigate the crystal structure of samples XRD analysis is one of the important method.
The XRD patterns of the samples are represented in Figure 1. In XRD patterns, any peaks
which belongs to Co or Fe wasn’t observed. This shows that the doping elements are
introduced into the Y123 structure. Some peaks intensities were changed by Co*® and Fe*?
ions which introduced in structure, but that didn't corrupt the orthorhombic structure.
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Figure 1: XRD patterns and miller indices of produced samples

Table 1. Lattice parameters and particle size values

sample EZI?A) atd) | b |c@d

Y123-U 28.95 3.815 | 3.882 | 11.683
Y123-05 | 30.16 3.821 | 3.872 | 11.633

Y123-15 | 32.73 3.826 | 3.873 | 11.631

Since Y123 is an orthorhombic structure; d the distance between the planes and the data such
as the a, b, and ¢ parameters were calculated by formula,

1 _mB e, B 1)
using the indices h, k, | from the XRD. Grain size, D, calculated using formulas

D = 0.9411/B cos 8 @)

B? = B2 — B2 ©)
here B, indicates the FWHM (full width half of maximum) and B,, is 0,000007 [9].

The lattice parameters of Y123 structure are given in the literature as a=3.82A, b=3.89A and
c=11.7A respectively. It is seen that the lattice parameters of Y123 for superconducting
samples with CoFe.O4 doping produced by classical solid state reaction method are in
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accordance with the literature. The grain size values given in Table 1 show that the particle
size increases with the increase of CoFe2O4 doping.

Figure 2. SEM images of CoFe>0O4 doped samples produced by solid state reaction method
(a; Y123-U, b; Y123-05, c; Y123-15)

SEM analysis was performed to determine the particle boundaries, inter-particle distance and
particle size of CoFe>O4 doped samples obtained by solid state reaction method. In Figure 2
large images were taken at 2500 magnification, while internal pictures were taken at 10000
magnifications. From the SEM images, it is seen that the particle sizes increase with CoFe;04
contribution. This change is in agreement with the particle size values calculated by XRD
results. The variation of particle boundaries and inter-particle distance is clearly seen in
Figure 2. In addition, the increased particle size with the doping also led to a decrease in
porosity.

b. Microhardness and modelling

It is important that investigate mechanical properties of superconductors such as hardness,
yield stress and elastic modulus for possible technological applications. Vickers
microhardness test is one of the useful method to investigate the mechanical properties of
bulk samples [15].
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Hardness defines as the resistance of the material to the applied load on surface. Production
process of material can effect the sample hardness [16].

In the Vickers microhardness test, the formula,
Hy = 18544 (=) (4)

is used to calculate the hardness value. The constant value in this formula comes from the top
angle of the pyramid tip. Here, F is the load applied to the surface (F= 0.245, 0.490, 0.980,
1.960 and 2.940N), and d is the average of the diagonal lengths of the indenter tip that is left
on the material surface.

Elastic modulus (E) and yield stress (Y) values of samples have been calculated by using
hardness values obtained from Vickers microhardness test and using empirical formulas,

E = 81.9635 Hy (5)
Y ~ Hy/3 (6)

] a m Y123-U
484 e Y123-05

1 ) A -
45 Y123-15
44-

F (N)

Figure 4. Microhardnes graph of produced samples

The hardness graph of the samples produced obtained from the Vickers microhardness test is
given in Figure 4. In the literature, while the behavior of undoped sample is called as Reverse
Indentation Size Effect (RISE), doped samples behavior Indentation Size Effect (ISE). In
Figure 4, the plateau region of microhardness results decreased with 0.05% doping ration but
increased with increasing of doping ratio to 0.15%. Elastic modulus (E) and yield stress ()
values of samples are calculated and all results are given in Table 2.
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Tablo 2. Some calculated parameters of CoFe;O4 doped samples produced by solid state
reaction method

Sample F (N) Hv (GPa) E (GPa) Y (GPa)
0.245 | 2.881 236.15 0.960
- 0.490 |[3.143 257.63 1.048
& 0.980 |[3.420 280.28 1.140
> 1.960 | 3.768 308.80 1.256
2.940 [3.755 307.80 1.252
0.245 | 3.583 293.706 1.194
3 0.490 | 3.437 281.695 1.146
@ 0.980 |[3.302 270.670 1.101
s 1.960 [ 3.155 258.617 1.052
2.940 [3.198 262.109 1.066
0.245 | 4.920 403.221 1.640
< 0490 | 4.538 371.969 | 1513
@ 0.980 |4.176 342.311 1.392
. 1.960 | 3.972 325.559 1.324
2.940 |3.902 319.810 1.301

Meyer’s law

This is the simple model and usually used to describe the Indentation Size Effect (ISE)
behavior. In this method, which is a simple expression between applied force (F) and average
diameter of trace (d), the formula

F = Ad™ ()

is used. In this formula, Meyer number (n) is the slope of the InF-Ind graph (Figure 5). Meyer
number describes the sample behavior. If the number n is less than 2; sample exhibits ISE
behavior, but when n is more than 2 sample exhibits RISE behavior. A describes as the
standard hardness constant [15, 16]. Data obtained for this model are given in Table 3.
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Figure 5. InF-Ind graph for the samples produced

Table 3. Fit results of data according to Meyer’s law

Samples n (g]F',A;) Hv (GPa)

Y123-U 2.26 -7.10 3.420-3.755
Y123-05 1.90 -6.02 3.302-3.198
Y123-15 1.83 -5.55 4.176-3.902

From Table 2, while n>2 obtained for undoped sample with RISE behavior, n<2 obtained for
doped samples with ISE behavior.

Elastic-plastic deformation (EPD) model

EPD model is one another model to explain ISE behavior of the samples. [17, 18]. In this
model, the load dependence of the indentation size is calculated by the formula,

F=A,(d, +d,)° @)

Here, dp is related with plastic deformation, de is related with elastic deformation and A:
describes as independent hardness constant. By using FY?—d, graph, Az and d. parameters can
obtain. Figure 6 represents the F*2—d, graph.
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Figure 6. F2—d, graph of the samples

In elastic-plastic deformation model the load independent hardness values calculate by
following formula,

HEPD = 18544142 (9)

Calculated data are presented in Table 4 for EPD model. de is found to be negative for
undoped sample and positive for doped samples. Negative de means there is no elastic
deformation in the material, so we can say for undoped sample did not represent any plastic

recovery. By doping, samples gain elastic recovery.
Table 4. Fit results of data according to EPD model

Samples de (um) A, (N/pm?2) Hv(erp) (GPa) Hv (GPa)

Y123-U -0.115 0.00233 4.313 3.420-3.755
Y123-05 0.041 0.00163 3.021 3.302-3.198
Y123-15 0.076 0.00192 3.558 4.176-3.902

Hays-Kendall approach (HK)

In this approach, it is suggested that, to create permanent deformation, the minimum load
value (W) is required. The permanent deformation will not occur and only elastic deformation
will occur, if the load applied to the surface does not exceed W value, [19].

F - WHK = AHKdz (10)

Here, Ank is load independent hardness constant. All values are obtained from F—d? graph
(Figure 7). In this model, the formula,
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HHK = 18544AHK
is used to calculate the load-independent hardness value.

Table 5 shows the values obtained for HK approach. When data in the table are examined, it
is seen that W value is negative for undoped sample, but positive for doped samples. This
shows that undoped sample exhibit RISE behavior while doped samples exhibit ISE behavior.
This finding supports by the literature [20]. The positive value indicates that there is plastic
deformation in the materials as well as elastic deformation. If we compared with the results
obtained from the other models, the independent microhardness values determined with
regard to HK approach gives closer results to saturation region.

®  Undoped
e Y123-10
3 Y123-15
2 -
1 4
/
0 T T
0 500 1000
d* (um?)

T
1500

Figure 7. F—d? graph of the samples

Table 5. Fit results of data according to HK approach

Conclusion

In the study, CoFe.O4 doped YBCO123 samples are produced by solid state reaction method.
XRD, SEM and Vickers microhardness measurements are performed for all samples and

Samples W(N) Ax107% Huk (GPa) Hv (GPa)
Y123-U -0.107 2.107 3.907 3.420-3.755
Y123-05 0.035 1.696 3.144 3.302-3.198
Y123-15 0.072 2.058 3.816 4.176-3.902

structural, morphologic and mechanical properties were investigated.
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In the XRD results, it was observed that the peaks intensities decreased by increasing of
doping ratio. It is predicted that this may be due to the tendency to disrupt the orthorhombic
structure. In addition, the decrease in peak intensity with the doping indicates that the
crystallinity has deteriorated. From the SEM images it was observed that, surface morphology
changed with doping. Increasing of doping ratio decreased the porosity of the samples
surface.

The mechanical behavior of the samples was examined by microhardness analysis. It is
common in the literature that the undoped sample showing RISE behavior becomes ISE
behavior with the additive. This may be a result of the convergence of the particles with
decreasing porosity. Experimentally obtained microhardness values were examined
theoretically. As a result of these investigations, it was concluded that the HK approach is the
most appropriate model for explaining ISE behavior of the doped samples.
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Carbon based films with extraordinary properties

R.Esen, W.Abusaid and B.Ozkan
Physics Dept. Univ. of Cukurova Adana/Turkey

Abstract

In this work we present some carbon based films obtained from ECR plasma decomposition
of methane and graphitic carbon films obtained by cathodic vacuum arc deposition method.
The films produced by ECR plasma using methane gas as a starting material showed a
definite transmission window near 320 nm which is an unusual property one expects more
absorption as wavelength decreases.

Second group of unusual optical property is observed at carbon nanowalls obtained by pulsed
vacuum arc deposition method using graphite as starting material.

Keywords: ECR, PVACD, Carbon nanowall, SiC, DLC.

1. Inroduction:
Main Process for Carbon Coating

During the last decades, the methods of carbon coating have increased significantly.
Coating processes and deposition technologies are changing rapidly to keep pace with
developed film materials and applications.('New developments and applications in chemical
reaction engineering' 2007). Figure 1 summarizes the classification of coating process.

Coating Process

-

i

g1

Figure 1 summarizes the classification of coating process
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2.Experimental results
We used ECR (Electron Cyclotron Resonance) plasma system with ultrapure methane gas as
a starting material. Major Components of ECR Plasma Sources

O N 3
— [
6
2 vi

Figure 2. A schematic diagram of ECR-CVD system

ECR system consists of the following basic components:

ECR system consists of the following basic components:
Reaction chamber
turbo molecular pump and rotary pump
Plazma source
Microwave source and extraction voltage source
Gas flow indicator
Cooling Unit
Nitrogen Tube
Methane Tubes

With this system at room temperature 10~ Torr pressure 3-5 cm separation with ion source

and substrate (soda lime glass microscope slide) we produce carbon films and measure their
optical transmission with a spectrometer and present the result below graphic.
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Figure 3. Unusual optical transmission of a carbon film.

Here one expects transmission to have smaller values as wavelength decreases. But for this
group of samples we observed that unstochiometric silicon carbide film produced instead of
DLC (diamond like carbon) film. We backed our proposal with Raman analysis. This
property diminishes as film thickness takes higher values than 300 nm.
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Figure 4. SiC films produced on top of crystalline silicon.
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Figure 5. Carbon nanowalls produced by PVCAD technique

These group of films showed a blackbody type reflection at 400-700 nm interval. Which is a perfect
absorber and reflection value is lowered by multiple reflections on the walls.
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Electrochemical hydrogen production by using G/Ni/Ag cathode
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In this study graphite (G) electrode was coated with nickel and decorated with silver
(G/Ni/Ag) and we used this modified electrode as cathode in alkaline water electrolysis
system. The electrochemical characterization of G, G/Ni and G/Ni/Ag was achieved via cyclic
voltammetry technique. Hydrogen evolution performance of electrodes was investigated via
chronoamperomety, cathodic polarization curves and electrochemical impedance
measurements. Results showed that hydrogen production efficiency significantly increased
and charge transfer resistance of electrodes decreased via Ni/Ag multilayer.

Keywords: Hydrogen production, Alkaline electrolysis, G/Ni/Ag cathode

1. Introduction

The demand for energy increases all around the world, day by day with the help of
increasing industrial consumption and increasing the world population which means personal
consumption. We need an alternative, renewable and sustainable energy sources. In order to
decrease CO2 emission, hydrogen is a suitable and alternative fuel for us. We have many
alternative hydrogen production methods such as thermochemical processes (ie; steam
methane reforming, coal gasification, biomass gasification etc.), direct solar water splitting
processes, biological processes (from bacteria and microalgae), alkaline water electrolysis,
etc. [1]-[13]. The alkaline water electrolysis is a simple technique and we can produce pure
hydrogen on cathode of this system. In alkaline electrolysis systems, the main handicap is
over potential values of electrode materials. Researchers have achieved many studies in order
to diminish over potential values of electrodes. Results showed that Ni based cathode
materials have tremendous advantages because of higher conductivity and lower overpotential
values [14, 15]. Yuvaraj et al. [16] used graphite cathode and investigated the influence of
electrolyte concentration, temperature, voltage and reaction time on the amount of hydrogen
gas produced. The applied voltage was varied from 4.5 to 12 V. Results showed that graphite
cathode produced 75 mL Hzg at 10 V during 600 s in 0.03 M KOH. Koca et al. [17]
deposited nickel Ni and low amount of gallium (Ga) on carbon felt electrodes (CF/Ni and
CF/NiGa) and they determined hydrogen evolution performance in 1 M KOH. They declared
that Ni modification decreased overpotential value of CF cathode and hydrogen production
performance was enhanced via Ga. The CF/NiGa electrode produced 28.9 mL Hyg in1 M
KOH for 30 min. Doner et al. [18] coated graphite electrode with CoZn-Pt coating which had
a rough structure and presented good stability and high durability as cathode during alkaline
electrolysis. The cathodic Tafel constant of G/CoZn-Pt was varied from 149 to 171 mV/dec
during long term stability tests.
In this study, 10 um Ni coating deposited galvanostatically on graphite rod electrode then 10
ng cm? Ag decorated on the surface, it (G/Ni/Ag electrode) was used as cathode material in
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25% KOH solution for hydrogen production.

2. Methods and Materials

A cylindrical graphite rod with a 0.5 cm diameter used as a working electrode. Before
electrodeposition treatments, the surface of electrode was abraded by emery paper down to
1200 grade. Then, it was washed by acetone/ethanol mixture and pure water. The
electrodeposition of nickel and silver was performed by galvanostatically using Iviumstat
Electrochemical Interface with a three-electrode configuration. In this system, graphite was
used as working electrode, nickel as counter electrode and an Ag/AgCl (3 M KCI) electrode
was used as the reference electrode. The nickel deposition bath composition was 30%
NiSO4.7H20, 1% NiCl2.6H.0, 1.25% H3BOs3 deposition current density is 10 mA cm. The
silver deposition bath is 0.75 mM and deposition current density is 0.25 mA cm™. The
electrochemical measurements were carried by using CHI 660D A.C. electrochemical
analyzer at room temperature, open to atmosphere. A platinum sheet (with 2 cm? surface area)
was used as the counter electrode and Ag/AgCl (3 M KCI) electrode was used as the reference
electrode for electrochemical analysis such as cathodic polarization curves, cyclic
voltammetry and impedance measurements. The electrolyte in all measurements was 25% M
KOH aqueous solution. The cyclic voltammetry measurements were obtained in the potential
ranges between —1.4 V and 0.8 V (vs. Ag/AgCl) with a scan rate of 0.1 V s?. The
chronoamperometric measurements were employed at -1.3 V (vs. Ag/AgCl). The polarization
curves were obtained with a scan rate of 0.001 Vs™!. The EIS experiments were conducted in
the frequency range with a high limit of 100 kHz and the low limit of 0.01 Hz. The amplitude
was 0.005 V. The EIS results were presented using a Zview software.
3. Results and discussion

The cyclic voltammograms of G, G/Ni and G/Ni/Ag were presented in Fig. 1. The
measurement presents information not only about the characterization of electrochemically
deposited metallic coatings but also gives information about HER activity of electrodes when
we compare the initial part of the cathodic potential region [19].

06 PEEPEEPEE B B B B R B P RN R R

0.5
0.4
031
021
0.1

I/ Acm?

0

011
02
03

04
-1.4 -1.2 -1.0 -08 -0.6 -04 -0.2 0 0.2 0.4 0.6 0.8

E/V(Ag/AgCI)

Fig. 1: The cyclic voltammograms of G (4), G/Ni (A) and G/Ni/Ag(e) in KOH solution.
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As seen in Fig. 1. There was no significant peak detected for G until 0.6 V during forward
scan and during a backward scan, cathodic peak was not detected. Another side for G/Ni and
G/Ni/Ag peaks were detected at -0.7 V which was Ni/Ni?* oxidation, the transformation of a-
Ni(OH)2 to B-Ni(OH), was seen between the potential ranges of —0.6 to 0.4 V (vs Ag/AgCl).
The peak centered at 0.45 V was Ni?*/Ni®** transition and the cathodic peak at almost 0.5 V,
corresponded to the Ni**/Ni?* reduction [19]. For G/Ni/Ag electrode during the forward scan
the peak between 0.1 V and 0.35 V attributed to the oxidation of Ag (Ag/Ag.0 and
Ag>0/AgO) [20]. The reduction peaks for these reactions were detected in the backward scan
in Fig. 1. The chronoamperometric measurements were given in Fig.2.
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Fig. 2: The I-t curves of G (#), G/Ni (A ) and G/Ni/Ag(®) in KOH solution.

In Fig.2, during 600s significant current was not detected for graphite electrode (G) but Ni
and Ni/Ag modified electrodes (G/Ni and G/Ni/Ag) produced hydrogen which was detected
with necked eyes and further cathodic current density values were proved that. As seen from
Fig.2 G/Ni/Ag electrode presented higher hydrogen performance than G/Ni.

The cathodic polarization curves for all electrodes were given in Fig. 3. The wide oxygen
reduction peak was seen for graphite electrode between -1.2 V and -1.4 V (vs. Ag/AgCl).
Then the hydrogen evolution process continued. For G/Ni/Ag higher current density values
were detected and the polarization data supported the chronoamperometric results. Results
were summarized in Table 1, the G/Ni/Ag presented higher hydrogen evolution performance.
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Fig. 3: The cathodic polarization curves of G (4), G/Ni (A) and G/Ni/Ag(e)

solution.

in KOH

Table 1. Electrochemical parameters determined from cathodic current-potential curves.

Electrode E@/mA cm?  |i/mAcm?  |[i/mAcm? |n/V
13V @14V @15V |10macm?®
G 1.201 2.179 5.061 -1.751
G/Ni 30.86 126.0 312.3 -1.382
G/Ni/Ag 93.32 235.3 429.6 -1.307

As seen in Table 1, the current density at -1.3 V increased almost 78 times by Ni/Ag

treatment on graphite surface.

The Nyquist plots for all electrodes at varied cathodic potentials, which were determined from

cathodic polarization measurements, were given in Figs. 4-6.
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Fig. 4: The Nyquist plots of G (), G/Ni (A) and G/Ni/Ag(e) at -1.3 V (vs. Ag/AgCI) in KOH
solution.
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solution.
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Fig. 6: The Nyquist plots of G (¢), G/Ni (A) and G/Ni/Ag(e) at -1.4 V (vs. Ag/AgCl) in KOH
solution.

o

The equivalent circuits for electrochemical impedance measurements was given in Fig. 7 and
related table was presented as Table 2.

(a) Rs CPE: CPE2
aaVAVA I > |I > |
R1 R2
(b) Rs CPE
VA >
Rp

Fig. 7: The equivalent circuits of G(a), G/Ni and G/Ni/Ag (b). CPE: Constant phase element,
Rs: Solution resistance, Rp: Polarization resistance (R1+R2)

As seen from Figs. 4-6, Nyquist plots of G presented two time constants but G/Ni and
G/Ni/Ag presented one time constant. Therefore, related equivalents for these electrodes were
different and presented in Fig. 7. As seen from Table 2, for all electrodes polarization
resistance values decreased with increasing cathodic potential. The lower R, values were
detected for G/Ni/Ag.
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Table 2. Electrochemical parameters determined from the EIS measurements.

R1 CPE; R2 CPE; Rp

Electrodes  E/V Qem?) @%"cm? ™M @em?d) @ls'em? M (Qemd)
G -1.3 2.23 0.035 0.75 3551 0.108 0.68 3553.2
-1.4 0.91 0.050 0.75 1068 0.122 0.64 1068.9
-1.5 0.68 0.093 0.67 20.38 0.134 066 21.1
G/Ni 13 2.09 0.0109 0.79 . - - 2.09
1.4 0.51 0.0115 0.75 . - - 0.51
15 0.24 0.0131 0.71 . - - 0.24
G/Ni/Ag -1.3 0.70 0.0093 0.79 - - - 0.70
-1.4 0.29 0.0102 0.76 - - - 0.29
-1.5 0.16 0.0109 0.76 - - - 0.16

As shown in Table 2, the Ry values of Ni and Ag coated graphite electrodes were significantly
lower than bare graphite. That is, when graphite is coated with Ni or Ag, a decrease in Rp
values is observed. Among these three types of electrodes, the lowest Rp values were obtained
in G/Ag electrode. Therefore, a low Rp value means that the catalytic effect of the electrode is
high. Furthermore, as the catalytic effect increases, an increase in CPE values is expected.
When the CPE values are compared among themselves, it is seen that the highest CPE values
are obtained at G/Ag electrode. From these results, it can easily be said that G/Ag electrode is
the most effective or highest activity electrode for hydrogen output (HER).

4. Conclusions

The electrocatalytic performance of the graphite electrode for hydrogen production reaction
was enhanced via deposition of thin Ni coating on the surface and further activity increased
via Ag decoration on it. We aimed to extend usage of a graphite electrode for hydrogen
production by alkaline electrolysis because of its reasonable price and some mechanical
properties (lightness, high electrical conductivity, resistivity against corrosive solvents, etc.).
Results showed that G/Ni/Ag performed higher hydrogen production activity. The
polarization resistance of graphite at -1.3 V (vs. Ag/AgCl) decreased almost 5075 times with
the help of Ni/Ag deposition on surface.
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The Effect of Calcination Conditions on Luminescence Efficiency of BeO Ceramics
Synthesized Using Co-Precipitation Method
V. Altunal”, V. Guckan, A. Ozdemir, and Z. Yegingil

Department of Physics, Faculty of Art and Sciences, Cukurova University, Adana 01330,
Turkey

BeO ceramics were synthesized by co-precipitation method. The luminescent behaviors of the
BeO ceramics prepared under different reaction conditions were investigated for radiation
dosimetry applications. The appropriate calcination temperature and time for the sol-gel
synthesis of BeO was determined as 1000 °C for 4 hours by analyzing optically stimulated
luminescence (OSL), thermoluminescence (TL) sensitivities and radioluminescence (RL)
emissions of the products. While similar characteristic broad emission peak of BeO ceramics
between 200 and 500 nm was obtained in RL spectra, an unexpected peak between 650 and
800 nm which may be associated with the anion defects in BeO was observed. While highly
sensitive two TL peaks were observed up to 250 °C, low sensitive four TL peaks were found
up to 650 °C. The results showed that luminescent signals from the BeO pellets produced at
appropriate synthesis conditions were suitable for radiation measurement applications in
personal dosimetry.

Keywords: Beryllium oxide (BeO), Precipitation synthesis, Calcination Conditions,
Radiation Dosimetry, Luminescence

*Corresponding author: valtunal@cu.edu.tr

Introduction

New and rapidly developing applications in physics and medicine encourage researchers to
produce new materials. The synthesis process is very important as it affects the general
properties of the produced materials. Moreover, the ceramic preparation process has to
incorporate a variety of production techniques (for micro and nano structures). Micro or nano
structures, synthesis conditions (calcination and sintering) and particle size change the
luminescence properties of ceramics [1]. Another factor affecting luminescence properties of
ceramics is the synthesis method. For example, narrow particle size distribution and high
homogeneity are provided in the sol-gel method, while low cost, controllable and small
particle size in the precipitation method provide an easy synthesis process. Luminescent
emitting ceramics are used in many areas such as lighting, display, radiation dosimeters [2, 3].
Specifically, the use of ceramic materials in radiation dosimetry is increasing day by day with
the discovery of materials (Al.Oz, BeO, MgO etc.) having unique physical, chemical, and
luminescence properties. BeO Thermalox995 chip (from Materion Corporation), together
with Al03:C (Al203:C from Landauer Inc.) nanoDot dosimeter, is one of the ceramic
materials commonly used in OSL dosimetry. It has been known for over 50 years that the
material exhibits TL and OSL signals [4-8]. Being a tissue-equivalent material (Zess ~7.1) [9],
not losing radiation dose for about 6 months[10], thermal stability and light sensitive
dosimeter attracted researchers [8], and recently produced BeO-based OSL dosimetry system
as a product of ongoing studies [10-12].
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In this study, BeO ceramics were synthesized using precipitation method. To obtain more
stable luminescent signals from the surface of ceramics, BeO samples were prepared in pellet
form from the nano-powders. The effects of calcination temperature and duration on
luminescence signals were investigated using TL, OSL, and RL techniques. We investigated
whether the usage of appropriate calcination conditions in BeO precipitation synthesis is a
good starting operation to achieve a promising OSL dosimeter with high luminescent
efficiency, or not.

Material and Method

All reagents, polyethyleneimine solution, ammonium hydroxide solution (NH4OH) and
beryllium sulfate tetra-hydrate (BeSO4-4H.O) with high purity used in synthesis were
purchased from Sigma Aldrich. The synthesis process began with the complete dissolution of
beryllium sulfate salts in distilled water. On the other hand, the polyethyleneimine solution
was stirred in distilled water for a certain period of time and added to the main solution
slowly. Thus, the precipitation process started. The pH control of the solution was carried out
by adding a certain amount of ammonia to the solution. During the ongoing stirring, precipate
was observed and the solution in the beaker was transferred to a suitable crucible. Then the
temperature of the main solution in the crucible was increased to 200 °C, and the water in the
solution was removed. The calcination process was carried out to remove the organics from
the final product and to form BeO. In this study, while calcination temperatures were selected
as 800, 900, 1000, 1100 and 1200 °C, the duration times were 2, 4, 6, 8, 10 and 24 hours.
After the calcination process, BeO samples were prepared in pellet form by using pure BeO
powders for easily handling and to obtain stable luminescent signals from the surfaces of
BeO. Here, applied pressure was 500 kgforce/cm? 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 ceramics synthesized by precipitation method was
shown in Fig. 1.

Figure 1. The produced BeO pellets

After the sample preparation, TL and OSL measurements were performed using DA-20
model Ris@ TL/OSL reader system equipped with %Sr-%Y beta radiation source with the
energy of 2.27 MeV and bialkali model 9235 QA photomultiplier tube. Light stimulations
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were used in continuous wave OSL mode by blue LEDs (A ~ 470 nm). TL and OSL signals
were detected using a Hoya U-340 nm UV pass filter in front of PMT. 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.

Results and Discussion:
RL emissions

RL emissions obtained from the BeO pellets calcinated at different calcination temperature of
800, 900, 1000, 1100 and 1200 °C for 4 h in Fig. 2. According to RL emissions, since the
maximum intensity was obtained from the BeO pellets calcinated at 900 °C, the appropriate
calcination temperature was selected as 900 °C. After the determination of the appropriate
calcination temperature, BeO materials were synthesized in similar way and calcinated at 900
°C for different calcination durations of 2, 4, 6, 8, 10, and 24 hours. RL emissions for
different durations were presented in Fig. 3. According to RL emissions in Fig. 3., the
maximum intensity was obtained from the BeO pellets calcinated at 900 °C for 4 h. The
appropriate calcination duration was selected as 4 h.

Precipitation synthesis method

s

x

S 34

8

P ——800°C

g 2 ——900°C

m ]

s ——1000 °C

7 —— 1100 °C
1 ——1200°C

T T T T T T T T T
200 400 600 800 1000
Wavelength (nm)

Fig. 2. RL emissions of BeO pellets which was calcinated at different temperatures for 4 h.
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Fig. 3. RL emissions of BeO pellets which was calcinated at 900 °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 characteristic luminescence emission
(3-4 eV and 4.9 eV) is associated with the radiative annihilation of the self-trapped excitons in
BeO [13, 14]. Additionally, the emission peaks located at 590, 620 and 640 nm are originated
from the background signals of the RL system. Unexpected emissions located between 700
and 800 nm 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.

TL Glow Curves

Fig. 4. shows TL glow curves 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 4.,
BeO pellets exhibited three TL peaks located at 170, 260 and 440 °C. Similar TL trap
distribution was presented by Altunal et al. [13]. Due to maximum intensity at 900 °C, the
appropriate calcination temperature was selected as 900 °C. After the determination of the
appropriate calcination temperature, BeO materials were synthesized in similar way and
calcinated at 900 °C for different calcination durations of 2, 4, 6, 8, 10, and 24 hours. TL glow
curves for different durations were presented in Fig. 5. Finally, the maximum trapped charge
population was obtained from the BeO pellets calcinated at 900 °C for 4 h. Considering all the
TL glow curves of BeO samples, the total charge population gave the maximum value for the
sample calcined at 900 °C for 4 h because different calcination conditions do not change the
structure of TL traps in BeO.
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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 900 °C for different durations.
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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. After a preheat treatment
of 100 °C for 10s, the OSL decay curves were obtained with blue light stimulations
throughout 200 s. As seen from the Fig. 6., the maximum OSL signal intensity was obtained
from the BeO pellets calcinated at 900 °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 900 °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 900 °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 900 °C for 4 h because
different calcination conditions do not change the structure of OSL traps in BeO.
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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.
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Fig. 7. OSL decay curves of BeO pellets calcinated at 900 °C for different durations. Inset:
Integrated OSL signals of BeO pellets calcinated at 900 °C for different durations.

Conclusions

Undoped BeO powders were synthesized using precipitation method and prepared as ceramic
pellet. All the RL emissions are in well agreement with previously reported emissions. It was
clearly demonstrated that TL and OSL signals can be used in radiation dosimetry applications.
In future studies, more dosimetric properties of the material should be examined using TL and
OSL methods for different calcination conditions.
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Structure characterization and luminescence studies of MgO:L.i calcinated at different
temperatures via solution combustion and sol-gel methods

V. Guckan®", V. Altunal*, A. Ozdemir! and Z. Yegingil*

!Department of Physics, Faculty of Art and Sciences, 01330 Balcali Saricam, Adana, Turkey
Corresponding E-mail: veysiguckan@gmail.com

In the present study, lithium (Li) doped magnesium oxide (MgO) samples were prepared
using Solution Combustion Synthesis (SCS) and Sol-Gel (SG) methods. Their
photoluminescence (PL) and thermoluminescence (TL) behaviors were determined after the
different calcination temperatures. The aim of this study is to investigate the effect of different
calcination temperatures on the PL and TL sensitivities of lithium doped MgO (MgO:Li)
samples in pellet and powder forms prepared by SCS and SG methods. The structural
characterization analysis of MgO:Li powder and pellets were carried out using X-ray
diffraction (XRD) and scanning electron microscope (SEM) methods. The results of these
structure analysis showed that MgO:Li samples have different crystal properties when
changing calcination temperatures were applied during the preparation of the samples.
Luminescence properties of the MgO samples which were synthesized at different calcination
temperatures were investigated by the Photoluminescence (PL) and TL techniques. The
maximum TL intensity of the samples was obtained at calcination temperature of 800 and
1000 °C for the SCS and SG methods, respectively. Uncontrolled chromium impurities were
observed in MgO samples by using PL measurements. On the PL spectrum, peaks indicating
chromium (111) (Cr®*) transmission in the red portion of the spectrum at 672, 698 and 721 nm
are clearly evident. We investigated high dose sensitivity in these samples. Therefore, we
suggest this material as a new high dose thermoluminescence dosimeter.

Introduction

Magnesium oxide (MgO) is a wide band-gap (Eq=7.8 eV) insulator under ambient pressure.
MgO has high chemical and thermal stability, and high surface reactivity. These properties
make it a promising material for application in sensors, catalysis, paints and additives [1].
MgO has a high melting point about 2800 °C. Its density is about 3.58 g/cm?and the Mg ions
occupy the octahedral sites within the anion close-packed structure [2].

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 [3-5]. There are many reports of MgO doped
with lanthanides or transitions metal ions to increase the TL or OSL signals and to improve its
dosimetric characteristics [4, 6, 7].

In this study, the effect of calcination conditions on TL and OSL intensities of MgO
phosphors produced by the SCS and SG methods were presented. Li ion were doped into the
MgO phosphors during synthesis process as dopants and different calcination temperature and
times were performed 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
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XRD and SEM methods. The TL and OSL curves of Li doped MgO phosphors calcinated at
different temperature and times were compared with each other.

Materials and Methods

Material Preparation

This study presents the calcination effect on MgO samples in pellet form prepared by SCS
and SG methods. All chemicals were supplied from Sigma Aldrich. Li was used as the dopant
with 0.1% mol for both methods. The calcination temperatures and times used in both
production methods are 800, 900, 1000, 1100 and 1200 °C for 2, 4, 6, 8, 10 and 24 hours.
After the bulk material was produced, the material was divided into 5 equal parts and then
calcined at different temperatures, keeping the time constant for 4 h. In this work, MgO
samples were studied in pellet form for having more settled PL and TL signals and for easy
handling. MgO pellets were performed as a 6 mm diameter and 0.6 mm thickness as a shape
of disk form using 25 milligrams calcinated powders. In all TL measurements, readings were
taken after sintering of all types of pellets at 1600 °C for 4h. The calcination temperature
giving the best TL signal was selected and time experiment was performed. The same process
was repeated for the time experiment.

Characterization

A few characterization analyses of MgO samples obtained by SCS and SG methods were
performed. All of the analysis was performed at the room temperature. The phase evaluation
and crystal structure characteristics of pellet-shaped MgO samples were studied by means of
XRD technique. The measurements were performed using XRD PANalytical EMPYREAN
branded diffractometer equipped a copper and cobalt X-ray tube, and copper Ka radiation
wavelength was 0.1541 nm. Diffraction angles were adjusted from 20° to 90° (scan mode,
A26=0.02°). Qualitative phase analyzes were performed by comparison of the experimental
diffraction patterns with the standard ones from the International Centre for Diffraction Data
(ICDD). The surface morphology of the samples and microstructures of MgO pellets were
examined using a FEI branded Quanta 650 model field-emission SEM with 30-100 kV
accelerating voltage and 100nA probe current.

Luminescence measurements

PL measurements were performed using a monochromatized xenon lamp as the excitation
source. All PL spectra were obtained at room temperature. The PL and PLE spectra were
measured using a Horiba/Jobin-Yvon Fluorolog-3 spectrofluorimeter. It has a continuous
xenon lamp (450 W) and a photomultiplier tube (Hamamatsu R928P). The measured PLE
spectra were corrected by the xenon lamp emission spectrum.

TL measurements were carried out using a Risg TL/OSL reader model DA-20 (Risg National
Laboratory, Denmark). Luminescence emission were measured in the VIS region using a
Schott BG-39 filter (300-700 nm) and UV region using a bandpass filter (Hoya, U-340,
transmittance range from 250 to 390 nm, max 340 nm) in front of the PM tube. In order to the
detection of light, a bialkali photomultiplier tube (PMT) was used (model 9235QB, Electron
Tubes Ltd., Uxbridge, UK). Samples were irradiated at room temperature using an in situ
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%0Sr/*Y beta source. This ionizing irradiation source emits beta particles with a maximum
energy of 2.27 MeV. All TL measurements were performed at a heating rate of 5 °C/s.

Results and Discussion

Crystallographic characterization and morphology of the samples were studied by XRD and
SEM. The XRD pattern of Li doped MgO pellets are given in Fig. 1. Fig. 1 shows that the
pattern matched well with ICDD 98-064-2714 in terms of peak positions indicating the
formation of single phase. It has cubic structure with lattice parameters of a =b=c=4.2080 A.
XRD spectra of all MgO:Li pellets having the diffraction peaks (111), (200), (220), (311) and
(222) located at 2theta = 36.9°, 42.9°, 62.3°, 74.7°and 78.7°, respectively. It was observed
that the different calcination temperatures applied did not cause any difference in the phase in
the crystallographic structure.

(200) —— 1200 °C
(220) 222)
(11 @11 |

— 1100 °C

P |
—— 1000 °C

Lk
—— 900 °C

||

Intensity (a.u.)

rh
— 800 °C

J |
ICDD:98-064-2714

40 50 60 70 80
20 (°)
Figure 1. XRD analysis of MgO:Li pellets calcinated at different temperatures.

w
o

The SEM images revealed the morphological characteristics of Li doped MgO pellets
produced by sol-gel methods. The SEM images of produced samples are shown in Fig. 2.
There are homogeneous distribution among particles for all the MgO:Li pellets. These images
do not clearly show us how the calcination temperature creates differences in the morphology
of the MgO pellets. It needs further studies.
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Figure 2. The typical SEM images of MgO:Li pellets calcinated at; (a) 800 °C, (b) 900 °C,
(c) 1000 °C, (d)1100 °C and (e) 1200 °C for 4 h

The room temperature photoluminescence emission spectrum of MgO:Li pellets prepared by
combustion and sol-gel methods excited with a wavelength 330 nm were shown in Fig. 3.
MgO:Li pellets prepared using SCS method have a broad emission peak centered at ~660 nm
(1.88 eV, orange region). The pellets produced using the sol-gel method have both a relatively
narrow peak at 660 nm and a peak at 720 nm in some of the samples. Interestingly,
uncontrolled chromium impurities were observed in MgO samples. When the samples excited
with 440 nm, peaks indicating chromium (I11) (Cr**) transmission in the red portion of the
spectrum at 672, 698 and 721 nm are clearly evident (see Fig. 4) [1, 2].

{(a) ex=330 nm - (b) ex=330 nm
Solution -
) busti ——800°C [ Sol-gel —800°C
combustion ——900°C ——900°C
T ——1000°C s ——1000°C
© — 1100 °C S —1100°C
> —1200°C | 2 ——1200°C
c C
Q Q
< <
550 600 650 700 750 800 850
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Figure 3. The PL spectra of the MgO:Li pellets
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Figure 4. The PL spectra of the MgO:Li pellets under 440 nm excitation.

Fig. 4 shows the TL glow curves from MgO:Li pellets after 2 Gy beta irradiation in
comparison with calcinated samples at different temperatures. TL readouts were performed by
heating each sample from room temperature up to 450 °C with a heating rate of 5 °C/s. As is
seen in Fig. 4a, maximum trapped charge populations were obtained from MgO:Li pellets
prepared using SCS method with calcination temperature at 800 °C for 4 h. Fig. 4b shows
that the maximum intensities of MgO:Li pellets were recorded from samples calcinated at
1000 °C for 4 h.

30

25| . I-Gel
(a) Solution (b) SokGe
= combustion = —800°C
- 20 F . o,
& S 5 ——900°C
PR —800°C | — —— 1000 °C
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S ol —1100°c| &
(2]
2 —1200°c| g 10
— —
F 5 [
0 0

1(I)O 2(I)0 3(I)0 4(I)0 160 260 3(I)0 4(I)0

Temperature (°C) Temperature (°C)
Figure 4. The TL glow curves from MgO:Li pellets prepared using (a) solution combustion
method and (b) sol-gel method calcinated at 800 °C, 900 °C, 1000 °C, 1100 °C and 1200 °C
for 4 h.
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Conclusions

Li doped MgO pellets produced using solution combustion synthesis and sol-gel methods
were verified by XRD measurements. MgO samples did not contain different phases were
highly compatible with the reference number ICDD 98-064-2714 in terms of peak positions.
SEM images showed that all samples were homogeneous with no hollow structure between
the grains. According to TL measurements, for the Li doped MgO samples prepared using
SCS and SG methods, the maximum trapped charge populations were obtained from MgO:Li
pellets with calcination conditions of 800 °C. and the maximum intensities of MgO:L.i pellets
were recorded from samples calcinated at 1000 °C, respectively. 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 change in calcination temperature did not affect the TL glow curve. It is
clear that the effect of calcination temperature on TL signals needs further study.
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Investigation of Radiation Absorption Parameters for elements between 50<Z<65 using
59.5 keV Gamma-Ray Photons

Nuray Kup Aylikci*!

!Iskenderun Technical University-ISTE, Faculty of Natural Sciences and Engineering, Energy
Systems Engineering, Hatay; nuray.aylikci@iste.edu.tr

Abstract

The radiation absorption capability of materials is one of the most important properties in
scientific areas such as radiation physics, nuclear physics, dosimetry and elemental analysis of
materials. There are different methods to determine the radiation absorption properties of
materials but energy dispersive X-ray fluorescence is the practical, easy and non-destructive
method for photon absorption investigation and quantitative analysis of materials. In this
study, K-shell absorption jump factors and jump ratios were calculated semi-empirically using
the calculated total atomic photo-effect cross section and the measured Ko X-ray production
cross-sections. For experimental measurements, the elements were irradiated by 59.5 keV
gamma rays from 2*!Am annular radioactive source. The emitted K X-rays were counted by
an Ultra-LEGe detector with a resolution of 150 eV at 5.9 keV. The semi-empirical
parameters were compared with the data in the literature and it was found that the semi-
empirical values were compatible within experimental error limits (1%—-6%).

Keywords: Photo-effect cross-sections, K-shell absorption jump ratio, K-shell absorption
jump factor, **Am radioactive source
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1. INTRODUCTION

The interaction of electromagnetic radiation with matter occurs with different process called
photo-electric absorption, incoherent scattering, coherent scattering and pair production. But
the energy range studied is not capable of pair production process and so this effect can be
eliminated in the calculation of absorption parameters. The absorption parameters can easily
be obtained by using energy dispersive X-ray fluorescence system using fundamental
parameters. The fundamental X-ray fluorescence parameters are sensitive tools for the
investigations of complex shell structures of any atom and radiation absorption capability o
any material. Mass attenuation coefficient, total absorption cross-section, absorption jump
ratio and jump factor are called as the absorption parameters in EDXRF. These parameters are
important for the determination of X or gamma ray interaction with matter in different
scientific areas (medical physics, nuclear engineering, material science, radiation shielding
and etc.).

For low photon energies below 100 keV, the most probable process is the photo-electric
absorption with high atomic numbered elements and the determination of the total atomic
photo-effect cross-section is probable using energy dispersive system. The gamma or X-ray
attenuation method, the Compton peak attenuation method, the energy dispersive X-ray
fluorescence method and the Bremsstrahlung transmission method were explained as the
calculation methods of absorption parameters [1].In the gamma or X-ray attenuation process,
secondary sources are generally used to acquire different photon energies around the K
absorption edge of the target. In the Compton attenuation method, the scattered photons
which have different energies as a function of scattering angles were used for the attenuation
experiments. On the other hand, for Bremsstrahlung attenuation process, a weak beta source
was used for absorption measurements. In the literature, it can be found different studies
about K shell absorption parameters for pure elements [2-7] and different materials [8-13]
using absorption experiments.

In this study, energy dispersive X-ray fluorescence method was used for the calculation of
absorption parameters measuring Ko X-ray production cross-section values. The obtained data
in this study will shed light for the development of new radiation shielding, radiation
attenuation and dosimetric materials and also theoretical models to understand the complexity
structure of atomic shells.

2. MATERIAL AND METHODS
2.1. Experimental Measurements

The thin films examined in this study were prepared by distributing powder samples as
homogeneous as possible to 1.44 cm? area on the Mylar film. The prepared thin films were
placed in the experimental geometry to be stimulated by radioactive source and to count the
characteristic X-rays that occurred. The geometry of experimental set-up is the same as in our
previous study [14] and the produced thin films were irradiated with 59.5 keV energy X-rays
released from a filtered 2**Am radioactive source. The energy of released X-rays was
determined to be larger than K shell absorption edge. The emitted X-rays from the irradiated
thin films were counted by an Ultra-LEGe detector whose FWHM was 150 eV at 5.9 keV.
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The obtained K shell spectra were analyzed by using Origin Company software program
using least square fitting module.

2.2. Data Analysis

The absorption parameters were semi-empirically determined measuring Ko X-ray production
cross-section values and calculated by the following relation,

L. T (1)
.G e Bra™;

In which Nka is the measured intensity (area under the photo-peak) corresponding to the Kq
X-rays, lo is the intensity of the incident radiation, G is the geometric factor, eka IS the
detection efficiency for the Ko X-rays, Pk« is the self-absorption correction factor for the
target material, which accounts for the absorption in the target of the incident photons and the
emitted characteristic X-rays and m; is the thickness of the target in g/cm2The detailed
information about the detector geometry, detector efficiency and self-absorption correction
factor were explained as in our previous study [14].

K shell absorption jump factors (Jk) and jump ratios (rk) were semi-empirically calculated as,

o
J =—“Ka 2
« TpewKFKa ( )
ro=@0-J,)" 3

where oka is Ko X-ray production cross-section calculated by Eg. 1 in which the results were
published as Ref. [15]. K shell fluorescence yields (wk) were taken from Krause [16]. Fka IS
the probability of Ky X ray emissions in which the values taken from Broll [17] and finally tpe
is total atomic photo-effect cross-sections calculated theoretically by Scofield [18].

3. RESULTS AND DISCUSSIONS

The semi-empirical absorption jump-factors and absorption jump-ratios were shown as
Table 1with the theoretical values in the literature and also the fitted values. The fitting
polynomials were written on Figs 1 and 2 which showed the change of the absorption
parameters against to the atomic number. According to the experimental results, K shell
absorption jump factors were changed within experimental error limits versus atomic number
when the values compared with the studies of Broll [17] and McMaster [19]. Also, a linear
fitting polynomial was obtained for K shell absorption-jump factors as also written below;

Jk =1.04084-0.00363 Z 4)
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It was obtained that, the fitted values show the best compatibility (changes between 0.03%
and 2%) with the values of Broll [17]. When the fitted values were compared with the values
of McMaster [19] it was seen that the compatibility ratio was change between 1% and 4%. On
the other hand, K-shell absorption jump ratios show different tendency in consideration with
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the linear fitting polynomial defined K shell absorption jump factors (Figure 2).

Table 1.K shell absorption jump factors (Jk) and jump ratios (rk)

g Jk Ik

[¢5)

g Semi- Theoretical Theoretical . Semi- Theoretical Theoretical .

[<5)

W empirical [17] no]  Fd ) oirical (7] [1g)  Fited
55N 0.866+0.044 0.845 0.830 0.859 | 7.45+0.38 6.45 5.88 7.05
5:Sb  0.836+0.043 0.843 0.826 0.856 | 6.11+0.31 6.37 5.75 6.87
s2Te  0.843+0.043 0.839 0.822 0.852 | 6.36+0.32 6.21 5.62 6.69

s3l 0.869+0.044 0.838 0.821 0.848 | 7.64+0.39 6.20 5.59 6.53
ssBa 0.855+0.044 0.828 0.808 0.838 | 6.90+0.35 5.95 5.21 6.09
s7La 0.815+0.042 0.835 0.815 0.834 | 5.41+0.28 6.07 5.41 5.96
s53Ce  0.849+0.043 0.830 0.812 0.830 | 6.61+0.34 5.88 5.32 5.84
soPr - 0.822+0.042 0.828 0.809 0.827 | 5.61+0.29 5.81 5.24 5.72
eoNd  0.809+0.041 0.833 0.812 0.823 | 5.23+0.27 5.99 5.32 5.61
62Sm  0.814+0.042 0.827 0.805 0.816 | 5.38+0.27 5.77 5.13 5.41
ssEU  0.839+0.043 0.824 0.804 0.812 | 6.22+0.32 5.68 5.10 5.31
6sGd  0.806+0.041 0.827 0.802 0.809 | 5.16+0.26 5.78 5.05 5.23
esTb  0.791£0.040 0.819 0.795 0.805 | 4.78+0.24 5.52 4.88 5.14

1,00 -
o semi-empirical
o [17]
& [19]
0,95 + Linear fitting
0,90 -
—* 0,85
0,80 -
0,75 -
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Figure 1. The semi-empirical K-shell absorption jump factors versus atomic number
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According to Figure 1, it can easily be seen that the semi-empirical values change within
experimental error limit but in verse K shell absorption jump ratios show different tendency.
These semi-empirical values are 0%-16% compatible with the values of Broll [17] and 0%-
37% compatible with the values of McMaster [19]. The biggest compatibility ratio was
obtained for iodine element and the smallest compatibility ratio was obtained for Sb and Pr
element. When the fitted values are compared with the other theoretical values, it can be
concluded that K shell absorption jump ratios are 0%-10% different from Broll and 0%-20%
different from McMaster.

9,5 1

o semi-empirical
9,0 o 17
s [19]
8,5 exponential fitting
8,0 -
7,5 1
7,0 4
u |
= 654
6,0 4
5,5 1
5,0 1
45
T T 1
50 60 70
Z

Figure 2. The semi-empirical K-shell absorption jump ratios versus atomic number

According to Figure 2, it can be easily seen that the fitting polynomial is appropriate with the
exponential growth as written below.

y — Ale(x/tl) + yo (5)
In which the vertical (y) and horizontal (x) components define K shell absorption jump-ratios
and atomic number of elements respectively. In exponential fitting polynomial (r?=0.55 and
v?=4.33), all constants are showed as Table 2.

Table 2. The constant values of exponential fitting

Constants | Values

Yo 3.7175+£2.65168

Aq 56.45878+150.92434

ty -17.6687+21.3092
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The overall estimated errors are calculated as the quadrature sums of uncertainties obtained as
6% causing from the counting statistic (<3%), efficiency determination (<2%), the absorption
coefficient (<2) and non-uniform thickness (<3).

Finally, K- shell X-ray production cross-section values are useful for the determination of
radiation absorption parameters defined as K shell absorption jump-ratio and jump factor.
These reported data will supply more semi-empirical and fitted data for studied parameters
and it is needed more studies about the calculation and measurement of K shell absorption-
jump ratio and jump factor for further checking of reliability of the studied parameters by
using EDXRF and other experimental methods.
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keV Gamma-Ray Photons
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Abstract

Determination of the gamma or X-ray absorption ability of materials has gain popularity due
to technological developments in different scientific areas such as nuclear energy materials,
radiation dosimetry, health physics, and etc. It is possible to determine them using energy
dispersive X-ray fluorescence. This method is an easy, practical and non-destructive method.
In this study, X-ray florescence method was used to calculate total atomic K-shell photo-
effect cross sections and photo-effect cross-sections using experimental Ko X-ray production
cross-section values. For experimental measurements, the elements were irradiated by 123.6
keV gamma rays from *'Co annular radioactive source. The emitted K X-rays were counted
by an Ultra-LEGe detector with a resolution of 150 eV at 5.9 keV. The semi-empirical
calculated values were compared with the data in the literature. The uncertainties in the
measurements were calculated to be less than 6% for Ko, X-ray production cross-section
values and good agreement was obtained.

Keywords: Total atomic photo-effect cross-sections, K shell photo-effect cross-sections, >’Co
radioactive source
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1. INTRODUCTION

Photo-electric effect or photo-effect is defined as the photon absorption by a target atom
resulting in an atomic electron emission or an excited state of an atom. Especially for low
photon energies, the most probable process is photoelectric absorption and the values of
atomic absorption cross-sections for inner shells are necessary for the radiation physics,
nuclear physics, dosimetry, shielding materials, elemental analysis of materials using X-ray
fluorescence methods.

It can be found different studies about the calculation or measurement photo-effect cross-
section values at different energies for different elements. For rare earth elements, a method
was explained which not required any knowledge of the other process contributions. K shell
photo-effect cross-sections were determined by using log-log plot of the measured total
attenuation cross-sections for varying energy ranges between 52 and 84 keV [1]. Using the
experimental mass attenuation coefficient values of beryllium, carbon, silicon and copper,
atomic photo-effect cross-sections were derived for different energies. The results were
compared with the theoretical values of Scofield and it was emphasized that the total atomic
photo-electric absorption cross-section values could be measured by using energy dispersive
methods [2]. From Tb to U, K shell, L shell and sub-shell, M shell and sub-shell photo-effect
cross-sections were determined from the measured K X-ray production cross-sections at 123.6
keV [3]. For twenty four elements between the atomic region Z=40 and Z=68, K and L shell
photo-effect cross-sections were measured at 59.537 keV photon energy [4]. Total atomic
attenuation, total atomic photoelectric and total atomic scattering cross-sections were
investigated for Gd, Th, Dy and Er elements at 60 keV using Si(Li) semi-conductor detector
[5]. Apart from these studies, several investigations can be found related with the photon
absorption of elements or materials in different energy ranges [6-10].

In this study, energy dispersive X-ray fluorescence method was used for the calculation of
total K shell photo-effect absorption cross section and K shell photo effect cross sections were
determined semi-empirically by using the measured K. X-ray production cross-section
values. These data will provide more information about the absorption behavior of any
materials against radiation exposure and also theoretical models to understand the complexity
structure of atomic shells.

2. MATERIAL AND METHODS

2.1. Experimental Measurements

The thin films examined in this study were prepared by distributing powder samples as
homogeneous as possible on the Mylar film at different thicknesses (20-40 mg/cm?). The
prepared thin films were placed in the experimental geometry to be stimulated by radioactive
source and to count the characteristic X-rays that occurred. The geometry of experimental set-
up is the same as in our previous study [11] and the produced thin films were irradiated with
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123.6 keV energy X-rays released from a filtered °’Co radioactive source. The energy of
released X-rays was determined to be larger than K shell absorption edge. The emitted X-rays
from the irradiated thin films were counted by an Ultra-LEGe detector whose FWHM was
150 eV at 5.9 keV. The obtained K shell spectra were analyzed by using Origin Company
software program using least square fitting module.

2.2. Data Analysis
The absorption parameters were semi-empirically determined measuring Ko X-ray production
cross-section values and calculated by the following relation,

S - (1)
1,Gév, BraM,

In which Nk« is the measured intensity (area under the photo-peak) corresponding to the K
X-rays, lo is the intensity of the incident radiation, G is the geometric factor, eka IS the
detection efficiency for the Ko X-rays, Pk« is the self-absorption correction factor for the
target material, which accounts for the absorption in the target of the incident photons and the
emitted characteristic X-rays and m; is the thickness of the target in g/cm2.The detailed
information about the detector geometry, detector efficiency and self-absorption correction
factor were explained as in our previous study [11].

The total atomic photo-effect cross-sections tpe(i) were calculated by the following equation:

Oka s 2
=— fe |14+ 2
Tre (1—1/rK)a)K( " |KJ @)

in which ok, IS taken from the experimental values of Ref [12]. rk, ok and Ikp/lk. are
absorption jump ratio, fluorescence yield and intensity ratio values, respectively. rk values
were calculated from the mass attenuation coefficient values from XCOM [13],

ok is the K shell fluorescence yield values taken from Krause [14] Ikg/lkq is the theoretical
intensity ratio values taken from Scofield [15]. The photo-effect cross-section values were
calculated with using the following relation:

T =7,,1-1/1)
In this relation is calculated by using Eq.1 and rk values were taken from Broll’s values [16]

in which the fit equation was determined as;
J, =0,915-0,0014Z 4)
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3. RESULTS AND DISCUSSIONS

The semi-empirical, theoretical and fitted values of studied pure elements in the range of
29<7<74 at 123.6 keV were given in Table 1. The fitted values were calculated by fourth-
order polynomial obtained from the plot of the parameters versus atomic number (Figs 1 and
2). According to the results, the semi-empirical total atomic absorption photo-effect cross-
section (tpe) Values agree to within 3-6% and the fitted values are 0-10% compatible with the
theoretical values of Scofield [17]. As for K shell photo-effect cross-sections (tx), the semi-
empirical and the fitted values agree to within 0.7-7% and 0.1-7% respectively. In this study,
compatibility ratio will be explained as a percentage change of the semi-empirical and the
fitted values according to the theoretical values in the literature. The comparison of these
values is important for testing the reliability of semi-empirical calculation method. Also, to
test the reliability of the results, the semi-empirical values were plotted as function of atomic
number and two new fitting polynomials were obtained in which the r? values equal to 0.99.

Table 1. The semi-empirical values of total atomic absorption photo-effect cross-sections
(tpe ) and K shell photo-effect cross section (tk ) values of pure elements

Tpe TK

Theoretical . . .. Theoretical
[17] Fitted | Semi-empirical [17]

20CU  0.147440.0075 0.1200 0.1475 | 0.1288+0.0066 0.1352 0.1286
33As  0.2149+0.0110 0.2235 0.2146 | 0.1850+0.0094 0.1991 0.1861
#Ru  0.5521+0.0282 0.5556 0.5229 | 0.4704+0.0240 0.4858 0.4551
4Cd  0.6791+0.0346 0.7133 0.6928 | 0.5745+0.0293 0.6193 0.5963
s2Te  0.9122+0.0465 0.8681 0.8956 | 0.7653+0.0390 0.7480 0.7601
ssBa  1.1314+0.0577 1.0835 1.1290 | 0.9368+0.0478 0.9262 0.9450
soNd  1.4059+0.0717 1.3524 1.3890 | 1.1711+0.0597 1.1466 1.1484
84Gd  1.6476+0.0840 1.5915 1.6693 | 1.3625+0.0695 1.3374 1.3670
esEr  1.9459+0.0992 1.8843 1.9611 | 1.5917+0.0812 1.5689 1.5962
2Hf  2.2558+0.1150 2.1845 2.2538 | 1.8417+0.0939 1.8012 1.8309
22W  2.4096+0.1229 2.3492 2.3966 | 1.9386+0.0989 1.9250 1.9485

Semi-empirical Fitted

Figs. 1 and 2 show the plot of total atomic absorption photo-effect cross-section and K shell
photo-effect cross section values versus atomic number respectively. The bars in the figures
show the experimental error limits. In this study, the uncertainties in the measurements are
estimated to be less than 6% for the measurement of K. X-ray production cross-section and
also semi-empirical total atomic photo-effect cross-section values. The experimental error
limits (or uncertainties) of K shell photo-effect cross-section values are estimated to be less
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than 11% that come from the semi-empirical tpe calculation. As seen in Figs. 1 and 2, the
semi-empirical values change within the experimental error limits in the case of comparison
with the theoretical values of Scofield [17]. And so, it can be concluded that, the semi-
empirical calculations of total atomic absorption photo-effect cross-section and K shell photo-

effect cross-section values are probable measuring only Ko X-ray production cross-section
values of elements.

2,54 o semiempirical
e [17]
Fitting polynomial

2,0

1,0

T (sz/ 2)

0,5

0,0 -

1, =-0,81789+0,09003 Z-0,00358 77+6,62802E-5 Z*-3,57178E-7 Z*

30 40 50 60 70 80
Z (Atomic Number)

Figure 1. Total atomic absorption photo-effect cross section values versus Z
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30 40 50 60 70 80
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Figure 2. K shell photo-effect cross-section values versus

Finally, it should be noted that, the photoelectric effect occur with lower probability for low-
atomic-number elements due to its lower binding energies of electrons to the energy levels.
The probability of photoelectric absorption will increase with the increment of atomic
number. The relationship between the photoelectric absorption and the atomic number is
generally explained as follows;
CZ 45
3

E7
In this relation C is a constant, Z is atomic number and E is the incident photon energy.
According to this relation, photoelectric absorption is inversely proportional to the incident
photon energy. This means that the photoelectric absorption is dominant for low photon
energies. In this study, the incident photon energy is selected as a constant value and so the
fitting polynomial obtained for the total atomic absorption photo-electric cross-section is also
compatible with Eq. 5.

T =

(5)
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The obtained data in this study will shed light for the development of new materials having
radiation shielding property and also theoretical models to understand the complexity
structure of atomic shells. To test the reliability of different theoretical and experimental
studies, more data about these parameters should be included to the literature.

4. REFERENCES

1. Mallikarjuna, M.L., Appaji Gowda, S.B., Ganesh, K.E., Gowda, R., Umesh, T.K. 2004. A
method to determine the K-shell photoeffect cross sections of some rare earth elements.
Nucl. Instrum. Meth. B, 215, 4-8.

2. Gerward, L. 1989. Atomic photoeffect cross sections for beryllium, carbon, silicon and

copper from 5 to 20 keV. J. Phys. B: At. Mol. Opt. Phys., 22, 1963-19609.

3. Kaya, N., Apaydin, G., Aylikci, V., Cengiz, E., Tirasoglu, E. 2008. K shell, L shell-

subshell and M shell-subshell photoeffect cross-sections in elements between Th and U at
123.6 keV. Radiat. Phys. Chem., 77, 101-106.

4. Karabulut, A., Giirol, A., Budak, G., Ertugrul, M. 2005. K shell and L subshell and L shell
photoeffect cross-sections in the atomic region 40<Z<52 and 58<Z<68 keV. Nucl. Instrum.
Meth. B, 227, 485-489.

5. Ertugrul, M., Simsek, O., Dogan, O., Turgut, U. 1996. Direct Determination Of Total
Atomic Attenuation, Total Atomic Photoelectric And Total Atomic Scattering Cross Sections
Of Gd, Tb, Dy And Er At 60 keV. J.Radioanal.Nucl.Chem. Letters, 213, 37-44.

6. Umesh, T.K., Anasuya, S.J., Shylaja Kumari, J., Gowda, C., Gopinathan Nair K.P.,
Gowda, R. 1992. Photoeffect cross sections of several rare-earth elements for 323-keV
photons. Phys. Rev. A, 45, 2101-2103.

7. Chantler C.T. 2000. Detailed Tabulation of Atomic Form Factors, Photoelectric
Absorption and Scattering Cross Section, and Mass Attenuation Coefficients in the Vicinity of
Absorption Edges in the Soft X-Ray (Z=30-36, Z=60-89, E=0.1 keV-10 keV), Addressing
Convergence Issues of Earlier Work. J. Phys. Chem. Ref. Data, 29, 597-1048.

8. Angelone, M., Bubba, T., Espasito, A. 2001. Measurement of the mass attenuation
coefficient for elemental materials in the range 6<Z<82 using X-rays form 13 up to 50 keV.
Applied Radiation and Isotopes, 55, 505-511.

9. Alam, M.N., Miah, M.M.H., Chowdhury, M.I., Kamal, M., Ghose, S., Rahman, R. 2001.
Attenuation coeffcients of soils and some building materials of Bangladesh in the energy
range 276-1332 keV. Applied Radiation and Isotopes, 54, 973-976.

10. Mallikarjuna, M.L., Appaji Gowda, S.B., Krishnaveni, S., Gowda R., Umesh, T.K.
2002. Studies on Photon Interaction Around the K-Edge of Some Elements. Nuclear Science
and Engineering, 140, 96-102.

79



International Conference on Condensed Matter and Materials Science A UN;
: ICCMMS-2019 (1]
' \¥/
ICCMMS-19 14-19 October 2019 5
ADANA, TURKEY

WEURG
SN

N\

11. Aylikci, N.K., Aylikci, V., Kahoul, A., Tirasoglu, E., Karahan, I.H., Cengiz, E. 2011.
Effect of pH treatment on K-shell X-ray intensity ratios and K-shell X-ray production cross-
sections in ZnCo alloys. Phys. Rev. A, 84, 0425009.

12.  Aylikci, N.K. 2019. Semi-empirical determination of Kg1,2, Kp1,3, and Kp2,4 X-ray

natural line widths for various elements between 29 < Z<74 at 123.6keV. Spectrosc. Lett., 52,
346-355.

13.  Berger M.J. and Hubbell J.H., XCOM: Photon cross-sections on a personel computer
(version 1.2), NBSIR85-3597, National Bureau of Standarts, Gaithersburg, MD, USA, for
version 3.1, 1999, see http://physics.nist.gov/.

14.  Krause, M.O., 1979. Atomic Radiative and Radiationless yields for K and L shells. J.
Phys. Chem. Ref. Data, 8, 307-327.

15.  Scofield, J.H., 1974. Relativistic Hartree-Slater Values for K and L X-ray Emission
Rates. At. Data Nucl. Data Tables., 14, 121-137.

16.  Broll, N., 1986. Quantitative X-ray Fluorescence analysis, Theory and Practice of the
Fundamental Coefficient Method. X-ray Spectrom., 15, 271-285.

17. Scofield, J.H. Theoretical Photoionization Cross Sections from 1 to 1500 keV. United
States. doi:10.2172/4545040.

80


http://physics.nist.gov/

International Conference on Condensed Matter and Materials Science A UNG

< @
: ICCMMS-2019 i A | D
? M\ /&
ICCMMS-19 14-19 October 2019 ?J \_’_"‘

ADANA, TURKEY

Synthesis and Characterization of a Quinoxaline and Benzodithiophene Comprising
Multifunctional Polymer

Serife O. Hacioglu'*, Mustafa Yasa?, Tolga Depcit, Seza Goker®, Levent Toppare?34°

!Iskenderun Technical University, Department of Engineering Science, 31200, Hatay, Turkey
2Department of Polymer Science and Technology, Middle East Technical University,06800 Ankara, Turkey
3Department of Chemistry, Middle East Technical University, 06800 Ankara, Turkey
4Department of Biotechnology, Middle East Technical University, 06800 Ankara, Turkey
SThe Center for Solar Energy and Applications, Middle East Technical University,06800 Ankara, Turkey
Corresponding author: serife.hacioglu@iste.edu.tr

Abstract

Conducting polymers have gained great interest recently due to their fascinating properties
such as; solution processability, easy band gap alternation via structural modification, low
cost and flexibility. Conducting polymers have variety of application fields like solar cells
(OPVs), electrochromic devices, biosensors and light emitting diodes. Up to date, the donor-
acceptor (D-A) approach is verified to be the most efficient strategy in the synthesis of
conducting polymers to obtain low band gap polymers for desired applications. Recently,
quinoxaline and benzodithiophene units are widely used for donor and acceptor type aromatic
heterocycles to achieve low band gap polymers. Herein, a novel multifunctional quinoxaline
and benzodithiophene comprising polymer, namely poly[5-(5-(4,8-bis ((2-ethylhexyl)oxy)
benzo[1,2-b:4,5-b]dithiophen-2-yl)  selenophen-2-yl)-2,3-bis  (3,4-bis(octyloxy)phenyl)-8-
(selenophen-2-yl)quinoxaline], with selenophene-bridge was synthesized. The resulting
polymer was characterized with electrochemical, spectroelectrochemical and electrochromic
studies. The polymer exhibited low oxidation potential at 0.76 V with 1.74 eV optical band
gap and multichromic redox states. These properties make the polymer a good candidate for
electrochromic applications.

Keywords: Quinoxaline, benzodithiophene, copolymer, electrochromism
1. INTRODUCTION

Conducting polymers are glamorous materials which attract so many researchers due to
numerous advantages like processability, low cost, lightweight, and ease of structural
modifications [1-4]. These fascinating behaviors make these materials applicable in the next
generation electronics such as; electrochromic devices, optoelectronic applications, biosensors
and thin film transistors [5-8]. Band gap (Eg), redox behaviors, switching times and HOMO-
LUMO energy levels are crucial parameters that affect the application performances of these
functional materials and so the synthesis of novel low band gap conducting polymers by
tailoring electrochemical and optical properties is the main purpose of the researchers in the
field. Although different methodologies were applied by researchers for the synthesis of
conducting polymers with desired and controllable optical behaviors namely; bond length
alternation, planarity, interchain variance, resonance effect, various pendant groups and
donor-acceptor approach, the latter one has obvious advantages and widely used in literature
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[9]. Donor-acceptor theory based on the assembling of an electron rich donor unit with a high
HOMO level and an electron deficient acceptor unit with a low LUMO level in the polymer
chain tailors the physicochemical characters [10].

Molecular engineering is an emerging field of study for the synthesis of promising and
multifunctional polymers. Up to now, carefully designed D-A type polymers comprising
electron rich carbazole, fluorene, dithienopyrrole and benzodithiophene (BDT) and containing
electron poor benzothiadiazole (BT), thienopyrroledione (TPD), benzotriazole (BTz) and
quinoxaline derivatives (Qx) exhibited attractive physicochemical behaviors [11-14]. Between
these units, quinoxaline have tremendous advantages namely, stable quinoid form, strong
electron-withdrawing ability, easy preparation and functionalization which increase its
popularity in the field [15,16]. Furthermore, with its excellent electron donating behavior,
planar structure, easy m-m stacking ability and the low-lying HOMO energy levels, BDT
comprising polymers exhibited desired optical properties [17,18]. In the light of these
knowledge, Qx and BDT bearing multifunctional copolymer bearing selenophene as n-bridge
was designed and synthesized via Stille coupling reaction. Optical, electrochemical and
electrochromic studies were performed by means of UV-Vis-NIR spectrophotometer and
cyclic voltammetry (CV) techniques and the resulting copolymer exhibited low oxidation
potential at around 0.75 V with 1.74 eV optical band gap and multichromic behaviors.

2. MATERIAL AND METHODS

2.1. Experimental Measurements and Characterizations

All chemicals were purchased from Sigma Aldrich and used without any purification.
Electrochemical studies were performed in a three-electrode cell consisting of an indium tin
oxide (ITO)-coated glass slide as the working electrode (WE), platinum wire as the counter
electrode (CE), and Ag wire as the reference electrode (RE). Gamry Reference 600
Potentiostat and Varian Cary 5000 UV-Vis Spectrometer were used for electrochemical,
spectroelectrochemical and electrochromic switching studies in 0.1 M tetrabutylammonium
hexafluorophosphate (TBAPFg), acetonitrile (ACN) electrolytic medium.

2.2. Synthesis

The syntheses of 2,3-bis (3,4-bis(octyloxy)phenyl)-5,8-bis (5-bromoselenophen-2-yl)
quinoxaline (M) was previously reported [19]. Synthetic pathway for the polymer is
illustrated in Scheme 1.

2.3. Synthesis of the polymer [Poly (5-(5-(4,8-bis((2-ethylhexyl)oxy)benzo[1,2-b:4,5-
b']dithiophen-2-yl)selenophen-2-yl)-2,3-bis(3,4-bis(octyloxy)phenyl)-8-(selenophen-2-
yl)quinoxaline)]

In a two-necked flask under argon atmosphere and charged with a magnet bar, M (0.2 g,
0.165 mmol), BDT (0.13 g, 0.165 mmol), Pd>(dba)s (5 %) and P(o-tolyl) (12 %) were
dissolved in dry toluene (15 mL). Reaction mixture was stirred at 100 °C for 6 days.
Chlorobenzene (0.2 mL) and tributyl(selenophen-2-yl) stannane (0.4 mL) were added as end
cappers. The mixture was cooled to ambient atmosphere and solvent was removed under
reduced pressure. After addition of cold methanol, the mixture was kept in refrigerator
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overnight. Sodium diethyl-dithiocarbamate trihydrate (10 mg) as Pd scavenger was added and
left to stir for 1h. Following the filtration, crude product was washed in a Soxhlet extractor
with acetone and hexane in order to remove low molecular weight fractions. The polymer was
collected with chloroform fraction. Solvent was removed under reduced pressure. The
polymer was recrystallized from cold methanol to obtain dark indigo crystals. Yield: 55 mg,
22 %.

'H NMR (400 MHz, CDCls): &: 7.52 (Qx), 7.31(Phenyl group), 6.96-6.76 (Qx, Fused
Thiophene), 4.07-3.84(-OCH>), 2.17-1.83(EH), 1.32-1.10(-CH3-), 0.89-0.81(-CHa)

Mn: 20000 Da, Mw: 30000 Da, PDI: 1.5

CgHy70 OCgH,7

Coatmo—y_p ¢ o
CgH470, OCgHq7 CZHS_S
73R\

CgHq70 O @ OCgH,; o N YN
Pd(PPh3), S O O\ iy O Se
—_—T
N Toluene \ s Se \/
0

] \ Se
Br Br
sé W S_CZHS

C4Hq

Scheme 1. Synthetic pathway for the polymer

3. RESULTS AND DISCUSSIONS

3.1. Electrochemical studies:

Optimum band gap and proper alignment of HOMO (the highest occupied molecular orbital)
and the LUMO (the lowest occupied molecular orbital) energy levels are crucial parameters
for conducting polymers to be applicable in different fields such as; solar cell, ECD and
OLED applications. Cyclic voltammetry (CV) is a practical and eligible technique that was
widely used for electrochemical characterizations.

Therefore, CV measurements were performed to explore the redox properties and HOMO-
LUMO energy levels of the resulting polymer. The polymer was dissolved in chloroform (5
mg. mL1) and spray processed onto the indium tin oxide (ITO) coated glass slides. The
measurements were conducted in three-electrode system where a polymer coated ITO
electrode was used as the working electrode, a platinum (Pt) wire and a silver (Ag) wire
electrodes were served as the counter and reference electrodes, respectively. During
measurements, 0.1 M TBAPFs/acetonitrile (ACN) electrolyte/solvent couple was used at a
scan rate of 100 mV.s? and corresponding oxidation and reduction voltammograms were
depicted in Fig. 1. As seen, synthesized polymer exhibits an ambipolar character in other
words it has both p-type doping and n-type doping behaviors which make it a possible
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candidate for variety of applications. It has two well defined oxidation potentials in the anodic
region of voltammogram at 0.76 V and 1.08 V with p-type de-doping potentials at 0.50 V and
0.84 V. Furthermore, two reversible reduction potentials were recorded at -1.44 V and -1.94 V
in the cathodic region.

0.5

0.0

-1

-0.54

-1.0-

Current Density (mAfcmz)

20 45 1.0 -05 00 05 1.0
Potential (V)
Figure 1. Single scan cyclic voltammogram of the polymer in a 0.1 M TBAPFs, ACN
solution at a scan rate of 100 mV.s*!

As mentioned before, HOMO/LUMO energy levels are another important property for
conducting polymers and they were calculated from the onsets of the corresponding
oxidation/reduction potentials with Egn. 1 and Eqn. 2 and reported as -5.22 eV and -3.23 eV,
respectively.

HOMO = —(4.75 eV + Edjet Eqgn. 1
LUMO = —(4.75 eV + Ered,, Eqn. 2

Scan rate studies were performed by recording the single scan CVs at four different scan rates
(50 mV.s?, 100 mV.s?, 150 mV.s?, 200 mV.s) and corresponding current density/scan rate
relations were reported in Fig. 2b. Scan rate studies are important to test the effective charge
injection-rejection process for the polymer film at different scan rates. As depicted in Fig. 2b,
a linear correlation between the current density and the scan rate pointing out a non-
diffusional controlled redox process with existence of the well adhered polymer films on the
working electrode surface.
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Figure 2. a) Single scan cyclic voltammograms and b) current density vs scan rate graph of
the polymer in 0.1 M TBAPF¢/ACN solution

3.2. Spectroelectrochemical Characterizations:

Electronic and optical changes of synthesized polymer upon stepwise oxidation were
determined via spectroelectrochemical experiments by using in situ UV-Vis-NIR
spectrophotometer and potentiostat. To observe the optical changes at different doped states,
the polymer was dissolved in chloroform (5 mg. mL™?) and spray coated onto ITO substrate
and analyses were performed by using 0.1 M TBAPFs as the supporting electrolyte in ACN.
The optical band gap (Eg), Amax and formation of polaronic bands which were important to
characterize the conducting polymers and test their applicability in different fields were
examined from electronic absorption spectra.

The polymer was initially reduced to its neutral state to record the true neutral state absorption
and then oxidation was performed step wisely during spectroelectrochemical studies. The
absorption maxima revealed at 600 nm with a shoulder at 630 nm for the resulting polymer
and the corresponding optical band gap was calculated as 1.74 eV from the onset of this
neutral state absorption. Furthermore, another absorption maximum was exhibited in the

visible region at around 400 nm and existence of two absorption peaks in the red and blue
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regions of the visible spectrum resulted in a neutral state green polymer, which is a rare and
desired property for electrochromic polymer.

Absorbance (a.u.)

0.0

400 600 800 1000
Wavelength (nm)
Figure 3. Change in the electronic absorption spectra of the polymer in 0.1 M TBAPFs/ACN

solution upon oxidative doping at potentials between 0.0 V and 1.2 V.
TABLE 1. Summary of electrochemical and spectroelectrochemical properties of the polymer

E E E E HOMO LUMO ec Amax op
p- p- n- n- E E
(eV) (eV) g (nm) 9
(eV) (eV)

doping dedoping doping dedoping
V) V) V) V)

Polymer | 0.76/ 0.50/ -1.44/  -1.15/ -5.22 -3.23 199 600/630 1.74

1.08 0.84 -1.94 -1.48

Upon stepwise oxidation, while these peaks were decreased simultaneously in the visible
region, new absorption band evolved at 850 nm as a result of charge carrier formation namely,
polarons. Quinoxaline and BDT comprising copolymer exhibited an electrochromic property
both in the p-doped and n-doped states. The polymer switched between green and gray colors
in the neutral and oxidized states, respectively. As mentioned before, synthesized polymer
showed a multichromic behavior in the n-doped state which is a rare property for these type of
materials and increase their application fields. While the neutral state green color turned to
orange after reduction via applying -2.0 V, the blue colored intermediate state was recorded at
-1.8 V. Colors of the polymer in the neutral and oxidized/reduced states were depicted in Fig.
4 with corresponding L, a, b values reported in Table 2. L, a, b values were reported
according to CIE (Commission Internationale de 1’Eclairage) coordinates which were widely
used to report the colors of materials in a more scientific way. In CIE coordinates, ‘L’, ‘a’ and
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‘b’ represent the brightness of the color, the color between red-green and the color between
yellow-blue in the colorimetric measurements, respectively.

2.0V -1.8V 0.0V 0.9V
Figure 4. Colors of the polymer at neutral/oxidized states with intermediate colors.

TABLE 2. Colorimetric measurements of the polymer films at neutral/oxidized states.

Potential (V) L a b
2.0V 54.44 18.42 22.33
-1.8V 42.27 -12.07 -13.74

oV 38.54 -11.51 12.98
09V 50.01 0.250 1.391

3.3. Electrochromic Switching Studies:

Finally, electrochromic switching studies were performed to calculate and report other
important parameters for ECDs applications namely, optical contrast and switching times. For
the analysis, the polymer was dissolved and coated on an ITO electrode as described before
and a square-wave potential method was conducted in 0.1 M TBAPFs / ACN solution by
applying 0.0 V and 1.2 V potentials with 5 s intervals at maximum absorbance values
determined from electronic absorption spectra as 600 nm and 850 nm. As summarized in
Table 3 and depicted in Fig. 5, the polymer revealed 31 % (at 600 nm) and 18 % (at 850 nm)
optical contrast values upon doping/de-doping processes. Finally, switching time which is the
time required for one full switch of the polymer between two extreme states were calculated
as 1.8 s and 1.3 s in the visible and NIR regions, respectively. These promising
electrochemical and electrochromic results make the polymer a good candidate for ECD
applications and as a future study this multifunctional polymer will be used for different
applications.
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Figure 5. Kinetic studies of the polymer at a) 600 nm and b) 850 nm

4. CONCLUSIONS

In this study, a novel quinoxaline and benzodithiophene based D—A-D type copolymer with
selenophene n-bridge was designed and synthesized via Stille coupling reaction. Optical,
electrochemical and electrochromic properties were investigated with cyclic voltammetry and
UV-Vis-NIR spectrophotometry. Summary of results showed that synthesized polymer
exhibited ambipolar character with low oxidation potential at 0.76 V. Corresponding HOMO
and LUMO energy levels were calculated as -5.22 eV and -3.23 eV, respectively. The
polymer displayed electrochromic property and switched between green and gray colors in the
neutral and oxidized states, respectively. Furthermore, multichromic behavior in the n-doped
state which is a rare property for these type of materials was observed and the neutral state
green color turned to orange after reduction via applying -2.0 V, the blue colored intermediate
state was recorded at -1.8 V. Finally, as a result of kinetic studies, the polymer revealed 31 %
(at 600 nm) optical contrast with a switching time of 1.8 s.

TABLE 3. Summary of kinetic studies of the polymer
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Optical Contrast (At %) | Switching
Times (S)
31 600 nm 1.8
Polymer
18 850 nm 1.3
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Abstract

PbTiOs perovskites are widely used in many applications due to their ferroelectric and
photocatalytic properties. In order to enhance these properties and provide sustainable usage
of the materials, doping with certain transition metals is a very common method. By this way,
defects are created in order to compensate the lattice charge equilibrium as a result of
replacement of doping ion with the host ion. In this study, undoped and doped PbTiO3
materials were synthesized through sol-gel method. The crystal structure was analyzed with
XRD. Formation of perovskite structure was verified while decrease in crystal sizes after
doping was observed. Moreover, X-Band Electron Paramagnetic Resonance (EPR)
spectroscopy measurements were conducted to verify the incorporation of Co?* and Cu?* ions
on Ti* sites. This shows a probable oxygen vacancy formation accompanying this
substitution to provide the lattice charge balance.

Keywords: Perovskite, PbTiOs, Oxygen Vacancy, EPR Spectroscopy

1. Introduction

The chemical and electronic properties of PbTiOs perovskite materials make them one of the
most popular materials that are used in different applications [1-11]. For example, by doping
with Zr dense materials with very good ferroelectric properties are obtained and widely used
in industry. PbTiOs has also been used itself in different electronic devices like nonvolatile
memories, infrared or ultrasonic sensors, surface acoustic wave filters, transducers, acoustic
amplifiers, actuator applications [1-5]. Moreoever, due to Ti in the structure, the semi-
conductor properties and ability to absorb visible solar light -unlike TiO2 which absorbs light
in UV region- make them attractive for photocatalytic purposes [11].

Lead titanate has tetragonal ferroelectric phase below the Curie temperature [1]. According to
ABOj3 perovskite type, the 12-coordinated A ion with larger diameter corresponds to Pb?* and
6-coordinated B ion with smaller ion corresponds to Ti**. The perovskite is shown in Figure
1.

Figure 1. PbTiOs Perovskite: Larger ion Pb?* neighboring with 12 oxygen atoms, smaller ion
Ti** neighboring with 6 oxygen atoms
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In order to get better material properties, a common strategy is doping the material with
transition ions. By this way, in order to maintain the charge balance of the perovskite crystal
structure is provided through the formation of oxygen vacancies, which lead to enhancement
of ferroelectric, piezoelectric or catalytic properties. Generally, either A or B site is occupied
by the dopant ions. Similar effective atomic radii are selected if A site or B site doping is
aimed. In general, if lower charge ion is replaced by higher charge ion, formation of oxygen
vacancies (Vo**) is observed while for opposite case cation vacancies are formed [12].

In case of doping the materials with paramagnetic ions, electron paramagnetic resonance
(EPR) spectroscopy is an advantageous method to track the first coordination sphere of the
paramagnetic dopant ion. Depending on the spin Hamiltonian parameters, each paramagnetic
ion shows characteristic signals. However, powders might be hard to resolve the spectra due
to their polycrystalline nature which will appear as the superposition of each crystalline that
can be found in different orientations in a powder. At a fixed frequency, EPR signals are
collected according to electronic and/or nuclear interaction of the varying magnetic field [13].
For example, in case of unpaired 3d° electron like Cu?*, the spin Hamiltonian with spin S = %
interacting with N magnetic active nuclei of arbitrary spin | = 3/2 can be written as

N
H=pB:Byo-8-S—pn Zizlgn,iBO'Ii+Zliv=1S'Ai'li (1)

with gn is the nuclear g-factor, f5e and /3, are the Bohr and nuclear magnetons, respectively. Bo
denotes the applied external magnetic field. The first and second terms represent the
electronic and nuclear Zeeman interactions, where the last term is due to the copper hyperfine
interaction with 1Y = 3/2 for both copper isotopes with natural abundances ®3Cu (69.09%) and
5Cu (30.91%). On the other hand, in case of unpaired 3d’ electron like Co?*, the spin
Hamiltonian with spin S = 3/2 interacting with N magnetic active nuclei of arbitrary spin | =
7/2 (high spin) with natural abundance °Co (100%). The general spin Hamiltonian of Co(ll)
ions in HS configuration is given by equation

N
H=pBy g S+XL.S-D;-S—B, Zizlgn,iBo'Ii‘FZ?]:ﬂi'Qi'Ii+ZIiV=1S'Ai'Ii (2)

Differently from other equation the D term refers to zero field splitting that appears for high
spin systems [13].

2. Experimental
2.1 Materials

The metal precursors were used as following: Pb(CH3C0O0),.3H20 (extra pure, MERCK) for
lead, Ti(OCH(CHzs)2)a (98%, Acros Organics) for titanium, Co(11)(NO3z)2.6H20 (Carlo Erba)
for cobalt, Cu(CH3COQ)2H>0O (Carlo Erba) for copper. Acetate Tetrahydrate Citric acid
(99%, Sigma Aldrich) was used as gelation agent. Ethanol (Merck, absolute for analysis),
Acetic acid glacial (Merck) was used to dissolve materials. All materials were used without
further purification.
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2.2 Sol-Gel Synthesis

The synthesis procedure is shown in Figure.1. At room temperature, Pb(CH3C00),.3H20 and
Ti(OCH(CHa)2)s were dissolved in acetic acid glacial and a mixture of acetic acid glacial and
ethyl alcohol, respectively in separate beakers. To obtain Pb(TixCo-x)O3, Co precursor was
added to Pb solution. Similarly, for Pb(TixCu1x))O3s, Cu precursor was added. Then both
solutions were mixed together under vigorous stirring. After complete dissolution, a solution
of citric acid and ethanol is added to form the gel. Then, still at room temperature gel was
kept under stirring and then transferred to hot plate which is kept around 50°C. Cobalt
containing gel turned into pink in color while copper containing gel turned into green-blue.
After around 1 hour, the solidified gels were calcined at 100°C overnight. Finally, samples
were placed into furnace at 650°C for 3 hours.

(a) ()
Fig. 1. Sol-gel synthesis route for (a) Pb(TixC0o(1-x)O3 (b) Pb(TixCu-x)O3

2.3. Material Characterization

The quantitative analysis of lead, copper and cobalt were done by ICP-OES (Perkin Elmer
2100 DV) while a Rigaku Miniflex X-Ray Diffraction (XRD) instrument (CuK, ,A= 0.154
nm) was used to verify the formation of preovskite structure. Electron paramagnetic
resonance (EPR) measurements were conducted on an X-Band (9.5 GHz) Bruker EMX 081
EPR spectrometer at room temperature. The microwave power was 2.012 mW with a
modulation amplitude of 2 G. Sweep width was chosen as 3000 G with a center field of 2800
G whose resolution corresponds to 1024 points.

3. Results and Discussion

ICP-OES results showed that Pb weight % was around 64.15, 77 and 75.2 % for PbTiOs3,
Pb(TiosCuo5)O3 and Pb(TiosC005)O3, respectively. Besides, Cu was 1.5% and Co was nearly
1.2%. Theoretical amounts of Pb was expected to be 68% and of doping ions 1%. Therefore,
it shows that the obtained materials were slightly B-excess for PbTiO3z while doped materials
were B-excess. On the other hand, in terms of X-Ray Diffraction, this excess amounts might
be seen due to slight broadening of sharp peaks that were obtained for undoped material. Still,
the formation of perovskite structure can be observed for all materials as shown in Figure.2.
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Figure-2. XRD spectra of (a) PbTiO3 (b) Pb(TiosCuos)O3 and (c) Pb(Tio5C00.5)O03

X-Band EPR spectra of doped materials are given in Figure.3. The typical Cu?* signal which
addresses incorporation of dopant ion into Ti** (Fig. 3a). According to Kroger-Vink notation,
the oxygen vacancy formation can be shown as

CuTi" + Vo°° <« nil

This type of defect is epected to affect the ferroelectric and defect-induced strain parallel on
one side of the domain wall and perpendicular on the other properties [14]. On the other hand,
the Co doped material seems to exhibit low spin Co?" center which would lead to the
formation of a similar oxygen vacancy both according to other studies and obtained EPR
spectra for Co doped different materials [15-19]. However, a higher frequency seems
necessary to resolve Co doped material to make further interpretations.

Pb(Tig.95CUp 05)O3

Pb(Tig65C00,05)05

X-Band @ RT
T T T T T
2000 2500 3000 3500 4000

X-Band @ RT By(G)
T T T T T
2000 2500 3000 3500 4000
By(G)

(@ (b)

Figure-3. EPR spectra of (a) Pb(TiosCuos)Os (blue in color) and (b) Pb(Tio.5C00.5)Os (red in
color)

4. Conclusions

The formation of perovskite structure for all materials was detected through XRD analysis. A
broadening due to doping especially in case of cobalt was observed. The incorporation of
Cu?" into lattice in place of Ti** ion (B-site) results in formation of one oxygen vacancy were
verified with room temperature X-Band EPR measurements. Co doped material seems to
exhibit low spin Co?" center due to X-Band EPR spectroscopy measurements. The
incorporation of Co?* into lattice in place of Ti** ion (B-site) seems favorable but a higher

frequency EPR is necessary to resolve the broad peak obtained at X-Band.
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Abstract

This study will address the main themes of today, such as reliability, sustainable and clean
energy. Within this objective, Bi>Sr>.xRbxC0.0y (x=0.0, 0.025, 0.050, 0.075, 0.100 and 0.125)
materials have been produced as powder by solid state technique. From the resistivity graphic,
we can reach that pure and 0.025 Rb samples exhibit a semiconducting-like behavior
(dp/dt<0) and the other samples exhibit a metallic-like behavior (dp/dt>0). The Seebeck
coefficients of all samples are positive values for all temperature ranges evidencing the
conduction mechanism mainly governed by holes. The maximum power factor values have
been obtained in Rb=0.10 sample as 0.19 Mw/K? at around 650 °C.

Keywords: Thermoelectric oxides; Resistivity, Seebeck Coefficient, Power Factor

1. Introduction

Thermoelectricity (TE) represents the direct solid-state conversion between thermal and
electrical energy due to the Seebeck effect. In the current scenario, where more than half of
the energy produced end up wasted in form of heat, TE energy conversion constitutes an
alternative solution to improve energy efficiency of current industrial and domestic processes.
Additionally, TE modules have non-moving parts, which make them silent, reliable and light.
TE modules also represent an attractive alternative to power wireless sensors and systems,
replacing batteries or expensive wiring. The efficiency of these materials is determined
through the figure of merit, ZT (=S?To/x; S: Seebeck coefficient, T: absolute temperature;
o: electrical conductivity; and «: thermal conductivity). Consequently, good thermoelectric
materials should possess high S, o, and working T, together with low . Nowadays, it is
possible to find many works in the literature working on the improvement of ZT mostly by
raising their electrical performances [1]. Thermoelectric materials involve a huge family, from
semimetals and semiconductors to ceramics obtaining in different crystalline forms, from
single crystals and polycrystals to nanocomposites [2]. Nowadays, the highest performances
have been obtained in intermetallic TE materials such as Bi,Tes [3]. However, due to their
low chemical stability, reflected in oxidation and/or vaporization processes, it is impossible to
use them for applications at high temperatures under air. On the other hand, starting from the
discovery of the first ceramic material with relatively high thermoelectric properties, NaCoO
[4], many efforts have been put forth to obtain high-performance TE CoO-based ceramics for
application in energy conversion systems [5-8]. Due to good thermal stability at high
temperatures, oxide TE materials may be used at high temperatures under oxygen without
degradation. In addition, oxide TE materials possess less toxicity and costs comparison to the
conventional intermetallic alloys. The main problem related to these oxides is their relatively
low performance when compared with the intermetallic ones. As a consequence, the main
objective of research has been focused on raising their TE performances using different
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processing routes in CoO-based ceramics through grain alignment [5,9-12], or doping [13-
16]. The aim of this work is studying the effect of modifying the charge carrier concentration
by substituting Rb* for Sr** in BiSr.Co,0y sintered materials. The structural and
microstructural modifications promoted by Rb doping will be determined.

2. Experimental

The Bi2Sr2xRbxC020y ceramics, with x=0.0, 0.025, 0.050, 0.075, 0.100 and 0.125) were
prepared from commercial Bi»Os (Panreac, 98 + %), SrCOs (98.5 %, Panreac), Rb20O (Sigma-
Aldrich, +98%), and C0203 (Aldrich, 98 + %) powders through the classical solid state route.
They were weighed in the appropriate proportions, mixed, and ball milled at 300 rpm for 30
minutes in acetone media. The obtained suspension has been dried under infrared radiation
and manually milled to break the agglomerates. The homogeneous mixture was then calcined
at 750 and 800 °C for 12 h, with an intermediate grinding, to decompose the metallic
carbonates. The resulting material was subsequently uniaxially pressed in form of pellets (~3
x 3 mm? section and 15 mm length) under an applied pressure of 400 Mpa for 1 minute,
followed by sintering in the best conditions determined for this material (810 °C for 24h with
a final furnace cooling)

Electrical resistivity and Seebeck coefficient were determined by the standard dc four-probe
technique in a LSR-3 apparatus (Linseis GmbH) between 50 and 650 °C under He
atmosphere.

3.Results and Discussions

The electrical resistivity versus temperature, as a function of Rb content, is exhibited in Fig. 1.
As it can be seen, the electrical behaviour of samples is clearly changed by Rb substitution.
While pure and x=0.025 samples show semiconducting one (dp/dT<0), the others exhibit a
metallic behaviour (dp/dT>0). In addition, the electrical resistivity values slightly decrease up
to 0.10Rb, and then starts to increase for higher Rb content. This evolution may be explained
by the raise in the charge carrier concentration. As it is well known, Rb* substitution for Sr?*
in the rock salt layer promotes the oxidation of Co®" to Co** in the conducting layer, raising
the charge carrier concentration in the conducting layer. In addition, the raise of electrical
resistivity in the sample above 0.10Rb content can be related to an enhanced effect on the
charge carrier mobility due to the high amount of defects provided by Rb. The lowest
electrical resistivity value at room temperature (13.7 mQ.cm) has been measured in the
0.10Rb doped samples, which are lower than the previously reported in sintered materials
prepared by different methods (19-20 mQ.cm) [17,18].
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Fig.1. Temperature dependence of electrical resistivity for Bi>Sr2.xRbxC020y samples

The decreasing of resistivity up to x=0.10Rb content point out to a clear improvement of
electrical conduction promoted by Rb doping. These facts show a lower thermoelectric phase
content and a significant increase in the number of grain boundaries in the bulk material. As a
result, the charge carriers motion is hampered by these surface detections and reveals a
significant electrical resistance.
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Fig.2. Temperature dependence of the Seebeck coefficient for Bi>Sr>.xKxC020y samples
The change of Seebeck coefficient with respect to temperature, as a function of Rb-content, is
shown in Fig. 2. It is easy to argue that the conduction mechanism in the samples

predominantly is governed by holes, since the sign of the Seebeck coefficient is positive in the
whole measured temperature range. Moreover, the values are linearly increased with
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temperature for all the samples. This behavior can be related to a metal or degenerated
semiconductor typical behavior when the variation of carrier concentration, effective mass,
and Fermi level with temperature are negligible. On the other hand, all Rb-doped samples
possess lower Seebeck coefficient than the pure sample, in agreement with the electrical
resistivity measurements.
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Fig.3. Temperature dependence of the power factor for Bi>Sr>.xKxC020y samples

From the resistivity and Seebeck data, the thermoelectric performances of samples, known as
power factor, as a function of temperature were calculated by using PF= S%/p formula. The
results are presented in Fig. 3. As it can be seen, all Rb doped samples possess higher PF
values than the pure sample as a result of the drastic decrease of electrical resistivity promoted
by Rb doping. The maximum values at room temperature (0.095 mW/K?m) determined in
0.10Rb doped samples are higher than the reported in sintered materials (0.06-0.08 m\W/K?m)
[17,18].

4. Conclusions

In this work, Bi2Sr2xRbxC020y samples with x = 0, 0.025, 0.05, 0.075, 0.10, and 0.125 have
been successfully prepared through the classical solid-state method. A drastic decrease of
electrical resistivity, compared with the undoped sample has been ontained in Rb doped
samples due to the increase of their density. On the other hand, no significant modification of
Seebeck coefficient has been observed, leading to higher power factor values in all the Rb
doped samples, when compared with the pure sample. The maximum power factor values
have reached 0.192 mW/K2m at 650 °C for x=0.10Rb, clearly indicating that Rb doping is a
feasible method to produce high performances thermoelectric ceramics.
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Abstract

Today’s advances in material science have given rise to a new group of metals and elements,
especially Rare earth elements which are great attention. Addition of the small amount of
REE into base metals (Fe, Al, Cu, Zn,...) and ceramics chances drastically the properties of
matter. Among them, Scandium (Sc) is one of them and known as both a rare earth element
and a transition element. Depending on the technological evolution and development,
scandium is a unique and a key component in producing high strength aluminum alloys. It
improves the properties of aluminum alloys and make them better alloys for transportation
applications (weight saving), marine equipments (corrosion), thin wall extrusions (flow rate)
and decrease the application cost (weld ability). Scandium effects the grain refinement during
casting or welding and occurring to AlzSc dispersoids in the structure, causing the hardening
from AlzSc particles. Researches related with aluminum alloys alloyed with scandium have
been studied since 1970s. In 2000, ‘scandium effect’ term was introduced by Milman et al.
who prove the positive effect of scandium additions to the chemical and mechanical
properties of aluminum alloys [1]. Significant improvements are observed in the properties of
commercial 5XXX, 7XXX and other high performance alloys with scandium additions. Our
research groups started the foaming and aging of aluminum alloyed with scandium to meet
the growing demand for light products, high strength and high performance applications. The
previous results showed that the addition of scandium increased the foam aluminum strength
by 150 times.

Keywords: Scandium; Al- Foam; Al-Sc; Rare earth elements

1. Introduction

In recent years, due to technological rapid developments, there are needs for new materials
with superior physical and mechanical properties compared to traditional materials. Lightness
(low intensity), hardness, durability and resistant to environmental conditions are the most
important properties of these new materials [2]-[4]. Aluminum is a lightweight metal that can
be used in many areas. As know that it is one of the most abundant metal in the earth’s crust
[5] and used nearly all sectors from the soft drinks cans to the military applications.
Especially, in manufacturing industry, aluminum alloys have been preferred and great
attention to improve their mechanical properties has been increased significantly in recent
years, due to their ability to combine lightness and strength in a single material [6].
Aluminum alloy production methods are classified according to main alloying elements in it.
Generally, forged Al alloy systems (wrought aluminum alloy designation system), cast Al
alloy production [7-9], composite form production [10-12] and powder metallurgy have been
used to produce aluminum alloys. The high quality of alloying in the productions determines
the properties of the material. In order to strengthen Al alloys, alloying elements like Cu, Mn,
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Cr, Mg, Si etc, are added, resulting in a fine distribution of precipitates [13]. It has been
determined that such alloying results in very high mechanical properties. One of them is
scandium.

Scandium (Sc), which is known as both a rare earth element and a transition element, is a light
metal (3g/cm™). It is a unique and a key component in producing high strength aluminum
alloys [14, 15] and makes them better alloys for transportation applications (weight saving),
marine equipment (corrosion), thin wall extrusions (flow rate) and decrease the application
cost (weld ability). Scandium-reinforced aluminum alloys show significant grain refinement,
strengthen welds due to the eliminating the micro-cracks and a good resistance to corrosion
environment. Especially, addition of Sc into AISXXX and AI7XXX increases the strength,
density, and thermal stability of these alloys, finding them wide application area in
aeronautical, automotive, and transportation industries [16]. Addition of the small amount of
scandium (0.2 — 0.6 wt. %) increases of (i) the recrystallization temperature of Al-alloys [17].
and of (ii) strengthening per atom percent of any alloying element [18], causing the
production of cast billets with a non-dendritic structure [19], (iii) weldment tensile strength,
reducing hot cracking in welds and also (iv) fatigue life [20]. Due to these advantages, Al-Sc
alloys are used for the military and aviation industry. In the powder metallurgical process,
after addition of Sc, nanosize AlsSc occurs and precipitates and this form provides the high
strength to aluminum [21]- [23].

The first patent about the Al alloys with Sc was taken in 1971 by Willey and then researches
have been significantly increased related with phase transformations of Sc-containing Al
alloys and applications [24]. An extensive review of the scientific literature is done by Dorin
et al. (2018) who give the brief information about the beneficial impact of Sc on a wide range
of Al alloys’ properties [25].

Al-Sc alloys have been produced as bulk products and their mechanical properties have been
improved. It is contemplated that if such high-strength materials can be produced as a foam
form, it will add further benefits, such as resistance at high temperatures, materials with high
impact resistance, and ability to easily absorb energy to the alloy. Therefore, our research
group has been researched about the effect of scandium on the foam form aluminum structure.
It is the first time in the literature. Our research has been continuing and just brief information
was given in this text.

2. Production Method of Al-Sc Alloy Materials

Al-Sc alloys are generally produced by simple alloying and dual alloying. It is also alloyed
with multiple alloy systems. Generally, production methods of Al alloys are produced by
casting, continuous casting, casting + aging, casting + extrusion, electrochemical production
and arc furnace method [16], [24], [26-41].

In the production methods, the cast parts are generally subjected to a secondary process (cold
/ hot rolling, solution, extrusion, aging, Zener method, etc.), causing the formation of AlzSc
deposits in the microstructure which increases the mechanical properties. Therefore, many
researchers have been focus on the forming a secondary phase in the microstructure [16],
[24], [31], [34], [42], [43].

In the literature, Sc has been added to into the Al alloys in the production process in order to
improve the mechanical properties. Some of them are given in this section. 0.38% Sc was
added into the structure of 1XXX alloy system and subjected to cold rolling aging process. It
was found that the strentgh of the Sc added Al-alloys increased up to 6-fold compared to pure
form [24]. Sc and Zr were added into the 2618 alloy and agging process was applied to the
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rolled sheet alloy and then mechanical properties were increased [32]. In the study on 3XXX
alloy system, flat bars which has Al-0.5Mn-0.2Mg-0.15Zr-0.26Sc chemical composition were
produced by extruded method and the result showed that the addition of the micro-alloys
increases the mechanical properties of the new alloys [33]. Another form of Al-alloy was
produced with addition of Mg and Sc and the hot annealing process was applied to this new
obtained alloy [34]. In the same alloy system, another researcher changed the Mg and Sc
ratios (AI-5.3Mg-0.3Sc) and applied the cold rolling process, providing the significant
improvement in mechanical properties of the 5XXX series [24]. In the 6 XXX system, Sc and
Zr were added into the 6082 form Al-alloy system and after the extrusion process,
immediately T5 aging heat treatment process was applied [35], [38], [44]. In the study on
7XXX alloy system, 7017 alloy material in the sheet form was produced by hot-rolled
process. The obtained sheet alloy was ageing to increase its mechanical property [36]. In
another study of the same alloy system, flat bars which have Al-8.6Zn-2.6Mg-2.4Cu-0.1Zr-
0.2Sc chemical composition was produced by extruded method and then T6 heat treatment
was applied to improve the mechanical property [28].

In all of the above-mentioned studies, production methods and other processes are very costly
and precise, thus alternative production methods are needed to improve the Al-Sc alloys. A
production method that is both easy to manufacture and cost-effective has to be
commissioned. It has been determined by our group that production can be made easily by
using powder metallurgy method.

3. Results

The use of lightweight materials such as Al is increasing with developing technology. It is
well known that Al-alloys must be one of the essential components for aircraft, spacecraft
marine and land vehicles [3]. The new generation of Al alloy systems are Al-Sc systems for
the new technology. Al-Sc alloy systems provide the desired mechanical properties by
developing suitable production methods and applying post-production secondary processes.
Powder metallurgical process is one of the most important production methods which
generally is preferred in production process. Compared to melting, casting and
electrochemical production methods, more complex alloy systems can be produced and
formed by the powder metallurgy. In fact, production can be achieved by applying lower
heating energies (at sintering temperatures below the melting degree) without switching to the
liquid phase. It will allow the production of desired complex shaped parts. Our research group
is trying to produce Al-Sc alloy systems in foam form which is extra lighter and more durable
materials. Aluminum foams have attracted attention in recent years since they can absorb
huge amounts of energy from many other metals, converting the impact energy to plastic
energy [45]. In addition to high mechanical properties, easy processes in production will be
created and all kinds of engineering materials will be completed.
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