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ABSTRACT

Perovskite anode materials with impregnated and doped electrocatalytic elements have been synthesized
and tested in solid oxide fuel cells (SOFCs) to study their kinetics and performance for methane electroox-
idation. In the initial stages, the efficient electrocatalyst combinations for methane electro-oxidation is
studied. Various oxides like cerium oxide (CeQO-), cobalt oxide (Co30,), iron oxide (Fe30,) and copper
oxide (CuO) were impregnated over the nickel cermet (N-Y) to yeild Ce-N-Y, Co-N-Y, Fe-N-Y and Cu-N-Y
anodes. The kinetics of impregnated cermet anodes were studied using a three-electrode set up with an
asymmetric reference electrode and the electrochemical rate constant, exchange current density (ig) is es-
timated. The CeO,-Ni and Co304-Ni combinations in Ce-N-Y and Co-N-Y anodes perform better compared
to all other combinations with maximum power density of 436 mW cm~2 in CHy. In the latter stages of
the study, uni-doped (Lag.3Sro.5TiO3_s, LST4_) and bi-doped (Lag.3Y(.1Sr.4TiO3_5, LYST 4_) perovskites
anodes are synthesized using solid state route and the oxide of nickel (Ni) is impregnated into the porous
structure of full cells containing LST 4 and LYST 4,_ anode using infiltration technique to yield (04)LST 4_
and (04)LYST 4_ anodes. The kinetics of impregnated perovskite anodes, (04)LST 4, and (04)LYST 4_, were
studied similar to impregnated cermet anodes and iy values are estimated. The iy values of (04)LST 4 and
(04)LYST 4_ anodes were 25.3 mA cm~2 (8.9 mA cm~2) and 20 mA cm~2 (7.5 mA cm~2) in Hy (CH,).
The obtained iy values were higher compared to traditional nickel cermet anodes of 3.1 mA cm~2 (1.8 mA
cm~2) in Hy (CHy). But, still the performance of (04)LST4_ and (04)LYST 4_ anodes were annihilated in
CH, environment. To improve the performance in CH, environment, cerium oxide (CeO,) is impregnated
along with NiO to yield (84)LST 4_ and (84)LYST 4_ anodes. The ij values of (84)LST 4_ and (84)LYST 4_
anodes were 154.6 mA cm~2 (123.5 mA cm~2) and 161.6 mA cm~2 (133.2 mA cm~2) in H, (CH4) which
were higher compared to Ce-N-Y in Hy (121.8 mA cm~2) and CH4 (83.3 mA cm™2). The (84)LST,_ and
(84)LYST 4_ anodes yielded a maximum power density of 490 mW cm~2 and 430 mW cm~2 which was
higher compared to Ce-N-Y anode in CHy. The impregnated perovskite anodes were also compared with
doped perovskite anodes, Lag 3Srg.5Nig.04Tig.0603_5 (LSNg.04T4_), Lag.3Srg.5Nig.16Tig.8403_s5 (LSNg.16TA4_)
and Lag 3Yg.1S19.4Nig.04Tip.0603_s (IYSNg.04T o) where the former outperformed the latter in terms of per-
formance. The reasons for annihilated performance of doped perovskites were correlated to the structure-
property relationship of the tailored perovskites. Finally, the improved performance of (84)LST4_ and
(84)IYST 4_ anodes is attributed to the combination of mixed ionic and electronic conduction, oxygen va-
cancies in perovskite and induced metal support interactions between Ni-CeO- as observed using x-ray pho-
toelectron spectroscopy, temperature programmed reduction and chemisorption studies. In addition, other
physical characterization techniques such as X-ray diffraction (XRD), field emission scanning electron micro-
scope, energy-dispersive analysis of X-ray spectroscopy, high resolution transmission electron microscope,
Raman and photoluminescence spectroscopy were carried out to assess the phase purity, microstructure,
constituent elements, carbon deposits and oxygen vacancies in tailored anodes, respectively.

KEYWORDS: Perovskite; Exchange current density; Kinetics; Methane .

ii



R

WRIXFHEe TS AlRT auT SIS sadcIbefdled Taihe YA farar mar qurdiers siiass
WA A& (SOFCs) T Wi Faiae 1 fiaiSRM & foft 3% driciad 3R UG &1 3reaa fopar 7 |
RIS RO H, TRRIRIUC SadeibeleRe & fod HdT TRiieRur srerg foar orar g1 fafve
TS S ANTH TFTES (Ce0y), PIATT HRTZS (Coz04), SR HRISS (FesOs) 3R HIR
TRITSS (CuO) B! FFd THT (N-Y) F FHW Ce-N-Y, Co-N-Y, Fe-N-Y 3R Cu-N-Y TS I
B P FIT I 7 47| SO AT TAISH F BICIHT Bl ALY T JH-5aidale HT SUINT
TR TP 1Y WU | Srqafid e saaers iR faggd Imfe X RR, i 4R 997 (io)
3IATAA 8 | Ce-N-Y 3R Co-N-Y TAIS H Ce0,-Ni 3R C0;04-Ni TS CHs H 436 mW cm? &I
SHTYHTH YRT T aTat 37 T+ TSI o o S8R UaRH HRd ¢ | 3199 & 91 & RO |, -
SIS (LapsSrosTiOsLSTa.) 3R fE-8ITS (LaosYo.1Sr04TiOs, LYST ) UHcHZCY TAIGY & Jifis W
T BT FUUNT HRb YA [T ST 8 3R b (Ni) & RIS B LSTa MR LYSTA THIS Jad
qof SBT3 Bt URY TR | Efthee I dHh-1d BT YT HIb (04)LSTa. 3R (04)LYSTa TS
T B P foIT AT STl B 1 SUDCS RITBISE TALS, (04)LSTa. 3R (04)LYSTa. P BT &I
LT STICS IRAT TAIS & THT T T AT 37K i W T S TR TR | (04)LSTa. 3R
(04)LYSTa. TAIS & ig AT Ha (CH4) T 25.3 mA cm (8.9 mA cm2) 3iR 20 mA cm2 (7.5 mA cm?) ¥ |
UTWT ip AT Ha (CHa) T 3.1 mA ecm? (1.8 mA cm2) & URURS Fievd IRAC TS &1 o | 31 |
AfBA, B 4 (04)LSTa. 3R (04)LYSTa. TAIS & USRI &I CH, TATEaR § ¥ &R faam T CH,
gIdTaRul H UeRH &) S8R &9 & T, Nio & 1Y AR TRITSS (CeO,) BT T (84)LSTa. 3R
(84)LYSTa TAIS & foIU <IN ST 81 (84)LSTa. 3R (84)LYSTa TAIS & ip A Ha (CHq) | 154.6
mA cm (123.5 mA cm™2) 3R 161.6 mA cm™ (133.2 mA cm2) &S H, (121.8 mA cm™2) 31 CH4 (83.3
mA cm2) T Ce-NY & a1 H 31fIF & | (84)LSTa. 3R (84)LYSTa TAIGH 7 490 mW cm2 31R 430
mW cm2 Bt YHTH YRT T-cd U fobdT St CH, H Ce-N-Y THIS DI g H 31fdes 1| SUACS
L\N\N'Hﬁc Q"|\|6\‘H aﬁ ?;],FFH g.T%- aﬁw Q:h?:\ﬂ, Lao3Sro.5Nio.04Ti09603-5 (LSNo.04Ta.),
La0.3Sro.sNio.16T10.8403-5 (LSNo.16 TA-), 3R LaoY0.1Sr0.4Nio.04TioosO05- (LYSNo.04Ta-) el UeRiH & A
¥ Ugd aTel | 91 aTd § dgaR UeRH 6ha1| Siue RIshscy & THiigecs RBIHY & BRI ®I
RIXHTZeY P WaeR UITE JAFRIT JeTaG BT Tar T | 3fdH, (84)LSTa. 3R (84)LYSTa TS
& JER UeRH &I fHfd smafie iR 3aiaei-e areH, TRiumse # Siqfior de=aie, 3R Ni-CeO,
& o9 UG U1g TEH SeXaRH & TaioH & oIt foiHeR ST 741 §, SN fh TaRiX Wieigaas
W DT, TqeR T RSfR, iR FHiRfeiT i &1 Iudi #d /1 141 51 3qh
3T, 3= Hifdd Tef0T quiH dhriie oid TaRI-X faad (TasiREh), Hice TR Wb Saaei-
ATSHhIDIY, TRI-Y WaRBIU PI TAM-owRg TARN, S9-Rellcg=H ¢eRM gadci-
HTSh RGP Y, T 3R I R Wb IU gRT SHHRT: el IRET, ATSHIRERR, U dcd, HIa

fuifored iR s TAed H HTaioi db—=iIe BT Th T B & ford fhar Tar U7 |
Flas: NABEC: TRAS Dic SRS BIEgicay: WA
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