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Abstract

Solid oxide fuel cells (SOFC) are favored by people due to their high energy conversion efficiency,
wide range of fuel applications, and environmental protection and cleanliness. Co-doped
Lao.sSro.2Gap.ssMgo.1702.815 electrolyte has excellent properties and is expected to become an ideal
electrolyte material for SOFC. In this paper the LaogSro.2Gao.s3Mgo.17-xC0x02.815 (x = 0, 0.05, 0.085,
0.10, 0.15) material was successfully prepared by laser rapid synthesis. The results showed that
the materials prepared by laser rapid synthesis present unique microstructure. It is composed of
spear-shaped and leaf-shaped crystal grains, showing a relatively ordered and densely packed
microstructure. The electrical properties of the sample depend on the Co content. The conductivi-
ty of LaosSro.2Gao.ssMgo.085C00.08502.815 prepared by laser rapid synthesis reaches 0.202 Scm-1 at
800°C, which is much higher than that prepared by solid state reaction with the same ratio. The
higher conductivity of Lag.gSro.2Gao.s3Mgo.085C00.08502.815 sSample prepared by the laser rapid synthe-
sis is caused by the unique microstructure produced during the laser rapid sintering process.
Therefore, LaogSro.2Gao.ssMgo.085C00.08502.815 electrolyte is expected to be an ideal choice for me-
dium temperature solid oxide fuel cell electrolytes.
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1. 5|

AR, RS YRR HL i (solid oxide fuel cells, SOFCs) H1 T H: i e B i 4 A . kiS5 YL Ikl
PG M2 8] 7 A2 K0 ARG i F AR TR 2 Sk — R A4 AR ) 8, v il () <0
SOFC 21 I # Ak R & ROR FEh S b2 . PRI, A JE B 7 5 A 2 P AIK SOFC MigfTilE, R
TERIZAT iR EEAE 800°C LATF I ICIRARE Fts, TR R A8 Hh I X (500°C ~800°C ) HAT 5 v B - L 3 3R (KT
B FL R AR DU 7 ) L R [1]-[14] . 7EIX A S T 2R, 52410 LaGaO; #1EHE 600°C~800°C il
FEVE Y S ELH R A TR S A S MEP B ES T AR = A i La¥ Rl Ga®* B\ LaGaOs (LSGM)
JG, BT HMIAMEER, FAEKEBEIEZEM, &R LSGM #KL 700°C A & T H T RA g E
I TE W R A S (Y SZ) [ 44 B AR 5 T DU % o SCRRARIE Lag gST0.2Ga0.83MJo.1702 815 iE EL BT B UF A 7S,
DAL LG A R B B A I3 1) FR IR SRR H b LR S A

MG EINATER T FHRTRANEHB RS SE ST, BT EESEEES B R HI n 26
p BYHL T AR, S 4 8 0 R 4 B X Ga bl T & 28 LSGM HRL Jot Ha 2 14 BE (1 A RF B [ 7] [8] [9] [13]-
HAr A2 4w 7T 7l dE & JE 6 & Cre Mn. Fe. Co M1 Ni {1 Ga Az # A% LSGM HLfF i HE 24 MERE IO 52
M[5] [6] [7] [8] [9] [13]. &5 R Niv Mn Al Cr (#5444 LSGM HffJ5fi 1) HEL 1 Fl 25 7 219 B =,
1M Fe F1 Co 524 1f) LSGM  HfifJ5z M) 2 7™ AR 5 v 1) 8029 - 3 2 [8] [9] [13]. XA I @ BH & 113 2% (1)
W R, £ Ga fii#57% Co X T4/ LSGM HLMF I I8 55+ fi T B oA 24(5] [7] [9] [13]. FRATTR A0
PO A A A B T 41 f Co 52511 LaGaO; HLf# i LaggSroGap ssMdo.17-xC0x0215 (X = 0, 0.05, 0.085,
0.10,0.15), FHHIF J Co A4S T LagsSro2GanssMJo 1702615 AR 5T HL 27 P BE HI S o
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2. KPR

NSRBI FIFE T Lag gSrg 2GaggsMdo.17-xC0x0215 (X = 0, 0.05, 0.085, 0.10, 0.15, 0-085)%%@%‘1%*4
La,0; (99.99%). Ga,05 (99.99%). MgO (99.99%). SrCOs (99%)H1 C0,0; (99.9%)K 4 . FK = §if MgO
La O 7EH ¥~ H 1000°C Fiik% 7 h LS il I v iR B B2 #h AN S8 W 2% 5, i) b 2% B 1K) JTeadad x 5 BT SF
(X-ray diffraction, XRD)KH % o [ BHE G ERHEE R0 B 2 h, S8 )5 F 5074 LR H AN i B4 2L 7E 10 MPa
(R 58 R 40 mm x 5 mm x 5 mm ({527 FEECEAR Y 15 mm JE B 3.0 mm (R fr o R HILF ST R
BRASHTEEAR T 100CH1E: 2 he BT LD RIBIRES A 5 kKW HEELE CO, o't & K I BOG PIE & iR
G WO RS FEBE B AR 20 120 mm AR b, WORITERE S B BE EAR KM 12 mm. BEE B
D6 IRAE R VR 3L R A BE DT a1 R 5y, il 46 B A i 7 i T [ AR PR v 2D 2 5l o BT T 4R it R AL AL
(16 A E (OB ThEE 1100 W A SR8 BF 1 mms™) el & o O DRk & il A= — Fh ik & s T 2,
RAMCHEARFE SRR RPN G . A TIHFTXT L, B e —4HFES Lag eSro2GanssMUo.0ssC00.08502.815 5
L S P 630 SR D T A e i 1 5 1250°C B4 10 h, 485 1500°CHE4E 6 h, FiJe 1600°CHESE 2 h Al
FITAE R G R it 10 2 PR3 ok ] e KA J P

IR N RE S AR ZLEAE ] X Pert PRO X-Ray Diffractometer 1% 2% #E4T x SR AT5F HEAT 208, BES A1
&5 K E F ISM-6700F 131 B 7 S U (SEMYIEAT I 70 o O HR4S Ji (157 J7 BRSO O BB v, 54T
JEE RN [ RS () B A AR K 7 4. ©8.50 mm x 3.40 mm (x = 0.0), ®13.72 mm x 4.20 mm (x = 0.05), 10.00
mm x 6.97 mm x 3.94 mm (x = 0.085), ®10.50 mm x 2.72 mm (X = 0.10) and ®10.40 mm x 3.26 mm (X =
0.15), 1 6] AF S5 L3 il 25 VA it T4 3T 85 A 6.40 mm x 5.52 mm x 2.50 mm [ 7 (AR BEAT H 5356 1 K
X B[ A AR 7 R B U U E AR, s I SR 2238 R:, SR AEN T 1223 K Be4h 30 min. S
R S IR L S SR R E (250°C ~800°C) 42 4k (% ] Parstat 2273 (Princeton Applied Research){X #%K f%c
VPRI BEAT I, MR ARG N 0.1~10° Hzo IN75 BTSSR A ZSimpWin 3.0 S BEATHL& 13 51
PR AR . IR SCITHR LI L S 2 1 om? x 1 em £ & 1L S 344 .

3. HH4HAR

1278 T PR IT i1 4% LagsSro2Gao ssMo.17-xC0xOz815 FF At ] XRD K, WOLHRE & B (a) x
=0; (b)x=0.05; (c)x=0.085; (d)x=0.10; (e) x =0.15 FI(F)[E# x Mii% x = 0.085. jHil 5 PDF &}
FIXT EL AT B = &4l Lag gSro.2Ga0.ssMJo.17-xC0xO2.g15 F5 KA AT LI I O s & BRELAR & %, B T x =
0.15 FC EL 1) & 4 /b B 5 —AH LaSrGagOy. Pt Co 5 7% & IS N v M B IO AT ST R AR BE 88, 3R] 7 A
XFRRIERT RS, He4h, BEFE Co & & HUSG AT S 06 7] = M BE S B o A b Co 7E Ga ALHINE B4
SCHL[9], FF HLBE% Co 544 & A3 N S % U WA /N, X NS EAL I Co™ B8 F24%(63 pm)/h T
Mg® B 121 43(66 pm), HEUI/ANELALI Ga® B 72142 (2 pm) [9], K BLEEHE Co B4 BN fis S5 %2
RN SRR

4, HMMLER

K 2 73l R T PIFRTT 2] % LagsSro2GaossMo.17 xC0xOz.a15 FELARITT KIREINT I SEM 1], HotbRiE & Ak
HiAR: (@) x=0; (b)x=0.05; (c)x=0.085; (d)x=0.10; () x = 0.15 FI(f)[E# N7k x = 0.085, [ 2(f)n]
PATE tH [ A B S 25 Lag gSro.2Gao.ssM o 0sC00.08502.815 FF it HH 2 HE I BRTEMURE AL B, 5 At SCHRHRIE 11
LSGMs #l1 Co $ 4% LSGMs HIfMA S5 A FHLI[10] [11] [12], o' s A plodse A il £ HRE 5 U2 B A P el e
I )71 IR (2a and 2¢) =l IR Sl KE(2b, 2d and 2e) A= KT R, 3020 SR OB 5 4, XA (R TIOU 45 4 72
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ZHi LSGMs 1 Co #5:74% LSGMs [AfF 7T oK 4 &R R . WOGIRIE & B AR A BURE it (-1 38 diks R R 478
20~50 pm (2a, 2b, 2d and 2e), BEFE7E S KT 50 pm K E T 50 pm. OB HRE A B A
%1 x=0, 0.05, 0.085, 0.10, 0.15 ¥ i S [Fl A S Ny & A x = 0.085 - it (11 A XS 25 FE 4353l 97.2% . 96.1%.
98.7%. 98.5%. 98.1%M1197.1%, RHIFF 5% % AR Co 575 LagsSro,GapssMPo.17-xCoxOzes HIEH

oA A S 22 5
] Lao.ssrﬂ.zcao.mMgﬂ.l7fxcoxo3—5
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Figure 1. XRD patterns of LaggSrg.Gagg3sMgo.17-xC0x02.615 Samples prepared by two methods, laser rapid synthesis tech-
nology: (a) x = 0; (b) x = 0.05; (c) x = 0.085; (d) x = 0.10; (e) x = 0.15 and (f) solid phase reaction method x = 0.085

& 1. FE#75ESIE LagsSro2GassM0o 17-«C0oxOse15 HEmAT XRD B, FEMRIEEMBEA: (a) x=0; (b) x=0.05; (c) x
=0.085; (d)x=0.10; (e)x =0.15 FA(H)EHH /R ;% x = 0.085

Figure 2. The cross-sectional SEM images of Lag gSry,Gag e3Mdg.17-xC0x0- 615 Samples prepared by two methods, laser rapid syn-
thesis technology: (a) x = 0; (b) x = 0.05; (c) x = 0.085; (d) x = 0.10; () x = 0.15 and (f) solid phase reaction method x = 0.085

2. T EHIE LagsSro2GagssMUo 17-xC0y0z.a15 FERRAUHERTTE SEM [&], BIEHUR G BRITA : (a) x = 0; (b) x = 0.05;
(c) x=0.085; (d)x=0.10; (e)x=0.15 FA(f) EHKFE x =0.085

5. BBE4EE
T WFCRE S PR RE, RATIZE A SR T 250°C~700°C OB HGE A B AR (x = 0, 0.05, 0.085,
0.10, 0.15)FH [ #H 2 Mi%(x = 0.085) % i Lag sSro.2Ga0.sMo.17-xC0xOz g15 Ff it IS FRBHL LI, F3 Ik Xof Siz 6

BE S AT SRR LA R T A BRI S SR
# 1 I TIHFEASNENAE 250°CE 800 CHILE SR, MNERRTTLIHEZRH, Co BIkEegf
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LapgSro2Gag ssMdo1702.815 LM 1 L SR G LU &, R HBR T x=0.15 2 4b, B Co & & I InEE f i
Sl LA B ARSI . WOGPRE S AR S R Lag §ST0.2G a0 83MJo.0sC00.08502 815 FELAFE T £E 600 700 FlI
800°C ) 1 B 58 4» HIiA #) 0.067. 0.124 A1 0.202 Scm™, B & i T [l AH S5 B 1) 45 A [T RE G ELARE i e H 5
#:(0.026, 0.065 and 0.105 Scm %), JUE — 3 B A MBI 20 B RS 18 o O BROE & BREBOR I &AL i e S
2R Bl T HRR IO 5 R R RESR R 1) AR AR O PR B R b EA B R R £ R ST A
ARG B S, X SR R IR T B T E s P U I mT e, A AE e AT T Fe 3 2R A5 B

Table 1. Electrical properties of LaggSro ,GaggsMdo 17-xC0x0, 815 samples synthesized by laser rapid synthesis technology (x
=0, 0.05, 0.085, 0.10, 0.15) and solid state reaction method (x = 0.085)

% 1. ﬂ%'l‘;&ﬁéﬁi*ﬁ*(x = 0, 005, 0085, 010, OlS)*uE*H}iEZ;ﬁ(X = 0085)'%52 Laolgsr0'2Ga0.83Mgoll77XC0X02'815 *i

AR AR RE
Co & x HHFE(Sem™) B RE(eV)
600°C 700°C 800°C 250°C~450°C 450°C~600°C 600°C~800°C

x=0 0.018 0.047 0.090 0.64 0.69 0.74

x =0.05 0.032 0.069 0.114 0.53 0.56 0.59

LRS x =0.085 0.067 0.124 0.202 0.37 0.39 0.53
x=0.10 0.091 0.134 0.165 0.25 0.30 0.32

x=0.15 0.073 0.095 0.122 0.28 0.28 0.29

SSR x = 0.085 0.026 0.065 0.105 0.72 0.67 0.64

3 R SR T G PUE A R (x = 0, 0.05, 0.085, 0.10, 0.15)F1[E AH e MiZk(x = 0.085) % H
Lag gSro.2Gag gsMg 17 xC0xOz.815 £ it B L S R 1) Arrhenius #izk. MBI LUE HEE Co S &R, #
JEPRIE G AR B R i K Arrhenius 2R3 IZT ), X 3R BIBE Co & & B I w3 AL BE B TR )
I HLIEAH 5 N2 1] 4% Lag 8Sro2Gao 83M0o.085C00.085 02,615 AF: i FIVH AL BE 22 B it iy T [RIRE T B B0 RO & i
REHFEM . &1 W T HOCHRE S MECA(x = 0, 0.05, 0.085, 0.10, 0.15) A1 [ 41 S i (x = 0.085) & K
Lao gSro.2GapssMdo 17-xC0xOz g15 I i T HL TG AL g . HoAt Co & x < 0.085 £ 1] HEL T35 fb B B2 STk
TE PR B A AR BATC EUAE b FRDTE AL e 251 [9] [11] [12].

La Sr Ga V18, 17_XC0x0 s

087 02

N
1
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Figure 3. Arrhenius curve of total conductivity of LaggSro,GaggzsMgo.17-xC0,02e15 Synthesized by laser rapid synthesis
technology (x = 0, 0.05, 0.085, 0.10, 0.15) and solid phase reaction method (x = 0.085)

3. MRIES B RIAR (x = 0, 0.05, 0.085, 0.10, 0.15)FAE 4B /K R 3£ (x = 0.085) A A Lag sSr.2Gag 53MJo.17xC0x02 15 K &
LSS Arrhenius Bk
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4 TR T OCTRIE G i AR A BURE IR L SR AL BERE Co B Bkl 26 . s S iE b Re 2 AE 600°C
~800°C i VL BAT M. Bl % 0, BE%E Co &= AN SIS REA WK /NELE] Co & EiAF] 8.5
mol%, 4 Co &Et— BIEMEEILRE HIL T BESR T RIS, %5 SOkl AR L Co B¢
LSGMs 751 AE A A —2[9] [11] [13]. Co & KT 8.5 mol%H G {k REMIBESR T B3 W 25 A HL 53
EEAEA9] [13]. MR X BOLPGES B ARG x = 0.085 FEM G ILEEFFKE 053 ev, AT
Khorkounov et al. X BLf#] Co #4% LSGM 11 T HL S5 L BEINYE ] 0.51~0.68 eV [14], X — MR ETE R
X x =0.085 B IAE TS H TS, A1, BOTUE G SR T 1 x > 0.10 £ & i S EEE
AR T SCHRHRIE B 7 F S T AL RE A YE L

0.8

=4 =]
=) =
N 1 L 1

Apparent activation energy /ev
S g
P th
" 1 " 1

(=]

w

|

/.
[ ]

. - .
0.0 0.1 0.2
xin La Sr Ga Mg = Co O

08" 02 0.83 X x 2815

Figure 4. The change curve of activation energy of samples synthesized by laser rapid synthesis technology with Co doping

amount
B 4. MSHRA B A AL R IR SE L SRS Co B2 BT (Lihsk
6. &t

FATR A BOCPE & BB (LRS) 4 1R T Hifi SOFC 1 Lag gSro2GagssMPo17 xC0x02815 (X = 0,
0.05, 0.085, 0.10, 0.15)HLf#/mT, A& ke mm AL WOR S A= VEREH &, WT9E T Co 328X T
Lao gSro.2GagssMdo.1702.815 HLAA T ERE (2NN, I H. -5 4% Gell AH B Lkl 46 O RE St g AT 7T b . s S5 R

1) & BITERAH AT BOGPRE A R E 16 AT P L R s 2E 6 Co 3 4% LSGMs i)t . Bl
# Co Fra BN XRD A7 5T V6 17 755 £ FE A% 3h 3 W A BOZ AR /N, 2 Rl Mg® B8 T4 /S e f2 /1 Co™
BFIUR, TWANEALK Co™ B T2/ F Mg B 72148, RULBEE Co #5244 B3N ks 250 2 08
.

2) TOREEH : POG PR B BRI FRE ) B R BOE 18] B IR BHIR A AR KT ), I H -
GrMARF IOV 5 1, X TP TS S5 A PE AT 9K LaGaOs H= L AR BT A SCRR o oK LARTE o Tt e Ry FR) TR0 428 ) 2 2
& 1T 32 BBGR IR i A E 1) AR i B RE R RSG5 ARG ZE 1] ) AR A A

3) HLETERE: WP S AR % 1 Lag sSro2Gag.ssMGo 17 xC0xOx.g15 FELMAEIT 12 I LE [F AH S 73k B
Inp ki e 2 . R B R EE Lag gSro2Gag.s3sMJo.0s5C00.08502.615 7 600°C+ 700°C A1 800°C [ s FEL G R
4393132 5 0.067.0.124 F10.202 Scm, BA 5 75 T~ [T AR 5 S 32 1 4% 1D [ R P L B 5 £ HE 5 32.(0.026, 0.065 and
0.105 Scm ™) Rl R F 3o Bk £ B A i) 45 (4 Lag 6S1o0.2Ga0.83M 0lo.085C 00 08502815 11 A 4y i il il 44 AL 42
BRI AR o R B AR PR —, R R S R R TR0 DR S B R 7 A R R BOML £
IR -
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