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Abstract

Development of an intermediate temperature (operating at 973 K or less) solid oxide fuel cell
(SOFC) necessitates the design of efficient electrode materials to carry out oxygen reduction
reaction (ORR) and transport at the cathode and oxidation of hydrocarbon fuels at the anode.
Towards this, ORR in double perovskites materials of series LnBaj.xSrxCoyFe1.yOs+s (LnBSCF,
Ln = Gd, Pr) was studied. Molecular dynamics (MD) simulations were utilized to calculate the
oxygen anion diffusivity (D) in the lattice of the double perovskite structured materials. In
general, anisotropicity in oxygen transport was observed. For example, oxygen anion diffusion
coefficient for the PrBaCo0,0s+5 (PBCO) material was calculated to be 3 x 10 cm?s™! at 873 K
in the a-b (Pr-O and Co-O) direction, which was observed to be higher than in the Ba-O plane
(D = 8x10” cm? s7! at 873 K). On doping, PBCO with Sr and Fe cations, the resultant PrBa;.
S1rxCoyFe1.yOs+s (PBSCF) structure was calculated to show an order of magnitude higher
diffusivity (D = 1.1x10"7 cm? s at 873 K) as compared to PBCO. Trends in calculated
diffusion coefficients compared well with the measured electrocatalytic activity of the material
reported in other experimental studies. The electrochemical measurements were performed on
a geometrically well-defined nanostructured thin-film electrode, fabricated as a symmetric cell
using a spray pyrolysis deposition method. Electrochemical experiments on thin-film
electrodes provided an insight into the operating mechanism. Following the hypothesis of a
characteristic thickness (L.) below which the performance was expected to be predominantly
controlled by surface reaction, the L. for layered perovskite PBSCF at 863 K was calculated to
be around 3.2 pum. Interestingly, the dense thin-film electrode of PBSCF (1 to 3 um thick)
deposited using the spray pyrolysis method showed a thickness dependent electrochemical

performance suggesting bulk diffusion limitation.

In order to understand the origin of this diffusion limited electrochemical performance, density
functional theory (DFT) calculations were utilized to calculate the surface energy (y) and
oxygen vacancy (Eov) formation energies in the respective layered structures of PBCO, PBSCF
and GBCO. For example, the Eov in the Gd plane (98.4 kJ/mol) of GdBaCo0,0s+5 (GBCO) was
calculated to be lower than that of Ba plane (Eov= 266.3 kJ/mol). However, the surface energy
of the Ba plane was calculated to be minimum (y =7.2 kJ/mol A), which makes it the most
exposed surface, while it is least diffusive. Due to low surface energy values, Ba cations are
known to segregate towards the surface of the double perovskite structure. GBCO nanoparticles
of reduced size were expected to provide a desired control on the degree of segregation of the

Ba cation. The particle size of GBCO was reduced to 20 nm using a bio-milling approach,
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wherein the chemically synthesized particles were subjected to fermentation using a
microorganism. The measured impedance of the electrode made up of bio-milled nanoparticles
was improved by 15% as compared to the chemically synthesized material. MD simulation on
the GBCO nanoparticles indicated two distinct regimes of diffusion; one corresponding to the
surface and other to the bulk region of the nanoparticle. The thickness (2 nm) of surface shell
regime was observed to be particle size independent. The diffusivity of the shell regime (D =
3.9x 109 cm? s! at 873 K) was calculated similar to that of the core (D =2.51 x 10'%cm? s™!
at 873 K). Thus, nanoparticles showed improved electrochemical performance as compared to
the bulk electrode, likely due to reduced Ba cation segregation in nanostructured electrode. In
a similar mechanistic approach, for the design of anode materials, an ab-initio microkinetic
model (MKM) was constructed to screen electrocatalytic activity of the transition metal
catalysts (Ag, Au, Cu, Pd, Pt, Co, Ni, Ru, Ru, and Re) for H» and CO oxidation at low,
intermediate and high operating temperatures of a SOFC. The MKM utilized two descriptors;
carbon and oxygen binding energies on the surface of the metal catalysts, to describe the trend
in turn over frequency for the desired reaction at the open circuit voltage and on applying a
potential bias. The MKM was further implemented to design a bimetallic alloy catalyst to
achieve maximum theoretical activity as described by the Sabatier principle. Pt;Ni, Pt;Co, and
CusRh were observed to be the best anode catalysts for intermediate temperature (873 K)

operations.
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L3108

Ush FEITAT dTIATA FT faamrd (973 K IT 38 FF) 31T ATearss SU Tel (SOFC) T
HTeleT JiTeRefstal 1 el FTAfshar (ORR) T T et & ToIT FHerel Felerels HHIM &
f3SgaT &hr 3TaThdT gidT & 3R TAIS T grEsaaeh ST & $HUg AR HFdhior I
aRael gIclT ¢ | SHeHT 3, HWell LnBa1«SrxCoyFe1-yOs+5 (LNBSCF, Ln = Gd, Pr) & aTgY
qhiaTSeH AATIAT 7 (ORR) &1 3eggeT f&ham arm| 3moTfaeh arfaeiierar (MD) faeerere
T 3UANT S99 RIASE TRT T & SATelt F 3iTareliore 3m=it Birfafefad @) fr
IUTAT ¥ & ToT fohaTm aT 2| T dik OX, 3ol aRags # vfaaeifafadr ¢
a5 ATl 381807 & foIw, PrBaCo20s+5 (PBCO) AR & forw il 3Maal & AR
AUTieh T T0TAT 3 x 108 cm? s H 873 K W a-b (Pr-O 31 Co-O) e & & 771 o, fo &
ST 91T AT Ba-O TdE (D = 8 x 10 cm? s 873 K IX) & 318 g SYfer qx, deifian
AT 3R ThT & a1, IRUTAY PrBa-«SrxCoyFe1.yOs+s (PBSCF) TXTT sl IRATIT &
3R ! 39 fe@a & AT IuEr T 15 2 (D = 1.1 x 107 cm?2 571 873 K X)) Sieft3i
Il & | 31 YA faTeh 3reaaiait # ROIE hr 718 AT Y AT gelerelhe fafeen arfafafer
& HIY JolATcHS & H I0TAT THR T[0T H 1T | faegd Tamdiae AT T SArfad
T F IS g T IRANT Adigares Idell-fhed Soldcls W fhU a0 &, th T
T sara AT &1 39T deh T TATHT Tl o 9 H IGT IAT| Toll e
gades W faega Tarfds wael & AT aF 7 v HAife e |+ v
faAwar Alerg (Lo) A IReveTaT & dre, e Jedie #1 37flc H&T &9 & Falg Hr
giafsrar & fFafa $r S oY, 863 K 9 TR gepfaarse PBSCF & foIw Le &I 310
ST 3.2 um 1 315 At | feoraea &, NTadiesd (1 8 3 pm ) & a1 ol [thed Selaeis
oY T IS A TR o7 SUaT el STAT foham 1 2T, Toredd veh Hiers W 38R faegd
T Yede @ aram ar S e JHR AT & 1 & B

38 YOR AT faegd Iaafas gedie & Scufed @ @Hs= & fow, s,
FreTaETs 3R ST fr Gafed TaRd TIABET J Tdg S (y) 3R 3iadeeT
RfFT (Eov) I8 FaiT FI VAT et & fAT Gedca HrTcHS g (STUHET) I0TAT il
3T TohaT 31T AT| 3ET80T & foIT, GdBaCo0205+5 (GBCO) & Gd TeleT (Eov = 98.4 kJ /
mol) 7 Eov #T I10TAT Ba Toiel (Eov = 266.3 kJ/mol) & Joiell # e &1 15 T | gTenifeh, Ba
g T TAE Foll 7T (Y = 7.2 kd/mol A2) glel 1 01T 1 91 2T, S 38 ey 3110
39K HAE Sl &, Sdfh Ig FH @ wA AR §1 A TdAg Foil Hedl & HROT, Ba
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eI+l I el ThATSCH TITT I T T 3R 3Tl Fled o ToIT AT SATAT § | FA
3R & GBCO A=iehull & 3FHIe i 5T 18T &Y foh 9 Ba 3€T0T & JYUFh0T AT f3af
T qifSd =0T Yetel Y| Sa-fAfeiT gfieehor &1 3uter vch GBCO 3 FHUT 3THR i
20 nm T A Y T I o, forae gawshal 1 3UANT e TH s & § Heol ¥
HUT T fhvast & 31T fohar arar a1| Sr-fFAes AAafiésed & o soleels & AT
ST T THA AR T & TLA I T A1 TefalT 7 15% TR 37 AT| GBCO =A=AIhont
W UAS AT A FER & T HT-3eMT AEAT T Hehd &2, T Hag 3R 37
AU & Ul &1F & ToIT 34T| Tdg Wil 2ATH FT ACTS (2 nm) HUT HTHR TATT gld &
T FAT 3137 AT| AT ATHT T fAfayar (873 K 9T D = 3.9 x 1071° cm? s°1) &hr 37077
PR (D = 2.51 x 109 cm? s 873 K) & THAWT &I 75 A 3T TR, IR0l of
SoIFEIh{Hehel TeLlel &l Uleh SIS i Jolell H S TGWT g, HITa: Aearegeer fhy
T SolFCIS H Ba eld 3eldNd & hRUT| Ueh TATT JAdd T 0CHIUT H, TAIS FATIDT o
fEaTse & forw, Ta-sfAfea) AgHIhaies Alse (THSTHA) T HHTOT HHHOT LT ST
FI SelFcihelellce ITararer (Ag, Au, Cu, Pd, Pt, Co, Ni, Ru, 3R, Re) & forv fohar arar
UT| T SOFC & &A, FLIAdr IR 3T ATRIET daaa@TT W Hz 3R CO ifaredor &
foT Ru, 31X Re) | ToshTa o &Y f3TBAeex & 35T foha; €1 3 ST Tclg T I
3R ATl STEFHRT Fott, Gl Hiche dlecsl W ifod Fiafhar & fav rgicd «
3gicd @1 aulel Fal & T 3R v Forfa qafarg &1 o] el & forw| vashes i
greTfeaR fgid ganrr aftla sfteda dgifas afafafr & gcg &= & for =
ciatricash A% 4T 3coReh f3oTgeT il & T o] foham aram 41| PtaNi, PtsCo, 3R
CusRh &I FEIGT dT9HATT (873 K) & TdTelsT o TolT TAHSS TaAIS 3cUReh AT IAT|
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