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In order to develop new proton conductor, phase diagram of Ba;Sr,ZrO; with high reliability has been
established by combination of results of X-ray diffraction measurements at various temperatures and thermal analyses.
The variation of crystal structures revealed by X-ray diffraction measurements at various temperatures agreed with
phase boundary observed by DSC and dilatometry. The two phase coexistence region according to the first order phase
transition was clarified from the variation of X-ray diffraction peak intensity of tetragonal and body-centered
orthorhombic phases. Among Ba,_Sr,ZrOs, the highest conductivity was observed in Bag¢Sry4ZrO;, indicating that
Bay ¢Sty 4ZrO5 was promising as mother phase of proton conducting oxide. Ba, ¢Sty 4Z199Y10;.5 showed higher proton
conductivity than so far reported BaZr;_,Y,Os.5 prepared with the same solution mixing method.
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Fig.1 X-ray diffraction patterns of Ba, ,Sr,ZrO; at room
temperature. All peaks can be indexed as Pm3m (x = 0.0,
0.1), I4/mcm (x = 0.2-0.4), Ibmm (x = 0.5) and Pbnm (x =
0.6-1.0).
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Fig.2 X-ray diffraction peaks of Ba;,Sr,ZrO; at room
temperature in 26 ranges of 31°~37.5" and 70.5°~73.5°.
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Fig.3 Relationship between lattice parameters and Sr
content. V/: Cubic, <>: Tetragonal, A: Body-centered
orthorhombic and O: Primitive orthorhombic. v2a of
cubic phase was depicted in a-axis and b-axis, whereas 2a
was plotted in c-axis.
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Fig.4 Relationship between sintering density and Sr
content of Ba: .Sr.ZrOa.
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Fig.10 Temperature dependence of X-ray diffraction
patterns of Bag ¢Sty 4ZrO; between -150 °C and 100 °C.
The arrow represents unknown peak. Patterns at -150 °C ~
-50 °C, 0 °C and 30 °C ~ 100 °C can be indexed as body
centered orthorhombic, mixed phase (body centered
orthorhombic and tetragonal) and tetragonal, respectively.
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Fig.11 Temperature dependence X-ray diffraction peaks of
SrZrOj; during heating and cooling procedure.
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Fig.12 Variation of X-ray diffraction peaks of SrZrOs. 116,
332 and 420 peaks can be indexed as tetragonal. 240 and
332 peaks can be assigned as body-centered orthorhombic.

Ibmm 2-phase I4/mem

: .
LA A
e T ¥ N e®e®

1500}

Aa, O. 3000

for 14/mem (count)
L

oy AN 2000
1000 \ oo° O = ¥
(0%400%°%0 Apad,

i i i i " " i L
840 860 880 900
Temperature (°C)

Intensity of 116 peak
(o]
Summation of intensity of 240
and 332 peaks for /bmm (count)

Fig.13 Temperature dependence of peak intensity of Ibmm
and /4/mcm phases of SrZrOs.

Netsu Sokutei 39 (2) 2012



X HBRET & BVSHTIC K& % Ba,,Sr,ZrO; ORBERIDAER: & #17-72 7' 1 h BB DER

K UTARDE TR0 240, 332 B — 7 LIEHRD 116 E—
I DERV TN N, WE O LA RLE T i & IE
FmDOEDLRIZHHIG L TWD EHRT I ENTED,
Fig.13 ([CIEH D 116 v — 27 W & ROLET D 240,
332 B — U BEOGE OIREKFAEE R, IEF 1862 °C
MO & 880 °C TE—7EIX—E LD, F2, K
DR O B — 7 OFRE L 862 °C 1 HAE T, 880 °C THLM|

SN o7, 862 °C~880 °C TIELMiH DILLENBIHI SN,

AR FEIk 23 SrZrO; D MALMEL T & & 155 8 0 2 AR A7 e
ThdEH-T,

B & U7z 2 MBI S 13 DSC TR S T 1 MRS
IR (Fig.5), 841°C LB L T20°CIEZEMmIRIZT 7 hL
TWAA, ZhiE DSC BIE TOREHRE LY X SREFRE
TORBEAKE L, —REEEBE T £ CICLERFRA
EholzizbEEZ N5,

Ba,,Sr,ZrO; (x = 0.5~0.9) (ZOW T HFEEEDHIEEIT- 72
EZA, WTNORETYH 2 A BN S, 0
JREEIX Sr B H BRI RICAEVMKIRIZ > 7 b, DSC 0
HWEORHER LA L, SRS/ EsB Y

7. Ba,Sr,Zr0; DIKEER

BAOIHTIC K 2 FREAR B O FHAM, 1R ATZE X ARIEHTIE
(2 & DA EIE ORI, & B —RARIEE O 2 ik
IR ORI & - T B fFdns bR L7 R B %
Fig.14 I ¥, BVOHTIC K o T G AL B & X RRET
HFED BB RE EE OIREZ R —E L TV LR
Eﬁwuf%, K’H(m\. ifn?ﬁ@?ﬁ) WZ Enxbnd Do nE

THE S TODIRIER 7 & bt AR IR Y 577
DRNEEH B0, THFBER TR OIERIZHTZ Y

H e XORREHTRIE D &% VY,
iz EtEZBND,

F AT L NTIRRE T, IR IR I
U TIEFEBROICEL L TR Y, ZIUIEBER RS 5 W
IEIERIRERAIIZ Ba & St B —EEL TWAHZ L ERLT
WwWahetEZHND,

Lo b E R DI8h -

——————————r—1
200v v v VvV vV ¥V V ¥V V ¥V VA
vV VvV V VvV VVV VvV V .
100y v v © v ¢V ¥ ¢ ¥ <
ud vV VWV VY VY VvV Vv %O O
D solvy v v v v v ow % /
2
o vV VvV VY VvV o
E 60tV v v VvV ¥V ¥
& f
§ v ¥V ¥V Vv ¥V % v/
s 400rv w v v v/ 0
5 ¢ e wA CH
‘ 2000y v W < A
v v b4 Lol /4 g :
¥ .8 8 R .
v 8/ S S A 250
g 2 SFa 9 9
e @ F 4.8 0 p oo L
0.0 0.2 GJ 0.6 0.8 1.0
(BaZrO;) i (SrZr0,)
Sr Content

Fig.14 Phase diagram of Ba;.,Sr,ZrO; proposed in this study.
Each symbol depicted as following represents crystal
structure analyzed by high temperature X-ray diffraction; O:
Pbnm, A: Ibmm, <>: I4/mem, : Pm3m, [J: the mixture
of I4/mem and Pm3m ©: the mixture of Ibnm and I4/mcm.
Solid lines and dotted ones represent phase boundary
measured by thermal analyses and those proposed from the
result of X-ray diffraction measurements, respectively.
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Fig.15 Total conductivity of Ba,_Sr,ZrOs in dry air.
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Fig.16 Conductivity of BagSry4ZryoY 035 measured in
this study and the reported ones of BaZr,,Y,O;; and
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