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Research Progress on Proton-Conducting Reversible Solid Oxide Cells Materials
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Abstract: Proton-conducting reversible solid oxide cells (P-RSOCs), capable of conversion of chemical energy and electrical energy
with a high efficiency and a low cost due to the low activation energy for proton transport, low operating temperature and fuel
flexibility, is considered as one of the most promising electrochemical devices for energy storage and conversion. This review
represented recent research progress on P-RSOCs. The material systems and fabrication processes of electrolytes and electrodes were
discussed. The application prospect and future direction of P-RSOCs were analyzed as well. The perovskite-based oxides are regarded
as the critical materials of P-RSOCs due to the diversified composition and modification methods. The fuels flexibility,
electrolyte-electrode interface, and the long-term stability are challenges for the development of P-RSOCs.
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Table 1 Comparison of conductivity and sintering temperature of proton-conducting electrolytes
Electrolytes Atmosphere Test 5 Conducztivity . Sintering . Reference
temperature/‘C 0x10/(S-em ™) temperature/ C
BaCe4Zro4Yo.1Ybo 105 N, (Pi,0=0.031 atm) 600 2.80 1 500 [27]
500 2.00
BaCeg 35710 24500.16Y 0.1 Ybo.1 DY0.0s03.5 Air (3% H,0) 600 0.83 1550 [30]
Ba(Ce.7Zr0.1Y0.1Yb0.1)0.95Pd0.0s03-5 H; 3% H,0) 600 1.60 1 400 [31]
BaCeg ;Nbyg05Ybo 25035 Air (3% H,0) 600 2.15 1 400 [32]
Ar (3% H,0) 1.93
BaCeo 7Tag.05Ybo2503-5 Air (3% H,0) 600 2.12
Ar (3% H,0) 1.90
BaCe.71Wo.03Yb02603-5 Air (3% H,0) 600 2.35 1400 [33]
Ar (3% H,0) 600 2.10
BaCe71M00.03Yb02603-5 Air (3% H,0) 600 2.19
Ar (3% H,0) 600 1.95
BaCesHf)3Y0.1Ybo.103-5 Ar (3% H,0) 650 0.80 1450 [34]
BaHf 7Ing»Sny 105 Wet air 700 0.57 1 600 [35]
BaZrysHfy» Y0205 Wet air 700 0.84 1 600 [36]
BaCey-Hfy Y2055 Ar (3% H,0) 600 1.89 1 400 [37]
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— EPERT A Gdp3Cay7Co3 8:Cug 130 5 (GCCCO)
B Ca,CoO; Fil CoO, ¥ ¢ HHHMERITI AL, #5CLIZ 451
M Gdy Cu BBt 7T REA AL, BRIMEHIR
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Sr. Ba)H i T4 SHLEE, $2H —FhE i S AR
A, O 5 HE MR L IH A O, ¥
el 2 S AR R I

REE Co FAHWMAAM RN ERE, H
KZH TEC 5L, R Co Mfk¥it&
bt v 2 FAAIR S TR, 3L Co A B w07
R 2 HIRIEFE AR b Tl A = R RE Y T Co 28 UL
Wang 218 1 31 I 45H9 ) Lag7S103Mng7Nig303 5
(LSMN7373), UL RIFHI/KIEE 1, MRS

LSCF6428 AHIT, HAMRIFMIKIER 1. Zou %P4
BT B = E S R BaCe 6Y004Fe0305.5(BCYF),
Ce* Al Y [19#57% 4 BCYF BCAXUHE & HFEL 43531
T3t H A O K99 8. AP, SroFe; sMogsZre 06
(SFMZ)®™ | BaFe(sSng,Big:055 (BFSB)P! #iI
La 6St0.4Cug ¢Nig 404+5 (LSCN)P R KB ELII T Co
2SS BN P-RSOC FIBEHR AL T 8 £ ik %

bR 1 AN B ALIIBHES T454%, {EH CL A F
S5 FL AU R 10 I 18 0 40 BUAR B 28 -t A AE W T LA
g A R ERE %), Zhang PRI Cl B4R 4RE
2T B AL E &R B 1k S, N 1 AR S AR
L T R B R THER T 50%, 7ERIRE CO, S5t
BA RIFMFaE . Liu 9408 7 —F F 54400
& Co T HLMK BagosCagosFeossSnoosYo1029-5Fo1
(BCFSYF), #HLLT BCFSY, O (RT3 241K,
HSREERT. R 2 BR 7RSS ER
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Table 2 Comparison of electrochemical properties of air electrodes

Test PCFC mode PCEC mode
Air electrodes Electrolytes temperature/ Power Current density/ ~ Reference
c Fuel density/(W-cm ) Voltage/V (A-cm®)
PrBag sSrosCo1 sFep 50545 BCZYYb4411 600 H, (3% H,0) 0.80 1.3 1.92 [28]
Bag.os(Cog.4Fe04Zro.1Y0.1)0.95Nig.0s03.s  BCZYYDb7111 550 H, 0.54 [67]
Bag sSrg sCogsFeo 203 5-BCZYYb7111 BCZYYb7111 600 Hy/Air 0.88 1.3 1.10 [69]
BaCoy.7(CeosY02)0303-5 BCZYYb7111 600 H, 0.74 [72]
NdBay 5Sr5Co1 sFeg 50515 BCZYYb7111 600 H, (3% H,0) 0.69 [73]
BaCog4Fe94Zr01Y0.105-5 BCZYYb7111 600 H, 0.65 [74]
PrNip5C00503-5 BCZYYb4411 600 H, 0.61 1.4 1.72 [75]
PrNip5C00503-5 BCZYYb7111 600 H, (3% H,0) 1.25 1.4 3.07 [76]
PrNij7C00303-5 BCZYYb7111 600 H, (3% H,0) 1.62 1.4 4.00 [76]
Pry»Bag»Srg2Lag,Cap 2Co0;-5 BCZYYb7111 600 H, (3% H,0) 1.16 1.3 1.75 [77]
PrBay 3Ca,C0,0s5:5-BaCoO3 BCZYYb7111 600 H, (3% H,0) 1.06 1.3 1.51 [82]
Gdy 3Caz 7C03 52Cug,1309_5 BCZYYb7111 600 H, (3% H,0) 1.16 13 2.13 [84]
BaFe( 5Sn,Bip303-5 BCZY712 600 Wet H, 0.84 [91]
Ba(Cog4Fe)4Zr01Y0.1)0.9sMg0.0sO03-5 BCZYYb7111 600 H 0.85 1.3 1.24 [96]
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1.22 A-em 2. i ISR AL FEGIE 19 BCZY Y7111 £
CFHRERE 0.28 um) 10 min, $EFFREFLAEZ(0.77 um),
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