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Abstract

A new type of SZ05 (Ceo.sSmo 2019 and Zr,WP,01, mass ratio of 1:1) composite electrolyte mate-
rials were prepared by solid state reaction method at different sintering temperatures, and the
effect of the sintering temperature of SZ05 composite on the phase composition of the electrolyte
was analyzed by Raman and XRD. Raman and XRD analysis results show that Raman and XRD
spectra of SZ05 composite electrolyte sintered at 900°C and above showed new characteristic
peaks, indicating that a phase change occurred. Raman and XRD characteristic peak of SZ05 com-
posite electrolyte sintered below 800°C (including 800°C) are composed of pure SDC and ZWP
characteristic peaks, and there is no third phase characteristic peak, which is completely the same
as that of unsintered SZ05 composite material. Considering that as the sintering temperature de-
creases, the density of the composite material decreases and the migration barrier of the oxygen
ion becomes larger. Therefore, the optimal sintering condition for the SZ05 composite electrolyte
is about 800°C. In this paper, the thermal expansion coefficient of SZ05 composite electrolyte pre-
pared at different sintering temperatures is analyzed. The thermal expansion coefficient of SZ05
composite electrolyte is lower than that of pure SDC; Although the thermal expansion coefficient
of SZ05 composite electrolyte is affected by the density of the sample. According to the analysis
results of XRD and Raman spectrum, the decrease in thermal expansion coefficient of 600°C~800°C
sintered SZ05 composite electrolyte in contrast to pure SDC mainly comes from the negative
thermal expansion of ZWP in the composite. The decrease in thermal expansion coefficient of SZ05
composite electrolyte compared with pure SDC indicates that the combination of CeosSmg 2019
(SDC) and Zr,WP,01; achieves the purpose of regulating the thermal expansion coefficient of SDC
electrolyte.
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B A R PYE - HIE RS F BB S5 R B 4 7 — R BUNSZ05 (CeosSmo201.0MZr,WP,0 i B Hi1:1)
RAEBMBFEME, BT RamanfIXRD AT 1 B4 E X SZ05K & Hf# IR AR B2 I8N . Ramanfl
XRDAHTEEREH: 900°C & A EBEEHISZ05KE A AR FIRamanfIXRD R B T 7 4R MR, HiBHR
AT HHZE. 800°CLLT (235800 C)HR4L KSZ05 K A MR i I Raman R I R XRDKFE 1§35 Fi 2ESDCHI
IWPHIRHEIE R, BEH E=HIMEE, SRBERTNSZ05E AWM RMSEIEE S —B . HRIIEE RS
BEREIEAMERNBEE TR, S FISTRENE LK, FHILSZ058 4 BMRANRERE KGR
800°CLAA . LN T AR T HI&HISZ058 & AR K REIK 2 8. SZ058 4 BRI
[k REISR T AISDCHIFEIK R ¥, RESZ05KE & MR MR K REZ AR BEFE KM, HE
A XRDATRamanit {3 H745 R, 600°C~800°C K45 HISZ05 K & MR 5 2ESDCH L K 2R B F Bk
HRRK—EITEIRE TEAMEHZIWPH ERK . SZ05KE A HMRR S54iSDCH LK REUT R
F B Ce.sSmo201.9 (SDC)5Zr,WP,01: /1 E &5LB T X SDCHLAR R # ik KRR H .
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1. 51§

[ A SE A AR L L (SOFC)) A Sy DU A RIS FH DR B AT e G R 1y, AT AR 45 DL SRR el
SR A2 BRI [2] [3]. HEAFARLZ SOFC HISEEM R,  FIRBATRIPE RS B2 B H it
(A e PR P A iy A AL AT FLARJTT CeosSMo2010 (SDC)FE 800°CHT FIHEL 3 H K 0.1 Slem, 2ALSTFLfi#
J7i 8YSZ (8 Mol%)/EFIFHRE N SR =52, RISl o fif i 2 AR () F IR L L R A R [4]
[5]. {H/ETE SOFC % mfig AT e 2 K — R A AR, L A MR F g ol 2 ) SRV 22 250K T i s )
B R I EEE6] [7], ZrWP,01, (ZWP)E—ZEH B I 1 AAEZIKA B, 7EZ IR 2 1600°C fREF R 4F i fe e Al
MRS, S5k, BEARR ZWP B A AR I AU BR8] [9] [10], RTLAGBRE. #H. &
JEAE NI E B )48 AT B R BOPPRI11] [12] [13] [14]. R CegsSmo 201 e FEART 5 1 KA R
ZWP 5 & B & B AL YSZ-ZrWP,01, E & HUR UM Bl o (1R E S MEHERe 5 IR rh 25 2 LS R AN
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FAAZ I, TR ZR HH AR A 8% T ZRIAR At i BB . AR SO I [ AH S YR E AN [ PR o i P T %
SZ05 (CeggSMy,019 1 Zr;WP,0y, i LN LB AWM, FHoMr TR S A RSy, 7 26 %
YSZ-Zr;WP,01, 515 FAR T ) fie i 6 L Z MR AT, IS0t SDC FaAR ot 1 2K REGHAT IR B .

2. SR Tk

T el [ SN 2) il 4 SDC (Ce0,:Smy05 = 1:9), KRGl CeO, (99.99%, Ik Fll Sm,03 (AR,
PR RA R, B EERILRRRERE, AR5 FRNR S TR R R IS 6h, SRS FH SR A4 HE MR FH A i
BLEAE 10 MPa (1558 F 200 20 min JERLE AN 15 mm B4 2.0 mm KR, 1550°CKe4s 8 h, BTEE & A
T RESRALL ) 77 V) 2% AN L ZrWP,01,, #E4AFHEL ZrO, (AR, IHIR) \WOs3 (AR, i) H1 NH,H,PO, (AR,
VHR) LMK L 2:1:2 FRE . IREHHE 3h e, NE R 1300°C R4 3h, BHESH .

171K Zr,WP,04, Al CeggSmg .01 ¢ FH A4l EiE T XRD A1 Raman J&iE AT I IF A 04T, F—2
Ha 1 54 4L Ceg gSmg 2010 F1 ZrWP,0 1 #3 A H% IR B £ FE Ay 101 (SZOS)HEAT FREAT IS 2 h, fefm /N
A% PVA. 7f 8 MPa [f1[E 5% F R E AN 15 mm JEE N 3.0 mm (1[5 F o 388N [F e 45 iR B 600°C |
700°C. 800°C. 900°C. 1000°C. 1300°C 1 1550°C 43 Jillkesh 10 h, #RJ5KH Raman g4 (72:F HORIBA
JobinYvon S.A.A)fll XRD (H A28 7] UltimalV ) M A FEEE T 564 CeoeSmg204.9-Zr,WP,01, B &
HL AR A AFLZEL A, T A2 K R B0 (LINSEIS L76)7i & CegsSmo 201 M2 SZ05 4 & Hifift it 1Y # ik
FH TR 45 CeogSMo201.0-Zr,WP,01, G FRAAR T I 5 T 20 2% A o

3. BZR5118
3.1. Raman &4 4

NifEEEMEIIFHAE R, JFR&E CepsSmg,01e-Zr,WP,01, E & FEMR T I I 25 264, FeAl]
%f SDC. ZWP K 3 Jfi &t SDC:ZWP = 0.5:0.5 (SZ05) & & (I g A kLEA T 7 Raman 54387, K 1 &
7~ T SDC. ZWP Ko MIFEASFRIRIBeasinE . Rpe. 600°C. 700°C. 800°C. 900°C. 1000°C. 1300°CH!

1550°C il 1) SZ05 & A Hifif 7 1) Raman 1% . M 15| 1 7T LUE H SDC Fl ZWP & & J5 AR Jve s HIAE i A1600°C
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Figure 1. Raman spectrum of SDC, ZWP and SZ05 composite
electrolyte synthesized at different temperatures: unsintered,
600°C, 700°C, 800°C, 900°C, 1000°C, 1300°C and 1550°C
1.SDC\ ZWP RSy HIENFIHIBRERRE : R%E.\ 600°C
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Raman 14 (825 cm™. 870 cm™*. A1 1014 cm )41, 1] SZ05 & & i i i 4Ll s% & SDC Al ZWP,
B RAEAAR . 2 SZ05 A UM IF R4 i A 1A 3] 900°C LA ERF(900°C . 1000°C . 1300°C Al 1550°C),
A LA 2 CeggSmo 01 ¢ M1 (464 cm )RR, 1T Zr;WP,04, FIEIE K AE T I AEli1L, 75 924 cm ™,
942 cm 1 F1 969 cm ™t HHEL T ¥ 1 Raman U4, BB ZWP KA T AHAE .

WL Raman B0 M AT LLE e 45T 800°C LL T (£53% 800°C)IHkess, SZ05 & Hifif i th
Ceo.sSMo 019 FHl Zr;WP,01, A K AR IR N B AR, i BHZE 3T 800°C LA T (L4 800°C) R4k SZ05 4 HL
fig At SDC Fll ZWP ZH i, A 55 —AHIAFELE . 110 900°C K LA L[yt 248 SZ05 KA Ffil i (1) ZWP
RAAAAE, K SZ05 524 Hifi BT e 4t 2% A1 72 800°C LA (7% 800°C).

3.2. XRD 47#f

2 {787 SDC-1550 (7£ 1550°ClHe&b i i)« ZWP K43 IEAS R I Be 456 : A BE. 600°C . 800°C .
900°C. 1000°C Al 1300°C il &[] SZ05 & A M i) XRD Kl . MIE 2 o DAE AR SZ05 H4H
fif J51 1) XRD B3 SDC F1 ZWP ] XRD U2H i, 7T DA Sy HoAt oe 45 3 2 T il % SZ05 52 & F i i i) XRD
I S AT 1 2% A . T 600°C . 800°C . 900°C. 1000°C A1 1300°C R il % ) SZ05 & 4 Hifif i (1) XRD
K3t 7 31 SDC HIIEKIMFLE . itk — Bt Rl o 324k, & 3 B8 T SDC-1550. ZWP K& 43 Al
ARSI : KB, 600°C. 700°C. 800°C. 900°C. 1000°C 1 1300°C T4 SZ05 & & Hfift )i 1)
K XRD i . M 3 0T LB HIRBE. 600°C. 700°C. 800°C. 900°C Nl % i SZ05 &4 Hfifd it (i Air
154} SDC (SDC-1550)7t 28.9 I HIE W AR LLIE [7] 22 ks , (H AT LA 2 SZ05 & & Hf@ i FH 598 F SDC A7-1E

AR N hedt ) SZ05 & & Fafig i b ZWP WA A 2 AT LUF HH SZ05 A LA I RFAE I Al
4l ZWP [RFIEIEIEA BRI HO S . ] 3 ORI XRD B & R KE. 600°C A1 800°C T il % 1) SZ05
B AT RFIEIE T B SDC RHEIESL,  HoAt BT A IRRHEIE AT RERS 5 41 ZWP FRIEA ——XT N, TR &
FEI{ A SDC Fl ZWP, A8 5 =AMFFEE. {H 900°C. 1000°C A1 1300°C T il (1) SZ05 & & Ffift i 5
SDC FHFEWESS, 16 21.6°, 24.2°, 27.2° ZAbIRFEIE S R BE SZ05 MILLARH L T BE IR, - FHBE#Y
FEAEWE I, 1A 900°C 2 LA bl £ (1) SZ05 & & Huf ik ZWP KA THEAE, g5 35 Raman %4341
SERAN 3. Rtk SZ05 B A HUR R (a4 IR IR 800°C M LU R (£14% 800°C). H# [BRIBEE besh IR R E
HBMEMEE BT, SR ORISR 2K, Fitk SZ05 54 AR M ERL &2 800°C it .
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Figure 2. XRD pattern of SDC-1550, ZWP and SZ05 composite
electrolyte synthesized at different temperatures: unsintered,
600°C, 800°C, 900°C, 1000°C and 1300°C
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Figure 3. Enlarged XRD pattern of SDC-1550, ZWP and SZ05
composite electrolyte synthesized at different temperatures:
unsintered, 600°C, 800°C, 900°C, 1000°C and 1300°C

3. SDC-1550. ZWP Ry HITEREIMREEIRE : KREE.
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3.3. BRIt EE

N T RZR SZ05 G FAR I I e 1) 4% SR AR I SRR G AR T A IR R EOR AR 1 B 19, 3-AT x4k SDC
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2, S K fh 2R AT A 75 2 SDC-1550 M1 SZ05 F i 7E 200°C~800°C P [T ¥ 2R ik R %k, 4%
RERER L, MR 1R LUE H SZ05 MFZIK R 5351K T4 SDC (SDC-1550)H # K £ 45,
223 800°C Al 600°C frIka4h H K 22 507 B4 2 5.95 x 10 K1 1 2.98 x 10 ° K™, /4% SZ05 Hfik £
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Figure 4. Thermal expansion curves of SDC-1550 and SZ05
composite electrolyte synthesized at different temperatures
600°C, 800°C, 900°C, 1000°C and 1300°C
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Table 1. Average linear thermal expansion coefficients of SDC-1550 and
SZ05 composite electrolyte in corresponding testing temperature range from

200 to 800°C
= 1. SDC-1550 1 SZ05 £ AF#EFR7E 200°C~800 CHIF LAk H ¥
B WK 2%

SDC-1550 12.1x10°K™*
$Z05-1300 11.0 x10°K™*
$Z05-1000 9.5x10°K™*
$Z05-900 7.23x10°K™!
$Z05-800 5.95x10° K™
$Z05-600 2.98x10°K™*

4. #hig

T [ AR NS4y 14E 600°C .800°C . 900°C  1000°C A1 1300°CHill % 1 #7% SZ05 (CeggSMp 201 9-Zr,WP,01,
R LY)E A EMAFAE, Rl Raman Al XRD 73# T Besgt IR FEEXT SZ05 524 FL MR oA 1 0 (1 S,
1331 SZ05 52 HLR 5T 1 AH AR il 52 0 5 FLdse i) 4% 2% A . Raman H11 XRD 73 #1455 % W]: 600°C~800°C
JR45 (1) SZ05 5 A HUE 1Y) Raman FFIEIEAT XRD HFAEIESS 4l SDC A1 ZWP [RFIEUEZE %, 1A 55 = AH
RRIEVE, 5 R BRAE AT SZ05 &AM RHMRRAEE 78 45— 2. 177 900°C M LA I Be4h 1) SZ05 & & Ffif 7 f¥) Raman
Al XRD B I T HHIRHEIE, BLRHRAE THIAS. Rtk SZ05 & & Hafif i i e 4t 5 2% 800°C LA F (4%
800°C), *ERIEE Feahin i N E SR B T, AR I dREmseE R, Fik SZ05 54
HLAR 0 PR B A e 225 2% A1 /& 800°C iAo i it 1 AN IRl e 5 R BE Ml £ 1) SZ05 524 HAAR T 1 A IIK R 4k
SZ05 K REEK T4l SDC (SDC-1550) A IEZIK %, JS & SZ05 FABZIK 22 5052 BIFE it B0 FE I 5%
Wi, {H454 XRD Al Raman #2045 5, 600°C~800°C kesk ) SZ05 & & Hifif it 541 SDC AH EL UK R
it R AR R — B4 BTk ok | T2 ARk ZWP 1 K 1t . SZ05 & & Hafif i 54l SDC Al Hb 4
K 2R H T BRI CeosSMo 2010 55 ZrWP,01, IR A 5L 1% SDC HLfA I A I 22 Ho 421 H 1

(Kt Ceo 8SMg 201 o-Z1r,WP,01, 5 FIAR T M Bl 46 T 22 B J7E 1550°C 8 h A1 1300C 3 h
[T 244 T4 R4l SDC F1 ZWP, #RJ5 SDC A1 ZWP 1% [ 1:1 Ji & EL AR ERTEE, o 78 800°C /2 A7 K4k
10 h £33 SZ05 & & HfE . MK RE MR AL 600~800°C K845 1) SZ05 H A MR MK RS
4l SDC HILL AR K FF%, M 12.1 x 107° K FP§F] 3~6 x 107° K™, X HLH A Ff fh 303 FE R B I paiR,
{HHA SZ05 & HUff i ZWP S IK I 1 ok, SE30 1% SDC HLA# T FiZ Ik R B0 0 B 1.
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