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Abstract

The growing energy demand in the world has led to ruthless environment degradation due to
excessive use of fossil fuels. This necessitates an approach towards the search and development
for new alternative energy sources which are clean and have near zero environmental impacts.
Development of solid oxide fuel cell (SOFC) run on hydrogen obtained from renewable source
as an energy conversion device perfectly fits into this requirement. Electrolytes being the main
source of resistance in the solid oxide fuel cells govern the operating temperature of the solid
SOFC.

In this thesis, doped ceria composited with alkali or alkaline carbonates are being suggested as
promising electrolyte material for use in intermediate temperature SOFC (IT-SOFC). Various
compositions of unary, binary, and ternary gadolinium doped ceria (GDC)-carbonate electrolytes
are prepared using (Na,, Liy, K;, Sr)-CO; and GDC using solid-state route. In the unary GDC-
carbonate composite electrolytes, highest ionic conductivity is shown by 25 wt% Li,CO3-GDC
electrolyte (0.077 S em™ at 600 °C). The ternary carbonate composite mixture of 25 wt%
(LiNaK),CO;-GDC exhibits higher ionic conductivity (0.29 S cm™ at 600 °C) than binary and
unary carbonate electrolytes. At 600 °C, the peak power density for the cell of ternary carbonate,
25 wt% (LiNaK),CO;-GDC electrolyte and binary carbonate, 25 wt% (LiNa),CO;-GDC
electrolyte is 224 mW cm™ (at 555 mA cm™) and 180 mW cm™ (at 417 mA cm™), which would
enable them to be used as electrolytes in low temperature SOFC.

Thermal stability and sintering of (LiNa),COj3 in GDC is an issue due to leaching of carbonate at
higher temperature. Infiltrated (LiNa),COs in pre-formed GDC electrolyte matrix sintered at

1450 °C shows enhanced stability and strength. Porous matrix of GDC is fabricated by sintering
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at 1450 °C and subsequently the prefabricated matrix is melt infiltrated with mixture of
(LiNa),COs (1:1 wt. ratio). Physical characterisations of the composite electrolytes are analyzed
using X-ray diffraction, scanning electron microscopy, energy dispersive spectroscopy, fourier
transform infrared spectroscopy and thermal gravimetric analysis. The ionic conductivity of melt
infiltrated 30 wt% (LiNa),CO3-GDC composite electrolyte is 0.15 S cm™ at 600 °C. The bilayer
performance of melt infiltrated composite electrolyte is better (192 mW cm™ at 485 mA cm™)
than that prepared by solid-state method (42 mW cm™ at 106 mA cm™) at 700 °C. The i-R
compensated peak power density of 573 mW cm™ (953 mA cm™) is observed at 750 °C in 30
wt% (LiNa),COs3-GDC melt infiltrated composite electrolyte. The morphology, thermal analysis
and electrochemical studies of melt infiltrated composite electrolytes reveals better performance
due to well-sintered stable structure.

Apart from GDC, samaria doped ceria (SDC) electrolyte composited with carbonate is equally
promising to be IT-SOFC electrolyte. Optimization study for the best carbonate wt %
composition in doped ceria is carried out using electrolyte compositions of 20, 25, 30, 35,
45 wt% (LiNaK),CO3-SDC. The best ionic conductivity is obtained for 45 wt% (LiNaK),COs-
SDC composite electrolyte (0.72 S cm™ at 600 °C) followed by the 35 wt% (LiNaK),CO3;~SDC
composite electrolyte (0.55 S cm™ at 600 °C). The symmetrical cell of the 35 wt%
(LiNaK),CO;-SDC composite electrolyte with lanthanum strontium cobalt ferrite (LSCF)
electrode in air gives an area specific resistance of 0.155 Q cm” at 500 °C. The maximum power
density of the fuel cell using 35 wt% (LiNaK),CO3-SDC composite electrolyte, composite NiO

anode and composite LSCF cathode is found to be 801 mW cm™2at 550 °C.

Vi
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R

g & Zatt $t agdl AT & FROT SHaTRA $o F 3AfP 3TN P HRUT FaTaoT
% TG TR Y FHIGAT 95 T$ §) T8 A opfedias vort Bl & forg @ 3iR fara
& o0 U gfepIoT Fi 3maradmar § 9 wes § 31k 1 yafaroity el 3 o &
AN B A U gESioF W 3 3{i1SS U9 Ao (SOFC) T 9™ T
ol BUIARUT 3YFOT & HU A G a¥g & 39 maRgcdr ¥ fie doar #
TARIATSSH B 3iTfavTgs $uF HIfRIHIsHT A Uiy &1 437 Hid 8 F 14 3
TH3NUHH! F FATe aaHH B fFafad B §

39 G A, &R a1 &g Hrafae & | HUIS DI T SHUAT B TeATdl aaH=
SOFC (IT-SOFC) & 3uaNT % feiy SHER sndgidise Al & U A GSIT it 3@l
8 g, a1 3iR A Aeifafaaw She ARk EiEh) -safe saagiaeed &
fafi=T T Y-IT ART BT YA HIP (Na,, Lis, Ks, Sr) -CO; 3R GDC &1
39ANT IR AR B St § WY sERi-wEaRe fAfsa seaeed ¥ Iwan
3MAfAeP ATADAT 25 wt% Li,CO3-GDC SRS (0.077 S ecm™ at 600 °C). ERT
feamar mar & 25 wt% (LiNaK) ,COs-GDC &1 243 Prafie fufsia fismr szt
31K 3RS PrefAe SHTRITSe B g1 A 3= 3T =Tetehdl (0.29 S cm™ at 600
°C) wefeld T &1 600 © C W, el FrafAe B A P fog ferer 2Afe =ae, 25
wt% (LiNaK) ,COs-GDC elagidrse 31 arsRl drEfe, 25 wt% (LiNa) ,COs-
GDC SAdRIATSE 224 mW cm™ (WX 555 mA cm™) 3iR 180 mW em™ (R 417 mA
cm™), Y 3% HH ATYHI SOFC & SRIRIATSSH & WU A YN HIA H F&H B
SIS ¥ enfer fR2Rar 3iR fefar (LiNa) ,CO; 3= 999 W PrafAe &I oifm &
PRI U YeT B Ugal A 7fdd GDC seiagiese #fge # gads fby 77 (LiNa)
2C0;1450 fEIlt AFTAT WX sintered IGTAT fRRAT 3R dThd ¥ gaT Terdl & GDC
&1 fogqul AeaT 1450 f&Tft AFTIT W sintering GRT T AT § 3R a1 A
gdfafia #Ea (LiNa) ,CO; (1: 1 wti 317uTe) & fAsioT % W1 goils H At §)
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FHfoie Snagiarsed b ARR® fadwanit &1 fasdyor vaw-¥ faada, ¥
Wagrepidt 31k o Afafifes fazeraor &1 3w &% faar sirar & foaa 6
AP ATABAT 30 wt% (LiNa) ,CO; THY SAIRIATEE 0.15 S em™ at 600 °C W
gas P B faaet gu fifsia fafsa seiegiarse &1 asfear weef 700 © ¢ W a9
3raR2T fafer (42 mW em? W 106 mA cm?) gRT AIR HI AT & dga¥ (192 mW
em™ W 485 mA em™) &1 573 mW em? (953 mA em™) T i-R &ifayfd IR o7
30 wt% (LiNa),CO3-GDC fiae gois 9y goagiciige A 750 © C U HAIT SIrar
8 oo gals fafsa sdagiasey &1 sngfd fagm, afa faeayor sik faga
RIS 3raa 38! a¥g A UTdl 2R WEAT & HROT Agar W& &1 uar =erar
E

SISt 3 31T, Prafe & T duifeie fy 17 Jufdar siis Ak (guSh)
U THANE FeRIATge F I € IS § BE IRAr ¥ wdds
FAME wt% T P folq 3P 3nad 20, 25, 30, 35, 45 wt% (LiNaK),COs-
SDC &I SAIEIATSE AT BT 3UANT Fb fobar <iraT & e 3t s
DT 45 wt% (LiNaK),CO;-SDC I9YT Seiarieise (600 St Afcia av 0.72 S
JT -1) 35 wt% (LiNaK),CO3-SDC HHY SAdRIATSE (0.55 S cm™) & folg ure i
STl &1 600° C) T W W R)feaw Piaree W3¢ (LSCF) SAdRIS &b 1Y 35
wt% (LiNaK),CO;-SDC FHfeie Sraeidrse bl HfHd A 500 ° C W 0.155 Q
cm’ BT TP & fafere afeRier a1 & 35 wt% (LiNaK),CO;-SDC JHY SAdRIeIISe,
fafsia Nio Ts 3R fafsia LSCF %eits &1 3uaihT o6 o9 A Hi 3iftisan
2Af g 550 f1ft AT W 801 mw A4t -2 yrar ST &
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