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Abstract: PrBaFe,Os.; (PBF) is one of the most promising cathode materials for intermediate-temperature solid
oxide fuel cell (IT-SOFC). Although PBF possesses similar area specific resistance (ASR) to that of Co-based cathode

materials, electronic conductivity of PBF is an order of magnitude lower. Up to now, various doping strategies have

been reported to enhance the electrochemical performance of this material, but still leaving it an open issue. In this
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study, PBF and Pr,,Ba;_,Fe,Os.5; (PBF,, x=0.01, 0.02, and 0.04) materials were synthesized by replacing Ba in PBF

with excessive Pr using a Sol-Gel method, and their electrochemical performances as IT-SOFC cathodes were

evaluated. For x=0.01, excessive Pr enters the lattice interstitials of PBF. For x==0.02, 0.01 (in molar) excessive Pr

occupies interstitial sites, while the rest replaces Ba in PBF. Over the temperature range of 650-800 ‘C, excessive Pr

promotes the conductivity of PBF, and PBF,,, exhibits the highest conductivity of 109.21 S-cm™', improving by 76%,

which is attributed to the reduction in electronic transport path length. Furthermore, the excessive Pr contributes to

lattice stress and dislocation density, reducing oxygen reduction reaction (ORR) activity and slightly increasing ASR

of the cathode. Compared to PBF device, the peak power density of the Ni-SDC|SDC|PBF;,; (SDC: Smg,Ce( 30, 5)

single cell increased by approximately 49%, indicating that excessive Pr can significantly improve the electrochemical

performance of cathode materials.
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Fig. 1 XRD analysis of samples PBF and PBF,
(a) XRD patterns; (b) Lattice strain and dislocation density estimated from XRD peak analysis
% 1 PBF 1 PBF, M¥REIZ=IR XRD B Rietveld 51E4 R
Table1l Rietveld refinement results of room temperature XRD for PBF and PBF, powders
Sample a/nm b/nm ¢/nm V/mm? Ryp Va
PBF 0.3930 0.3930 0.7858 0.121383 0.059 4.789
PBFy.0; 0.3929 0.3929 0.7867 0.121443 0.073 3.788
PBF.2 0.3929 0.3929 0.7865 0.121436 0.066 5.961
PBF 04 0.3929 0.3929 0.7864 0.121398 0.071 6.691

&2 PBF #10.0L(BER4 )T E Pr 7£ PBF BEHPAERRALBEN EHE S
Table2 Average binding energies of PBF and 0.01 (in molar) excessive Pr at different substitutional
positionsin PBF lattice

PBF Ba site

Fe site

Interstitial site (Ba) Interstitial site (Pr)

Eav/(eV~atom’l)
-9.831 -9.733

-9.422

-19.605 -18.511
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Fig. 2 XPS spectra of cathode materials PBF and PBF,
(a) Ols, Oy, and Oyq; (b) Fe2p, Fe** and Fe*; (¢) Pr3d, Pr’* and Pr*"; (d) Ba3d, Bay, and Bag,

% 3 PBF 7 PBF, BA#RAHIRE Pr3/Pr*' Fe*/Fe”. Oju/Onss T Bau/Bag, KIS E

Table3 Contentsof Pré*/pr#, Ee**/Fe?

", 01a/Oags, and Bay,/Bag, on the surfaces of cathode materials PBF and PBF,

Fe O Ba Pr

Sample

Fe** Fe** Om Oas Bayy, Bag, pPr** pr**
PBF 0.54 0.46 0.37 0.63 0.34 0.66 0.34 0.66
PBF0 0.73 0.27 0.39 0.61 0.46 0.54 0.43 0.57
PBF, 0.65 0.35 0.38 0.62 0.44 0.56 0.41 0.59
PBF.04 0.59 0.41 0.36 0.64 0.41 0.59 0.40 0.60

23 Pr IE2XEBESERNHN PBF & —fll p B0 G4k, HEIA 5 % B8R
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Fig. 3  Electrical conductivity analysis of samples PBF and PBF,
(a) Conductivity varied with temperature; (b) Arrhenius plots; (c) PBF, ¢ model

# 4 PBF 1 PBF, Fe-O g1
Table4 Fe-O bond lengths of PBF and PBF,

Sample Ly/nm L,/nm Ly/nm
PBF 0.1847 0.1981 0.1810
PBFg 0.2833 0.1786 0.2083
PBF, 0.2829 0.1787 0.2079
PBFy 04 0.2809 0.1792 0.2061
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Sample 2@rad pu/rad  Dyy/nm SH & ir(:;l)o
PBF 0.56148 0.077 2.7789 0.0667  2.5404
PBFy,; 0.56138 0.082 2.7782  0.0711 2.7067
PBF,, 0.56131 0.081 2.7782 0.0702  2.6738
PBFy0 0.56135 0.076  2.7782 0.0659  2.5087
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Table S2 Polarization resistance of symmetric cells
for PBF, PBF o1, PBFq g2, and PBFq 4

Sample 7/°C R /(Q-cm?) Ry/(Q-cm?)
650 0.035 0.269
700 0.018 0.050

PBF

750 0.013 0.009
800 0.008 0.007
650 0.075 0.305
700 0.039 0.052
750 0.020 0.008
800 0.010 0.007
650 0.063 0.277
700 0.035 0.047

PBF, 0,
750 0.019 0.006
800 0.009 0.006
650 0.050 0.260
700 0.033 0.042

PBFo.04
750 0.017 0.004
800 0.008 0.003

(a) PBF. (b) PBFg g1~ (c) PBFg g #(d) PBF o4 # K % I XRD HJ Rietveld 5155
Rietveld refinement plots of room-temperature XRD for (a) PBF, (b) PBF, ¢, (¢c) PBF,, and (d) PBF; s powders
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Table S3 Activation energies (E,/eV) of surface S7 PBF EEE SOFC IEM;M-*;'_E(JEE

oxygen exchange and oxygen diffusion

PBF  PBF,o PBF,p PBFyo SF . ASR TNEEINEZEH L

Surface oxygen 0.90 1.32 0.92 0.99

exchange 2 S T 3R JLAE KSR A AT 9 1) PRE A1

Oxygen diffusion 0.90 1.16 0.98 1.06
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Fig. S3  Cross-sectional SEM images of Ni-SDC|SDC|PBF ,; single cell after test
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#* sS4 PBF 5HT SOFC EMMEMAESE, ASR fIEEI R E >
Table S4 Comparison of conductivity, ASR and peak power density of PBF with other SOFC cathode materialg'®'% 33-5%

Conductivity

ASR at 800 C/

Peak power density

Cathode material at 800 ‘C/(S-cm™) (Q-em?) at 800 ‘C/(W-cm™) Ref
PrBaFe,0s. 5 314 0.015 0.462 This work
Pr; o1Bag osFe;0s.5 52.3 0.017 0.690 This work
PrBaFe; ,Nig1O0s-5 ~79.0 - - [10]
PrBaFe; oZny Os.s ~32.0 0.031(750 C) 1.060(750 C) [12]
PrBaFe; sC0p:0515 ~23.0 0.019 0.734(850 C) [11]
PrBaFe; G Os:5 ~45.0 0.021 0.856 [$3]
PrBaFe, Moy Os. 5 ~18.0 0.046 0.680 [$4]
GdBay St 5C0p.5Cuy 105 ~22.0 0.017(850 C) 1.060 [S5]
Sr,Fe sMog 4lng O 5 ~26.0 0.023 1.470 [S6]
Sr,Co; sFeq 4 Tag 1055 ~12.0 0.030(700 C) 0.656(700 C) [S7]
NdBagsCag C0:05.5 ~490.0 0.048 1.286 [S8]
PrBaCo:0s., ~670.0 0.026 1.088 [S9]
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