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Synthesis of (Lay 3Sry,),oMnO;.; powder by a gel-casting technique

as cathodes for solid oxide fuel cells

ZHANG Yu-jun', ZHANG Lan"*, JIANG San-ping’
(1. Key Lab for Liquid Structures and Heredity of Materials of Education Ministry, Shandong University, Shandong 250061, China;
2. School of Mechanical and Aerospace Engineering, Nanyang Technological University, Singapore 639798)

Abstract: (Lay g Sty )g.0 MnOs5 (LSM) powders were successfully synthesized via a gel-casting technique and traditional solid
state reaction method by using oxide and carbon as raw materials. The perovskite phase formation temperature of LSM powders
synthesized by the gel-casting technique was about 850 °C, which is nearly 150 “C lower than that of T.SM powders synthesized by
the conventional solid-state reaction route. The significantly reduced phase formation temperature of the gel-casting LSM powder
was most likely due to the homogeneously distributed and immobilized precursor particles in a polymeric network, which promoted
the sintering and crystallization process. Furthermore, the electrochemical catalytic performance of I.SM electrodes prepared by
LSM powders synthesized gel-casting technique and sintered at different temperature was also investigated in detail .
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PERES . H AT, LSM R 0 & BT IR R £
s[RI I TG — e i IR DT TE Bk A L T AR
K, NATTTFAE SR B J5E 135 T 25 2 B 4 [T R s oz 3%
ety B SOFC ARl BB AR A 14, 140 - Nio/SDC R &
BER A Cey o Gy, O, (GDC) HUME TR A 1%
TR R B OB A OB &) B AR BRI | T
AR, Gyt N

AR FHEE IS 145 T2 (water-based gel-casting,
WGL) 58 LSM ¥ 1k, P40 B 78 45 J80M 148 52 42T 1
FGERA G5 A8 AR RS, I 55 [TAH 52 7 (solid-state
reaction, SSR) 5 B LSM AR SEA T LU FT , FF- 120
WFFE R ARG L X R R A2 A MERE A S

1.1 &B LSM #Hk

P La,0; (99.9%) ., StCO; (99.9%) Fll MnCO,
(99% ) R J5RE, SR HIBEIE AR T 206 M AR AR
ﬁ‘%é‘] LSM ;{:ﬁ{z{g *E*E ( Lay ¢ Sroa )09 MnO3_ . F)f%% 5@
(9 R Aff R i 25 ol SRR S rh LU AR A B B F
FEN SR GE , THRE 8 RHR G R AR A
PRI I (AM) FIEE I 5] N, N -3 FH G R0 O 1k i
(MBAM) (8 TR 5 P T BRI 30 min, TSR0} S %
JE NG | & RS SRR S W (APS, w =2%) F4itt
B8] s i IR R A SRR B T 80 CHEAR N . 3%
BHEMPCRZS T B AL T T4 B T 8EE 7 BITEA
()L R 2 AP B AR 3] LSM OB . AR S8R
FAAL G B AH SRz 25 G UM [R] B 23 Y LSM A A . 33
AN ECRIT T PR 5 1255 IR R A 1) v Ak 2 e e
AE . BR T AFIR LIS, A SO AR 270 29 1 T Sig-
ma-Aldrich f2F 350 28 7 .
1.2 #HERIE

JH 2950 #3H7AL (TA Instruments, Inc. USA) il
PR BER AR JFURHE 25 °C ~ 950 °C IR i BBl A
Zetth 2 (DTA) AR il 26 (TGA) , I X i i 4 e
FH 10 °C/min, WIRTFIY Ry N, . T BERFN FIR I
BHAR 25 48 H] X 53 28 4 ASATT 569 I 48 ( Philips MPD
1880) . XRD iz I5F {5 H] Cu #E, 20 ff i H & 20° ~
80°, A AH K K 0.02(°) /s.
1.3 BREMpFE

5 8 mol% Y, 0, Fa i ) Zr0, (YSZ, Tosoh, Japan)
RS T AR R, JF7E 1550 “CR4e4% 2 h 15
HL TR R S 4 L Rt S YSZ IR A EAR 204 19 mm,
JEEEZ A 1 mm KA B LSM R A (R 2 B (PEG
200, MERCK 99% ) Flit £L ] 47 5518 5 14 5 B33

PR, IER R 22 I EN R ] YSZ (B 3 1 Hh (R S
AR (WE) , &l T T 05 10 = i T beah, bes
JE B TR 0.5 em® . 28 1 & A RIRE S BE 2 1R
& AR YSZ 8 R 55—, B AR B4 % T ) i AR
0.5 em’ I HA (Ferro Corporation USA) YE 2R 5 Ha #2
(CE) , JFAE RO 32 Z& bl — 4> 1 mm 58 #Y 12 AT 9 2
FCHUR (RE) , CE 5 RE 22 [H] (¥ ] B2 0 7E 4 mm.
1 RFEFES RS IR

Table 1  The sintering temperature for samples

s HABREIRE /¢ BRESIREE/C
LSM-WGL-1150 900 1150
LSM-WGL-1000 900 1000
LSM-SSR-1150 900 1150
LSM-SSR-1000 900 1000
Working sz
Electrode Electrolyte
Counter | Reference
Electrode | Electrode

BT = S s A
Fig.1 Schematic diagram of single cell sample with
three-electrode configuration

1.4 BUFEMHERERIE

R B 25 HL 7T HP KT (galvanostatic current interrup-
tion, GCD)FEAEHE H 4k 2~ BHPTIE (electrochemical im-
pedance spectroscopy, EIS)IIR LSM ) HL {7 PR BE . B
il 25 1 LSM BAAR A5 AL PE RE IR 7E 200 mA/em® B
Wtk A LA 800 CHAHR T AT, HIW LRy 1SM B
AR AR 100 mL/min (175 S, EIS {2
TE I8 A% A FBL U A HH T 4 18] B2 PN 52 8. Solatron
1260 S35 HT135% 4% Solatron 1287 Hi fk2% L 11 43 #r
PCRRHEAT EIS At , I i85 443 B2 0.01 Hz 3
100 kHz, HIU 3 o Ak F 1 SRS . EIS i AR
R R N 2 22 S AR R AR AR AL FB L ( Ry, )

2 HXRGAHH

2.1 FERMEESERRSH

B 2 58 e AR A TR DTA A TGA Uit
B2k N 2 T LB Y, FRER e Rk
£ 300 ~ 500 CHYIRLEFEFEIN, H DTA fiZ7E 400 °C
BT — AN AR ) W A0 55 22 5% R 33K A B B ) A
S H S T REI P9 = R A AR i SN L &5 K R
S5 K 25 R R B e CO, SR . AE X
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Fig.2  Decomposition characteristics of dried gel and mixed raw
materials of (a) TGA curve of dried gel, (b) TGA curve
of mixed raw materials, (¢) DTA curve of dried gel and
(d) DTA curve of mixed raw materials

E 650 ~ 850 “CtJ& 75 [l I, TGA 2k /s 1+
JREF IR T 8.27 % , [ F DTA £ 7E 750 °CHI
800 “CALA PN HHIL I W R4 7 750 °C Ak /NI A
ATRESE T SrCO, Y40 M 5 LAY, 1T 800 °C b4k
WA W] R 2 T M e AR LA EK AT A5 4 LSM A A
WG A L 2 a Fl ¢ R AT AR, 3E— 4
FrEn TR, TCA #h £k %A A BURE i B 1 AR
1k, H DTA #h £k b 3% & B0 Al Ay Wi e . 5 AT 1)
1A HE K < SR PR TS T 25 A3 B0 LML R AR (1445
KA S5 K4 A I T BGHR BE 7E 800 ~ 850 “CIE TPy .

XoF T [ AR S 4 B LSML A3 A F) Y 45 e T
& L, 1E 650 ~ 850 °C i BE L E N, TCA £k s+ i
B BN 5.09%, A I DTA fii £k 78 722 °C il
800 °C AbA WG~ I A I A . AT v 2 W] L
7 M R R A0 TRV L RS 1)) L e Ah
RA R DTA HiZR7E 944 C L T — Wi, X
FEHA A B 1 A Y LSM A TE 800 ~ 850 °C Y
TSR IR 58 2 K B S B S5 1 S AH , 5 2
E T (R IR T o8 4
2.2 REXT AR R A R B R0

Bl 3 SR AEAS R B MR 5 T AR B A 1 XRD i
SHE . NE 3(a) FE 3(h) R R LAt iR T2 &
) LSM BMAZE 3 700 “C A b 3 5 AR BEA TE LS
KA 45 K4 A, R RPORY R 1R XRD A7 5 I R A
La,0, F1 SrCO, B 5T . X AT SFIAIESE 11 2
DTA HIZE7E 700 ~ 750 °C B 3G JE H SrCO, 25 |

Y. A 3(a) BN , BER A T 204 i 1S #;
RZeid 850 CHBEALLE , HoA & XRD fi7 5 14 5 41
B LSM ) XRD 77 4F A 1], 5 2 WA 76 1SM A
UNSRIRRZS I A Ty N Al oy I By T s |
AR 32 A3 B LSM RS AR B AE 900 °CF 4 e 20
h, R R XRD 77 55 B 588 B IA Lay, 05 AT
S Can &l 3(b) i NAER R T AEE 3(a) i G
AR BB La, Oy MAIT S0, 3 0B BE SRS T 206
B LSM OBMARTE 900 “CHELSE 20 h B &I i B —
R 2K A AR T [T AR ST A Y LSM A AR
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Fig.3  XRD patterns of LSM powder synthesized by (a) gel-casting
and (b) solid state reaction techniques at different tempera-
tures and (c) raw materials. The solid symbols indicate Sr-
CO3 and the empty symbols indicate La, O . The inserts are
the enlarged XRD patterns at 20 ranges from 25° to 31°
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RIS 2540 M. S. P, Jiang 25 A%
FHIBAL LT 3E A B LSM BRI & B, LSM T i
B —EEER T 2R A IR R 2k 1000 °C L3k i
FELE A IE GRS « [BAH S DL TR A& TR DTA 26 7E
944 °C I W B IE 2 LSM K3 4 PR 085 k1 45 1) i A
WG R . B TR 25 R U0 B T A
SR LSM 3 A 58 4 T S B 0™ 45 4 o A 1 3R AE
850 CZeAy, L AR S W i A3 B LSM R A i) 220
I 150 °C . HLJFE A : —J7 i th T ad B A T2
A5 SRR R B34 53R 5 5 I — J7 THIRBE R ER AR
A DL = 4 D 2% S5 48 (X R HIL = 2 X 2% S5 A0 7
FRATLARG B3R 3E o E 2 A5 2 ) 78 Tl 4
5 IR (A ISR 55 % 22 ik, 3 A5 R T AR 1 i
15, NI REAR T 45 R ARTE B IRLE .
2.3 1SM BAR AR IERE

4 Z A ACAS [R5} [R] f5 LSM-WGL-1150 F1 1.SM-
SSR-1150 [ 5 Ak FLBE. Ry, . 38 A BFIAR HL SRR, Ry
WIHEA 7.77 Q e’ . Ry BIR/INFE AR AR [i] 22 R
RS /N M Ak 4b FE 240 min J5, R {EFEARE] 1.01
Qren?, & Ry WIME 7.77 Q- em® B 13.0% . LSM-WGL-
1150 BAMRAE M Ak A AT AR v, Ry, 19 28 1b 45 it 2 B
U LSM B4R 1) 336 Ak i B, X A TG Ak b 3 R F O,
75 LSM BF |- % A i JE R g o 15207
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Fig.4 Rg of LSM-WGL-1150 and LSM-SSR-1150 as a

function of the cathodic current passage

Hy P& 4 ] AT, R IS A A B[R] B A S LSM-
SSR-1150 M 1) Ry, Z2461E &5 LSM-WGL-1150
P AR .

XA RESE B T HUAE 1150 C IR i T best &
B B EASE T 20 LAY TSM R AR 5E 2T R4S 2k
T4 KE) A AR TR 2 850 °CTE IR e s F vh ] fiE
FEAEIT RIS BRI T F AR A, BRI, A 1
BUPRD T2 O AR i 4 1 B 1) LAk 2 i AL T

TR

BERETEAR T2 4 Y LSM 3 iR B B4 1 45
R S5 K4 R B TR RE T T LSML B AR 1 e 45
JERT ARG . IR G, A SCH AT T 1,000 CRESs A
6] T2 R R 25 1 LSM BHAR il AL RE .

K 5 JEARAEAS R s 18] 5 LSM-WGL-1000 BH % 9
EIS. W 5 Ha] LIF ), LSM-WGL-1000 H #% 281 A
e BTG AL AL BE 240 min Ji5 , Ry, {2 0.27 Qe Fb
1150 °C 52 45 () FH #% LSM-WGL-1150 £ LSM-SSR-
1150 f4) Ry fH( ~ 1.0 Q- cm® ) HAE . UL 1000 °CHesh
(1) LSM-WGL-1000 FL % frY L £ 2% A b 36 1 v . 3 02
KA LSM BB AE AR BE N B4 i, B AR A4 ) i) Jt
Wi/, BAAR N A R = s g At T T AR LA, T LA
LSM-WGL-1000 B ELA 1 (0 oAb 2= fi AT 1
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Fig.5 EIS of LSM-WGL-1000 as a function of the cathodic
current passage
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(0< x<0.6) powder by sol-gel processing[ J]. Solid State
3 é:rlj: ,%} Sciences, 2002, 4(1):125-133.

(1) LA La,0,, StCO; il MnCO, My J5URE, 2K FH 5
WAL T2 A L T (Lag St )0 MnO; 34

(2) TGA .DTA F1 XRD 0 25 S ik 52 B fisg 19 45
T AR TSM #3158 4 T8 18085 Sk 0 245 4 & AH A
TEEAE 850 °C, HL I AH SR 75 A B LSM A 1R 1 24
ik 150 C.

(3) RAEERER T A LSM B A& £ 1
LSM BABE AT ATEARHR 1000 °C R Be4s, il 45 0 B
283 200 mA /e 1Y BRI AR 1 Ha 308 9 1k A BR S LR 11
AL BHEAH 0.27 Q- em’.
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