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Phase equilibria were studied in the Sr-Ca-Cu-O system by annealing samples at 1153K
in Ar-O; gas mixtures. The stability ranges of the oxide solid solutions were observed by X-
ray diffraction measurements especially at 4 compositions in 12 gas mixtures. 4 sets of invari-

ant 4-phase equilibrium and their oxygen partial pressure, Po,, were deduced from the sur-
rounding 3-phase equilibria. The compositions of the related phases were evaluated by com-
bining EDX analysis and the sample compositions. These results are compared with equilibri-
um calculations based on thermodynamic modelling.

1. Introduction

The knowledge of the phase equilibria in the SrO-
Ca0-Cu0-0 subsystem is an important guideline for the
preparation of the oxide superconductors, because this
subsystem contains the solid solutions, (Sr,Ca),CuQs,
{Sr,Ca)Cu0; and (Sr,Ca)14Cuz04;, which are known as
the major secondary phases affecting the superconduct-
ing properties of Bi-based high Tc oxide.! 2 It is char-
acteristic of this system that most of the oxides have a
wide solubility due to the substitution of Ca for Sr and
a better knowledge of the thermodynamic properties of
these solid solutions is needed. The phase equilibria in
the SrO-CaO-CuO subsystem has been studied by many
authors in air and also at a few higher oxygen partial
pressure. Data at the lower oxygen partial pressure are
however missing, although the highTc oxides are often
annealed under the reduced oxygen atmosphere.

In order to predict the equilibrium state in a wide
range of temperature, composition, and oxygen partial
pressure, it is useful to apply the thermodynamic mod-

elling based on experimental phase diagram and ther-

modynamic data. For example, the thermodynamic prop-
erties of the compounds in the systems Sr-Cu-O and Ca-
Cu-O were experimentally studied® 4 and optimized
thermodynamic descriptions were obtained in combina-
tion with other reported data’ ¢ . For the Sr-Ca-Cu-O
system, a thermodynamic description was recently con-
structed from these ternary assessments and the avail-
able experimental data obtained mainly in air and pure
oxygen atmosphere.”!

The authors reported experimentally that the oxy-
gen atmosphere modified significantly the phase con-
stitution in this subsystem.®> The previous work stud-
ied the reducing sequence of the phase change in an Ar
gas flow, but few quantitative data were obtained in the
reduced oxygen atmosphere, and many uncertainties re-
main. In particular, the compound SrCu;0; is known to
be stable only in the reduced oxygen atmosphere, but
there are few reports concerning the extension of the
solubility toward Ca,”® and no thermodynamical data
on the stability of (Sr,Ca)Cu0; phase.

The purpose of this work was thus to clarify the
phase equilibria in the SrO-CaO-CuO-Cu,0O subsystem

* Department of Energy Science and Technology, Kyoto University, Yoshida-Honmachi, Sakyo-ku, Kyoto 606-01,

Japan

** Non-metallic Materials, Swiss Federal Institute of Technology (ETH-Ziirich), Sonneggstr. 5, CH-8092 Ziirich,

Switzerland

Netsu Sokutei 24 (2) 1997



under the reduced oxygen atmosphere experimentally,

and to make comparisons with the predicted values.”

2. Experimental

Phase equilibria were examined especially at the
four compositions listed in Table 1. High purity SyCOs,
CaCO3 and CuO powder were used as the starting ma-
terials. They were calcined in open air with the sever-
al intermitting grindings. The calcined temperature was
chosen at 1193 K, which is slightly lower than the for-
mation temperature of the infinite-layered oxide (SriCay) -
CugO,, 1203K.13 This is because this oxide hardly de-
composes once it was formed. For example, this oxide
synthesized at 1223 K did not decomposed completely
at 7 temperatures from 1138K to 1198 K, but it was not
formed below 1193 K.

After the equilibration at 1193 K in air, the sam-
ples were again annealed at 1153 K in the flow of Ar-
O, gas mixture. They were annealed for the time rang-
ing from 29 hours to 116 hours with at least two in-
termitting grindings. Some samples equilibrated in a cer-
tain atmosphere were furthermore annealed in another
atmosphere. The annealing temperature was regulated
within +3K, and the heating and cooling of the speci-
mens were done in the controlled gas atmosphere.

Pure Ar gas (<20ppmO,), 90 vol%Ar-10vol % (+
0.27%)02, Ar-5% (+0.03%)0,, and Ar-1.0%(£0.03%)
0, gas sources were served to the gas mixing appara-
tus. The oxygen concentrations of these gas sources were
analysed by the gas chromatography. The mixed gas was
blown to the samples and flown out to the open air at
an ambient pressure (=P°Pa, P°=101325) . The oxy-
gen partial pressure, Po,, of thus mixed gas was esti-
mated from the mixing ratio. The four samples listed in
Table 1 were studied in 12 different gas mixtures. Some

additional compositions studied previously®’ were again

Table 1 Nominal Comoposition of the samples.

Composition Metallic ratio (%)
1.D. Sr ca Cu
A 10 29 61
B 11 22 67
C 16 12 72
D 18 32 50
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annealed in the "pure” Ar and Ar-1.0%0; gas.

The phase constitutions were studied by the X-ray
diffraction (XRD) measurements of the samples, where
CuK o characteristic X-ray was used. The equilibrium
state was determined when the X-ray diffraction pro-
files remained identical after the two annealing periods.
The compositions of the equilibrium phases were main-
ly evaluated from the changes of lattice parameters,
which were compiled by Reardon and Hubbard.® For
the (Sr,Ca)Cu,0; solid solution, the compositional de-
pendency reported elsewhere was used.” The secondary
electron microscope (SEM) observations and the Elec-
tron Dispersive X-ray (EDX) compositional analysis
showed a fairly large scattering (8 at% cation at max-
imum) because of the interferences from the other

phases.

3. Results

3.1 Phase Identification

The experimental phase equilibria at 1193K in air®
were again confirmed by the four samples annealed in
open air. Fig.1 shows the nominal compositions studied
and the related phase equilibria. The samples at the com-
positions A and B contained CuO, (Sr,Ca)CuO; and
(Sr,Caj14Cu2404s, while the composition D contained
(Sr,Ca)Cu0,, (Sr,Ca)zCu0; and  (Sr.Ca) 14CuxO4i. The
compositional study for these phases showed a good
agreement with the terminal compositions of the solid
solutions 3 shown in Fig.l. Although no survey in air
was done at 1153 K in this study, the two types of three-
phase equilibria (shadowed in Fig.1) are certainly valid
also at 1153 K in air, because the same phase relations
were observed at the lower than
1193 K .1.8.10-13)

Fig.2 shows the portions of the XRD profiles for

temperatures

the composition A. The square root of the diffracted in-
tensities were plotted in Fig.2 to represent the week
peaks. The volume fractions of the identified phases
were evaluated by the integrated intensity and illustrat-
ed in Fig.3. Due to the overlapping diffraction peaks
and the textured structures, the volume fraction analy-
sis contained the fairly large experimental errors. It is,
however, useful to extract the phase differences among
the samples. Note that the phase constitution in air was
obtained for the annealing at 1193 K, but the others at
1153 K.
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Fig.1 Phase equilibria in air at 1193K® and the stud-
ied compositions shown as A, B, C and D.
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Fig.2 XRD patterns at the composition A. The ab-
breviation of the atmoshere is listen in Fig.3.

The phase changes for the 4 compositions A, B, C
and D were studied toward decreasing Po,. The phases
and their volume fractions identified by XRD were shown
in Fig.3 and Fig.4. The detected phases were common
at these compositions, and the same abbreviation of the
phases were applied in Fig.3 and 4. The Ar gas could

not remove oxygen completely from the oxides and it
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Fig.3 Phase equibria under the reduced oxygen at-
mosphere at teh composition A.
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Fig.4 Phase equilibria under the reduced oxygen at-
mosphere at the compositions, B, C and D.

produced a steady state, because the "pure" Ar gas con-
tained <20 ppm oxygen and a faint amount of water
vapor.

The sequence of phase change at the composition
A is shown three-dimensionally in Fig.3, considering
the compositional tetrahedron of Sr-Ca-Cu-O. The three-

phase equilibria confirmed experimentally were shown



£

as the triangles on which the specimen ID were drawn.
The arrows show the reducing sequence for the com-
position A.

The first difference under the reduced oxygen at-
mosphere was the appearance of the (Sr,Ca) CuO; phase
(@). It was found when the samples were annealed in
Ar-5%0- gas mixture, where the (Sr,Ca)14Cu24041 phase
(®) had disappeared. By further decreasing Po, Cuz0
(®) formed at Po,=0.0045P°Pa, where CuO (@) had
decomposed. The phase (Sr,Ca) Cuz0; (®) was observed
at about Po, =0.003P°Pa, where the phase ® was no
longer observed. CaO () was detected below Po,=
0.0026 P°Pa, where the phase (Sr,Ca),CuOs (D) was no
longer found. It is interesting that this phase @ for the
composition C could be observed only in the narrow Po,
range; 0.0032P°Pa 2 Po, = 0.0026 P"Pa.

Summarizing the experimental identifications shown
in Fig.3 and 4, the phase equilibria detected at the stud-
ied four compositions are listed in Table 2. Six sets of
3-phase equilibria confirmed experimentally in the SrO-
Ca0-CuO-Cuy0O system.

3.2 Composition

The compositions were analyzed especially when
the sample contained the three phases. We did not ob-
served any significant changes in the lattice parameters,
even if the samples were annealed under the different
reduced atmosphere. The compositions analyzed by the
lattice parameters were listed in Table 3. Taking ac-
count of the scatter of lattice parameters among the pre-
vious reports,®15) the estimated error becomes twice
larger than the listed values.

The compositions were analyzed by EDX at a few
points for a certain phase in the sample which was in
the three-phase equilibrium. The average composition
from some samples was listed in Table 3. No solubili-
ty of Sr nor Ca in both CuO and Cu,0 was found by
EDX analysis. Since all the solid solutions in this sys-
tem form by substituting Ca by Sr,!- 719 we assumed
(Sr,Ca)Cny0; and neglected the
possibility of nonstoichiometry of Cu and O. The chem-

the same behaviour for

ical formula was taken as (Sro73Ca022) Cu202. The sub-
stitution of Sr in CaO was hardly confirmed by XRD
due to the overlapped peaks and its oxyhydration in air,
while 0-15at%Sr was observed by SEM/EDX analysis.

Phase equilibria studied at Po, = 0.01 P°Pa and in

the pure Ar gas flow were shown in Fig.5 and Fig.6,
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Table 2 Summary of 3 phase and 2 phase equilibria

identified.
aa Compo- | Stability range in
Phase equilibria sition FPos (P°Pa)
(Sr,Ca)oCu03(D)
+(Sr,Ca)14Cug240x(®@) AB 0.21~0.10
+Cu0@®)
(Sr,Ca)CuO3(®)
+ (Sr,Ca)14Cu2405(@) D 0.21~0.10
+ (Sr,Ca)Cu09(®)
(Sr,Ca)14Cuz40x(@) C 0.21~0.10
+ CuO(®)
(8.C2)20u03D) A 0.05 ~ 0.02
+ (Sr,Ca)Cu09(@)
+ CuO(®) B,D 0.05 ~ 0.01
(Sr.Ca)Cu02(©) c 0.05~ 0.01
+Cu0@)
(Sr,Ca)2Cu03(®) 4.5%10
+ (Sr,Ca)Cu02(®) A B D ~3.2x10°3
+ CugO(®)
(Sr,Ca)CuO9(®) c 4.5%x103
+ Cug0(®) ~ 3.4x 103
(Sr,Ca)eCuO3(@D)
+(Sr,Ca)Cu02(®) ABC 3.0 x103
+Cug0(®)
(Sr,Ca)O(@D) ‘ 3 AN
+ (Sr,Ca)Cug02(®) ABD 2.6x10 Ar
+Cuz0(®) C 8.1x104 ~ “Ar”

P°=101325. P°Pa = 1 atm. “Ar’= a commercial
pure Ar gas (99.995%).

Table 3 Summary of compositional analysis.

Abbre- . Adapted values after
viations EDX analysis XRD analysis combination with the
sample compositions
(8x0.114002C20 8920.022
® |Siz00Caossoos (o100 20005 Cu0y *2
. 124 w0y T
Cugario 00x 58 S0 040 06C20 9250 0602
Cu0y
® |®rows00Ca05000014 |Srosm wCansos 70431005020 57100514
Cugy7e400x ™ CuyqOyy CugeOqy
@ Cu0 Cu0 CuO
@ [SroanoosCaosanod | GrossonsCionoe)  [Srosiz00sCr050000
Cupgas0080x ™ Cu0, Cu0y
® Cuy0 Cug0 CugO
(Sr078:008C20 22008 |(Sr0802005Ca0.2000 09 [6570.7810.05C80.2240.05)
Cu1.9240.070x Cug0; CuyOy
@ |Sr093:008C20,07:0 080 Ca0 (Sr0.9340.05C20 0720090
*1 : From the sp for the ition A, which were led at

Pz = 0.10P°Pa and in the three phase equilibrium of TH+@+®
- In case of the equilibrium with @.

: In case of the equilibria without @.

- From the specimens whose phase equilibria were O+@+@.
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at 1153K
in Ar-1%0,

+Cu,0

SrCu0,
CaZCuO} §1*2Cu03
Ca0 59+5%Ca SrO
Fig.5 Phase equilibria at 1153 K in Ar-1%0,; gas and
studied compositions. The open, closed and shad-
owed circles shows that the identified phases
were CuO + (Sr,Ca) CuO,, CuO + (Sr,Ca) CuO; +
(Sr,Ca)2Cu0s, and  (Sr,Ca) CuO, + (Sr,Ca) ,Cu0Os,
respectively.
1
2Cu0
22+5%Ca
SICu0,
Ca0+Cu,0 rCu,0,
‘S(£u202‘5r€éouio
________ r,Cu0,
93:5%Ca S
A SiCayCu0, TSRCa0
: +(Sr,Ca)Cu, Oy

+(Sr,Ca)O

CaO Sro

Fig.6 Phase equilibria in "pure Ar" gas at 1153 K.
The identified phases at the composition of the
closed circles were Cu;O + (Sr,Ca) Cux0;+
(Sr,Ca) CaO.

respectively. The three-phase equilibrium of D+@+®
in Fig.5 and that of @+®+® in Fig.6 were determined
by considering both the compositional studies and the
constraint of the specimens’ compositions. The compo-
sitional evaluation errors were narrower by the re-
quirements that the observed phase equilibria should be
satisfied at the sample compositions. The previous study,

for example, neglected the solubility of Sr in CaO be-
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cause of less compositions studied.8’ Table 3 showed

thus estimated compositions for the 7 phases.

4. Discussion

4.1 PO; for Invariant Equilibria

According to the phase rule of the thermodynam-
ics, the equilibrium with the four condensed phases can
be established only at a fixed Po, because we fixed the
annealing temperature in the four component system.
Therefore, the coexistence of four condensed phases
could be hardly observed in this work. The four-phase
equilibrium at a certain temperature can be shown as a
tetrahedron in the compositional three-dimensional space,
and the four flat surfaces of the tetrahedron correspond
to the three-phase equilibria. Four sets of the four phase
equilibria could be deduced by combining the surrounding
three phase equilibria as the following way. Their Po,
are listed in Table 4.

The three phase equilibria of @+@+® and O+
@+@® were found in air or in 10%0; for the composi-
tions, A, B and D. These two equilibria changed com-
monly to the three phase equilibrium of D+@+®) in
the sequence of reducing procedure from 10%0; to
5%0,. We can therefore conclude on the existence of
the four phase equilibria of O+@+@+®) at a fixed Po,
in the range of 0.10 P°Pa to 0.05 P°Pa, which was esti-
mated here at 0.08 £0.02 P°Pa. The chemical reaction
can be written as,

(8r,Ca)2Cu0; (D) + (Sr,Ca)14CusOyy (@) —

(Sr,Ca) Cu0; (@) +Cu0 B) +0,
where the coefficients were omitted.

(1)

Thermodynamic study in the Sr-Cu-O ternary sys-
tem showed Po,=0.051 P°Pa for the three phase equi-
librium of SrCuO; + Sr14Cu2404; + Cu0.? The undetected
three phase equilibrium of (Sr,Ca)Cu0:{@) +(Sr,Ca) 14-
Cux041 (2)+CuO (@) will be, therefore, found at Po,
range of 0.08 £0.02 P°Pa and 0.051 P°Pa.

Another four phase equilibrium O+@+@+® can
be deduced at a certain Pg, between 0.02 P°Pa and
0.0045 P°Pa, considering that the samples at the four
studied compositions changed the three-phase equilibri-
um from D+@+® to O+@+® by lowering Po,. This
evaluation of Po, range can be narrowed as <1.0 (%
0.03) X 10 2P°Pa, because the other samples shown in
Fig.5 were still the phase equilibria of O+@+®). Since
the solubility of Sr and Ca in both CuO and CuzO is



Table 4 Summary of 4 phase equilibria and their oxy-

gen partial pressure (Po,) at 1153 K.

Stability in Po: (P°Pa)
Phase Equilibria | ComPo- v in Fou (FPa
sition Observed Estimated | Calculated
(Sr,Ca)2Cu03(@)
+6r.Cai4Cu24041@) | A B D | 0.10~005 | 0.08:0.02 | .12
+ {Sr,Ca)Cu0g(®@)
+ CuO(@)
{Sr,Ca)2Cu03(@)
+ (5r,Ca)Cu02(®) A [ 0027001 | o09s | 0.0099
+ CuO®) -
vy B.D |0.01~00045
(Sr,Ca)eCu03(D) 3.2x10%
+ (8r.Ca)Cu02(®) ABC| 30408 | 3105 | o210
+ (Sr,Ca)Cug02(®) X105
+ Cug0(®) C 3.2x10°
Sr.Ca)0D) AC | 26407 s
+ (5r.Ca)CuO3(@ Tox1o 282025 | 020410
+ (Sr.Ca)Cup02(®) ~ 2.6x10° x10+
+ CugOo(®) D 3.0x10#

P°=101325. P°Pa = 1 atm.

negligible, this invariant equilibrium can be represent-

ed by the reaction

2Cu0 () =Cu0(®) +1/2 02 )

of the Cu-O binary system. The Po, for Q+@+@+®
was, therefore, evaluated as 0.0099 P°Pa, which is the
value assessed for the binary equilibrium CuO-Cu,0.18
The previous work succeeded to construct this equilib-
rium O+@+@+® artificially by annealing the mixture
of 4 compositions, CayCuOs, (SrysCags)Cu0,, CuO and
Cuz0, together with the CuO +Cu,O powder mixture
placed separately.®

In the similar way, the other two four-phase equi-
libria were found as shown in Table 3. Their chemical

reactions are written as,

{Sr,Ca)Cu0; (@) +Cu,0 (&) —~

(Sr,Ca),Cu0; (D) +(Sr,Ca) Cu0; (B) + 0, (3)
(Sr,Ca)zCu03 (@) +Cu20 (@) -
(Sr,Ca)O (D) + (Sr,Ca) Cu,0, (B) + 0, (4)

respectively. Accompanying with the above reactions,
the three-phase equilibria of @+®+®, O+@+®. O+
®+@ and @+®+@ may be found. The last set was
partially detected as shown in Fig. 6, but the others were
not observed in this study. This is because they can ex-
ist at the narrow Po, range and because they locate in
the unstudied compositional area. These three-phase equi-
libria are also expected from the thermodynamic calcu-

lations.”
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4.2 Compositions for Invariant Equilibria

The volume fractions of the phases in the three-
phase equilibria changed corresponding to Po, as shown
in Fig.3 and Fig.4. This indicated that the metallic com-
positions or oxygen concentration of the related three
phases are not constant. A slight compositional change
was observed by the analysis of the lattice parameters,
however there was no clear systematic relationship with
Po,. For the simplicity, the equilibrium compositions in
the three-phase equilibrium were fixed, and it was as-
sumed that the three-phase equilibria could be shown
as the flat triangles in 3 dimensional compositional space.
These triangles were illustrated in Fig.3 for the com-
position A.

The invariant four phase equilibrium can be illus-
trated as the tetrahedron in the compositional space. Six
set of three-phase equilibria confirmed experimentally
can be shown as the surfaces of the four-phase tetra-
hedrons. The vertex compositions of the tetrahedrons
are therefore the same of the three-phase equilibria. Thus
the compositions of the four phase equilibria were an-
alyzed and summarized in Fig.7.

The vertex of @ for the tetrahedron of D+@+®+
@ (Fig.7(e)) was taken as  (Sro11 +002Ca089 +0.02)2Cu0s,
while the vertex of D for the tetrahedron of O+®+
@+® (Fig.7(d)) was taken as (Sroos +0.06C2092 1006) 2°
CuQs;. The two surfaces of the former tetrahedron re-
quired to fit with the three-phase equilibria in air, while
the latter should fit with the three-phase equilibria at
Po,=0.01 P°Pa. This compositional discrepancy may be
within the experimental errors, but it is also possible to
consider that the three-phase equilibrium of O+3+®
can change its equilibrium compositions under the re-
duced oxygen atmosphere.

4.3 Comparison with the optimized database

The following calculations were obtained from the
optimized thermodynamic description of the Sr-Ca-Cu-
O system,” which was based on those of the ternaries
Sr-Cu-O and Ca-Cu-O5 ¢ and experimental data in air
and higher Po,.

A calculated isothermal section at 1153K and 10
Pa O; is shown in Fig.8. These conditions were esti-
mated to be close to those of the isothermal section
studied in the pure Ar gas atmosphere shown in Fig. 6.
A calculation of the fraction of phases as a function of

the oxygen partial pressure at the composition of sam-

Netsu Sokutei 24 (2) 1997
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9246%Ca._/
Ca,Cu0,

Ca0 93%5%Ca

Cu,0, Cu,0,
(b) c
S1.Ca)Cu,0, (Sr,Ca)Cu,0,
2+5%Ca 2215%Ca
5945%Ca
9226%Ca {Sr.Ca)cu0,
(8r.Ca),CuC, (8r.Ca),Ci0,
cas” 92t6%Ca
9315%Ca
Cu,0
(d) ©)
cuo Cuo
5743%Ca
59+5%Ca 81l L
e (SrCACUO, (SrCajcuo,
(8r.Ca),CuQ, (87Ca),Cuo0, 5915%Ca
92+6%Ca 89+2%Ca

Fig.7 4 sets of 4-phase equilibria ((b)-(e)) and their

locations in the compositional tetrahedron (a).

ple A is shown in Fig.9. The general features of the
calculated phase evolution agree relatively well with the
experimental observations. For example, the drastic de-
crease in the fraction of the phase (Sr,Ca)CuO, below
1%0; can be clearly seen in both the experimental and
the calculated figures. Some discrepancies are however
found concerning the invariant reactions at lower Po,.
The calculated Po, values of the 4-phase invariant equi-
libria at 1153 K are included in Table 4. The equilib-
ria D+@+®+® and O+B+®+@ are observed at
higher Po, than expected from the thermodynamic com-
putation. Some changes in the model description have
therefore been tested to account for the new experi-
mental results.

The thermodynamic properties of (Sr,Ca)Cu.0, are

Netsu Sokutei 24 (2) 1997
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Isothermal section caluculated at 1153K, Pg2=

Fig.8
10 Pa, using the thermodynamic description in
Ref.7.
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L \ (Sr.Ca),Cu0,
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= ! L ; )
50 0.2 04 06 0.8 1
Phase fraction
Fig.9 Phase fraction calculated at 1153 K for the com-

position A, using the thermodynamic descrip-
tion in Ref.7.

probably the less known among those of the phases in-
volved in the equilibria D+@+E+E& and O+&+®+
@. It may be assumed that the stability of this phase
is underestimated by the above calculations, which would
explain the discrepancies shown in Table 4. (Sr,Ca)Cuz0;
was described in Ref.7 as an ideal solution due to the
lack of any data, thus a different compositional depen-
dence of the Gibbs energy was studied here. It appeared



that only a Sr-Ca interaction parameter much larger than
that for any other (Sr, Ca) -solid solutions could lead
to a closer fit of both the solubility data and the Po,
values. The Gibbs energy of (Sr,Ca)Cu0z would show
a minimum at a concentration of 10 to 20 %Ca and in-
fluence the phase relations in consequence. This large
interaction parameter cannot be justified at the moment.
Further experimental data, especially on the equilibria
involving (Sr,Ca)Cuy0,, (Sr,Ca)CuO;, and Cu20 at Ca-
poor compositions may then give an important clue to

this problem.

5. Conclusions

The stability ranges for the oxides were observed
at 4 compositions in the reduced oxygen atmosphere,
and the phase equilibria at Po,=0.01 P°Pa and in "pure”
Ar gas were studied. Six sets of 3-phase equilibria could
be confirmed experimentally, and the equilibrium com-
positions for the related phases were analyzed by the
lattice parameters, EDX analysis and the compositional

constraints. Four sets of the invariant 4-phase equi-
librium and their equilibrium oxygen partial pressures
were deduced from the reducing sequences and the sur-
rounding 3-phase equilibria. A comparison of these re-
sults with thermodynamic calculations generally showed
a good agreement, but revealed a large discrepancy in
the value of the oxygen partial pressures of two invariant
reactions.

The present results offer essential data to improve
the model description of the Sr-Ca-Cu-O system, and
have pointed out the need for further experimental stud-
ies concerning the thermodynamic properties of the phase
(Sr, Ca)Cu,0,.
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