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A partial pseudoternary phase diagram of the LaO;5-Ba0-ScO;s system was established at 1600 °C.
According to the phase diagram, the solubility of barium into the cubic perovskite phase (LaScOs) at
1600 °C is 0.24 in a mole fraction of barium oxide (Xg,0) on the composition line where the mole fraction
of scandium oxide is 0.50. Another cubic perovskite phase (BaZrOs) in the BaO-ZrO,-ScO; 5 system is
also known. We investigated the phase relationships between the two cubic perovskites in the
pseudoquaternary phase diagram of the La0O;5-BaO-ScO;5-ZrO, system. As a result, we found the
existence of a wide solid solution region between the cubic perovskites at 1600 °C. The region was
determined by X-ray diffraction (XRD) analysis and energy dispersive X-ray (EDX) microanalysis of
samples with various compositions, and established the partial pseudoquaternary phase diagram.

© 2008 Elsevier Inc. All rights reserved.

1. Introduction

The crystallographic structure of lanthanum scandate (LaScOs)
belongs to the perovskite-type, and divalent cation (M(II))-doped
lanthanum scandate was reported to be a proton conductive oxide
in wet atmosphere [1]. Barium has been reported as a dopant for
lanthanum scandate [1]. The 20% barium-doped lanthanum
scandate has a cubic perovskite structure in contrast to non-
doped lanthanum scandate which has an orthorhombic perovskite
structure. The solubility of barium and the structure of doped
lanthanum scandate are quite important information for evaluat-
ing the protonic conductivity and its basic science. We therefore
intended to determine the solubility of BaO into LaScOs and the
relationship between the structure and the amount of doped BaO
by establishing the pseudoternary phase diagram of the LaO;5-
BaO-ScO,s system at 1600°C, which is a typical sintering
temperature of lanthanum scandate. A partial phase relationship
related to another cubic perovskite phase in the BaO-ZrO,-ScO; 5
system at 1600°C has been reported [2]. Fig. 1 shows the
schematic pseudoquaternary phase diagram with two pseudo-
ternary phase diagrams, although the pseudoternary phase
diagram of the LaO;5-BaO-ScO;s5 system will be established
in this study. In the LaO;5-Ba0O-ScO;s pseudoternary system,
there is solid solution based on cubic and orthorhombic
perovskite-lanthanum scandate (LaScOs). In the BaO-ScO, 5-ZrO,
pseudoternary system, there is another solid solution of
cubic perovskite-barium zirconate (BaZrOsz). We speculated that
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there is a solid solution between the cubic lanthanum scandate
and barium zirconate. In this case, we assumed that Ba can
substitute for only La sites and Sc can substitute for only Zr sites
because the ionic radius of Ba (1.61 A at 12 coordination) is close
to that of La (1.36A at 12 coordination) rather than that of Sc
(0.76 A at 6 coordination) and the ionic radius of Sc (0.76 A) is
almost the same as that of Zr (0.72A at 6 coordination). This
assumption means that the following Eq. (1) has to be satisfied:

XLa015 +XBaO =0.50
Xsco,5 + Xzi0, = 0.50, (1)

where X; is the mole fraction of i. This requirement is identical to a
set of points on the cross-section of the pseudoquaternary phase
diagram of the LaO;5-Ba0O-ScO;5-ZrO, system in Fig. 1. That is, if
such a solid solution exists, the solution must be on the cross-
section. We therefore investigated the phase relationship in the
cross-section again at the typical sintering temperature of 1600 °C.

2. Experimental
2.1. Chemical analysis and phase identification

The nominal compositions of samples examined in this work
are listed in Table 1(a) and (b) with results of phase identification
by X-ray diffraction (XRD) analysis (Rigaku Corporation,
RINT2200, Cu-Ka). The compositions of each grain in the samples
after heat treatment at 1600 °C for 24 h were analyzed by energy
dispersive X-ray microanalysis (EDX) (JEOL, JED-2300) equipped
with a field emission-scanning electron microscope (FE-SEM)
(JEOL, JSM-6500F). We used fluorescent X-rays of La Loy, Ba Loy, Sc
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Kp1 and Sc Kf; for analysis. The compositions of each grain in the
samples by EDX were calibrated based on the assumption that the
average compositions of whole samples analyzed by EDX are
equal to the nominal compositions.

2.2. Material preparation

All samples were synthesized by a solid-state reaction from
lanthania (La,0s3: 99.99%, Nacalai Tesque), barium carbonate
(BaCOs3: 99.9%, Wako), scandia (Scp03: 99.9%, Daiichi Kigenso)

LaO,, __‘-""O;thorhombic
Cubic Perovskite
~ 14LaScO,

Perovskite —

ZrO, | ;

220

Fig. 1. Schematic pseudoquaternary phase diagram with two pseudoternary phase
diagrams at 1600 °C.

Table 1

and zirconia (ZrO,: 99.97% including 2 mass% of hafnia (HfO,),
Daiichi Kigenso). We assumed that the impurity hafnia does not
influence the phase relationship in this system because the
chemical properties of hafnium are quite similar to those of
zirconium. All samples were finally heat-treated in the form of
pellet at 1600°C for 24h in air. Flow charts of the synthesis
procedures of samples are shown in Figs. 2(a) and (b) where the
main difference is whether samples are embedded in the powder
of the sample compositions or not, and the cooling method: (a)
samples were heat-treated in the powder bed to suppress
evaporation of BaO during heat treatment at 1600 °C because of
relatively high vapor pressure of BaO at 1600°C [3], and the
samples were furnace-cooled; or (b) samples were heat-treated
without a powder bed, and then quenched from 1600 °C to room
temperature. In the latter case, we mechanically polished out the
surface of the pellet and then employed the XRD and EDX analysis.

3. Results and discussion
3.1. LaO;5-Ba0-Sc0q 5 pseudoternary system at 1600 °C

We first established the pseudoternary phase diagram of the
LaO;5-Ba0-ScO; 5 system at 1600°C. The results are shown in
Fig. 3, and the logistics and the detailed experimental results are
explained below. In addition, it is noted that we utilized
information of pseudobinary phase diagrams of a LaO;5-ScO5
[4], BaO-ScO5 [5] and BaO-LaO,5 [6] to establish this pseudo-
ternary phase diagram. We just introduce the known phase,
melting points and eutectic reaction under 1600°C in the
pseudobinary systems; the known phases are LaO;s (m.p.
2304°C), ScOy5 (m.p. 2300°C), BaO (m.p. 1923°C), LaScOs,
BaSc,04 (m.p. 2100°C), Ba3Sc409 (m.p. 2050°C) and Ba,ySc,0s5
(decomposition at 1000 °C). There is eutectic reaction at BaO-30
mass% La0O;5 at 1548°C in the pseudobinary system of BaO-
LaOqs.

Nominal compositions of samples and phases identified by X-ray diffraction in samples heat-treated at 1600 °C for 24 h in air

(a) La0;5-Ba0-Sc0; 5 system

Sample Nominal composition Identified phase by XRD (O: detected, x : undetected and —: Not examined)
Xsc0, 5 Xgao X120, 5 LaScOs3 LaScOs (cubic) ScOq5 BaSc,04 Unknown
(orthorhombic) phase
T50° 0.50 0 0.50 o X x x x
T512 0.50 0.05 0.45 o x X x x
T52° 0.50 0.10 0.40 o x x X X
T53? 0.50 0.15 0.35 ¢} o x X X
T542 0.50 0.20 0.30 x o x X x
T55° 0.50 0.25 0.25 x o x X o
T71° 0.70 0.05 0.25 o x o x X
T72° 0.70 0.10 0.20 o o o x x
T73¢° 0.70 0.15 0.15 x o o X o
T74% 0.70 0.20 0.10 x o o X [}
T75% 0.70 0.25 0.05 x x o o o
Q? 0.575 0.325 0.1 - - - - -
(b) LaO;5-Ba0-Sc0O15-Zr0, system
Sample Nominal composition Identified phase by XRD (©: detected, x : undetected and —:
Not examined)
Xsc0, 5 XBao X120, 5 Xzr0, LaScO3 LaScO3 (cubic) BasSc409
(orthorhombic)
A0* 0.2875 0.2125 0.2875 0.2125 X o x
BO* 0.2125 0.2875 0.2125 0.2875 X o X
co? 0.1375 0.3625 0.1375 0.3625 X o x
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(b) LaO;.5-Ba0-Sc0O15-Zr0O, system

Sample Nominal composition Identified phase by XRD (©: detected, x : undetected and —:
Not examined)
Xsc0,5 XBao X120, 5 Xzr0, LaScO3 LaScO3 (cubic) BasSc409
(orthorhombic)
DO? 0.0625 0.4375 0.0625 0.4375 X (0] X
A1P 0.3625 0.2125 0.2875 0.1375 x o X
B1° 0.2875 0.2875 0.2125 0.2125 x (o) X
c1b 0.2125 0.3625 0.1375 0.2875 X (o) X
D1° 0.1375 0.4375 0.1375 0.3625 X (0] X
A2° 0.4375 0.2125 0.2875 0.0625 x o x
B2 0.3625 0.2875 0.2125 0.1375 X (o) X
c2b 0.2875 0.3625 0.1375 0.2125 X (0] X
D2° 0.2125 0.4375 0.0625 0.2875 x o x
B3P 0.4125 0.2875 0.2125 0.0875 X (0] X
c3b 0.3375 0.3625 0.1375 0.1625 X o X
D3P 0.2625 0.4375 0.0625 0.2375 X (0] X
p? 0.4000 0.4000 0.1000 0.1000 x (0} [¢)
WwWo? 0.4375 0.0625 0.4375 0.0625 - - -
wi1? 0.4375 0.0875 0.4125 0.0625 o x X
w22 0.4375 0.1375 0.3625 0.0625 o) o X

2 Samples were quenched (by method in Fig. 2(b))
b Samples were furnace-cooled (by method in Fig. 2(a)).

and quenched from 1600 °C to room temperature.

3.1.1. Analysis of X-ray diffraction of samples of Xsco,, = 0.50
Samples on the composition line of Xsco,, = 0.50 were heat-

treated at 1600 °C for 24 h. XRD patterns of the samples are shown

in Figs. 4(a) and (b) and the identified phases are summarized in

| Milled with agate mortar |

[1000 °C for 10 hours in air|

| Milled with agate mortar |

Pressed at 0.1 toncm?,
1300 °C for 10 hours in air

Milled with agate mortar

Pressed at 0.1 ton cm?,
1300 °C for 10 hours in air

| Mixed with organic binder solution |

| Pressed at 4.0 ton cm? |

1600 °C for 8 hours in air |

[1600 °C for 24 hours in air in powder bed|

Furnace cooled

Fig. 2. Synthesis procedures of samples: (a) samples were heat-treated in the powder bed, and furnace-cooled, and (b) samples were heat-treated without a powder bed,

| Milled with agate mortar |

[1000 °C for 10 hours in air |

| Milled with agate mortar |

| Mixed with organic binder solution |

'

| Pressed at 4.0 ton cm?®

!

600 °C for 8 hours in air|

|1 600 °C for 24 hours in air|

| Quenched to room temperature|

Table 1(a). Orthorhombic lanthanum scandate phase was identi-
fied in the samples of T50, T51, T52 and T53. When Xp,0 =
0.20 (T54), only cubic lanthanum scandate phase was identified.
In the case of sample T53, the peak profile coincided with a



K. Suehiro et al. / Journal of Solid State Chemistry 181 (2008) 2572-2579

2575

L801_5

0.4
XBao

VA

phase

!_z-

......a.....-.‘_.......,.-.

’

Orthorhombic

Cubic Perovsklte

G2,
quld Q. .

\,T?S

BaO ' - ScO15
0.2 / 0.6 \
X —%»  Ba;Sc,0y  BaSc,04
ScO01.5
Fig. 3. Established pseudoternary phase diagram of the LaO;5-BaO-ScO, 5 system at 1600 °C.
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Fig. 4. XRD patterns of samples on the composition line of Xsco,, = 0.50 (T50, T51, T52, T53, T54 and T55) after heat treatment at 1600 °C for 24 h. (a) 20 from 20° to 58° and

(b) 20 from 28° to 33°.

superimposed diffraction profile of the orthorhombic lanthanum
scandate phase (T52) and the cubic lanthanum scandate phase
(T54) in the ratio of 0.8:0.2. Thus, we assumed that the sample
T53 contains the orthorhombic and the cubic lanthanum scandate
phase with such a ratio. When Xg,0 = 0.25 (T55), cubic lanthanum
scandate phase and unknown diffraction patterns were identified.

A discrepancy in phase identification with literature was
recognized at T51 and T52. In Ref. [7], samples having the same

composition of T51 and T52 were identified as mixture of cubic
and orthorhombic phase but we could not see any evidence as
mixture in T51 and T52. The main differences in processing seem
to be synthesizing temperature and sintering period. We com-
bined synthesizing and sintering process, that is, the samples was
heat-treated at 1000 °C for 10h and 1600 °C for 24 h. As the heat
treatment at 1000°C is not enough to synthesize lanthanum
scandate phase, we can see un-reacted phases by XRD. But there is
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Compositions of each phase in samples heat-treated at 1600 °C for 24 h in air on a pseudoternary phase diagram of the LaO;5-BaO-ScO; 5 system

Nominal LaScOs (orthorhombic) LaScOs3 (cubic) Scy03 BaSc,04 Unknown phase
Xsco;5  XBao  Xiao;s  Xscops Xpao X1a0, 5 Xsco,s  XBao  Xiao;s  Xsco;s  XBao  X1ao;s  Xsco;s  XBao X105 Xsco,s  XBao  X1aoys
T53* 05 015 035 047 0.16 0.37 049 020 032 (nd) (n.d.) (n.d.)
T54° 05 020 0.30 (n.d.) 0.50 020 0.29 (n.d.) (n.d.) (n.d.)
T55* 0.5 025 0.25 (n.d.) 0.50 0.24 0.26 (n.d.) (n.d.) 0.43 0.37 0.20
T71* 0.7 005 025 054 009 038 (n.d.) 098 0 002 (nd.) (n.d.)
T72* 0.7 0.10 0.20 0.48 0.14 0.37 0.51 0.18 0.31 0.96 0.01 0.02 (n.d.) (n.d.)
T73* 0.7 0.15 0.15 (n.d.) 0.52 025 0.24 0.99 0 0 (n.d.) 0.44 036 0.2
T74* 0.7 0.20 0.10 (n.d.) 0.53 026 0.21 0.97 0.01 0.01 (n.d.) 0.60 029 011
T75* 0.7 0.25 0.05 0.50 0.20 0.29 (n.d.) 0.99 0 0 0.61 034 0.05 0.74 0.21 0.05
@ Samples were quenched (by method in Fig. 3(b)).
a b
Xsc0=07 O LaScOs(cubic) [240563) Xse0207 O LaScO: (cubic) [240563]
h A LaScO;(orthorhombic) [261148] A LaScOs (orthorhombic) [261148]
® Sc:0.[50629] @ Sc:0;[50629]
N O BaSc:0. [440259] O BaSc:0: [440259]
+ unknown phase o + unknown phase
, T75 Fao ok J}\ $
5 T75 . P +
—_ o — o )
5 3 m] S o®
R R s |
2 z T e *©
® @ Ao+ o A E
g 9°
2|__13 El| 1 ) E
b I A
O
A
172 — N T?\2 ot 988 4 o A
o N e JEAN
Iy
;J\)‘ T71 .
T71 A RS Ao
T ~ T 1T 1 © 1 T T T T T T T 1
8 12 16 20 24 28 30 32 34 36 38 40 42 44 46

20 (Cu-Ka ) / degree

20 (Cu-Kat ) / degree

Fig. 5. XRD patterns of samples on the composition line of Xsco,, = 0.70 (T71, T72, T73, T74 and T75) after heat treatment at 1600 °C for 24 h. (a) 20 from 7° to 33°, and (b)

20 from 30° to 47°.

no such phases after heat treatment at 1600 °C. In contrast, they
synthesized by heating at 1500 °C for 5 h and sintered at 1600 °C
for 10 h. We speculate that it is difficult to obtain the equilibrium
phase relationship in their process if the phase relationship is
different at between 1500 and 1600 °C. That is, it may take time
for samples to reach equilibrium at 1600 °C after an achievement
of equilibrium phase relationship at 1500 °C because grain growth
is expected at 1500°C. This phenomenon was recognized in
barium zirconate previously [8].

3.1.2. Results of EDX analysis of samples of Xsco,, = 0.50

Table 2 shows the average compositions, analyzed by EDX, of
each grain in the samples heat-treated at 1600 °C for 24 h in air.
Since there is a complete overlap between fluorescence X-rays of
Ba Laq and Sc Kf3;, we subtracted the intensity of Sc Kf; by using
the calculated intensity of Sc K3, from the observed intensity of Sc
Koiq. We also subtracted relatively small overlap by the fluores-
cence X-rays of La Lo;. We think EDX result is reliable for usage in
this study. But, when the mole fraction of barium oxide is low, the
compositions obtained by EDX were not so accurate. Thus we did
not list the compositions of samples at Xg 0 = 0, 0.05 and 0.10
(T50, T51 and T52) on Table 2 although there is no large dispersion
in the analyzed compositions of grains in each sample (T50, T51

and T52). We consider the samples at Xg,0 = 0, 0.05 and 0.10 (T50,
T51 and T52) to be single phase.

It was confirmed that all analyzed grains of the lanthanum
scandate phase in the sample at Xg,0 = 0.2 (T54) had the same
compositions as the average compositions. Thus, the sample at
Xpao = 0.2 (T54) is also single phase. At Xg,0 = 0.15 (T53), there
are two kinds of grains which had different compositions as
shown in Table 2. This coincides with the results by XRD analysis
where the sample T53 is in the two phase region of orthorhombic
lanthanum scandate and cubic lanthanum scandate. At
Xgao = 0.25 (T55), two kinds of grains were observed. This also
coincides with XRD identification of an unknown phase observed
in addition to cubic lanthanum phase. The mole fraction of barium
oxide in the cubic lanthanum scandate phase of the sample at
Xpao = 0.25 (T55) was 0.24. Thus, the solubility of barium into
lanthanum scandate phase was determined to be Xp,0 = 0.24 at
1600°C.

3.1.3. Analysis of X-ray diffraction and EDX analysis of samples of
Xsco15 =0.70

Figs. 5(a) and (b) shows XRD patterns of samples at Xsco,, =
0.70 heat-treated at 1600°C for 24h. Combining the results
obtained at Xsco,, =0.50, the phases in the samples were
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Fig. 6. XRD patterns of the samples (AO to DO, Al to D1, A2 to D2, B3 to D3 and P)
after heat treatment at 1600 °C for 24 h.
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identified as listed in Table 1(a). In all the samples (T71-T75), the
scandia phase was detected. When the mole fraction of barium
oxide was 0.05 (Xga0 = 0.05 (T71)), only orthorhombic lanthanum
scandate phase was identified in addition to scandia phase. When
Xpao = 0.10 (T72), we assumed that both orthorhombic and cubic
lanthanum scandate phase existed. We distinguished cubic
lanthanum scandate from orthorhombic lanthanum scandate by
the ratio of intensity of (101) to (111) because the diffraction at
(111) is unique for the orthorhombic phase. When Xg,0 = 0.15
(T73), cubic lanthanum scandate phase and scandia phase were
detected. When Xp,0 = 0.20 (T74), BaSc,04 and unknown phase
were detected in addition to cubic lanthanum scandate and
scandia phase. The existence of four phases violates Gibbs’ phase
rule. We assumed that the existence of liquid phase at 1600 °C,
decomposing to two or more phases on cooling. To confirm this
assumption, we prepared sample Q which has a composition as
indicated in Fig. 1(a) and Table 1(a), and then heat-treated at
1600 °C for 24 h. After heat treatment, the sample was completely
melted. This indicates the possibility of a three-phase equilibrium
containing liquid phase in the sample T74. In the sample T75
(Xgao = 0.25), scandia, BaSc,04 and unknown phase were identi-
fied. The peak positions of the BaSc,0,4 phase shifted to lower
angles than those in the JCPDS card [no. 440259, lattice constant,
a = 0.98341 nm, b = 0.58159 nm, ¢ = 2.0578 nm]. Thus, there is a
possibility that BaSc,04 has some solubility of lanthanum. The
average compositions of grains in series of Xsc,, =0.70 are
shown in Table 2. We expect that the composition of the liquid
phase might be close to the four unknown phases in T55, T73, T74
and T75.

3.2. La0;5-Ba0-5c015-Zr0O, pseudoquaternary system at 1600 °C

3.2.1. Analysis of X-ray diffraction of samples of A0 to DO, A1 to D1,
A2 to D2, B3 to D3 and P

Samples (AO to DO, A1 to D1, A2 to D2, B3 to D3 and P) on the
composition plane between LaScO3 and sum of 1/4 Ba3Sc4O9 and
1/4 BaO, and BaZrOs and La,Zr,0; were heat-treated at 1600 °C for
24 h. XRD patterns of the samples (AO to DO, Al to D1, A2 to D2, B3
to D3 and P) are shown in Fig. 6. The identified phases are

® BSZ 15 BSZ 30
A BSZ 408

Lattice constant / A

0.00 0.10

XBa0 - X210,

Fig. 7. Lattice constants of the samples (A0 to DO, A1 to D1, A2 to D2, B3 to D3, BaZrOs, BaZr.g55C0.1503_5 (BSZ 15, Xsc0,, = 0.075), BaZr7S¢0.303_5 (BSZ 30, Xsco,, = 0.15)
and BaZroSco.403_5 (BSZ 40, Xsc0,, = 0.20)) after heat treatment at 1600 °C for 24 h (a) as a function of Xg,0, and (b) as a function of X0 —Xzr0, .
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summarized in Table 1(b). Only cubic perovskite phase was
identified in all samples except for sample P. Figs. 7(a) and (b)
shows lattice constants of cubic phases as a function of Xz, and
Xpao—Xzro,, Tespectively. The Xp,o—Xz0, corresponds to the
concentration of oxygen vacancy in the electroneutrality condi-
tion. The lattice constants of BaZrOs, BaZrggsSco1503_s (BSZ 15,
SC01_5 = 0075), BaZro.7Sc0.303_5 (BSZ 30, SCO]'S = 015) and
BaZrg Sco403_s(BSZ 40, ScO;5 = 0.20) were also plotted in the
figure for reference. Now, the ionic radius of barium is larger than
that of lanthanum; Ba = 1.61 A (12 coordination) and La = 1.36 A
(12 coordination). In contrast, the ionic radii of zirconium and
scandium are almost the same; Zr = 0.72 A (6 coordination) and
Sc =0.76 A (6 coordination). In the algebraic sense, the lattice
constant increases with increase of Xg,o which can be confirmed

a
(W1) f o LaScOs (cubic) [240563]
A LaScO3 (orthorhombic) [261148]
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in Fig. 7(a). There is an almost linear relationship between Xga0
and the lattice constant except for D2 which might include some
experimental error. Looking in further detail, we can find the
lattice shrinking at high oxygen vacancy at the same Xp,0 level as
indicated with a solid line in Fig. 7(b). We suppose there might be
some mechanism to relax a high energy state of the lattice caused
by a high concentration of oxygen vacancy, such as formation of
cation pair or ordering of oxygen vacancies. In sample P, the peak
patterns of cubic lanthanum scandate and BasSc40O9 phase were
identified by XRD analysis, as shown in Fig. 6. Therefore, it was
determined that the phase boundary of cubic perovskite should be
between the sample P and the line whose oxygen vacancy
composition is 0.2. This phase boundary coincides with results
of XRD in Ref. [9].

(W1) o
o LaScO,
(cubic) [240563]
A LaScOs
(orthorhombic) [261148]
£
s
2
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£
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Fig. 8. XRD patterns of samples of W1 and W2 after heat treatment at 1600 °C for 24 h. (a) 20 from 20° to 677, (b) 20 from 30.4° to 31.8".
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Fig. 9. A partial pseudoquaternary phase diagram of the LaO;5-BaO-ScOq5-ZrO, system at 1600 °C.
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3.2.2. Analysis of X-ray diffraction and EDX in W0, W1 and W2

WO, W1 and W2 were prepared to establish the composition
region of orthorhombic perovskite phases. The nominal composi-
tions are listed in Table 1(b). Figs. 8(a) and (b) shows XRD patterns
of samples of W1 and W2 after heat treatment at 1600 °C for 24 h
and the phases are identified as summarized in Table 1(b). We
employed the EDX for sample W2, and confirmed two types of
grains in W2. The diffraction peaks of sample W2 look like cubic
perovskite (Fig. 8(b)) but some unique diffraction peaks for
orthorhombic phases were observed (Fig. 8(a)). Combining the
results of EDX and XRD, we determine that sample W2 has two
phases, and W1 is in the orthorhombic region. The shifts of peak
positions from JCPDS card might be due to dissolution of barium
and zirconium. Thus, the phase boundary of orthorhombic
perovskite phase exists between samples W1 and W2. At the
composition of sample WO, the sample melted during heat
treatment at 1600 °C. This suggests that there is a liquid phase
around sample WO.

We drew a partial pseudoquaternary phase diagram of the
La0;5-Ba0-Sc0O;5-Zr0, system at 1600 °C based on information
as obtained above, as shown in Fig. 9. In Fig. 9, the horizontal axis
is composition of B site, Xz0,, and vertical axis is composition of A
site, Xpa0. The diagonal lines represent the same oxygen vacancy
levels, that is Xgao—Xzr0,. Now, keeping Xgao + X1a0,; = 0.5 and
Xzt0, + Xsco,; = 0.5, the difference between Xg,0 and Xzo, is equal
to the concentration of oxygen vacancy with the assumption of
holding electroneutrality. According to the established phase
diagram, we can find that the solid solution of the cubic
perovskite phase exists in the wide composition region.

4. Conclusions

The results obtained in this work can be summarized as
follows:

(1) A part of the pseudoternary phase diagram of the LaO;s-
BaO-ScO5 system at 1600 °C was established. According to

the phase diagram, the solubility of barium into lanthanum
scandate is Xgio = 0.24 on the composition line where the
mole fraction of scandium oxide is 0.50 (Xsco,, = 0.50).

(2) The phase boundary of solid solution between lanthanum
scandate and barium zirconate at 1600°C was clarified by
establishing a partial pseudoquaternary phase diagram of the
LaO;5-Ba0-ScO,5-Zr0O, system at 1600 °C. The cubic perovs-
kite phase exists in a wide region. A symptom of partial
ordering or formation of cation pair was suggested from the
trend of lattice constants at high concentrations of oxygen
vacancy.
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