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Abstract: La7aBiz(Si04)¢02 specimens were fabricated by standard solid-state synthesis route for solid
oxide electrolytes. The calcined powders exhibited uniform particles with a mean particle size of about 28
pm. The room-temperature structure of La;33Bia(SiO4)s02 specimens was analyzed as hexagonal, space
group P63 or P63/m, and the unit cell volume increased with increase a sintering temperature. The
specimens sintered at 1,175°C showed X-ray patterns of homogeneous apatite single phase without the
second phase such as LasSi2Q; and LasSiOs. The specimen sintered at 1,175C showed the maximum
sintered density of 5.49 g/cma. Increasing the sintering temperature, total conductivities increased,
activation energy decreased and the values were 1.98 x 10° Sem-1 and 1.23 eV, respectively.
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1. M B

AgdA g 1A A3E (solid oxide fuel cell,
SOFC) Aag F& Al45n JAY A4 Bo] A+
5oz BA2E 4UAA AATFZE R e
Azz:aYelA EE La-SrO-GaO-MgO(LSGM)Al &
Aolg, EFE Hrubd o8 AT ALITF
(oxygen vacancy)el 2% H7|AEE 5A4& o] &3t
I g a8y ol BEFEL Hutd EEER
A e Heko] A4 FFEFHY A5FEoE QA
F AL AZAEE7 F43] Firde dHE
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ZFR 3 Qlo], AA AEgiAE S8 U
FAHE Yela A [1-4]. A F2de F-
AL A & 7H5F SOFCE Asd oist B2& 4
7} AN &AE e, E3] Nakayama 5 Q29| g
AEE FAOR do olu}Elo|E (apatite) 2R TE
g 721+ JEF AYAE (silicate) == AZvly
°|E (germanate)Z] 1A Ats}E As| Ao g A+
7h @23 AP 3o [5]

g4 F2E e NE2FYolY HEHAFIE P
ZE 2= LSGMA 3¢ Sr € Mg 59 EcES
A7 gl ol AAHE AL FFA 98 2AsE
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oJeAE wAYEFE o]}t ey o9 7L E
AEL 1 eV o]de] A5ty ge zted (6]

o] SAAL olFelo|EY AFTRe] v
Al AAE EFL c-F ¢4 WY A 2
A4y ol2Hdx= wAUFE Zedn 2494 dd
[7-13]. o2 <& R FAFLEdA 58 oA
E4E& 7HKE N2 dd4d 842 523 gl
a8y BEEA AYACE BAL L 2FLE
(L600TC)E 7HthE d@do] o, o|F FZdsy)
st £ A= F-AL GGl 58 A7)
AEE EAL JelE Lagn(Si0)0, Edo 3
$3& #<E Bi 948 HUsld 223, AVH &
A FAsMeH, d8dAE 1A 3 E A8
o] $& 7MsAE nAsA

2. §E 4

£ AgME Si0x9.9%), La0x(99.9%), Biz0:(99.9%)
AEE ARt 244 LargBio(SiONO Wl A
qct. 28y La0s £29] Ao 37) F9 753 4
Al vHE-EEE 1000ColA 5A1ZF B IAeE 3 & A
TS 3lET APE 7 ARES dE 42L& Bl
2 3o 23Ul BE o] &3l FHoE 2A4AT
T B-E FHoE EF B4 EF 249
EZES 00TAA 2407 5 dxdden, i
g 2ZES oA ¢Fvy FEE o] &3to 247
T 48t B9 E2d f7] 242 PVA
3 wt%E F718te YAz, FYZULE o
$3te] 1,000 kg/em®e] qtEloz Uzt U= A
¥, 9Al 9 150 MPa/em®®] ¢gez CIP (cold
isostatic press) A& & sttt olg £ AYE A
BE AZANZZE 22Xt E AN F, LALEE
LI00CT~1175C2 W3 A LA ed, 2Z2x2H
W3l ofg AJHe] Fx3 EAS X-A 3™ 243
AAEN 73 -& o] &3t #AdIY v, 60 Hz~1 MHz
o] F4 HYdA L£xo @E B4 9ugdrg =
At A7) Axxe A4 AE Atsedct
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Fig. 1. Particle size distribution of the -calcined
Laz 13Bis Si04)s0: powder.
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Fig. 2. X-ray pattern of LajaBix(Si04)s0: Ceramics as a
function of sintered temperature: (a) 1,100°C, (b) 1,125T,
(c) 1,150C, and (d) 1,1757C.

et Zolo, B9 JEEEE Gaussian B EE
Hepilen, B3 f4xa7]= 9oF 28 yme] Bl F
A% dx E¥XE YehiA

Oy 2+ A2 256 wE  LaruBixSi04):0:
AEe] X-d 3E HEe Jded Aol 4Z
LE71 1,100C 1,125Ce] ZA¢ 3 2450
71918t LanSinO7% LasSi0s 59 224 9325 9)
dEEUAY. gy A2FL&x7E F7kgl e
olg|g 2aHde HA Zasdges, 1,175THd A
A% AH] 7§ 22Hd0] gl #EE olgElolE
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Table 1. Crystalline properties of apatite Laga(Si04)s0:
and La;nBiz(Si04)60: specimens.

Unit cell parameters

Sintering Space

Composition Cell
o temperature  group alnm)  clom)

Volume
Lagx(Si0J02  1,600C P6/m 9725 7.850 58852
La"”%:s'o"ﬁ 1150C  PéJm 97225 72209 59112
La’*”%:s“o“’s 1,175C Peym 97215 72280 59158
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Fig. 3. Sintered densities of La;33Bia(Si04)¢02 specimens
as a function of sintering temperature.

gdds e X-4 3d 2gE YeEhUo

£ 12 Bi9l A7t} 22250 W2 LapsBin(SiONsO:
A#e] AATH EAL ekl Aotk Bi Ut
A7MEA ¥ LanSiON0: Al#He  As HF
2ZAL5E 1,600C8 Zo disl, ¥ A7l A3 Bi
47t H7FE  LagBi(Si0s0: Al#He] 4AELEE
LIBCE Yehilon, ol §3o] @& B HUixE
713t ule} 2257} A 74 Aow mudch
Bi €49 7} 2 2FLx7t F7Mgel wE
G Azte] AHLE FhEle 5AE JEhideH,
ol La ©] (115 A) A o]2ut7Ro] & Bi
o] (120 A)e]l X#ge wE dFoz FAoHH,
g 224257 F7HEA @ e g9 EA
AHE ZE oJady i 7UF B4z
ot 1,100C2 1,125CoA 229 A|He 3¢
e oxate] ®Ed 7|93t LarsBix(Si0s)0:2
g AxEE 78 & it

a9 3 A2 259 @& LarasBin(SiOys A1 H 9
A2ZAUEE YE Aot &3 &7 F71E
e 22957 F7ksle A8 JEdAd e,

Fig. 4. SEM micrographs of La;xBix(Si04)s02 ceramics
as a function of sintered temperature, (a) 1,100C, (b)
1,125, (¢) 1,150, (d) 1,1757C.
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Fig. 5. Complex impedance plots (Z' and Z") of
La;zBix(Si04)02 specimens with variation of sintering
temperature and measurement temperature.

ole 2ZLx7t Frtstel we AYES oA
AqAet 2AY AFE AF dF duA IF=
A Ad W 7179 F: R FE 2RE 279
F7Hl 7108 @4z #odn.

% 4 2Z L5 B2 LargBia(SiOns0: A1 2]
9 v AFEE e Rolg. 24257 F71H3
aet 7]1Fe] #Aidn NYE vATFEE dYehls
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Fig. 6. Temperature dependence of the total conductivity
in the La;uBia(Si04)60: specimens.

Table 2. Activation energies of LaysBi2(Si04)602
specimens with variation of sintering temperature.
Material Sintering Temp. Activation
Energy {eV)
Lay 11Bia(Si04)500 1,100 1.31
La7sBia(Si104)60: 1,125T 1.26
Lay 13Bial Si04)602 1,150T 1.24
Laz 3Bial Si04)602 1175 1.23

ol ¢ F4S z2tE Bi 940 93 HAAAd
et 24 FEHo Tt 22U EI Fohske
Aoz AZsEY, 1175CoAAN 229 AH AL
718l A9 fe AL vATFEE Jehido.
AZLE wE A|HY uAlFE 54 1Y 39
2AWE B4 2 dAs= A8 el
a9 5% 500C, 550C, 600CoA 243 2dAex
Wslo] mE LazxBia(SiOge0r AH9] B4 JudAs
veld  Zloltt. EE  AHAA  dubHel A
Aeteel A gadEE 24y, 2AYA agdan A

AEe BIT 4 Ye MY wge pasnx
ggton, 3709 A¥ol FFE st wlo]
BRHAG. ot uATZAN B vish go|

Al U 7]Fe] Bo] EXI}:E= XUFY FERE
ZA R3] fEeE Azdd. x=3 Mg 5L
dEd2E YguEs F5E d9o] 4 kHz
efels PHEEE AoZ Hol wrd e A FH9
E4% vl &= ez AZEd, dutdez
Z2AY 990AM9 FHd JdHdxE £ kHz
ol Fu PN YEHUYE A2 HuFH:

Act (4] webd AAYAZe] dAda SA4T
BEEHE AL 23 ™ APl ZAJYAZ AF
He ddiHez w¢ 7] wfgoz gy,
ojFA 2 A Aol YEd o= AW R

B2 7]Fc] EAE7] wiEe Aow Agdr)
Brailsford®} Hohnke %<& [15] +dAle =i

ddA 2HEZAA ZAAJYAE Yelle g
2 FHE FASEA 71F &0l FHEd o
ggdgdr Busgen, B HAYgdyaz FY%
540 #AHAG. AlHe] 24 2E7 F74gl
gt wATE W 713 #Zad 99F3x AF9
7t A3 EAE A7AE7E folsiFdl e
AE9 Ag o] #AAidE EAS YeEUd

¥ 62 LargBia(Si0)s0: AlHY ZAHLE9}
a2dekd mE A7 AEE S4EL Yed Aojg,
&3 &57F F71%d w8 A#y] AxEE FUEE
%S delided, o 42F L&£x7t F7HE
et v TR o 713 9 olxide] gAagtd )
@ LaraBia(Si0s)602 oFtElo]EAo] HAEHA 7] -
HEos AZte

# 2% LarpBis(SiO)s0p A1 AZ ko] wE
gAY E UEtd Aot 2Z x5 F7HE
uret gAstvAs FadE FFE Yehggdoen,
L175CAA A28 AH 2% 123 eV H%ge
GeEhl A 28y 2 dAFeA 9 FA s
g2 dAQd IJY AEVFE YeiE AR
oA #AI AqUA FA 056 eV Rt} A
T AT A=V 848 oA #A 1.26

eV [12]d 2At¢ 54& dehdc ol
AN 22258 FF7] 8 HUMe Bi o] &
o AqFadz A Az AR % agn
AR H3 ZAAYR o] YL WA
To2 AZse, FF o4 Azge AR
717l kel Aol mAE Gl i
ASHA A7 YL Aol
4. d &2
2 AFdAE  dEdAE 1A e

LazsBia(SiOs02 AlHE dutaAdor A z3g o
o, 22LE W3l wWE F2H AH/NH EAH4L B
Zad. A2Ze=7F F7Hgdl @l LaSi0r3
LaSi0s 59 2342 Ha #Zasidew, 1,175Tol
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N 22 ANHe AS 2340 e A olue
olE e e X-A 3E 2ES Yt
24 571 F745el o2t 71Fo] Zadan AW
n A 722 Yehygles, 2249457 F78le A
S Yehlilg, ol 224257t F74gd o AE
49 Bi o] 9% J44FAH 2FAFFHE F7
ANZ7] dEe2 Az, A|HeY £2F2E7 F7t
gl we A&gge Fade 54E Jehdided,
AFrAe] GFgoz A3 AFHY AFAAL A%
AES E8E sy B4 guds bigdoe] #zy
Atk LaryBia(Si0)e0: A|HO] 2A2x7F F7}3tl
ug AZ|AEEE F7H8te AEE, @4sdvA e
#Hadte A%FS YRS
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