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Abstract

The doped Ce0Q:-based electrolyte is an ideal electrolyte material for SOFC. At present, the re-
search on the doping rule of CeO;-based electrolyte materials is still lacking, so it is of great signi-
ficance to analyze the doping rule and structure-effect relations of CeO;-based electrolyte mate-
rials. In this paper, we mainly reviewed the effects of the single, double and multiple doping of
samarium and gadolinium on the properties of CeO,-based electrolyte materials, and then further
analyzed the doping rules and structure-effect relations of CeO,-based electrolyte materials doped
with samarium and gadolinium. Through the analysis of a large number of literature data, the fol-
lowing conclusions are drawn: The single, double and multiple doping of samarium and gadoli-
nium can effectively improve the ionic conductivity of cerium oxide based electrolyte, while the
multiple doping can further improve the conductivity due to the closer average ion radius of dop-
ing to Ce**. In a certain temperature range, the conductivity increases first and then decreases
with the increase of the doped ion concentration. The results are expected to play a guiding role in
the preparation of Ce0,-based electrolyte with better performance.
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Figure 1. The relationship between ionic radius of doped element and ionic conductivity of doped cerium oxide at 1073 K.
Where r represents the critical radius of the cation [4]

Bl FIBKFBRATENEFHESBRENHEFESRNXER, HP KEMASFHIRESTFE4]

HiF Sm A1 Gd H.5(1) CeO, 2k AL i R I S KBS 73R, FICRIHE T8, ALHEa. X
B Z 154 DL R FELIILIB T CeO, 2 HUM A RL KIS -

3. IBFELTT CeO, BB RARIHIR M
3.1. BB AN

HH 3 25 FH H 2 RRVE ) % T 2484411 CeOo(SDC), il % 13 2I¥] Smo,Ce g1 .o % - E AT BT 43 11
HME S5 7E 1000°C . 1100°C « 1200°C 1300°C - 1400°C . 1500°C Fhe&h 5 h 3 2IFE F i) X ST 5 (XRD)
FERE. JLSEIRMR . PrarEa I s A A, MERAREN TS, M EE0N R, HE N iR bed
SHEIB AT R Ce* it i Ce**; SDC Lt CeO, A T A S 1 H 5 % [5].

Iy R IR R BVE G  T [E AR BB Smo ,Ceo sO10 A1 K}, R I 54(0.5 W%, 1 wt%, 2 wtd%, 3 wt%,
4wWt%, 5 wt%)VEIFRIBEL (R LTI FRCA Bi-SDC), AL SERE. FIH XRD X HEATYIAH -4, ShR*K
WA RN B — ST A 45K . 7E SDC HIN BipOs 1 94t Bl A A THE G R A BUR L o FE b R Sk
FL S A i I FE 3 6B B O WS I IS DT RS K, K BioO5 BRI XOth sy 1 SDC Y #E 3 %[6] -
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T3, SDC WRREMLITE AL LRBEMER L, N BiOs KA BIH, A B T4 M A AEE
o, JFHAT A — P it e CeO, 2k HUME I ) HL 356

3.2. FEHNEHT

HEEGENTA 759 Sm0; Al CaO HISE Al [F] 1A B fift I I L S Je FOBOML 851 . BRI, 7E
800°C T, %t HL #4511 SDC, I Sm,0; Al 5 mol%CaO #EAT XI5 1] Smo.14Cag 05Ce0.8101 3 M1 FEL T e K[ 7]

Ly R AMRIRIAREIZA % T Smo2xBixCeogO1o (x =0, 0.05, 0.1, 0.15, 0.2), FFAT Fe H AL fE - HWF 7L 45 th -
SDC [fAHEREB N Bi* 5 bk in i BB K, M5 BT AW, BahiRE R M RERIN
B— T AT A5 [6]. WF AT RFE T 1250°C FARIR 3 /M) Smg2,BiCepsO1g, 24 x = 0.05, 0.1, 0.15
I, S REE BISTREN T RS KIf HE T SDC, 24 x = 0.2 I L $ R AL T SDC [6].

MR, FTRIZE SDC HEft BN Ca* sk Bi* 7 X5, W LR R B T B TR, Rl
ST B 2 5, AT IS RIRRE ST 5 B A g5 X2 i T 0 SDC HHT WS, H SR
SDC H#B N1 57— B TR E B AR, RN, SRR E 2 IEAE, H A AR,
ZJEWMiHE R,

3.3. BENZIBHRIE

Ca™ B T F 1 540 AR R UL, Ca® B aith R A B SR, I Rikid—TF
HE4T La®. Ca?*. Sm* LB 4L,

T AEHRH H &R - WL £E1E(GNP)RLINHI 4% T CegglagpsSmo17.xCa025 (x = 0.00, 0.02, 0.04, 0.06,
0.08) MR kY4, SZER3H . Ca* 7E 0.00~0.08 mol iX —#5 24 N, 35241 CepslagesSMo.17-«CaxOzs L
R T RAFHIE A G Ca® B AR M S5, (H2Y Ca™ (NS & )n, FRARR S % 9 T A
At 2, FERMEELES, F SRR FFREREY CepslagsSmoir«Cal,s % Ca &
ERRIN, AT S I S RIS N, 24 Ca B4 E N 0.02 I, Cegglag 0aSMo 17.xCaxOa-s HLAR T 3K
BT REIRESER, B AE T, 800CH, HE i SFRikFHEm, H~0.0735Sem ™ [1].

ZELRTIR, XTBREMENEIEBATCRY, MR ERE. WBIEE=H, HHESRMBILAME
Bh, fE—EIE T, #HEELB NS PR RSEmeR G0 M b 58SmsE, WS =11 SDC A
HHEEMHESE,

4. #BHELxT CeO, B HLRRFAFLAIRNE
4.1 BiEELHRM

FH 5 552K HI H 2 BRVE (GNP) il 4% 1 — 5241 GdCeyO1o.5 B A, WFFLAN R Gd 5 A4 I 0} L T 2 (R 5,
e GNP %% Gd 5 4« A L al(GDC) I tE Gd WK E[5]. HWF ARG H: Fra keI H B —1r )
BASE, FFHAE 1300°CHE4E 5 h G %A = AR A . B RE M : GdyCerxO1g5 (X = 0.0~0.3)7E
RIRFETIREPY, GDC LSR5 Gd™RE 2 M BRI x =0.1~0.15 i, HHRKHETR; 4B
FIRFERT 015 J5, HFHRZEHE/N5].

ERE MR I H &R - IR ERi% 1 2% 1 CegoGdo1Oy .05 FEARBURE i I H 20 il /E 1150°C\ 1250°C, 1350°C
A 1450°C kest 10 ho HFESRLE G BN M RIS A 450 B 1150°CHe4h 10 h RS 4, HE T
FEMETE R T BU% 2540, BRI 2B /0 R R AN 5t bedd 10 h B, A 1150°C 45 IR AR X 4% PR
N, Q2% A, TR T AR =R B T RAE AR A, AR BE S T 95% [8].
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GDC i H T2 AL sl g 3, HAHL 3 R AE — @ i B T B AL =S 7 IR L A K S I ko

4.2. FELAITSHIR T

H¥H 256 Ca B Gdo1sCeogsO19, FHEBRIEMI S T GdyxCao154Ce08501.0.5 (GCDC)FEH A, 5T
Ca. Gd LB A A1 Ve RE . WEFTAF . SCIORE AR R I B — B SL T R 450, SR N I He
fl AR S AR Gdy Ca & &R MFE 1300°CHe4E 5 h Ja, HAXEHERIKT 98%, C4kest e i
%, FEmBABIFRIRAETERE: B RERY]: Gdo1sCeoesOre FE MR AL T RUKLAHN N, KN A ALY,
[F I AFAE/D B TP AL: Ca 524449 0.03 F1 0.06 [FF il #1F 2 TBONBEUR MR HTES, R R IEL <AL,
K At BN 5] 2 Ca Br&Edt— B3N, # ) RIEDOFIEHIIFAL, Cag1sCeossOre FEMITLIRZ
Ui CaO 5 Gd,0, MIHL4B A Ref mkn 1A et P RE[5]

* 1t T AR Gd. Casdes, 7t 600°C~800C AR 2 FHR AN, WNERFHITLLER, 4
IR EE A 800°CHI 750°CHY, Bfi%E Ca® IKFERINIIN, W SRAEHGI, Caisiti N 0.03 1, FEMAHE
SEREE, WX GDC, AR Ca* 5443 T GDC (115 L RS 1M 24 Wi B PR 21 700°C
FRTACH, LB RENEI B TR T Gd BB RINALS, JEH, B Ca BiERY N
FEA.

Table 1. Conductivity of samples with different doping amount [5]
* 1 TEEREHRESES)

A 800°C 750°C 700C 650°C
Gdo15Ce08501.0.5 0.06101 0.04082 0.03348 0.02265
Gdo 15C0,05Ce0.8501.05 0.06514 0.04764 0.03145 0.02075
Gdo 00C20,06C€0.8501.0-5 0.05674 0.04285 0.02980 0.02039
Gdo 06C20,00Ce0.8501.95 0.05334 0.03831 0.02711 0.01826
Gdo 03C0.12Ce0,8501.05 0.04595 0.03364 0.02148 0.01311
Cap15Ce08501.6:5 0.03035 0.02312 0.01470 0.00924

Wang %5 N &3, 7E 500°C~700°C N, PAFLIBIRIK CeO, A Aot i) FE ML REDL T- LS IB ) CeO, fi
T[0T, I HAES R U= 7o, AT, SRR R USRS B T .

4.3. FEILHWZBHFIE

R ZLAR IR - AT IR Eh E R %6 T Gdy03. Y,04 Al CaO =15 Cegg0.2xGdo10YxCaxOz5 (X =0,
0.015, 0.025, 0.05, 0.075) FLAR A AL, Fxt I A 2= MEREHEAT W L [10]. BRFRE o : Fra A sl B S
HH AL, £ x=0/, ¥ GDC MM SR/ RHESE, =S40 EMRENEaES
R S RANZE TN, U =15 T 1) b SN /N T 545 GDC &R RN, =45 AR 1 5
SR GDC K, x=0.05 i =B MR TE 725 CH A K 2.45 x 107% Sem ™ [10].

Xif LA AL A S P AR [ 38 . BRI =38, AR —MENB 2 Eie m T AR
IR SR, =8N, BHTXJUMB AN, £—ERE T, LESRE5B M FIRELEE
K, JaRAAMEI; RSBt 1 S 0 e AR 8 T DA EAT AR I L R S5
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Wang £ ABFFE T Sm. Gd 345111 SmyGdo.15.,Ce08501.025 (y = 0, 0.05, 0.1,0.15) [\ HL G5, HF 70 o :
£ 400°C~700°C N, Sm. Gd B AL ik B T U2 5 T B2 8L A i %, 7£y =0.05 I,
SMo.05Gdo.1Ce0 8501 905 A Ht 1o I HLF [ 11] [12]

# 2 JBIR TAE 900°C A B B J AR R LU 2 AL, i SRR/ R LG
W, BAREB e EALN, SALEINE 7 SHEE LR T s, EMCRAELE . (LB IR .
7E 900°CHF, 4% Smy04 ¥R FE N 8%, 1544 Gd,03 WK N 2%0, 1AFF (1 HL 3R i K, 15 %) 0.103 Sem ™ [13].

Table 2. Relationship between Samarium and Gadolinium doping ratio and conductivity [13]
F2 8. (LEBREHS5ESEMNXEA[L3]

s L% (Sem™)
(Ce02)08(Gd203)01 0.088
(Ce02)0.8(SM703)0.02(Gd203)0.08 0.747
(Ce02)0.8(SM703)0.04(Gd203)0.06 0.048
(Ce02)0.8(SM203)0.06(Gd203)0.04 0.0987
(Ce02)0.8(SM703)0.08(Gd203)0.02 0.103
(Ce02)08(SM203)01 0.059

6. LK RE
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H S5 0.0735 Sem™; AT HELI RSB, A5 EN 0.15 1, AR AKBSE; S4B, SmO0sik
J£5 0.08, Gd,03 ¥ 0.02 i, 7 900°C A fi i HL 7% 0.103 Scm™; 5 442 BRAL ) S A il ik v 5 11
BB, WBMZBMEA3ntmE 7SR, 28Rl PRalaSE, HE—gREuEpN, H
HL 3RS 2 B TR B NS J5 . AR R AL I R B H AR T B RIS, (2 v
ANBENE LN FH T AR S AL P BR) P A B Tl AR, 75 DL 1 8 75 2 ke

1) BAELIIM IS B BB, A G R B 3 Tl %,

2) XF BRI E I R TR, TS IREE R SR R Ce™ DA R, A L 5 R AR
Bk 5575

3) I RG22 UCEL AT AR, I FAAR AR S A M) i b 4 VR IR

E&UH

AT H 1 2021 MR BHE TR BCTH , 4400 450 840k SRR R G AL M B B R R
W 71.(212102210486), [ FE 4 KA GH I 2Rt RI T H (5202112949006), B M| i 5 Br 2k 4k FiR &2
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