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SYNTHESIS AND CHARACTERIZATION OF Ce1-x-ySmxHoyO2 CERAMIC 

ELECTROLYTES BY SOL-GEL METHOD 

(MSc THESIS) 

Ahmet Hamdi BAKIR 

ABSTRACT 

In the last few years, the decline in lignite sources has led to the search for newenergy 
and the invention of Solid Oxide Fuel Cell has been realized. Solid oxide fuel cells are those 
that have high efficiency at high temperature in the fuel cell technology. Due to this feature, 
it can be used in many are as such as constant power generation systems, cogeneration units, 
military works. The main components of a solid oxide fuel cell area node, cathode and 
electrolyte. The most important component for solid oxide fuel cells; These are ceramic 
electrolytes having oxygenionic conductivity. The efficiency of the solid oxide fuel cell 
depends on the type of electrolyte used. Electrolytes with high conductivity and high 
efficiency between 550-700 oC reduce system cost for installation and operation, increase 
applicability. Cerium (IV) Oxide  based electrolytes have high conductivity at lower 
temperature. 

In this study, CeO2-based triple system sample materials were synthesized by sol-
gel reaction and subjected to heat treatment. The structural properties of these solid ceramic 
electrolytes produced for solid oxide fuel cell (SOFC) are characterized by X-Ray 
Diffractometry (XRD), Differential Thermal Analysis - Thermo-weightmeter (DTA-TG). 
The electrical properties are characterized by a four-point electrical conductivity method. 
The results of XRD measurements showed that Ce1-x-ySmxHoyO2  (x = 5, 10, 15, y = 5, 10, 
15) samples had cubic crystallographic structure. Phasestability With DTA measurements, 
control and comparison of most samples has been shown to be the stable of CeO2. The 
highest electrical conductivity Ce0.80Sm0.10Ho0.10O2 system is 6.92x10-3 -1 
Itwasfoundthat the compound obtained as a result of the evaluationscould be used in medium 
temperature solid oxide fuel cells. 
Keywords: Sol-gel, ceramic electrolyte, solid oxide fuel cell 
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 G zgar ve hidrojen, 

jeotermal 

 

j-

giderek artmaktad  

Hidr -

Uygulama Yenilerinin 

k  

-  

1.1.   

 

Temel olarak bir 

(katot) ve bir elektrolitten 

Protonlar (H+) anottan katoda  

. . 

hareketli iyonlar,  ederek iyonik halde 

iletken dir. Katot 

 Hem 

 

 



 

2 

Anot Reaksiyonu  :  H2  

Katot Reaksiyonu : 1/2O2 2O (l) 

H2 (g) + 1/2O2 2O (l) + elektrik enerji +  

. 

 

 

 1.1.  

1.2.  

       Ya  olarak 19.  Humphry Davy 

 . Humpry 1838'de Christian Friedrich 

1839'da kimyager, fiz deney yap . 

az voltaik bir pil olarak sistem ile 

droje

 Ancak, y  

 Mond 

 

Langer'in . Ancak 1959'a kadar,    



 

3 

-Chalmers 

-Chalmers, 

g  [2]. Bir megawatt (MW) 

% 60 

 elektrik 

]. 

1.3.   

 

1] 

 

  

1. Proton de i  

 



 

4 

 

4. Erimi   

 

, 

 Az yer 

, hareket eden  

uygun a kad [1,4]. 

 

izelgesi [5]. 

 
 

1.4.  

        

yelpazede 

 veriminin %80

 

algaz, etonol SOFC, 

etkin me  sahiptir. 

[6]. 

         Bir SOFC, 



 

5 

formda olan elektrolitler sadece oksijen iyonun hareketine izin verecek krist

gerekmektedir. B - je

 (H+) iletimini 

il  

proton

-

kul 7]. 

 

 

 

 

 

 

 

 

 

 

 

. -iyon iletken 
[7] 

 

en iyonunu k

elektrolitin 

de anot ve katot 

[7]. si  



 

6 

 

KOYP sistemi tek h stak[8] 

i

  

 1.6 

 ir seri imalat 

stak   

 ile de a  

 

 
 

[8] 

 



 

7 

 
 

 9] 

 

  

tgen, ra

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

[10,11] 

 



 

8 

2.  

2.1.  O Seramik Elektrolitleri 

ince -) bir iletkendir. 

Elektrolit ise iletkendir. Ancak  

engell elektronik bir iletken  

ekil 2.1   

 

 

. K [12] 

2

2 ve Bi2O3 2O3 

 

Molenda ve ark. (2007)  2,  CeO2, Bi2O3 ve 

LaGaO3 tipi seramik elektrolitlerden bahsedilmektedir  ZrO2 1000 oC 
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 Gupta ve ark.(2018)  h iyetlerinin 

CeO2   

 Faro ve ark. (2009) 

 ve uygulama  

i  

 

 Figueiredo ve Marque (2013) seramik elektrolitlerdeki oksijen iyonu hareketinden 

bahsetmektedir. ZrO2, CeO2, LaGaO3 

 

Akhrorova ve ark. (2014) 2 

olarak  

Mahoto ve ark. (2015), Badwal ve Foger (1996), Good enough (2003) 

da 2 

e  

2.2.  

Bos  (2008)   malzemenin cazip hale 

,  oksijen  malzemeleri 

 

F polianilin 

 ]. Seryum oksit (CeO2 ) 

-

 i

olara ]. 

Jin ve ark.  saf seryum oksit 

 

mle rdir.  530 o itibaren oksijen  

Mogensen ve ark. (2000)  saf CeO2 CeO2 kristal 
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Saf CeO2, 2  

3 ve CeO2 

 

 

 

 

. (a) CeO2 2 
[7]. 

 

 

2.3 2  m
[7]. 

Saf CeO2 

4+ 3+, Yb3+, Er3+, Y3+ 

entalpisi elektrolitin iletkenli ,22-29]. 
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2  ile Ce 

 

M2O3 '+3Ox +Vo  

elektrol 2 elektrolitle ile ilgili en 
3+ ve Sm3+ 3-28

 

 

Kim ve ark (2013) s  de 

entez 

-

2.

n oksit 

sol-

e  

ol-

 Tipik olarak metal nitratlar da 

-

da metal ve oksitleri kal  
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ekil 2. 2O3 2 
[15] 
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3. MATERYAL VE METODLAR 

 
 s

elde edilmesine o - . 

 

Toz elektrolitler lantan-

 etki yapmakta 

3].  

Sm3+-Ho3+ . 

-

 

3.1. Karakterizasyon  

3.1.1.Toz nalizleri 

termogravimetrik ve diferansiyel termal analizleri (TGA/DTA) 

 



 

14 

 

 

 

 

. 

o oC kadar platin 

kroz . 

. 
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3.1.2. - oz tal y  a  

X-

-

-  

 

 

-
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Tez 

2- 

 

XRD ( P -  

 

3.1.3. Toz k n i  

 

triksel 

d .  

 

 V / I ) [34]. 

 

  [35]. 



 

17 

 

ne getirildi

 00 oC 

50 oC en grafikl aktivasyon enerjileri 

  

lan elektrolit 

belirlenecektir. 

 

  

 okta  6,37] 

 

 probe iletkenlik analizinde Keithley 2400 , 

 

Mersi  

 

3.1.4. To  
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necik 

 

 

  
 

 

SEM morfolojik analizlerde Zeiss EVO 10LS . Analizler 

. 

3.2.  

3.2.1. Sol-Jel y  

Ce1-x-ySmxHoyO2 birlikte  zlemek 

Sol-  de verildi.  

3.1.  

Ma=443.23                   

g/mol 

Ma=443.23                     

g/mol 

Ma=443.23                    

g/mol    

Ce(NO3)3.6H2O        

(%mol) 

Ho(NO3)3.5H2O               

(%mol) 

Sm(NO3)3.6H2

O              

(%mol)      

Ce(NO3)3.6H2

O        (%mol) 

Ho(NO3)3.5H2

O               

(%mol) 

Sm(NO3)3.6H2

O              (%mol)     

80 5 15 354.584 22.1615 66.4845 

80 10 10 354.584 44.323 44.323 

80 15 5 354.584 66.4845 22.1615 
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 3.5. Sol-jel y  

 

 3.1 

2

-10 dakika 

3.2). 

 

 

6. Agat havan ve hassas terazi 

Ce(NO3)3.6H2

su ve d 3)3.5H2O ve Sm(NO3)3.6H2
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o

-90 oC 

-jel 

 

 

. Manyetik k  

 

Re erle 

o rm marka Plf-

). jel halindeki 

o  Daha 

n sonra (
oC ve 1000 o

 

 

 

8.  
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4.BULGULAR  

4.1. Sol-  

Ce(NO3)3.6H2O e Sm(NO3)3.6H2O ve Ho(NO3)3.5H2O 

 -

sen   Sol-jel 

nda ematize edilebilir. 

 
- [38] 

 4.1 
parametreleri  

 

  a.b.c[A ] V[(A ) ] 

 

Ce0.8Sm0.15Ho0.05O2 5.428 159,91 

Ce0.8Sm0.10Ho0.1O2 5.421 159,32 

Ce0.8Sm0.05Ho0.15O2 5.416 158,9 

 

Ce0.8Sm0.15Ho0.05O2 5.435 160,58 

Ce0.8Sm0.10Ho0.1O2 5.4256 159,72 

Ce0.8Sm0.05Ho0.15O2 5.4176 159 

 

Ce0.8Sm0.15Ho0.05O2 5.434 160,42 

Ce0.8Sm0.10Ho0.1O2 5.428 159,95 

Ce0.8Sm0.05Ho0.15O2 5.42 159,2 
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4.2 600  Ce0.8Sm0.15Ho0.05O2 toz numunelerinin 
parametreleri  

 
No.    h    k    l      d [A]     2Theta[deg] I [%]    
  1.    1    1    1      3,13674    28,431     100,0 
  2.    2    0    0      2,71650    32,946      28,4 
  3.    2    2    0      1,92086    47,284      44,0 
  4.    3    1    1      1,63811    56,099      32,9 
  5.    2    2    2      1,56837    58,832       6,1 
  6.    4    0    0      1,35825    69,100       5,1 
  7.    3    3    1      1,24642    76,342      10,4 
  8.    4    2    0      1,21486    78,701       6,6 
  9.    4    2    2      1,10901    87,988       8,4 

4.3 800  Ce0.8Sm0.15Ho0.05O2 toz numunelerinin 
parametreleri  

 
No.    h    k    l      d [A]     2Theta[deg] I [%]    
  1.    1    1    1      3,13674    28,431     100,0 
  2.    2    0    0      2,71650    32,946      28,4 
  3.    2    2    0      1,92086    47,284      44,0 
  4.    3    1    1      1,63811    56,099      32,9 
  5.    2    2    2      1,56837    58,832       6,1 
  6.   4    0    0      1,35825    69,100       5,1 
  7.    3    3    1      1,24642    76,342      10,4 
  8.    4    2    0      1,21486    78,701       6,6 
  9.    4    2    2      1,10901    87,988       8,4 

4.4 1000  Ce0.8Sm0.15Ho0.05O2 toz numunelerinin 
 

No.    h    k    l      d [A]     2Theta[deg] I [%]    
  1.    1    1    1      3,13674    28,431     100,0 
  2.    2    0    0      2,71650    32,946      28,4 
  3.    2    2    0      1,92086    47,284      44,0 
  4.    3    1    1      1,63811    56,099      32,9 
  5.    2    2    2      1,56837    58,832       6,1 
  6.    4    0    0      1,35825    69,100       5,1 
  7.    3    3    1      1,24642    76,342      10,4 
  8.    4    2    0      1,21486    78,701       6,6 
  9.    4    2    2      1,10901    87,988       8,4 
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4.5 600  Ce0.8Sm0.05Ho0.15O2 toz numunelerinin 
parametreleri  

No.    h    k    l      d [A]     2Theta[deg] I [%]    
  1.    1    1    1      3,13097    28,485     100,0 
  2.    2    0    0      2,71150    33,008      27,9 
  3.    2    2    0      1,91732    47,376      44,5 
  4.    3    1    1      1,63510    56,212      32,7 
  5.    2    2    2      1,56549    58,951       6,0 
  6.    4    0    0      1,35575    69,246       5,1 
  7.    3    3    1      1,24412    76,509      10,4 
  8.    4    2    0      1,21262    78,875       6,5 
  9.    4    2    2      1,10697    88,192       8,5 
 

4.6 800  Ce0.8Sm0.05Ho0.15O2 toz numunelerinin 
parametreleri  

No.    h    k    l      d [A]     2Theta[deg] I [%]    
  1.    1    1    1      3,13097    28,485     100,0 
  2.    2    0    0      2,71150    33,008      27,9 
  3.    2    2    0      1,91732    47,376      44,5 
  4.    3    1    1      1,63510    56,212      32,7 
  5.    2    2    2      1,56549    58,951       6,0 
  6.    4    0    0      1,35575    69,246       5,1 
  7.    3    3    1      1,24412    76,509      10,4 
  8.    4    2    0      1,21262    78,875       6,5 
  9.    4    2    2      1,10697    88,192       8,5 
 

4.7 1000  Ce0.8Sm0.05Ho0.15O2 toz numunelerinin 
 

No.    h    k    l      d [A]     2Theta[deg] I [%]    
  1.    1    1    1      3,13097    28,485     100,0 
  2.   2    0    0      2,71150    33,008      27,9 
  3.    2    2    0      1,91732    47,376      44,5 
  4.    3    1    1      1,63510    56,212      32,7 
  5.   2    2    2      1,56549    58,951       6,0 
  6.    4    0    0      1,35575    69,246       5,1 
  7.    3    3    1      1,24412    76,509      10,4 
  8.    4    2    0      1,21262    78,875       6,5 
  9.    4    2    2      1,10697    88,192       8,5 
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4.8 600  Ce0.8Sm0.1Ho0.1O2 toz numunelerinin 
parametreleri  

No.    h    k    l      d [A]     2Theta[deg] I [%]    
  1.    1    1    1      3,13097    28,485     100,0 
  2.    2    0    0      2,71150    33,008      27,9 
  3.    2    2    0      1,91732    47,376      44,5 
  4.    3    1    1      1,63510    56,212      32,7 
  5.    2    2    2      1,56549    58,951       6,0 
  6.    4    0    0      1,35575    69,246       5,1 
  7.    3    3    1      1,24412    76,509      10,4 
  8.    4    2    0      1,21262    78,875       6,5 
  9.    4    2    2      1,10697    88,192       8,5 

4.9 800  Ce0.8Sm0.1Ho0.1O2 toz numunelerinin 
parametreleri  

No.    h    k    l      d [A]     2Theta[deg] I [%]    
  1.    1    1    1      3,13097    28,485     100,0 
  2.    2    0    0      2,71150    33,008      27,9 
  3.    2    2    0      1,91732    47,376      44,5 
  4.    3    1    1      1,63510    56,212      32,7 
  5.    2    2    2      1,56549    58,951       6,0 
  6.    4    0    0      1,35575    69,246       5,1 
  7.    3    3    1      1,24412    76,509      10,4 
  8.    4    2    0      1,21262    78,875       6,5 
  9.    4    2    2      1,10697    88,192       8,5 
 

4.10 1000  Ce0.8Sm0.1Ho0.1O2 toz numunelerinin 
parametreleri  

 
No.    h    k    l      d [A]     2Theta[deg] I [%]    
  1.    1    1    1      3,13097    28,485     100,0 
  2.    2    0    0      2,71150    33,008      27,9 
  3.    2    2    0      1,91732    47,376      44,5 
  4.    3    1    1      1,63510    56,212      32,7 
  5.    2    2    2      1,56549    58,951       6,0 
  6.    4    0    0      1,35575    69,246       5,1 
  7.    3    3    1      1,24412    76,509      10,4 
  8.    4    2    0      1,21262    78,875       6,5 
  9.    4    2    2      1,10697    88,192       8,5 
 
 

   2   
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2 kalsiyum 

 a = 5,407 . 2 
4+ 

4+ 

 4.1 de 

parametresi ve kristal boyutu nedeni 

 maddenin 

iyonik   Ce4+-0.97 , Sm3 +- 1.079 , Ho3+-1.015  

 

[39].  

2. 600   Ce0.8Sm0.1Ho0.1O2  

xrd deseni. 
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.3. 800 Ce0.8Sm0.1Ho0.1O2  

xrd deseni. 

 

4.1000 Ce0.8Sm0.1Ho0.1O2 

xrd deseni. 

 o  
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nce 500MPa da, 10 
oC 10 saat sinterlendi. 

 Oda 

 o  

100 oC oC kadar 50oC 

art oC den sonra ise 20 o

 

 

 

5. Ce0.8Sm0.05Ho0.15O2 tozla elektrik 
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6. Ce0.8Sm0.1Ho0.1O2 elektrik 
 

 

               
 

. Ce0.8Sm0.15Ho0.05O2 elektrik 
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11 Ce0.8Sm0.05Ho0.15O2 elektrik iletkenlik veri tablosu 

 
 

VOLTAGE 
(V) 

AKIM        
(I) 

SICAKLIK 
( c)   

sigma         
 

Log 
(ohm.cm)  

1000/T    
c)-1 

0.068875882 4.6517E-07 25.8921388 186065.5376 5.374E-06 -5.27E+00 3.86E+01 
0.01458739 2.7465E-07 101.7163137 66743.08306 1.498E-05 -4.82E+00 9.83E+00 
0.011125112 2.4913E-08 150.5781469 561163.1739 1.782E-06 -5.75E+00 6.64E+00 
0.028236632 2.2932E-08 196.3045418 1547315.487 6.463E-07 -6.19E+00 5.09E+00 
0.079058051 4.3877E-08 248.8113319 2264216.253 4.417E-07 -6.35E+00 4.02E+00 
0.087120858 1.1959E-07 297.6606548 915464.29 1.092E-06 -5.96E+00 3.36E+00 
0.067482438 6.2756E-07 346.3065424 135127.9259 7.4E-06 -5.13E+00 2.89E+00 
0.038598884 3.0644E-06 396.7714063 15828.52807 6.318E-05 -4.20E+00 2.52E+00 
0.032605811 5.9011E-06 417.50118 6943.376643 0.000144 -3.84E+00 2.40E+00 
0.031807815 9.2499E-06 437.2681614 4321.20491 0.0002314 -3.64E+00 2.29E+00 
0.034045522 1.5269E-05 457.2712909 2801.936359 0.0003569 -3.45E+00 2.19E+00 
0.03851232 2.1732E-05 475.9618496 2226.935312 0.000449 -3.35E+00 2.10E+00 
0.043041961 3.8283E-05 495.3398641 1412.850824 0.0007078 -3.15E+00 2.02E+00 
0.049713891 5.4667E-05 514.6473118 1142.772608 0.0008751 -3.06E+00 1.94E+00 

0.053223726 7.823E-05 535.3273927 854.9537891 0.0011697 -2.93E+00 1.87E+00 
0.055330499 0.00010783 553.9370862 644.791534 0.0015509 -2.81E+00 1.81E+00 
0.054911816 0.00014835 574.2797242 465.1332223 0.0021499 -2.67E+00 1.74E+00 
0.056423607 0.00019763 594.5241429 358.7760798 0.0027873 -2.55E+00 1.68E+00 
0.057656139 0.00026681 615.9176093 271.5471685 0.0036826 -2.43E+00 1.62E+00 
0.061264831 0.00036596 635.845676 210.3721241 0.0047535 -2.32E+00 1.57E+00 

0.06257673 0.0004944 655.31523 159.057092 0.006287 -2.20E+00 1.53E+00 
0.070311065 0.00068612 675.5378011 128.7754135 0.0077655 -2.11E+00 1.48E+00 
0.073400172 0.00088094 696.7016194 104.7028731 0.0095508 -2.02E+00 1.44E+00 
0.079233049 0.00115286 716.6263021 86.36521248 0.0115787 -1.94E+00 1.40E+00 
0.090343975 0.00155823 736.5558064 72.85782009 0.0137254 -1.86E+00 1.36E+00 
0.094058337 0.00187574 757.0913559 63.01360696 0.0158696 -1.80E+00 1.32E+00 
0.098126671 0.00228979 777.6538426 53.85202575 0.0185694 -1.73E+00 1.29E+00 
0.103844294 0.00282069 797.8272773 46.26338877 0.0216154 -1.67E+00 1.25E+00 
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12 Ce0.8Sm0.1Ho0.1O2 elektrik veri tablosu 
 

VOLTAGE 
(V) 

AKIM      
(I) 

SICAKLIK 
( c)   

sigma         
 

      Log 
(ohm.cm)  

1000/T   
c)-1 

0.063398678 3.353E-07 26.6819549 237632.0354 4.20819E-06 -5.375904988 37.478513 

0.018439079 1.555E-07 102.8805423 148998.4008 6.71148E-06 -5.173181607 9.720011 

0.019295186 9.661E-09 152.2341664 2509815.925 3.98436E-07 -6.399641871 6.5688276 

0.022990835 1.523E-08 201.8431497 1897213.574 5.27089E-07 -6.278116223 4.954342 

0.027050224 7.621E-08 248.9415249 446030.3782 2.242E-06 -5.649364439 4.0170076 

0.019711301 3.411E-07 298.5475023 72611.83813 1.37719E-05 -4.861007431 3.3495507 

0.026708086 2.581E-06 348.4187147 13005.58687 7.689E-05 -4.114129954 2.8701099 

0.035465547 8.407E-06 397.855567 5301.228728 0.000188636 -3.724376543 2.5134749 

0.026642295 1.419E-05 417.0433824 2358.916136 0.000423924 -3.372712501 2.3978321 

0.034024939 2.39E-05 436.0914306 1788.661734 0.000559077 -3.252528216 2.2930971 

0.039141017 3.343E-05 457.7678087 1471.404545 0.000679623 -3.167732093 2.1845136 

0.047324024 4.969E-05 476.8940462 1196.706084 0.000835627 -3.077987499 2.0969018 

0.057841426 7.648E-05 494.9157443 950.344268 0.00105225 -2.97788096 2.0205459 

0.063928775 0.000106 515.0696613 757.7479274 0.0013197 -2.879524757 1.941485 

0.070308014 0.0001548 537.6180148 570.9276957 0.001751535 -2.756581111 1.8600567 

0.074919646 0.0002049 553.6891141 459.4597817 0.002176469 -2.662247502 1.8060677 

0.078075203 0.0002802 574.7193196 350.1196889 0.002856166 -2.544216534 1.7399798 

0.08195859 0.0003686 594.2484333 279.4213547 0.003578825 -2.446259594 1.6827979 

0.087589241 0.0004867 615.4678954 226.1370564 0.004422097 -2.354371735 1.6247801 

0.092368502 0.0006373 635.300042 182.1372232 0.005490366 -2.260398711 1.5740594 

0.10341979 0.000899 655.5768364 144.552341 0.00691791 -2.160025131 1.5253742 

0.121309127 0.0012477 676.441725 122.1762614 0.008184896 -2.086986832 1.4783239 

0.141141429 0.0017485 696.1988457 101.4388804 0.009858153 -2.006204447 1.4363712 

0.152308337 0.0022078 717.6570502 86.68995406 0.011535362 -1.937968773 1.3934232 

0.162561569 0.0028006 736.7471788 72.94232811 0.013709461 -1.862979621 1.3573177 

0.173485142 0.0034738 756.273485 62.75860408 0.01593407 -1.797673275 1.322273 

0.186850662 0.0042696 776.5722722 54.99477759 0.018183545 -1.74032145 1.2877102 

0.196023189 0.005224 796.9839478 47.15366139 0.021207261 -1.673515421 1.2547304 
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13 Ce0.8Sm0.15Ho0.05O2 elektrik iletkenlik veri tablosu 
 

VOLTAGE 
(V) 

AKIM      
(I) 

SICAKLIK 
( c)   

sigma         
 

      Log 
(ohm.cm)  

1000/T   
c)-1 

0.06367146 1.5257E-07 28.25174247 524412.427 1.9069E-06 -5.72 35.40 
0.01454348 4.2652E-07 101.973219 42848.74908 2.33379E-05 -4.63 9.81 
0.01442761 1.2833E-08 150.4465229 1412801.048 7.07814E-07 -6.15 6.65 
0.03937747 1.0747E-08 201.0972324 4604334.249 2.17187E-07 -6.66 4.97 
0.078524 4.5806E-08 249.9099799 2154228.018 4.64203E-07 -6.33 4.00 
0.12729212 1.1904E-07 298.552748 1343705.594 7.44211E-07 -6.13 3.35 
0.04855808 5.001E-07 347.7083299 122014.5674 8.19574E-06 -5.09 2.88 
0.05821401 1.6686E-06 397.2188416 43840.76674 2.28098E-05 -4.64 2.52 
0.05098148 2.5761E-06 415.666175 24868.87075 4.02109E-05 -4.40 2.41 
0.03248006 3.9677E-06 435.4603204 10287.01166 9.721E-05 -4.01 2.30 
0.0217375 5.9193E-06 456.4082066 4614.737699 0.000216697 -3.66 2.19 
0.0068358 8.4951E-06 475.7617087 1011.181368 0.000988942 -3.00 2.10 
0.00256789 1.3235E-05 495.210049 243.8183811 0.004101414 -2.39 2.02 
0.00144684 1.9724E-05 515.7239854 92.18031908 0.010848303 -1.96 1.94 
0.00306645 2.6638E-05 534.2054714 144.6590235 0.006912808 -2.16 1.87 
0.00744741 3.2622E-05 547.9032253 286.8840147 0.003485729 -2.46 1.83 
0.00918708 3.8681E-05 554.6101617 298.4619001 0.003350511 -2.47 1.80 
0.01372338 5.3102E-05 574.6466742 324.7576596 0.003079219 -2.51 1.74 
0.0135858 5.5248E-05 576.152961 309.0143758 0.003236095 -2.49 1.74 
0.01946518 7.129E-05 595.5398697 343.1157299 0.002914469 -2.54 1.68 
0.02274624 0.00011475 615.6009589 249.0907495 0.004014601 -2.40 1.62 
0.03115641 0.0001556 634.3945177 251.6294666 0.003974097 -2.40 1.58 

0.032587 0.000195 654.882528 209.934153 0.0047634 -2.32 1.53 
0.03421758 0.00023941 675.7861193 179.6014307 0.005567884 -2.25 1.48 
0.03395173 0.00029403 695.2156576 145.104778 0.006891572 -2.16 1.44 
0.03720793 0.00038536 716.1592472 121.3315938 0.008241876 -2.08 1.40 
0.05631265 0.00070198 736.8563437 100.8071897 0.009919927 -2.00 1.36 
0.06619487 0.00097203 756.9582249 85.57677663 0.011685413 -1.93 1.32 
0.07876201 0.00134572 777.2634346 73.54825292 0.013596516 -1.87 1.29 

0.09593346 0.00187464 797.4193186 64.30740087 0.01555031 -1.81 1.25 
0.10834078 0.00219147 801.2864517 62.12497985 0.016096585 -1.79 1.25 

 

etmektedir[39

2 o

10-4 S/cm dir[40].   
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vasyon enerjisi 

0,05: 1,019 eV, Sm0,10: 0,737 eV,Sm0,15

elektrolittedir. Oksi  

,42]. 

4.3. Diferansiyel Termal Analiz - -TG) 
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5. LAR 

 

 )1-x-y(Sm)x(Ho)y (x=5,10, 15 % mol, y=15, 

10  

 

  istal 

r. 

 TG-DTA e 

tespit edi oC 

.  

 

tespit edildi. Elektriksel  iyonik iletkenlik sergileyen seramik 

elektrolitlerin  ve en 

Ce0.8Sm0.1Ho0.1O2 sistemi i   de   

6.92x10-3 -1 Ho e 

ti  bulgul . 

 

200- n 

. 

 elde edilen  toz 

 

 

  



 

37 

KAYNAKLAR 

1. A Haluk
etme       
https://www.termodinamik.info/bilimsel/yakit-hucreleri-ve-hidrojen-gazi-elde-
etme-yontemleri-1 

2. Matthey, Johnson., 2019. Fuel Cell Today.  
 http://www.fuelcelltoday.com/history 

3. ClearCell Power,. 2015. Clean and Quiet.  
 http://clearcellpower.com/solution5.html 

4. Imran, Mohammad, Prakash, Om, Pushkar, P., Mungray, A., Kailasa, S. K., Chongdar S., 
Mungray, A.K., 2019. Performance enhancement of benthic microbial fuel cell by 
cerium coated electrodes. Elsevier Ltd., Amsterdam, Hollanda, Cilt 295, s.58-66  

5. Yue, T.C.P., 1994, Special Research Goepel Shields & Partners, Vancouver, Canada, s.31-
39. 

6. Mench, M.M., 2008. Fuel Cell Engines. John Wiley & Sons, Inc., ISBN 978-0-471-68958-
4 (cloth), USA, 515s  

7. Mahato, N., Banerjee A., Omar S., Gupta A., 2015. Progress in Material Selection for 
Solid Oxide Fuel Cell Teknologyv: A Review. Elsevier Ltd., Amsterdam, Hollanda, 
Cilt 72, s.141-337 

8. Timurkutluk, B., 2007. Performance analysis of an intermediate temperature solid oxide 
fuel cell
E . Ankara. 105s 

9. Singhal, S.C., 2000. Advances in solid oxide fuel cell technology. Solid State               
Ionics, Amsterdam, Hollanda, 135: s.305 313 (2000). 

10. Solid Oxide Fuel Cell (SOFC).  
               http://www.aki.che.tohoku.ac.jp/~koyama/html/research/SOFC.html 
11. Vinke, Izaak, C., 2011. Solid Oxide Fuel Cells: cell and stack technology. 10. URL 

.  
http://www.hysafe.org/science/eAcademy/JSSFCH/.JSSFCH2011/VinkeIC_CellAn
dStackDesign.pdf 

12. 
. 

Konya. 141s.  
13. Gupta, M.,Shirbhate, S., Ojha, P., & Acharya, S. 2018. Processing and conductivity  

behavior of La, Sm, Fe singly and doubly doped ceria: As electrolytes for IT-
SOFCs. Elsevier Ltd., Amsterdam, Hollanda, 320, s.199-209. 

14. Attar, S., Ranveer, A., 2015. Carbon Nano tubes and Its Environmental Applications. 
Maharashtra, India, Sec. C; Vol.4.No.2, s.304-311.  

15. Figueiredo, F. M. L., Marques, F. M. B., 2012. Electrolytes for solid oxide fuel  
cells. John Wiley & Sons, Inc., ABD, 2(1), s.52-72. 

16. Akhrorova, A., Mukimova, N., Razykov, R. 2014. The energy security of the Republic 
of  Tajikistan. Energy Production and Management in the 21st Century: The Quest 
for Sustainable Energy. WIT Press  190, s.213-222. 

17. Badwal, S. P. S., Foger, K. 1996. Solid oxide electrolyte fuel cell review. Ceramics 
International. Elsevier, Amsterdam, Hollanda, 22(3), s.257-265. 

18. Good enough, J. B. 2003. Oxide-ion electrolytes. Annual review of materials research, 
Kanada, ABD, 33(1), s.91-128. 



 

38 

19. ., Zinkevich, M., Aldinger, F., 
2008. Doped and Co-doped CeO2: Preparation and properties. Ceramics 
international. Elsevier Ltd ve Techna Group Srl, Amsterdam, Hollanda, 34(8), 
s.2001-2006. 

20. Castano, C. E., Matthew, C., O'Keefe, J., Fahrenholtz, William G., 2015. Cerium-based 
oxide coatings, Elsevier Ltd., Amsterdam, Hollanda, 19(2), s.69-76. 

21. Mogensen, M.,Sammes, N. M., &Tompsett, G. A. 2000. Physical, chemical and electro 
chemical properties of pure and doped ceria. Elsevier Science B.V., Amsterdam, 
Hollanda, 129(1-4), s.63-94. 

22. Chou, C. C.,Huang, C. F., Yeh, T. H. 2013. Investigation of ionic conductivities of 
CeO2-based electrolytes with controlled oxygen vacancies. Elsevier Ltd., 
Amsterdam, Hollanda, 39(1), s.627-s.631. 

23. Mendiuk, O., Nawrocki, M., Kepinski, L. 2016. 
(Ln=Pr, Sm, Gd, Tb) nanocubes by hydrothermal methods. Elsevier Ltd ve Techna 
Group Srl, Amsterdam, Hollanda, 42(1), s.1998-2012. 

24 M. F. 2013. Ultra sound assisted synthesis of 
Gd and Nd doped ceria electrolyte for solid oxide fuel cells. Elsevier, Amsterdam, 
Hollanda, 39(5), s.5219-5225. 

25. , E., Marinel, S., Raveau, B., Caignaert, V. 2016. Synthesis and 

potential of micro waves intering. Elsevier BV., Amsterdam, Hollanda, 294, s.67-72. 
26. Anjaneya, K. C., Nayaka, G. P., Manjanna, J., Govindaraj, G., Ganesha, K. N. 2013. 

Preparation and characterization of Ce  GdxO2  0.3) as solid electrolyte 
for intermediate temperature SOFC. Elsevier, Amsterdam, Hollanda, 578, s.53-59. 

27. Steele, B. C. H. 2000. Appraisal of Ce  Gd y O  electrolytes for IT-SOFC operation 
at 500 C. Elsevier Science B.V., Amsterdam, Hollanda, 129(1-4), s.95-110.  

28. Arabaci, A. 2015. Effect of Sm and Gd dopants on structural characteristics and ionic 
conductivity of ceria. Elsevier Ltd ve Techna Group Srl, Amsterdam, 
Hollanda, 41(4), s.5836-5842.  

29. Moure, A., Castro, A., Martinez, I., Moure, C., & Tartaj, J. 2012. Synthesis, sintering 
and ionic conductivity of scandia-doped ceria ceramic material sobtained by different 
procedures. Elsevier Ltd ve Techna Group Srl, Amsterdam, Hollanda, 38(7), s.5907-
5914.  

30. Ramesh, S., Raju, K. J. 2012. Preparation and characterization of Ce  (Gd 0.5 Pr 0.5) 
x O2 electrolyte for IT-SOFCs. Elsevier, Amsterdam, Hollanda, 37(13), s.10311-
10317.  

31. Kim, G., Lee, N., Kim, K. B., Kim, B. K., Chang, H., Song, S. J., Park, J. Y.  2013. 
Various synthesis methods of alio valent-doped ceria and their electrical properties 
for intermediate temperature solid oxide electrolytes. Elsevier Ltd., Amsterdam, 
Hollanda, 38(3), s.1571-1587.  

32. Brinker, C. J., Scherer, G. W. 1991. Sol-Gel Science The physics and chemistry of sol-
gel processing, John Wiley & Sons, Inc., ABD. 522s. 

33. Kharton, V. V., Marques, F. M. B. 2002. Mixed ionic  electronic conductors: effects of 
ceramic micro structure on transport properties, current opinion in solid state and 
materials science, Elsevier Ltd., Amsterdam, Hollanda, 6(3), s.201-269.  

34. Dieter, K. S. 1999. Semiconductor Material and Device Characterization, John Wiley & 
Sons, Inc., ABD, 598s.  

35. Erat, S. 2007.  Optik 
 in, 

104s. 



 

39 

36. Honsberg, Christiana, Bowden, S., 2019. Measurement of sheet resistivities with the 
four-point probe. .   

            https://www.pveducation.org/pvcdrom/characterisation/four-point-probe-  
resistivity-measurements 

37. Dy2O3, Eu2O3, Sm2O3 -Bi2O3 
n 
 

38. . 
http://dergipark.gov.tr/download/article-file/83847 

39. Omar, S.,Wachsman, E. D., Jones, J. L., Nino, J. C. 2009. Crystal structure ionic 
conductivity relationships in doped ceria systems. The American Ceramic Society, 
ABD, 92(11), s.2674-2681. 

40. Jin, H.,Wang, N., Xu, L., Hou, S. 2010. Synthesis and conductivity of cerium oxide nano 
particles. Elsevier BV., Amsterdam, Hollanda, 64(11), s.1254-1256. 

41. Kharton, V. V.,&Marques, F. M. B. 2002. Mixed ionic electronic conductors: effects of 
ceramic micro structure on transport properties. Elsevier Science Ltd., Amsterdam, 
Hollanda, 6(3), s.261-269. 

42. Baral, A. K., Sankaranarayanan, V. 2009. Ionic transport properties in nano crystalline 
Ce 0.8 A 0.2 O 2-  BioMed Central 
Ltd, , 5(3), 637s. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 

 
 
 
 
 

 
 

 

 



 

40 

 

giler 

 : Ahmet Hamdi BAKIR 

 : T.C. 

  

Medeni hali : Bekar 

Telefon : 0 (533) 913 27 46 

Faks :  

e-posta : ahmethamdibakir@gmail.com. 

 

 

Derece  Mezuniyet tarihi 

   2019 

Lisans   2012 

Lise                   2007 

 
 

 Yer  

2012-2013 hendislik  

2014-2016   

                                                                               Bilgi Sistemi Ve Tahakkuk Sorumlusu 

2016-2018   

2018-    

 

 

 

Hobiler 

hat ve gezi 

 

8-19 Ekim 2018, Ce1-x-ySmxHoyO2 

Seramik elektrolitlerin sol-j 3rd International 

Energy & Engineering Congress. 


	1.pdf (p.1-2)
	2.pdf (p.3)
	3.pdf (p.4-53)

