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Synthesis and Electrical Properties of La, Sr,YO;, Ceramics
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Abstract: The ceramic samples of La,_Sr,YOs, (x=0.00, 0.05, 0.10, 0.15) were prepared using a conventional
solid state reaction method and characterized by XRD, SEM. The electrical properties of La,_Sr,YO;_, ceramics
were investigated by means of various electrochemical methods, e.g. ac impedance spectroscopy, hydrogen
pumping, gas concentration cells including hydrogen concentration cell and oxygen concentration cell etc. X-ray
powder diffraction pattern showed that the structures were all monoclinic perovskite. The observed values of
hydrogen concentration cell coincided with theoretical ones perfectly, indicating that the ceramics were pure ionic
conductors under hydrogen atmosphere. The results of hydrogen pumping confirmed that the ceramics mainly
were proton conductors under hydrogen atmosphere. The dependence of conductivity on oxygen partial pressure
revealed that the samples were mixed conductors of ions (H*+0%) and hole at high oxygen partial pressure, but
were pure ionic (H*+0?") conductors at low oxygen partial pressure. The results of oxygen concentration cell

exhibited that the samples were mixed conductors of oxide-ion and hole in dry oxidizing atmospheres.
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Table 1 Cell parameters and density of specimens

Cell parameters

Theoretical density /

Compounds V/ nm? Actual density / (g+cm™)
a/ nm b/ nm ¢/ nm B/ (g-em™)
x=0.00 1.692 7 1.688 2 1.687 9 91.96 5 4.820 5 6.079 7 5.707 0
x=0.05 1.693 5 1.688 6 1.688 1 9197 1 4.824 6 6.009 3 5.607 3
x=0.10 1.693 9 1.689 6 1.688 5 91.97 7 48295 59379 5.5959
x=0.15 1.694 5 1.689 8 1.688 8 91.97 8 4.832 6 5.869 0 5.493 9

2.2 BEHRN SEM 517

Bl 2 R LagesSroosY O Pl %4 il (1) 25 T8I 1B If
M f e R i TR ATV A L BRSO
I 5 LA v T AR % B A — B0, RIS B R AT
MRS PERE . R o0 fi B — SO U RS0k | 2 Sk B AR
R R LE T R RE S 1 & LaYOs BEIR T
PR AOR R HE S 1S WY AR RR R B G R S 4

(a) Surface

B2 LagesSroeYOs, BEAIRNY SEM i
Fig.2 SEM photographs of LagsSrsYOs., ceramic

(b) Fracture surface

X S BETE (EDS) 70 4T, 45 R M nyinying=1:0.88:2.8,
XS5 LaYOs BHAN niinying=1:1:3 FEAR—F |
AT DL AN IR N LaY Q5 BRI A B 45 A0k A, Fh B T
CIRDE = I s e R R R T R N W A X o
e B o N { WS = { IO 5 o 7 N 4 =
SREEIBERE S, T 2 B bR AR R . A
i DL
23 LML E

B 1 22 i BT B R on AR R 3 v, anlEl 3
7, LagssSto1sY 05 FF it 7E 400 °CHY A BH BT 1% & i =
G 158 S P N o 1B S 7 7 e U 1 B 2913 5 <]
— SRR A B, 43 B L TR Y R R A R
FL 5 R FEL A IO 5 R R A T T 1 R e AR ROR R
R C=1/Qnf R THEAAR, 2518 C=
1.68x107° F+cm™ Al €,;,=0.290x107 F-cm™, 500,
600,700,800 F1 900 °C [# &h A HL 25 70 510 0.628 x



52

X FAF 4 La, Sr, YO, P& 0945 0 K p M RE BT 5 281

107.1.13x107 . 1.64x107 . 2.87x107 Fil 5.36x107 F -
em™, S FL S I T B T R R R B R T
TR rR A RO 432 IR B 2 DS | 4R S 700
b, BETIE R 1SRRI 1 IRk, k
[ X 1 T AR S B, 2 B 22 S X T R A
BHL, A7 sty XoF 7 F i - 5 ok vl B =2 A I ) X g
T HRL T A ST R % L S AR B A R Ak
This 2 B 5 S 0 28 S B A2 B8 HL Y (B 3% T 46
/N,1000 CHE BHBTRE HA 1 45902k %0 T A fi
JoT 55 F A ST T A F e R IR 5 S A 28 kT
7 bR FLBE A R SRR I B T BT

T AR Ak AR B ]
22500
o 2000} 0400 C
= 1500}
N 1 000f o°°°°°°°°°°°°°°m%%o
500} fooow oo
0 ——T7000 2000 3000 4000 5000 6000 7000 8000
7/Q
-50
40} 0700 C
G 30f
N -20¢ 00000
-10f ood’dw 00000 amaaaoa 000 © © 0 0 o
0 108 L N L L L L
100 120 140 160 180 200 220
70
15k
a .10l 01000 C
" Mooooom°°°°°°°°°°°°°°oo
0 1 I I 1 1 1
35 40 45 50 55 60 65
70

K3 LagssStoisY Os FF il £E ZUA T RY B BTG
Fig.3 Impedance spectra of LaggsSry;5Y O3, ceramic in

hydrogen atmosphere

24 BEER
B 5 A ity 1) AfoR R BEL Ty 0 0 Y BELAC 3 5T S

SRS ST ST TR A S5 o [ 4(a) ()
T4 B 45 W s R B 122 5 NI 2 AR
S ARG B 4 T 0L A F R
AR RS S5 o RN ROF N o (3
> 2E ) >a (A )., T BaCeom
YouoOu 15, BT LA 0 5 2 7 45 50 7

LaYO,
2810 — 281,/ +V5 4204 )
Vi 45020442k (5)
HL0(¢)+20,+2 =20H; +3-0; (6)
H,0(g)+05+ Vs =20H, (7)
1 HztO=OH, +e' ®)

fE EiR &P Sr,’ Ve, 005, 0Hy b Fil e 43 51
TR La* iy S s 7 E S, s A R
(5 A S B 22 8 DR S A, 28 SO
H =X (@) AT AT, 7E LaYO, T A S10 J5 , i 4r La®* 5
T4 S TR, AR I AR — Y
Vo o FEASAM R & AR IO (S) i 7 A 4R B s o
S YA K ZER B AFTEN B2 A S (6)~
8), Mg /NS 7 PR i S R 4 i
FRMARTA TR SR TEIATHHE
S AR B T B RIS 0 2z S (8) B MEE AT
TR i 2 AR TP I S R, R 48
A BN E SRR ERE RN, B4R
B S 11 L R I R AR TR AR A R AU
e, BRI KNKIT N 000500100 015> T 10000
R TREE 1B 2% it 13 KA A A B3 R A
FFHL TR 3G K R BB A RS A R R Y
K, BBRBA Sry' 5 Vo Z iR 5| 736 0 fe 4l
BB T (Sr Vo Sry’) (St Vi o) W TE BRI 48U 28 67 A7

—a—x=0.00 —a—x=0.00
ik 1+ —aA— x=0.05 1+ —aA—x=0.05
—e—x=0.10 —e—x=0.10
= —= —w—x=0.15 — —y—x=0.15
¥ 0f & 0f & 0r
5 5 5
vt ol ° .t
2 e z
= & P
° ) )
= -2f \ = -2t \ 5 2 \
-3F (a) In air -3 (b) In wet air 30 (©InH,
08 1.0 12 14 16 18 08 1.0 14 16 18 08 10 12 14 16 18

1000/ T/K*

1000/ T/K*!

1000/ 7T/K*

P4 La, Sr,YOs, &5 B ZEAE M AR ) 0 B L

Fig.4  Arrhenius curves of La,_Sr,YOs, conductivity in different gas atmospheres



282 Jd Hl fk

A 525 %

RO BE (Y BEAIG , S B R R BRI, Hirh 4=0.05
R i BT S s LR FE 1000 °CTF 25 T
HRMEAR AT B AR50 54 :0.018.,0.007 7
0.00455 S-em™

Kl 4(a) 2 AT B SR A RERATE 720
CHE R T ARk X 5 CHPHE Ca 19 LaYO, fi & A
I AL, B 4(a) 0T R4S B S TR AL REFE 720 C LA
T 48 56.24 kJ -mol™,720 CLA 1214 86.10 kJ -
mol ™, X ] B Hh T BE A R E 0 T A AT R
O (5) A R AT B 23 A 77 AR N 28 R S A 38 K, DTG
i il 2R BRI A TR 4(b) A 23 AR P B
FRIML, BB FR o HiE T RSB g0 T)
SEEMER T LT EL R, XTREE R T
FE SR 25 P BN (6) (7)1 2 A AR T 28 R
25 MR B R38R T OHy BOMR BE |, 1 45 /&R
250 L G R PR AR B 0T L R R K AT g(oT)
5 T AR EL LR, H 4(c) M AR
H L SR LR 7 750 CCLATT SR TR
{14 T 33 T 28 348 K, 750 CC LA L HRL 5 S5 1) T e
AR /IN 3T B8 R R T TR R R e B
BREY WO LA TR0k AT BEAR T M %
R BT B L R B AR ST I
FRMEIPIT LageoSrolu0; 1,

Kl 5 A LagesSrossYO0; . Fi % FE § 78 400,500,
600,700,900 °C F 4 73 B 5oL SRR ML,
— R UL, —E B TR N 2 1go-lgp, KK
FLER IR T I S0 3 1Bl oA g 8 A i e B
TR lgo-lgp, AAEKF HL KR ML ZE
3 3 TR P9 Wl S A o SRy PR (B0 ) LM Bk

-1.0
m 900 C
15k ® 700 C
A 600 C
2.0F V¥ 500 C
5 4400 C
g 2.5k
; mo.-o—o—o——o——.”
2]
T30 MmAaA—— A AAAMA
©
= YW ————v—v—WW
35k
G- —00-000
4.0}
4.5 L 1 L 1 1
-15 -10 -5 0 5
lg(p,, / Pa)

FELS TagesSroesY s, P& FE Gl T 256 5 %000 06 3=
Fig.5 Dependence of electrical conductivity of

LaggsSroesY O, on oxygen partial pressure

T T (2 O IR A S AR, i 5 R 7
400 CHIMRIR T, HL R Z A 0 o, R W RE i
SRR TS T 400 CRUIREE T A% p,
I RN 2 A R R
T, x5 Sk 22 Ha b L B B T S5 SR AR A L
AP po VBRI, S AR A A 0 T 0 3 R
KRR RS 752 NIRE &, a0l
AR BE R TS R R A A A 2
AL
25 SIREBMHNESER

Sk 22 HL Y L Bl 0T vk R B ST AR R R AR
AR T M R E B T R e AR 5T L
La,_Sr,YO,., A HLA# 5T, 4 AN T i vk 22 it

wet H, [py, =100 kPa],PtlLa,_Sr,YO; [Pt,

wet (Ar+H) [py )

A 2 L S R R BIRAE E,, v R Y
RESTRE 7 R SR Y

RT , Pu,

Bu= 2F In Pu,am
X R ONARE & T AR F NI R
B popua BN G TR A A
Pu>Pu,mo Bl 6 M LageSrenY 05 FF il 1 200k 25 H th
HL Zh SIS IR | B & AT 5 R s A RS R T
WYL B S SEIE E,,, 45 M 2 375 AH I 52 50 R EE T
LB ) BR A B, 1AL 6 FT UL, 7E 400~1 000 °C
TR VR 25 H PR S A SENE S B A AR
U, i 2 (1) AT SRASAE il 7 2% S B T /Y B 1k

150
Theoretical
1000 C
120 N 900 C
800 'C
700 C
% 90 600 C
2 500 C
=
= 400 C
o
60
or \%
0

Py, kPa
wet Hylpy =100 kPa], PtlLagaSto10Y OsolPt, wet (Ar+Hy)[py ol
&l 6 Gk 22 H i i o Bl
Fig.6 EMF of the hydrogen concentration cell



52

X FAF 4 La, Sr, YO, P& 0945 0 K p M RE BT 5 283

FEECR 1, 3K F W LageSroi0Y 050 P AL i 78 E AR
SRR BT SR X 5E S PIKE S E T 1go-
lgpo KV HECR MM ELRIE B, 5%k
f AL, H A A SRR P I TR S L R A
M7 R, XU R TEE 40 A TR H
SRETAE TR IR,
26 BUFESHSFELERHNEER

R 4l & e 2 F b v 3 5[ RE Al 1 T AT RS K
1K/ AR IS BE 15 2 0T T 3 S 50820 ik AR 3¢
KA T3 (A )kt — 2 F ek
MERIATHEFSEME, BEREARIE
MEA-RIRAIE P A EZRAL Q)R
R Al EGE I S PR R SR as Rk 7, B
T 2R R n ik A EE T R B, X (@3)
TSR] AT Al A e S B o K b i
TSSO R R RO B R H E
T 3 mA-em™ B & AE R AR E N X R R T
BN E T AN Ea R ERY, R AEr
W AR E B A PR D8 E R (LA R
A R 200 10 Pa) B A /K T B8 31 #E B 2%
W, FEH L E N 3~25 mA -em™ B SEINE AR
RS R, TSI TR AR AR S S
FFTE AR RLRZ R FEM R P AN
0.85, 45 A El 6 A vk 2= v b Y S 08 45 5 mT | R
HEARAATEENRTFSHAN, BFEDRSE
BT S, HE 7 YR E KT 25
mA -cm™ I SEI(E B W R B 2R S R X R T
TE 5 R B R T A RS A A A R A K A
SR BRAR A ke AR 1) H b 2 S S
255 LagoSro Y05 FEMAHZEL

0.4
E N J— Theoretical
g A 800°C
9 e 6wt /
— '/
E /
; /
E 4
3 0.2} /"" AAAA
£ Syadeeet
8 .""'o“
g S
O <
z O1F e
~ <4
= P

e
ie
'y
prs
00k~ v ' '
0 10 20 30 40 50

Current density / (mA - cm)
7 LageSroi0Y 05 FF i &0 HL Ak 27 385 1o 7R
Fig.7 Electrochemical permeability rate of H, using
LageSto10Y O3 4

27 SEREEMBHNELR

Pl 8 by 72 B Wi 2 o it 8 1 40k 2 P S F B
PR g | bl 2 A e i L B B K,
BT L S B B, BE 8 AL 45
B e A e TR A B R B — 2 R E W
SAUB T S LM (F R R 2l B0 S L e (A AT
(A 3Ly IR SR b Ve (o 1
WP AR RS T 52 IR A SR
X 5 E S i s R TR g R A Bl ()
Al SRAS A HE S FE 500~1 000 °CE BBl Y 25 i %
N 0.12~0.70, MeAh | Bl T EE A T AR R
PEZ W AR /N | 25 7S HL P B WS K X AT g SR T
R G AR S s AN A S

40
30k =emee Theoretical
E —a—x=0.05
= —e—x=0.10
S —A—x=0.15
5
20F
A\‘\
.\.\.

500 600 700 800 900 1000
T/C

dry air, PtlLa,_Sr,YOs P, dry O,

Bl 8 Ak 22 i b 1) e Bl 3

Fig.8 EMF of the oxygen concentration cell
3 &

i AL e I AR A T LayLSr,YOs., (x=0.00,
0.05,0.10,0.15) 5 BHZEHFE S XRD D202 DI RE 5h
P10 5 ek 4 R St R 45 4 5 1B 4 AR A 1 L
RAHDELW MG BN, B SR
KIGEAR B R R KDRIT N 00050 01050 015>
O o, Fe 1, x=0.05 MURE S B A e KL R B
1 000 CF &S, B % MEA P TR
43504 :0.018 ,0.007 7 1 0.004 55 S-em™; &40 k5
BRI O R RUIHE RS A RS 2+
(B T+ 5803 )R 28 SCTR & SR #E IR 48000 AU
R Al B (0 T+ 480 ) AR R AUk 25
FL 3l 4 1 SN RS (B W) S A AR 47 | SR AR L A
AT R T 2k AN AR R



284 Jd Hl fk

&
&>
gl

A

R R WAL LD R e b S (SR o U =
B SR S e 2 A T I SR D AR o A T R Y
AT AR TR A T IR A S, R
La,_Sr,YO, , 51 M e B il A2 U0 R4 A9
TR LU E TS S R A 5
LM 1% 2R 9 B R A T A O AR AR VRUR AT
ARt HL P 1 H SR JBRA R, o mT A D [ A
SRR R 4 A 32 B R A R

SE k.

[1] Iwahara H, Esaka T, Uchida H, et al. Solid State lonics,
1981,3~4:359~363

[2] Iwahara H, Uchida H, Ono K, et al. J. Electrochem. Soc.,
1988,135:529~533

[3] Yajima T, Kazeoka H, Yogo T, et al. Solid State lonics,
1991,47:271~275

[4] Iwahara H, Yajima T, Hibino T, et al. Solid State Ilonics,
1993,61:65~69

[5] Takahashi T, Iwahara H. Rev. Chim. Min., 1980,17:243 ~
253

[6] Larring Y, Norby T. Solid State lonics, 1994,70~71:305~310

[7] Lybye D, Bonanos N. Solid State Ionics, 1999,125:339~344

[8] Ma G L, Zhang F, Zhu J L, et al. Chem. Mater., 2006,18:
6006~6011

[9] Iwahara H, Asakura Y, Katahira K, et al. Solid State lonics,

2004,168:299~310

[10]Gunasekaran N, Bakshi N, Alcock C B. et al. Solid State
lonics, 1996,83:145~150

[11]Alcock C B, Fergus J W, Wang L. Solid State lonics, 1992,
51:291~295

[12]Ruiz-Trejo E, Kilner J A. Solid State Ionics, 1997,97:529 ~
534

[13]Yamamura H, Yamazaki K, Kakinuma K, et al. Solid State
Ionics, 2002,150:255~261

[14]ZHU Jian-Li(Z 81 #0), ZHANG Feng(5K %), MA Gui-Lin
(H H:#), et al. Chinese J. Inorg. Chem. (Wuji Huaxue
Xuebao), 2007,23(9):1621~1626

[15]Ma G L, Shimura T, Iwahara H. Solid State lonics, 1998,
110:103~110

[16]KANG Xin-Hua(FE#i %), YU Jie(T"  Ht), MA Gui-Lin(%
HiMR), et al. Chinese J. Inorg. Chem.(Wuji Huaxue Xuebao),
2006,22(4):738~742

[17]Potter A R, Baker R T. Solid State lonics, 2006,177:1917~
1924

[18]Nomura K, Takeuchi T, Tanase S, et al. Solid State lonics,
2002,154~155:647~652

[19]Marques R M C, Marques F M B, Frade J R. Solid State
lonics, 1994,73:15~25

[20]Shimura T, Esaka K, Matsumoto H, et al. Solid State lonics,
2002,149:237~246

[21]Fujii H, Katayama Y, Shimura T, et al. J. Electroceram.,
1998,2(2):119~125



