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Abstract

Over the past few decades, there have been numerous initiatives focused on addressing the
energy and environmental challenges caused by the overuse of fossil fuels. SOFC is a highly
promising technology among the many proposed solutions. A primary objective of ongoing
fuel cell research is to lower the operating temperature of SOFCs. There are several advantages
to reducing the operating temperature to a moderate range of 500-800°C. This contributes to
the prevention of undesired reactions among the various components of the cell, enhances the
overall longevity of the stack, and ultimately results in cost savings. The perovskite material,
known as strontium-doped lanthanum cobaltite (LaixSrxCoQO3.5, LSC), has attracted
considerable attention due to its remarkable electrocatalytic activity in oxygen reduction.
However, the presence of Sr segregation on the surface creates difficulty in oxygen surface
exchange, resulting in a decrease in the activity of oxygen ions. The thermal stability of the
structure was improved by doping the B-site with a high valent element, Nb, to prevent Sr
segregation. Lao 5S10.5C00.95Nbo.0sO3-5 exhibited a higher oxygen ion diffusion rate of 1.407 x
10~% cm? s7! at a temperature of 973 K compared to Lag sSrosC00O;3.5, which had a diffusion rate
of 7.751 x 107 cm? s™!. The results suggest that Nb doping has a positive impact on the
diffusion of oxygen ions and improves the structural and thermal stability. The operation of the
symmetric solid oxide fuel cell entails supplying H> on the anode side and exposing it to air on
the cathode side. At a temperature of 700°C, a peak power density of 0.390 W cm 2 was

observed.

Moreover, the double perovskite structure of Sro>CoNbOs.5 (SCNO) was prepared to study bulk
diffusion. The SCNO demonstrated an impressive peak power density of 0.633 W cm? at
700°C. The cell was constructed using a pulsed laser deposition technique, resulting in the

formation of a dense thin film with thicknesses of 40 nm and 80 nm. The measured polarization



resistance (Rp) for the 40 nm thin film is 0.241 Q cm?, which is actually lower than the R, of

the 80 nm dense thin film at 700°C, which is 0.438 Q cm?>.

Furthermore, the composite formation with SDC enhances TEC, conductivity and oxygen
vacancy concentration compared to pure SCNO. The SCNO-SDC has excellent electrocatalytic
properties, illustrating a lower ASR than the pure SCNO. SCNO-SDC has exceptional
resistance to high levels of CO; in air atmospheres containing 1-10% CO.. At 700°C, the peak
power density of SCNO-SDC is 0.786 W/cm? with an ASR of 0.085 Q/cm? more than the 0.602

W/em? with an ASR of 0.254 Q/cm? for the SCNO alone.

Furthermore, a comparative study was conducted on three different structural assemblies to
analyze the effect of structural modification on the electrochemical performance of SCNO-
SDC cathode material. The synthesis of SCNO-SDC cathode materials involves three distinct
techniques: mixing, one-pot synthesis, and electrospinning. The electrochemical performance
results indicate that the modified structure, specifically the nanofiber composite, demonstrated
enhanced ORR activity and lower ASR compared to conventional mixed and one-pot
composite materials. The EIS results in the DRT analysis indicate that the ORR rate in the
structurally modified SCNO-SDC material is affected by oxygen adsorption-dissociation. The
nanofiber composite SCNO-SDC cathode in SOFC achieves a maximum peak power density
0f 0.996 W-cm 2 at 700°C. In comparison, the one-pot composite and mixed composite SCNO-
SDC cathodes exhibit lower maximum peak power densities of 0.831 W-cm 2 and 0.706
W-cm 2, respectively. The polarization resistance values for the nanofiber composite, one-pot
composite, and mixed composite SCNO-SDC are 0.079 Q cm 2, 0.0908 Q cm 2, and 0.206 Q

cm 2, respectively.

Furthermore, co-sputtering techniques to fabricate electrodes were examined for their potential

application in IT-SOFC. The stability of two co-sputtered electrodes was compared in the



comparative study: one that was created from the SCNO and Sm/Ce metal alloy (SCNO-SDC)
and another that was composed of the SCNO-SDC one-pot composite and a Sm/Ce metal alloy.
It exhibited a polarization resistance of 0.142 Q cm?, which remained relatively consistent. In
contrast, the SCNO-SDC co-sputtered cathode exhibited a polarization resistance of 0.257 Q
cm? at 700°C, which increased over time. The electrochemical activity toward the ORR is
significantly higher when the SCNO-SDC one-pot composite cathode material is co-sputtered
compared to the prepared SCNO cathode. In general, the investigation prioritizes the
engineering of cathode material and the development of strategies to improve the

electrochemical performance of IT-SOFC.
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Torser T <Rt o, Sfame $a 3 T RINT o ShR0T B ATt St ST watervfier Aot st gy e W hisd
% Tee g 81 SOFC o sreiferd ST 7 & Ush STeafiieh STRITSHe qeh ok 21 TIeT 18 S He STeeT T
T TTTHe 3Sevd THSTIUHRHT o ST AIOHT i 6 T 1 ATt ame & 500-800°C hr weam
T TR T S o S BIIS B AT O o T TeeRt o ot stafed sfafsremet st Jemem & e S €,
T T qHT T R TRTdT 7, ST TAd: NI sherd o TR ST 21 e Sree ooy shiareerse (Lai-
«StxC003.5, LSC) % &7 & St <t areft Wowbrge amt 3 siweise 6 6t 7 oreft sy@a
IR eTTeeh TITTT % ShTUT ShThT ST STTehiN feRaT 21 BTetifeh, T WX €At stermer it Sufkufa wag
fafimr ot % T U e Aar et 2, o R s AT o R & e st &1 St
ST ol Uehel o 17T Toh 3 dcie e, Nb o |rer sfi-H15e i ST ohleh e shi oHel ReRdT # gur
feram T @m Lao.sS10.5C00.95Nbo.0sO3-5 7 Lao.sSr0.5Co03.5 Frgemr# 973 K s ammmw 1.407
x 1078 cm? s7! < 3= el 31 TER o welkia <, fesh wawer 7.751 x 1070 cm? s7! o
aforr s € for Nb ST T ARSI ST 3 SET O TohIeeh ST UaT & ST StaTensh 3T et
TR o BT 81 TH 31 STHETSS $U Ue o derer H TS war o Ho 3t ST gt @ 311 36 shelte

7e7 W g § 3SR feRar srar 21 700°C s ama 9T, 0.390 W em 1 e it wes a@r mm

3ok 31amET, Sr2CoNbOs-5 (SCNO) i Seret TIsEhTse TTEAT 2 TER 3T ST hi o ToTe G &hr

1§ ot SCNO 7 0.633 W cm2 700°C <hr srarerreft e wifh sedr st yasi foram Set <1 faior wem

Tf ISR ST deheiieh T ST hteh TR 7T o, Toraes aftomagasw 40 nm 37t 80 nm < @rers = arer
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ot werelt fobew <t fmfor gem 40 nm vaet fhem 3 fore mmar geheror sfeder (Rp) 0.241 Q cm? 2, i

e # 700 °C @ 80 nm = Yool fhew & wfater s g, st 0.438 Q cm? ?1

3aek 31amar, SDC 3 |rer a0y e 3[E THEeeTr & qonr § TEC, =meerar it sitefisi fofw wehmmar sr

wgrar 81 SCNO-SDC # 3y siagishefafes o7 €, ST Y& Taefieeir i gemr § %7 Sr T 39id 2
SCNO-SDC # 2-1% CO, gt arg amarerer # CO, & 3= w6 o fore sramemor gfatier 81 700°C W,
SCNO-SDC wr diess et ser 0.786 W/em? &, fsmt 0.085 /cm? %1 ASR 0.602 W/em? &

0.254 Q/cm? %, T 3t SCNO % farw 0.254 /em? st ASR 21

Fgeh 31amEr, SCNO-SDC sreite |rmft o g Tamie Seei I8 §tamTcHe: Qe o SWTa o1 faedwor

F o T A SHAT-STT GLaATeHe Tem el T T gorrde 3tead fomar mar em SCNO-SDC
Felte Tl F TN F AT STORT-T a wier € fior, Te-ue SN o Teesitetm
AT (HeheT TGTI o TNOTHT & Heohd fietar & foh Temere STemT, T & & SThger 9w, - Iruin it

3R wep-tite Tt wmft i germ # 9t g8 ORR wifafafer st m ASR v westw fram DRT fesgwor 7

TATSTH T 3T ot § T wtarTanss &7 & wenferd SCNO-SDC wmft # ORR &€ sAteefii |-
e & Tt Bt 81 SOFC # sk g SCNO-SDC 3=irs 0.996 W-ecm ™2 700°C <r
TR TYRET ik Scar STH hEaT &1 $8eh! o §, Toh-tie i 3 fufra e SCNO-SDC sheive shae:
0.831 W cm™ 3t 0.706 Wem™? s s stftrehas Rt wifth sea Tefdia shid 81 SHIwIgeR 90, Teh-
uie gH, 3 fufe wmr SCNO-SDC % fore sefisrr feder o shmam: 0.079 Q cm2, 0.0908 Q

cm?, 3t 0.206 Q cm? 2
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zaa 31ereT, IT-SOFC # saa aifard SiquanT & fore Tk ge-qefir, T Su=rm sodgre fRmfor qerier i
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Sm/Ce &g forr arg & = om 567 0.142 Q cm? % gl wferer s wesi {3, i e 3 @rer
TETeRd e Ten g8 fawid, SCNO-SDC we-waeg Feire 7 0.257 Q cm? 700°C s gefisror
wfcrrer wafkfa fora, S e < wrer srear mm ORR it 31R forga wamafaes nfafafer st siftes St & st
SCNO-SDC ts-vfe gur Feire gt 21sher SCNO 3Heiie T 3w i 3T o1 § T8-Sue T gt 21

T AR W, S R "t ot ssifaatar s [T-SOFC < fogga vemfe weei & g9n & foag

iR < forshmer At SrerfirerRdT <
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