1% 4 2 #

Journal of Ceramics

$40% H6MH
2019 F 12 A

Vol.40 No.6
Dec. 2019

DOI: 10.13957/j.cnki.tcxb.2019.06.018

AL SRR D Bl S AL R A3 R it BH AR B B 22 AN T BE R 3T

BERW, EHE, HHAA, YLK, T4%
(PEBE R TR, TR #RIH 221116)

B E. Wik XRD FE T ARG AR S R (MoSa) M AR Iy, SR FH ELR PO 200 T AR e S, A
JH 22 W B Rl 2 RN S S AR e 2 il 25 T BEA 3% R L 9 & 1 1RA MoS2 Ml Sc203 FaiE ZrO2(SSZ)MHAAE N &2 A B A1 8L, SSZ
YER LRI, (LaosSro2)o.ssMnOs 5 SSZ R G1E Jy &2 A MR AA Ao il £ Fi i o S HE Ay bty , I T L fb oM . 45 2R3
B : MoS27E 250 ppm HoS-Hy S48 AP Al LIRS EAETE, TE 850 °C., 50%H2-Na-HoS S5 H 5% 4 4.50 S-em™!, 7E 850 °C'F,
Hz. 250 ppm HaS-Ho S5 B E b e R IR B 4350 21.32 mW-em2, 23.07 mW-em2, It HIES S PR R
R AR e

KW Ak, EAHEATE; bt

FESES: TQ174.75 XHERARAERD: A XEHS: 1000-2278(2019)06-0810-09

The Preparation and Performance of Molybdenum Disulfide as
Anode of Solid Oxide Fuel Cells

HOU Zhaoyu, WANG Zhongxu, YANG Lili, ZENG Fanrong, WANG Shaorong
(School of Chemical Engineering and Technology, China University of Mining & Technology, Xuzhou 221116, Jiangsu, China)

Abstract: The composition of molybdenum disulfide (MoS2) powder after heat treatment in different atmospheres was
characterized by XRD, the conductivity of the materials was tested by direct current four-terminal method. Scandia stabilized
zirconia (SSZ) electrolyte supported single cell was prepared with MoS2-SSZ mixture (mass ratio 9 : 1) as anode material and
(Lao.sSr0.2)0.9sMnOs3 as cathode material. The anodes were prepared by screen printing and sintering in inert atmosphere. The
electrochemical performance of the single cells was tested with the mixture of 250 ppm H2S-H: as fuel. The results show that
MoS: can exist stably in 250 ppm H2S-Hz, and its conductivity was 4.50 S:cm™! in 50% H2-N2-Hz2S at 850 °C. The maximum
power densities of the single cell in Hz and 250 ppm H2S-Hz were 21.32 mW-cm2 and 23.07 mW-cm™2 at 850 °C, respectively,
and good stability was shown when the cells were working in a sulfur-containing atmosphere.
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B Ni-YSZ  BHAR o0 T i 14 34 5 2 ph T 48 AL Ee 7E
TR PR AL A AN IO BRI PE . FE KR £ 7 4
W, LagaSrosTiOs 5 YSZ LI 1: 1 IRG
YERE A BN RL, 78 850 °C, BV hal i ke
I, RIRBE N 2 mW-em™2, YRR mA
20%H2S J5, K YPRE 2] 450 mW-cm™2,
Horpr, HoS AR IR L, &5 W e A B
YEFMPL T LST-YSZ FHM ALt #2B), Vincent!®
2 N 3 [ A A R ) %% Lao.aSroasBao.1sTiOs
(LSBT)FH#L AR, £ 900 °C, #AKBF T Ha B,
PERBRCZE, PR BRAEL SN CH4+0.5%H,S B, ik
DR BB & T A AR T Hat0.5%HaS
Bf, feRUPRE BB 8TE, BT HaS
RLSF- % i o e 5 A EAE T, B 4 T R R
Mg PE . Linl 45 R B H A be 4 1 45 10
GdaTi1 4Moo.c07 BHM M BHE & Sk kb R B B
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EE50T, WALHPIL 0.2 Q-em?, KR
IKF 342 mW-em™2, Hi#EZE TAE 6 KA HITERER
W, EA R AL E R A A B AR T
Liul®1%E AR b U 4 08 875 16 90 1 S 8 284 BH A b4
BF, 38 AT 22 X BRI VA A B, 43T T MoSa il
Pt 3l FE AR s R PEREARfk, #E 800 °C. HaS X
SR, BRI R S A e R T R LT AT
R 7 B Fpe R TR 2 B 433 24.9 mW-em™ Al
154 mW-cm™, 7ERHEIREEIX, Pt WHAR A
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AR SCR B DU R T R R AR
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R R B S SR FIALEE , FF MoS, 1k SOFC FH
Weprrk, Mk T R EAE Hoo 250 ppm HaS-H, X
SRR E AL RE
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1.1 MR
MoS F AR FH b = b (1 2y), FREC 1.0 g ¥

&, BCET ALOs M L, AR+, JLH N,
EERTWHE 1 h, HBRAREHNER MEFEA
A4, W W 30 min JFITEETHR, THE
B H S °C/min, TEFTFFIRE T ORIE 10 h 5%,
R P R = S, A N R4 30 min J5 BUH
Wik, XFHET XRD MHLEAE

1.2 MoS: # Mm%/ R Hl &

B mi AL HR R T TR AR, RS 300
MPa, TJEJGBIAEMZIT 1050 °CRazhks), <
SN Ny, 183 R SF R 26.56 mmx5.00 mm=2.34 mm
(KX BEx =N ZOREE S K 25 mm, JEEZI N 1 em
() R PRAE s o
1.3 BEMEH &

LT 4% . SSZ RA L= (CE—Mi e &
b2z Tl kX 2ty o BRI — s i SSZ ik,
AH i 3% PVB | I I A e Tk ik A 7
FUOFEE , TBE ARG TR A, B 0.6-0.7 g #r
IR AR B AR, 584 300 MPa, )5
Y HL TR T 1300 °Che4h S h, 193] @20 mm, J5
FEZ)) 0.40 mm (REE B f# A

B il &5 . LSM 2K FH Rl 7= i (Lao sSr0.2)0.95-
MnOs(F 5 K32), ¥ LSM 5 SSZ ¥y A4 i & It
7 39RE, A& 5%IEN M 70%1) 23547 4k
Z AN BEE (m(LSM+SSZ) : m(Z KL 2T 4 K+ 73 i
FE)=10 = 7)CE F AR 78 0 S, il & P
ko SR FH 22 X B R K S Ak 2 B 31 R e o g —
B TS, T 1100 °CHa%h 5 h 153l

PEAR £« # MoS, 55 SSZ #eJfikttt 9 : 1 1R
A, ARG S%IEH & 70%1) £ K47 48 2 Ak
T BE (m(MoSy+SSZ) : m( & K5 21 4 & + 5 il % )=
10 = 7)J3CE THFA TR e /0B, 45 BED R, R
FH22 W BRI 255 kL 22 BN L fg S 55—, F N
40, 1000 °CTFEB4s 4 h, 15%] MoS,-SSZ/SSZ/
LSM-SSZ i,

1.4 ik

K H 18 A & FE (Bruker) 2> A B /D8
ADVANCE % X SIZAT Y, FIH Cu # Ka 5 5}
XA S A HEA T 0B, U 10 ©/min, i
/N 0.0001 °, FHEE 10-80 °,

K ;B Bio-Logic 22 H] HCV-3048 #lH {2
T ARG HEAT L 5 S PR i B A A PR AR I . I
o, ORI B NIRRT B NoFEE
R 1 h, {25 ALO A NESS, B @AM
WA, IR FWRI 30 min J5ITEETHE . THEE
M. 2 °C/min FHEZE 94 °CH4IE 30 min, 5
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3 °C/min JHEZE 260 °CI-#IRE 30 min, &
3 °C/min FHEE 850 °C, FRRERER, FFiRMHER
-V ik, sLiad e, RRESESR KA
SRR A (R GF &) 56Tk & (500 ppm
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=, TR AR AR, AR R =
B BB B 10 min, [FIRH3E K 5 °C/min.
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i R T AT IC R Fh 2R A2 oM, X iR i E
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PAL PR REREIN HY MoO, Tt AT R o (HJERT LA
FUkl, M AR INET, AP RS E

B 1(b) AR T, MoS) 78 No S5 F &
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Fig.1 XRD patterns of MoS: calcined at 850 °C in different atmospheres
(a) Ar, N2, 100 ppm H2-N2; (b) N2; (¢) 50% H2-N2, Ho; (d) Hz2
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e sg , e B AR TP A X MoS: B A
AR,

& 1(d)J& MoS, 7E 850 °C, Ha 4R, F B[R]
AN XRD i R EIRT T, bl dBobe At ] ) 13
i, Mo BT ST IEAR S, Ul BB b Bt [ fd 154 T et
MoS, KA 38 J5 A 520 .

AR Mo W8 JE ] 58 X I [ N
2H>+MoS,=Mo+2HS; TE ik T ik Al V-,
A FERATAE AL H AR MA 2H,S, 8O- 455
PB4 R Mo, I ELFEE BRI ARG N, AR
Mo Ff 5 1) 23

&l 2 J& MoS, 7E 850 °C, 250 ppm HaS-Ha 4R,
N IERE 10 h J5 19 XRD. HEIRTAT: 7655
H, MoS, 7E s ol AMRFEHA A & 4281k, 7
SEBRN R, 3T RAR R BCE BB SR A
AP EH —E 8N HaS, FrLL2smiE Mo 194:
O RE MoS, [9FsE . It MoS» /E°A SOFC FH
WA BRI A B Al R 2 T BB 1Y

(R '} i.. A A

250 ppm H,S-H,-10 h

l P S SN

raw powder
1 1

10 20 30 40 50 60 70 80
20/(°)

Intensity (a.u.)

2 MoS, 7 850 C, 250 ppm H.S-H. S5 H T
142 10 h J5H9 XRD
Fig.2 XRD patterns of MoS: calcined at 850 °C,
250 ppm H2S-Hz for 10 h
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HR A8 Pl HORFEHE K AR S B B R 1
AL, AR R ECE E SRR IR SRR
PVB F LA F K Z : 7E 1050 °CHEIE T IBEZE 2] 80%
DL EMECER, A2 EHERZEN T, o
OB E BB/ NER UG, MR IR
WA R, A TE Ny 80 R . MoS: J& T)=
RE5H, Mo-S 2 LA AN B S5 &, 1 52 [A]
Y EFEAEAE 25 B A —BIE BUUA MoS,, E
FH 55, BT AR MoS, BeZh i, fAEfRK
POXERE o WO A HE Ny A4, 1050 °CR i 4 h 1
i MoS, #ih S ba st 454 -

F 1 BREE MoS, RN B ZE B
Tab.1 Relative density of MoS: sheet after sintering

Atmospheres
N2 Ar 5% H2-N2
Temperature/°C
No PVB 84.91
1050
3%PVB 81.67 - -
1100 No PVB 83.46  83.06 76.42
3%PVB 79.00  77.33 -
1150 No PVB 82.20  82.64 78.28
3%PVB 76.44  75.63 75.94
2.3 XPS & #f
i id XPS 734 MoSy B fili 2678 1050 °C, M2

4 h JERIEFE R A . Beg i BRR RS, 1
FE i 25 DU SRV — 2 MoSo A, B AT —Ab R
N S, REfhbesssels, WS hEUE,
RIHG R AR TP TR ARSI R R, RS XRD
EE AT A MoO,, HEH B IR, MWHLGEH
I RE 2R T XPS ST, WIESEARE S SR A
No AR P A R AR N . 3 i RESL ) XPS 43
Mrassf . hE 3)nl A, FESHPAEfES Mo, S It
#, [T C, O JLE, FIfgER AR
TEZS S, Anl R R R EI5 Y. B 3(b)
5 Mo 3d &S 2s [ XPS K%, W& AE T
229.4 eV [1) Mo 3ds;, 45 & el AN 232.5 eV 4k Mo
3dsp S5 A BB, TEBHAE S ) Mo DL Mo* B
A7E, [HEF, BT LIE G T 226.8 eV LR S 2s
W7, 8 3(c) M S 2p I XPS K%, BRI
F 162.3 eV 1Y S 2psn HILE A REIE AN 163.5 eV 4 S
2p1n IZE A RENE IERHAE R iy S DL STIEAFTE
2.4 BHEEMRK

&l 4 & MoS; HL SR AE AR & 43 1 Bl L (1)
A, B EITTHT: MoSs [ HE 3R 2 AR PE I,
Bifi A L B A T R G R B S o R R,
PR Z AL, FTREAAE DB E TR S, M
B i/ NPT, BT LI R A S,
TE Hy AU I HL S 5 Hofth = A 50 R LS %
) 2-3 F%, R 1(c). L(d)ATHI, BlE S0 R
K, MoSy Bl J5 A% 1 Bt AR W il I EL Bt 25
Al B3, Az B Mo BT A 238
F I 0.5% Ho-No FREEIE, 4 S o ali &0,
MoS, BEFRRE AL T 20 h 7E& &S APk
1, ARk SR 23 A2 B 4 Mo B, e U
ARG, TR, &I MoS, ¥ 5 2k &
AT AR b T S E, DERH AR Y Mo BT, FEER
M7 S S 1) T L B, AT AR MoS A4}
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Fig.3 XPS spectra of MoS:2 materials (a) XPS total spectrum;
(b) Mo 3d; (c) S 2p
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MoS; L &[4 Arrhenius H14k, 7F 0.5% H>-N,.
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SR 0472 eV, 0.425eV., 0.290¢eV. 0.112 eV,

Hi4E XRD 4 % FEM A AN 250 ppm
H,S, AR BN MoS, 5%, #f
MoS, FJIA ST HL G R MY RZm. & 6 F1 7 A
MoS, 7 0.5% H»-N»-H2S. 5% H»-N2-H»S. 50%
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B4 FESHET MoS. ESXMREMTH
Fig.4 Variation of MoS2 conductivity with temperature under
different hydrogen partial pressures
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Fig.5 Arrhenius curves of MoS:2 conductivity under different
hydrogen partial pressures
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Fig.7 Arrhenius curves of MoS: conductivity under different
hydrogen partial pressures in 250 ppm HaS
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50%H>-No-HaS 40 N X & AL BE 73 51 h 0.461
eV, 0.436 eV, 0.457 eV, BiBAJIA 250 ppm HoS
J, BRCINE T MoS: #k A BLS: . 11k
TINAS A L SRR AZ IR SR Mo 4 @S2, ] LB
fift A MoSz AR L 335, FLAE vk B I U<
A, WRESAE TR SRS, (HFEEE—
WALIUESE . ZRIRPTIA, fH AZARHME BT FH
WA A — @ T ATk

XIS BRE i 253351 XPS 4381, & 8 A
AR PRGN HaS RIS 2519 XPS
K3, & 8(a)h Mo 3d &S 2s 1) XPS K&, i T
229.4 eV AbiY) Mo 3ds;, #1232.5 eV 4L Mo 3ds»
RFEEFES A Mo*, BRI T 227.7 eV ik
A Mo 3ds, A1 230.85 eV 4b Mo 3dsp, FHFESH
TETER Mo, 17T 232.65 eV AbfK Mo 3ds, Fil
235.85 eV Ak Mo 3dspp, FHAFE S HHAETE Mo,

(a) ’ Mo 3d & 28
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L 1 L L " L L 1 L 1 " ISQ " l " 1 L
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PARA T 226.8 eV ALY S 25 W64, 1K 8(b) K S 2p
) XPS K%, T 162.3 eV ¥ S2psn Fl 163.5 eV
A S 2p1n IERHAESL R S L ST RAFETE . Mo 1Y
FEAE AT BEJEAE S A B[R] Ab 23 A o 4R
fE AT Y, HE 1(c)T XRD EIE A Ko
Je BRE S 2 1T T FH I, FIBE MoS, T4l &,
A ESPA R A B Mo B, Kt XPS &g AT
DIASHI EI] BT Mo (454 BB VG , [R] B A i g i 2
— AR EWZEE TR, XPS A —E K
TREE, i H MoS, #id R gl #mah, FHit,
W2 AT LIS 2] Mo* iOA77E

E 9 ARSI HaS VR AR S BEE
AT B SRR S 19 XPS i . B 9(a)y Mo
3d &S 2s it XPS &3, 11 T 229.4 eV &L Mo 3ds)
f1232.5 eV AL Mo 3dsp (RFEFEFES Y Mo LA
Mo B AFAE, [FRS, B LUE BN T 226.8 eV
AbEy S 2s WA . & 9(b) Ry S 2p B XPS i, i
162.3 eV 1 S 2psn A1 163.5 eV 1 S 2p1 WEFAFE S
) S LL SPIERAEAE . MERINRATHY XPS i 5L
N TS S GRS N1 A WY B2 5 € eeng R R R AW )
MoS, L BN HAE R L2, 781 250 ppm HaS
AT LA SR S A &SV AR e P .
2.5 B

& 10 MBIl MoS,-SSZ/SSZ/LSM-SSZ 1i
Ha. 250 ppm HoS-Ha U4 T 1 1-V-P f1£k J&¢ EIS K]
i, B 10(a). 10(b)F/RTE Hy SR H 1-V-P 12k K
EIS ik, & 10(a) ] %0, B et i FF % e e Bl
FIRE RIS R, i 850 °CHY 1.175 V 24
2700 °CH} 1,187V, TaHH HLff i 0%, H A&t
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Fig.8 XPS spectra of MoS2 materials after testing (a) Mo 3d; (b) S 2p
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Fig.9 XPS spectra of MoS:2 materials after testing (a) Mo 3d; (b) S 2p
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