525 B 2 W Ml 1k 2 2% il Vol.25 No.2
2009 4E 2 CHINESE JOURNAL OF INORGANIC CHEMISTRY 339~344

IEMZK Egﬁg)ﬁ Baxceo.gHO()_zog,_a, H,‘J "—E,l" %'&&Eﬁﬁﬂa} EEJ‘&'HE ﬁE

IRA Pz
(BEWIFEFRAFT TR, HIM 224051)

FEE . R EAH RN %A T Ba,CegsHogs0;0(x=1.03,1,0.97) 5 51 [ 44 f ff 5t 83 K XRD 25 R 3R B | 45 b RE8 O 45 Bk 70 4t
T5 S EAREERE A i BE BT IS B ARBESE T BBHE 600~1000 °CTF BB 20 CORNR I 25 U T I S PR T BT E -2
BRI E T8 T MR 3R T2 T A O A RE A S R S5 SRR WT | TE 600~1 000 °CH & TE F P T Vi SRR I 4 R
ST, IR R SRR H TR B TR RS AR AR 5 DL R SR S [ AR A T A A s SRR R il M R B 8
VR A AR A T — 2, B JEfb A T i A R Ba,CesH0,05 o(x=1.03 ,0.97)5:ﬁ55€ﬂ$%ﬂ'i?ﬂ A Ak Ba,CeosHo,05 o(x=
1) o S SRR A 2 OB T R D R B T Bay gCegsHog05 A7 B 19 AL (1000 CHE | 72T Y Al U4
2.10x1072 S+ em™  FEMLE 1925 AT . 3.46x1072 S - om™) il KA A2 AOMORE A it i 1L D) 23 255 J82(1 000 °CHY ;122 mW - em™),

XK1 : Ba,CegsHogo0s o5 BIAHUMETT; S HLME; ORI R (LAt 41K
HESES. 0614.233; 0614.332; 0614.343; 0646 CEARIRAD . A MEHS . 1001-4861(2009)02-0339-06

Conductivity and the Fuel Cell Performance of Ba,CesHo,,0;, Solid Electrolytes

WANG Mao-Yuan QIU Li-Gan™
(School of Chemistry and Chemical Engineering, Yancheng Teachers University, Yancheng, Jiangsu 224051)

Abstract: A series of Ba,CeggHoy205,, (x=1.03, 1, 0.97) solid electrolytes were synthesized by high temperature
solid-state reaction. The crystal structure of Ba,CeysHo,05, was determined by XRD analysis. In the temperature
range of 600~1 000 °C, the conduction in Ba,CeygHoy,0;_, was studied by using ac impedance spectroscopy
method, the performances of hydrogen-air fuel cells were measured. The results indicated that Ba,CeosH0y,05_,
sinters are of single-phase structures of orthorhombic perovskite. In the temperature range of 600~1000 °C, the
nonstoichiometric materials (x=1.03 and 0.97) have higher conductivities in wet hydrogen and wet air and better
performances of hydrogen-air fuel cells than the stoichiometric one (x=1). In this series, Ba;3CeosH0¢205, has the
highest conductivities (2.10x1072 S:ecm™ in wet hydrogen, 3.46x1072 S-cm™ in wet air, at 1 000 °C) and the
maximum power output density (122 mW-cm™ at 1000 C).

Key words: Ba,CeysHo,05; solid electrolyte; conductivity; fuel cell; nonstoichiometry

Wi 14875 00 BaCeO, [ HLME AR Wi T, FM, AR A DL A fE A I = A =, oy
SAEUKE VAT EA R TSR A TRARENERRRE, 2B 7 AT R
RAATRA—ENAR T RN MAeER- WS EZ5ER,

23 SRR M 25 T BLAT TR] I 1) A% i 5 LR AR, X T AR LY BaCeO, 2K
BT EIRE -, X RIIREM R AT IR R BRI EC SR T AMTA AR R GE R AL,

Wk B 41.2008-10-14, Wt ki H 41.2008-11-18,

K H AR I 4 (No.20771079) ILHAE 3 i TR AL 5048 4 B AR B3 3 4 (No.07KIB 150126 ,08KJD150008) % h 35 H
*HIIE R A . E-mail :wmyqlg_64@hotmail.com

R EIOT, T 46 & BB WETT D5 10) DI REA R



340 Jd Hl fk

A 525 %

FEFRE X T ABO, £5Ek W B4k A P ok U | 38 XY el AR
A B BT H B (ny/ng), A LRE 95 LR 15 55 Bk 1 789 45
¥ AR BRAE 77 A BT AL G W B b,k SE R B 254 5
[E] A P A B 11 S FELRR 1 A 2 R T A AL T B
YIA G, R o] 3 0 24 WCAE /g B K/ E ]
I o T SRS A (N < R 7 U
Ba,CeosRE05 o(x>1,x=1,x<1;RE=Y,Sm,Eu, %) &
GIALA W B BRBA 2R | B 5 F ME RAR 2E R E E &
FORA DG | e G S R RS i, AR LR R
LA R R G548 i HoX LB R A5 A B TS ik
FHAFREEYAEREZW, Poxkm, dE
Al 27 Tk 28 AR AR P A T EL A B Ak 2 o 4 R
14 T A F A IO e 1 PR 2R R - AR R Y
AEM17 A L 45 Ba,Cey RE,O5(x>1,x=1,x< 1) 5545k
W AYSE A A W 9 L BB 25 4 55 H P R ] 11 ¢
F AR H A = A SO v i A BNk S
BT Ba,CegsHop05o(x=1.03,1,0.97 ) F 51 [& {4 H fi#t
T, FAR AR XS5 AT S0 5 T b b 1 it 4% 285 4
i LS8, FZS BB BRI e T 4 EHE 600~
1000 C [ N i & AR 28 AR P S
LA Ba,CeggHogy0s 4 [EVA LA BT, 2 FLH 40 R He
WA A} | 2H i -2 SRR L Tt I T R R FR S A
I B P R R AFSE T AR AR 2R T R AR
XA A S R R -2 AR F b P R A 5 s

1 SEIeEy

1.1 #RMHEE

& Ba,CegsHoy,0; o (x=1.03,1,0.97) (4 3 &t Lk FR
it Ba(CH;CO0),(w =99.90% , [ 24 £ A . 2% 1 ) A
B2 Hl), CeO, Al HoO3(w =99.99% , I 1 b % i 5
A, ATEK CBER A AT R A M 7R
B R Re K AR A ALY 4 I B R A S S B T
o il A R L (g SR R T A R
1250 CHBE 10 h, W4 B A KB (1%
FRITSCHGMBH)#F 5 h, Bt 1 100 mesh & i , 4%
Jo FEAN G AR HL i DL 2.7x108 Pa 55 K R g FE il
EAZ N 18 mm JEEA N 1 mm W BTE A &
TrAa R FES ST, 1650 CHEZE 10
h, BEREgs om TR E A2 13 mm JEE 0.5 mm WA,
FHAE e, fie Jo R
1.2 XRD i&illE

BEAE R B K K H AHE 2% D/MAX-TIC &Y X-5F
LATHMI 22 , T 5 PDF R 5 e 513 L 55 LA o 4

R SRR R I 2o AR v R UE U A XS R
U84 Cu Ka1(A=0.154 05 nm), TAEH A 40 kV, T.
YEHL A 40 mA , 3434y 2.000° - min™!, 4470
il R 20=20°~80°, i Z 500 2 LA Si(99.99%) 4 N
b, S G R 20=70°~130°, H & 4514 [ S ik S5 4
B A
1.3 #ARLE R RITE

Fi R SCRRUS Ty 3 B A5 A e b (AR A 1 o e fig
SRR WA L v AR 0.5 em?), ZAL BRI AR R il
e, AR R B2 R | 2 BN -5 SRR F vl

Ha(wet),PtIBa,CeosHop,05_(x=1.03,1,0.97)IPt,Air(wet)

o MR SRR R DA It A A A e —
FE R EE T M ZE K S04SR 4 1 R 60
mL-min™, M3E 600~1000 °CF Z-25 AR 1Y
H, U 25 8 R Rt 4k
1.4 BEHIENE

M ZL5 B8 g LCR W & A (400 50 [y 12
Hz~100 kHz)43 5 % #1 #H7E 600~1 000 °C i & i
FEL PN, i S AR T 2 AU T R LB, P

9=RS
THEABRHE AR [ B A AR SR P R L 2R (o), X
b L SR A HL A BT YR R S BEL, S Sy AR AR

2 #R5iTie

2.1 MARHEH XRD RIE

’l 1 4 Ba,CegsHoo 05 MBI AR XRD &, 1
Kl 1 FrR ,x=1.03,1,0.97 M B XRD £i 5 05 407 &
50 BB 5 A5 kT B RS A 1) BE R BaCeOs(PDF

Ba, ;Ceq5H09 05,

) N A

BaCegsHop,0;5 4

W T DR

Intensity (a.u.)
E

Bay4,CeysH0p ;05

" L J. o Aol
ol v w M

st ol

BaCeO, (PDF No.220074)

20 30 40 50 60 70 80
201/ (°)

Bl 1 Ba,CeysHop0s, FE&E 1B R XRD 15 ]
Fig.1 Powder XRD patterns of Ba,CeysH0,0;, sinters




52

EEILAE  ER L% BT Ba,CegsHooo0s o BT 1A BOHAZR i b 1 fiE 341

No.220074)AH [A] | 7 UL #1] Ba & i 5t 19 #4 8} 7= 4=
BaO sl H b 2% 5T AT S0, IR WL Ce B it
IR RE = 2 CeO, B H A 4 5T A AT 5 0 | 3X SR W] 4%
MBS CE B8 4 B 85 Bk TR BT A, 25 4
BHE I S50 R B 44 1055 5k LR i BaCeOs
Ry e P o W s B W ST I OB
atb b fle RIFZ b M e MBUEREL, Bk
BaCeO; HE AR B 4% BaCeO, B SR/ | W iB 4244
Bhef B Ba & BRI 2 ORI S R AR R O
X TE Ba,CeyoY 0105195 Ba,CesThos05 2" 5 51l i &
WA, 5 ARB 2% BaCeO, HLL #8248 BaCeO;

HY T8 Y 40 25 0 VA FE B R b Y B 45 P e 1
SR WA A0 T DT LA AR S TEB 2R R
H BaX & B2 MR S AR FROR 2 i T B
Ba* EZLITCETE BaO IEAAFTE TR, HA D&
Ba> B FHUR T Ce™ B ¥, H Ba» B F B2 (FSHC
£7,0.135 nm) bt Ce* 85 F A2 (NELAZ,0.087 nm) K
1522000 DT o A RR R AR — o T B A R K20, A
ARE R A X 25 By S 00 4 AR A R et Y 2 R B
HOR IS ® EZ A2, & T 90%, & 95
WESE A0 B AR AREN HE 13 mm JE
£ 0.5 mm 1% R 5 B B AT BH T

#& 1 BaCeO; 1 Ba,Ce,sHo,,0:.(x=1.03, 1, 0.97)H & S %
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Compound a/ nm b / nm ¢/ nm V /o’
BaCeO; 0.877 7 0.623 6 0.621 6 0.340 2
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BayoCensHop205« 0.875 8 0.618 9 0.619 4 03357
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Table 2 Calculated electromotive forces, observed electromotive forces, ionic transport
numbers and electronic transport numbers of the fuel cells
T/ C BalV x=1.03 x=1 x=0.97
Ey !V t; t. E,/lV t; te Ey/V t t.
600 1.135 1.124 0.99 0.01 1.05 0.93 0.07 1.082 0.95 0.05
700 1.119 1.093 0.98 0.02 1.028 0.92 0.08 1.053 0.94 0.06
800 1.101 1.060 0.96 0.04 1.002 0.91 0.09 1.024 0.93 0.07
900 1.084 1.020 0.94 0.06 0.970 0.89 0.11 0.989 0.91 0.09
1 000 1.066 0.995 0.93 0.07 0.936 0.88 0.28 0.948 0.89 0.11
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