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TIonic Conduction in Ba,,Sr,;Ce,sNd,;0;, Ceramic

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

Abstract: Proton-conducting BageSry;CegoNdy 05, ceramic was prepared by high temperature solid state reaction.
X-ray powder diffraction pattern (XRD) shows that the material is of a single orthorhombic phase of perovskite-
type BaCeO; and good stability in CO, or water steam atmosphere at the high temperature. The SEM
morphologies of the surface and the fracture of BageSry,CegoNdy05;_, show that the material is compact. lonic
conduction of the material in different gases was studied by using ac impendence spectroscopy and gas
concentration cell methods in the temperature range of 500~900 °C, respectively, and compared with that of
BaCeyoNdy, 05, or BaggCag;CegoNdp 054 The results indicate that the material is a pure proton conductor with the
protonic transport number of 1 from 500 to 800 “C, and a mixed conductor of proton and electron with the
protonic transport number of 0.964 at 900 °C in wet hydrogen. The protonic transport number of
BagoSryCegoNdy 0;., in wet hydrogen is higher than that of BaCeyoNdy,05, (0.95, from 700 to 900 °C). In wet air,
the material is a mixed conductor of proton, oxide ion and electronic hole with the protonic transport numbers of
0.019~0.032 and the oxide ionic transport numbers of 0.093~0.209. In hydrogen-air fuel cell, the material is a
mixed conductor of proton, oxide ion and electron with the ionic transport numbers of 0.957~0.903. Under the

same conditions, BageSryCenoNdy,05, has higher total conductivity in wet air and ionic conductivity in hydrogen-

air fuel cell than BagyCay;CeqoNdy 05

Key words: BaoSry,CeqoNdg;0;4; chemical stability; ionic conduction; impedance spectroscopy; gas concentration cell

Wk A . 2011-06-23, Wod& el 495, 2011-07-28.,
VL3 AR o AL 55 W AR RIVL 548 o RS 1 AR B2 B 4 (No.OTKIB150126) % B T H
*HIBE R A, E-mail :wmyqlg_64@hotmail.com



286 Jx Hl fk

- %28 &

0 35l

LR LB A KA AL BaCeO;,SrCeO; 5
FALP P EAE R T S SRR ZERRS T HA
(SR SN pTe R I U DIV B R A% SN e
v DA e v T G B A5 e U AR 4 RN 5 e Ak
22 rpel BRI AH G 5 T R OY — B 52 AT
Hhk, PR R FEMHF ST X BaCeO; H:F
HEAB ST SR SrCe0, 20 % 2 A K&
14 5 7 B A0 A S R S UG BaCeO, JEFH
% Ba> il 74 Ba,_Sr,.Ce, M0, Z & LM N
M BT o MESNIRIE), SRR
A BaCeO; P % 155 (14 JiT - HiL 52 %8 1 SrCeO, 2P %
BT IR AR BT, Yajima S Ca? il Nd**
] 15} 42 2% BaCeO, il % T Ba,_Ca,CegoNdy 0;(x=0~
0.10) Z 5 b K BF5E T HAE 600~1 000 °C il B 3 [
W,z AT AR -2 SRR A 1 T B
T, BT Ca®5 Ba B ARAH 22 EOK  BA 15 5T
E RN, AR AL G AL AR T B R X RREREAR
il TR T E R R R ECT AR B T R
T TR BRAL A TR F N R 12
7. MRS Ba* M B SRR 6 1) Ca* Ba®
F1 S+ 242 43 1 0.100,0.135 F10.118 nm) [F] B
# 2% BaCeOs, M @& i [ A7 s Bk &l & T
BayoSro1CeqoNdo 05, FZEA AL i SCHR 2] 1 iz bf
BHEA R SRS P SRS . HF BaCeO,
RS> Ba Bl S HUR PR3 Cet il NP AR, AR A
HL PP SRR R} D SR R K A RO (1) RN (2) T
P SRS L (Vo ) RS S8 T (00Y), TEIR I 28 <
AR 43 0 5 AR 1 R RIDK & A (3) K R (4)
=T 7R 1 BN T 7 A= A S8 T (H) Rl A,
237N ), DT A R 3 B A 3k 20 9 TR L
P, ENRIE A RS AR IR Kk AR RN (5) 1T
I JBE S L PE S T TR EUURUAU R ORE R T T fE
S DAY Ce BRI, TR — R
L S | LB B 5207 4n(6) iR X Ce, Ceg,

][/

I3 R TE R AR 4G S ) Cet AT Ce™
2Ce0O
Nd,0; == 2Ndg'+30,%+ V" (1)
BaO
Vi 4510 —— S +0," 2)
Vi 40y < 0,42k 3)
Vi +H,0 = 05420 )

H+2 b = 2H 5)

Cec+e’ — Ceg,’ (6)

L BageSry CeqoNdo, 05, A A HL A BT | 2 FL4E
B R | 2 2 B 23 AR H i JF AR R R
B Ry,

AN () . 2HA+0*=2H+H,0(A ) +4e”

2 S (IE) : 0,+2H +4e =H,0(B)+0>

L3t . 2H,+0,=H,0(A)+H,O(B) 7
Femi A HO(A), HO(B) 53 3 Ryt TE AR ™ 2R 1 7K
B S WG D [ W ST N B i o 3
MR BT AR R T IR A i,

A SC LA X5 AT 5 H R BF5E T BageSro,Cegs
Ndy, 05 M EHERR T .CO, LA KK ZE AR PR R
FETE  FH SEM LSS 3 AT 08 245 (b1 ) B B0 k5 DL 32
Tt BELL 1% R AR e 25 o b R ABF SR T M BHEE 500~
900 °Cilit BEEE Py, 1B, W AU R
A -2 SRR A R L PERE . IF 5 BaCego
Ndy,; 05, F1 BagoCayg CenoNdy 05, F1EH 1 HL M BB 1T
TH#,

1 SEIEER4Y

1.1 MR HE &

i i 75 W B 1 42 LU ng,ing e nne=0.9:0.1:0.9:0.1
Fr it Ba(CHCOO0),.Sr(CH;CO0),(w =99.0% , [ 2 4
Ak 2 35 A7 BRA H]) , CeO, FIl NdyO3(w=99.9% , I
AL 28 \]), LTCK G B it AR IR A
WHE 1 h EHET 8 T R A R b (R S
B ) ZE A A 1250 CC R HikE 10 h, =4
B AR AL (P 5 R AR T ) BFEE 7 h BE T 200
H 2 i 5 FEAS AR E T 2L 10 MPa 458K Ik 1 &
H AR EARZ A 18 mm JEEEZ) 2 mm W BITE # A &
TrnRA R, SR 1550 CF Bess
20 h B bedb AR T H 4% 14.94 mm JEE 0.57 mm
R A P o P S
12 #HBERREFEERRRIE

RS R I K H AEE 2% D/MAX-TIC &Y X-5
LRATHHCI E | 9T 5 JCPDS R bR K b LA o2
ARG A R 2 AL I 3k P O R AR U U R X
LUK Cu Ka((A=0.15405 nm), TAEH R 40 kV,
TAEHLFE R 40 mA , 43 B4 2.000° - min™', F1 4
8 R 20=20°~80°, #h ML S 00 72 LA Si(99.99%) 4
IR, HHEE BN 20=700~130° , Ho B 45 14 [A] il A4 245
A e

FH Hitachi X-570 #9474 H 558 3R AE 58 45 1 1) 36



5 0 1 T HETE : BaagsSro, CenoNelo, 0 P28 15 -5 141 e 287
T AN TR 50 FH AT AL AL B R T S L B A kB

1.3 HFREMENE

WA B s R B R 19 % FHE T GSL-1300X %!
PG A (B IR AR R A BR 2 B | i g
HE A CO,, IR IR T2 900 °C, PRIl 2 h, 240
WFES LB R XRD &, i 5 AR & &R COo, 23
MIRELs R B AR XRD B 8, adr e,
B gl A K ZE A, T AR R K ZE R A
AR EE
1.4 PFEHENE

H 715 B AR LCR W& (MR [ 12
Hz~100 kHz) 73 5100 % B4 BHE 500~900 °Cili 1 [
R SR R A SRR TR E -2 SR LT
ST R RE, A

o= L
“RxS

TR BHE A /)R A SR A P iy d &R 1L
L 2 AR H A BT Y JEE R R R FLBEL LS Ry LR IHT
P MR AR SR E S — 2 U T 28 IR K B
A5, S B 6 60 mL-min™,
1.5 BHMBHBINE

53 500 P Y

gas(1), PtIBageSry CegsNdg,; 05 /Pt gas(ll)
JIT 278 B S v 26 vl ARCIR 2 P DA Bk 2 Rk 22
HL B AE 500~900 °Cili B Vi Bl N B L B 3, vt o
gas(DH gas()73 AR AR 0 | A0 R ak
KA T B PR AR HG rE S B B AT AR 4l

Nernest J7 2 ;E(,d:%ln%*ﬁ‘mo Ao
gas

B Ry J5 #2452 (3R 25 ) 1Y L, R O AR
LT AR EE  F R ERLS W i 5 p L >p ) e T
o A B 5 B R A

I -2 AR R

wet H,, PtIBagoSryCeqoNdy05IPt, wet air
TE 500~900 Cifit B i Fl A By HiL sl 38, R A0 v vt 2
X (7), BB TE & TR EHE R g 3 B, nT 3R
s,

Eu,l_M 1nK—]nM 8

aF Pu,w Po,m)

7315, K R T e it S0 (7) A4 1A o B, >R

3 PR SR S A GE 125 CCHIZEME K BN R 8 A
WAL e i B TEARCEE 38) T py o T p o
YILL 25 °CF By Ak 28 S A0 TEAC S |

2 HR5WH

21 BEMER XRD RIE

1 M BageStyCeqoNdy 05 # B # K XRD
B, B be 45 b R 5 45 £k 5 A 2L D7 f BaCeO,
(PDF No.220074)¥3 K XRD &l W] A1, & 477 5 0 437 |
TR A — 5, £ W F] CeO, F & 4% 5 19 fir 5 1 |
X 2% B Be 25 bR R 58 42 10 55 BT B A} 7
B AR, MR IS 8L 0=0.878 3 nm,b=0.621 1
nm,c=0.6213 nm, fa AR V=0.3389 nm’, LS
Balbb e RIEFZ b M MEAEIT, MR
Xt (S0 AR R S BOR 15 1 B
JEM AR B))H 95.2 %, SEYGUESE &5 F FI 4870
TAREARENL B 14.94 mm JEE 0.57 mm 7%
P & p R . NI 1 R Tl DU 48 900 °C i
B .CO, BKZEAALTE 2 h J5 I RB B A XRD
AT SIS RS R A BT A A — 3,
B A, X FR B BageSre;CegoNdg 05 M EHEA
S S HA R 1 A R S

After exposure to water steam

b I S
. After exposure to CO,
2
Sl el .L A N
= As-sintered
! l l b

BaCeO, PDF (No.220074)

|

20 30 40 50 60 70 80
20/ (°)

Bl 1 BageSry CegsNdo 05 MK AR XRD
Fig.1 Powder XRD patterns of BageSry;CegoNdg05
2.2 SEM 55
Kl 2 41550 CT BageSryCegoNdy, 05, b8 4h 14
OBHR R T ST 3, i B AT iz e R Y 2 T
S W T8 T AL AE T 38 B AR S S 90 5 vk A5 1Y



288 T Hl

528 B

Bl 2 BagoSt CeqsNdy, 05 e 4 W 1 2 1HT K BT T SEM
B
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Table 1 Calculated electromotive forces, observed
electromotive forces and ionic transport

numbers of the fuel cell
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500 1.152 1.102 0.957
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900 1.084 0.979 0.903
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