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Effect of B-Site Doping on Mechanical Properties of BaCeQO;_s; Proton Conducting Electrolyte

RU Yi, ZHOU Jianli, KE Jin, GUO Jinjie, ZHANG Jin, PAN Zehua, ZHONG Zheng
(College of Science, Harbin Institute of Technology, Shenzhen 518055, Guangdong,China)

Abstract: The electrolyte of the proton conducting solid oxide fuel cell is the key component affecting both the performance and the
stability. In this study, B-site cation-doped BaCeyoM,0;_s (BCM, M=Sc, Y, Zr, Nb) proton conducting ceramics are prepared via
solid-state reaction approach. The effect of B-site doping on its sintering characteristics and mechanical properties are examined by
material characterization and nanoindentation test. The results show that trivalent ion doping can promote the particle growth during
sintering, while high-valent ion doping can inhibit the particle growth. In terms of mechanical properties, the Young’s modulus of the
doped BCM decreases with the increase of the ionic radius of the trivalent doping elements (Sc and Y), and decreases with the
increase of the valence state of the different valent doping elements (Y, Zr, and Nb).

Keywords: solid oxide fuel cell; proton conducting electrolyte; mechanical properties; sintering characteristic; barium ceriate

] A S AL P PR KL HL L (SOFC) & — Fh il i e Ax @, DA B s R P& H-SOFC il i Fs 47 A,
il TTHEMEA. TIEHK. ToR M5 At 43 BT SOFC AR IR HAR R P 6L,
AU )T B v i AL e R i e e B, RIS B MR H-SOFC 1% H i J57 A 52 M) L B4 M B A AR e 1k
RERIE 2 (% s, AT DL B R0 R & Rk 2 k) MRER R —, HHRF %SRRI
DRSS SIE W AR IR, Sk, R Z: ISR R SELI(ABOs), W1 BaCey y yZr,Y,03
k SOFC(H-SOFC) 3| T xR A A, i SV, i, Bl & B A KE RN
FAEFHEE & SFIERREA, fa K A H IR T OHY T SEBLR T 145 9150, B itk
H-SOFC [ TAEIRED M, phah, H-SOFC ASIE & RN H0H BT B ot Seoil o v 1 e 5 26 . 4R T
N BEBR I P2 K AE B AR = A, k4 1 R SRR RS ) f 7K O A R B LR UM R EE N & T i

s HIH: 2023-02-17, 1T A 2023-03-04. Received date: 2023-02-17.  Revised date: 2023-03-04.

=R K EHRBLFEE4(52102226; 11932005); )4 HRFH# First author: RU Yi (1998-), female, Master candidate.
H:4:(2023A1515010723). E-mail: ruyi_hit_1998@163.com

BEE: W E(1998—), L, WiEWFRAE. Correspondent author: PAN Zehua (1990-), male, Ph.D., Lecturer.

WAEIER: WEE1990—), B, it P, E-mail: panzehua@hit.edu.cn



5155 6

4 = A B BN BaCeOs s JE i 1 3 (A Mg B8 ) 5 PE IR 52 ) « 1511 -

PR s O, R AR TR R T . AR TR
T SRR SRR E M, TRB R
—FE R B P fn Han 255 T AR B
R TCEB M BaZr,MO3(M=Sc. Y. Sm. Eu.
Dy) B AR S AR, RKIL Sc B2 1T DL HEK
A R HEAT RS T4 SR K= A2 . b Ah, Han
SR A3 BaZry (YO B B 4E P BE A G HE
PE2 NHETF R T T . 45 R M, 75/ 4E %
#l Ba IS BT, Y KB AR N 20%(BE /K 5
OB, BaZrgsY o205 18 BRI RE . TEIRTHIRTF
WA I =R e Y T, AT A T
KEHRE, WA sk Ca tEP, B fiifse Hf
&R B f1#5 2% Ni/Fe R 4%, (BAESLFRIEAT
B, iR SRR AR . E N E
DA K G A S B AE SOFC P 383t il R I ik /Ui 4
RS QUL P 35 A AR SNV VI 2182 NN
SN AR ) 5 a8 O T HE— 2B 4R T SOFC (i
MW AR PERE, SOFC HH b4k i Hh— sk 1k
Ji 2 Bk L (96, TSR, ik
R R, Yang's 5555 ) 5V I R X B 44 11
| AAE b A ae o ki (B £ R MU )1 A 11 BU
TCERB AT T4 S IO RE R IR, 18 75 2 [H
FRERIB A SR R, O A DT T4t
WAL S48 BT SOFC(O-SOFC) H 4% 2H 1% 6 43 (1) 11
VR ITRE T S2i R, He MWW T ALO;
AT Ni-YSZAA AR E A8 ) P 4 [
B, P RECNEE RN I sgm, 45 REH,
ALO; I 0T LABE AR BH AR 1 b [RS8 A K &
e, BN RREE SRR AN 1. Wei 2P
O-SOFC H &M RHEA [FHREE T Rt p i
JSE A7 I 5S4 SRR R BR A I8 755 77 S R 1
J& T RGHEFT, 45 FAESE Ni-YSZ AR &R T A
A RIFM S amE KA 5. HAr, &Fxt
H-SOFC HH M4 L ) 2 1 o ) 8 FL b 5 /b . Fu
S22 g TR FESUR TR T R B 25 (M=Gd. Nd.
Sm. Y)*XF BaCeg oMy 10,95 th A E M J1F5EME
SRR, R, Gd. Nd. Sm. Y 54
SR BaCeOs s & HLME R MW AR FE I K, (HB
Y S PRL I S 558 R T (Kae) I A AR
1M Gd. Nd+ Sm 145 42 <= 38 At kHE Kic {8, RI
P e FEL AR O L DT 2R )

KHEFELL BaCeOs_s 55 4% 5 B BN 5T
X4, AL AE B ALHEAT 10% (BE/R 23 O AR AN &
AARFE 7R ITE(Ses Yo Zr Al Nb)#E4T B

2%, WHIU T BB 515 o0 LR 4 45 VA0 ) 2k A
AL

1.1 #&EEE

K A [ AR I B VE # % BaCeOs 5 (BCO) Al
BaCeyoMj 05 5(BCM, M=Sc. Y. Zr 1 Nb)FE i .
F IR AL 0 2 LEAREUIT 75 BaCO5[99.8% (i 2 73 %0)
Fifhi 11w Ce0y[99.9% (i /r4k), ZZ kA B fif
BRIt HR, B Sc05[99.9% (JRES D), BT .
Y>05[99.999% (i 573 %0), B4 T ] Zr02[99.9% (Ji
=D, FIHLT 1A NbyOs[99.8% (J5i 43 40), Bifdir
T PAK 5% (BEZR 73 B0 NiO 1E NBIREH]. Bl S,
TEM AR IIATEIK BN T, 34T 48 h B3RS FF
T E1RBNRE B AT IR R, AR5 T Ry
FHAE 1100 CHERE 10 h, @i AT 2 EREW 5152
BCO #1 BCM #f o K v fill & R A4 8 e - s s 284
FHAE 1500 CHBE 5 h AR 305 IR BCO M
B A5 2= I i BCM, H T A RBHERAEFI G K R IRl
WO BCZr ZU7E 1550 CREATIBRS)-
1.2 H@mFIE

FH PANalytical Aries % X 5 26 ¥y RATHHX 47
234 1 500 CRe4: e MEBUFFE i BCO A i BCM
IR R, MK Cu B, B HLE 45 kV,
EHLIR 15 mA . ] TM4000Plus 494 v 1 5 14
FAEFE T BCO FFE T BCM (RIS, HIEN
15kV, HatEEE X FHLIEIE(EDX) /3 It it =
B5r. FHZEER K K Alpha B X 8285 B RERE A4
DI I e

fEZER N KLA 99K B IR R4 G200X B440K
JE IR B A 7 IR &, RSk A Berkovich
SRIAEL, EkRum =20 T 20 nm. 7EN
T F A A Rl A SR R b R R R Sk s
AT RHAT AR AE,  FRAEREANRE S I I HT J5 X
SLAR U TR I 52 BEME RN o TEGNK IR 72
JESLPL 0.05 s F 8 A8 5B I N B A B B K3k
fif 40 mN, Z %k 10s LT HER K IE, &5
DUAH [R] RIS R AR . 6 AT 58 P BTk AT () e SR U
B, HHGER SR E+0.05 nms ' AR . R T4 —
ANFE AR EIRMNREREEA R B 2B EHEE 5K,
BRI A5 (9 8] B 222 e KR IRIR 1 10 i
PABH b IR N J737 2 . AR E 3 IR I Fir 3k
R £k, 181 Oliver-Pharr J7 LTS Ff

Y Yang's B2,



< 1512 - CREFR Eh22 4D

J Chin Ceram Soc, 2023, 51(6): 1510-1518

2023 4F

2 HR5t#
2.1 XRD 7#f

K] 1 A 5 BCO FIFE & BCM £ % i R Y XRD
o B 1AW, MRS S5hRME BCO TS IE(JCPDS
96-101-0407)5%F EE AT A1, PITE #F S 3T R 1 3277 AHES
BRI 454, iH Scy Y. Zr Al Nb 2876520 Bl )
Bk BCO it , T HAB AN E . A W& 5,
FFE AR B N B BCO(4.392 A). i
BCSc(4.381 A). i BCY(4.376 A). it BCZr(4.374 A).
FE 5 BCNb(4.348 A).
2.2 SEM-EDX ##f

P 2 #F il BCO FIAE 5 BCM 3K 1 (1) SEM R F.
HE 2 A7 0L, 4l BCO Hifi#)ii il B £i7#52% 1) BCM HL
R R, R FHIE T, B3R 78 o 8O 45
K, HOBEA TR, AR 7R,

1yt EDX A3 2 1) o &R B 704 e
1A, SRS R B REE T v A T E L

XTLGIE 2 1% SEM [ 7 m] 3, AN [E] T 2= AH A
TRBE BB R0 s 45 i (0] FRUAR TR ot ROk R B
KM, RE EHARIT B LB B F45 At e 5 s i
ISR, AHIT 7T N G i 7920 iR e 45 ) 1
FE RO N A iEAT T 44

K1 FEF BCO FIFE S BCM (M=Sc. Y+ Zr Fll Nb)[#] XRD
Fig. 1 XRD patterns of BCO and BCM (M=Sc, Y, Zr and Nb)
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Fig. 2 SEM images of different electrolytes
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Fig. 3 Distribution of particle size of samples BCO and BCM (M=Sc, Y, Zr and Nb) electrolytes and change of average particle size
with the doping element
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Fig. 4 XPS spectra of Ce in samples BCO and BCM (M=Sc, Y, Zr and Nb) electrolytes and change of Ce** to Ce*" mole ratio with
doping element
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Fig. 5 Load-depth curves obtained from nanoindentation tests of samples BCO and BCM (M=Sc, Y, Zr and Nb)
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