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Abstract: The electrolyte is one of the core components for solid oxide fuel cell (SOFC), which
is a new energy conversion device. To promote the development of intermediate-temperature SOFC,
the electrolytes should have high ionic conductivities under medium temperature conditions (500 °C
~ 700 °C) and have good long-term stabilities in the fuel cell operating environment. In this paper, the
research progresses of oxygen ion conductive electrolytes, proton conductive electrolytes and
composite electrolytes are reviewed, and the difficulties inhibiting their development and applications
are analyzed. Finally, the development trends of medium temperature electrolytes are proposed.
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Figure 2 Schematic representations of (a) “electrical grain boundary” and (b) oxygen vacancy profiles in the
space-charge layer model
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Fe™™ Al Co™ 1 175 ¥ 4% S5 A1 BARK 22 18] R 200 75 T8 (19 VE FH I 2 e

WIHT SRR, 22 ) PR O P ot A 38 A L PSR o AN AE QKR E5 M (BB S kD) FE AR IR
, mAMER TSRS TS, BN SREREERS, XREER AR
Tschope % N Fe W, BliF CeO, i HL MR ok R ST IR0vs /N, FL bl G 1K, Y5 AL AEFRAI . Christie
2 NPOURIE Fe R, BEF Gd 524 CeO, HMRIR GBI ~F IS, i A B T A R A 1 3 S DLt
I, SRR FEYCR A AR, IR RS R, A B TS A T L K . Martin
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Bi,O; R | YSZ R, HMRFLE 500°C ~ 800°C i [ N R I T 8 i fa e
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1.4 LaGaO; EHfE R
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Figure 3 The electrical conductivity of 20 wt% ESB-YSZ composite electrolytes measured at 750°C in air
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Figure 4 SEM images of (a) the cross-section view of anode supported NiO-LDC/LSGM/LSCF solid oxide fuel
cell and (b) the high-magnification images of the anode support
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La 7% CeO, (LDC) i JZE, #4% T LSGM FI Ni KA MM . ANid, 24 LDC i EEHn, ik
Ak Ni 9 HE] LSGM Bl ; 4 LDC W ZEJER, N2 SBUEMR KBTS K. Bozza
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TR, 2R B AE i NIO 4K Bk 78 1) LDC FHH: (&l 4). ZEMAFE LDC diERE, X
BEIE G Ni Al LSGM (MR R N, 315 T 8wt st bEfE (700°C I i% ] 750 mW/em®).

LG I B K 2 Rk 2 LGN, 5 FEBURBIRBIA R . VEE P E RS R A R A&
PSR 7 —Fh B A 1 B ALE S IBARA L, G W IO iR B AR/ P AR . R R
B KRB % T (NiIO-GDC)-LSGM FHRSZH#) SOFC (& 5). 13X — ik (14 FH AR Sl AR 25 444 ]
T NiO &5, Hikf 7 NiO il LSGM LRI 2 7] (1) sl OB, AT 3R A 1 B8 g (1 st PERE (700°C
& E 1.61 W/em?®) B2,

Bl 5 %4 VR AE % %] & B (NiO-GDC)-LSGM/LSGM/LSCF #.3ty (a) Wi & (b) FEA% £k 5 # SEM B A
Figure 5 SEM images of (a) the cross-section view of (NiO-GDC)-LSGM/LSGM/LSCEF solid oxide fuel cell
fabricated by a freeze-tape-casting method and (b) the high-magnification image of the anode support
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H,0+ 0§ + V5 — 20H Q)

BEAN, PERAS IR R A P AT R A AR
A%y +%O2 — 0y +2h° (6)

20H}) +%Oz—>H20+2h' (7)

AL, XSS S YIEA R UR R ROV AE I S B AT REASTRICR PR T8
&, ERNESES PR RN 90k; EaE s EMmEAt FRINVES TFRBEFERIRES
k.

X (5) BIER TEREI TN, 12 AR s 5 7 B o 5 4R, P F) R AR T 7
FEFRIR N R FAEERR 7. MR, A PREMEREZENT &N, ik FaRETFRAE
ERF TN, AT HREREFNRTRSE, BTSE0 THEREAREE S, —BIKT 700°C ¥4,

H RTWF R 2 FIAS R B T SR & 324 BaCeO; i3 4% BaZrOs. Hidt, #5244 BaCeO; N HEH
B B SRR 2 HUR T T SOFC i3> 657681 SR, 54 BaCeOs; FEALMIFE CO, F HoO "R
g fk s Ra s AR 220 970, 28 107 atm ~ 107 atm [19 CO, F BN ] 5 CO, & 4E 3 2E B BaCO; Al CeO;.
TERKIFAT, B4 BaCeOs FEAMMILTE ) 57K N A B Ba(OH), 1 CeO,. SOFC {5 H A}
SR IR E A K SRR TS, ik, BB BaCeOs 1k RICIEN FH T &K RN
. 524 BaZrO; 7E CO, Bk H,O AU B JEH L R Atk R 7, wr LUl & SOFC %I

TAESG, (HRH T B SR AL, KA
2% BaCeOy BAL— ML A AT, BhAh,

Temperature / °C BaZrO; Hkesh it %2, 7 EAE 1700°C ~ 1800°C
1000 800 800 700 600 IR A AR BT, o B R R
] 2= 33 Ba ¥ K0 51 REM BHH 2> 04810, PG
B SRS B & SR 5 MR (8 RN (F

JEARY L) LA BHAR eIt S — R 1 )
X4 BaZrO; 1 BaCeO; 2 |8 0] LA A TC R
7 i, FTBA BaCeOs B2k Zr JHBLIBA L
L4 1%, Cee T LA 20 12 785 P AR R 10 1 2 e O T4
§ T R Ze B2 EXMRNL R
3 Rl HIRERIRW . 2 Ze B ERAKK, MES CO,
S 10°F | o—y_02 ] U H,0 KBRS B 2 Zr B2 A H] 40% I,
o e PRHE CO, Al HyO USSR AR T 4
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W GBS R LML WG (8 6), R, Hopeshi
ot e Mz, Wik, &0 Zr 548N S H
1000 7" /K’ BRI B G 4 SR e P = S R A e 2
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Figure 6 The electrical conductivity of BaZro, Cep7Y02055 (BZCY). ZMEHE CO,

BaCe9-xZ11Y (1035 electrolytes measured in wet H, SAMKESRER T BB SR EN, FRE
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600°C LA B A L YSZ LK GDC 254 & 1 Sk
HER SR (B 7), A& —Fhi s Ag
(5T SRR . EILEERE |, Yang A 1
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BaZr1Ce7Y01Ybo 1055 (BZCYYD), 4K} 1) i T
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10 h A BEIRAF SO I, o & Ao IR AT SR 42 ?3

5 Ba V. § 101

JLE BZCY Fl BZCYYb MR & Rkl Kb

HEh T - S50 SOFC 1) 2, (LI kA R AE P T T a7 T T
FRRAEI CO, UL S 2 MR BS T ) ‘

N fm : “W@}in*ﬁ* B 7 TRAREE O, THH %
OIRGE . UL, A0 B — D R IX LR R e Figure 7 The electrical conductivities of different
ZEMRE L AL SR M electrolyte materials measured in wet O,

2.2 EE15KT 454

BEN S58910 701 0N A3B'145B"2«09_5, HH1 A TR Ba 83 Sr, B' M B” 43 AR 4
AT 4B B T - BasCay1sNb, 5,00 5 (BCN18) [H HL 5 w1 oA X AL S h ik 7t i % ik &R 110,
PL BCN18 JNHL#E 1) SOFC 7E CO/CO, M5 TAE 100 AN/ NI RFR RS €, Tom AR LF ik
RaEERH, AR, ST BONIS [H S RIMIRSE R AT H A . Nowick 25 N*&HL BCN18 7£
600°C {5 T HLU SR 208 107 S-em™, B FIEBEKT 0.98. Schober 2 ATy 7 th 2 %44
BHE 700°C BABREESE (0.07 S'em™). {HA, Norby 25 N7 7t 20 &L BLAH R 46144 F BCN18
SRR 55 x 107 Scem™'s B T BCNI18 /R R7EHL SR MAFE S W Ah, H5A— B A2 %
MR B e PEIR 22, 8 75 B 1600°C R T A febeds g™,

3R AHMM

54 BT A B A B T HL S P RS RO B RS A T B A AT B AR R . 5
5T DAfSE % FELAR R P 1 B SE AR A LA . B, DCO/BRIR #5524 L fifJit 6 T LA DCO 7EAR 44>
JEEGE R UR T P A BT S, SCRENS AR DR ERAE e LB AT M h AR 2 MR ZE 1) . DCO/BaCeOs
B G HMEFER 7 DCO AR T HLT, EREWEAR IR BaCeOs fE7 COy HyO U LA
ANFERE ) 1A i

3.1 DCO-fhfRth E S B R

2001 4F, Zhu 25 NP GDC-BR 35 HIME SOFC I FLMR T RRL, A BB TE 600°C I i H 5
FEik 0.2 Slem, FEAHRNRE T HtH K Th &% Bk F] 580 mW/em®. HHALZEMEREL T A LB
TR EL/TH IR EL/WEFR B B A H R R R . [k, DCO-TRERELE & R 32 22 9%

£ DCO-TiER b 2 & ff@ i b, DCO M@ % v SDC. GDC %%, BRI L4 il Nay,CO5. K,CO;
KIER]T (Li/Na),COs+ (Li/K),CO3v  (Na/K),CO3 55 —JeHt A i AT (Li/Na/K),CO; =753k #h. DCO
AHFNGR IR ERAH B ST AEEAR BAEF, PR3 0m AN, A B et podimiE . ik, ®_eE4
HAL AR R R LT B A B TR s B S %, Jing & APUSRH SPS vEHI T 4K S5 K SDC—
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(LiosNag2sKo.25):COs HUR, 7E 600°C HL S HiA 1.23 x 107 S/em. Xia 2 NPaF st Em], R
24 DCO AR 25 (1) e 76 & BEYE I, 526 H A 0T () S T A Re 3 I HE I 35 3 o A8 N o SR R 26 Pl
BIE (< 10%), BUICVEAE A HUAR T - I O S AR ST s A SRR IR ShLL it & (> 50%), o
Rk, FECEMARENE.

5 DCO HMRF K S BN A, DCO-BRIR L 5 & @ F 2 —Fh H . 0> 3L [F{% 54K . Huang
2 NPT SDC—RIE R4 T SOFC, #EE/S/2 MR 2t T W08 21 B i 19 A W% R0 o A2 793 0 5 A
KR, ESE T DCO-BRIRELE & A R 7748 OF 1 H 465, Zhao 5 NP By VY s bl ik
W9t 7 i E A R R T AT N, 48K, DCO MIMBRIR AT HfEE O M5, H £
PAAFAE T IRIR SRR DA At . AR R RBIP), [ HRSAR I CO,, 3T DCO-TRIREE
A AR Y SOFC ] ASRAS B i Th, IEB T CO, MAA/E Rt i i (1 8 15 5

DCO-KIE £h 2 A H MR I S Fh i+ A& SR BCN R 2%, A Rt ATt — B4R A .

3.2 DCO/BaCeO; £ E & HfRR

Venkatasubramanian 25 A\P9fll Khandelwal 26 AP14 7 DCO/BaCeO; HH & HMRH., HH—
DCO Hf#RFA L, RHZE & HETH %K SOFC RBLH T & T # L (Open Circuit Voltage,
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