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Phase Equilibria for the Formation of Superconducting Phases
in the Bi-Sr-Ca-Cu-0O System
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Abstract Phase equilibria and reaction paths of the superconducting phases and other compatible phas-
es at 8507C in the Bi-Sr-Ca-Cu-0 system were studied. Bi;O; was added to Sr,CaCu.O, by 5% up to 40
mole% Bi in the pseudo-binary Bi,0s-(Sr,CaCu;0,) system and the heat treated samples were analysed
using XRD, SEM, EDS, and DTA. When Bi contents were greater than 35 mole% Bi, liquid phase was
formed which was compatible with Bi,Sr.CaCu;Os phase. The m.p. of Bi;Sr,CaCu,0s phase decreased as
the content of (Sr+Ca)decreased. Bi,+.Sr,CaCu,Qs phase first segregated out of liquid phase around Bi,
Sr;CaCu;0s phase during cooling of liquid phase.
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Fig. 1. XRD patterns of the (Srz-Ca;+,Cu0,) com-
positions after heat treatments at 850°C for 48 hrs

in air with several intermediate grindings.

Fig. 2. XRD patterns of B-series (Sr:Ca:Cu=1.38:
1.2:2), @=2212, W=R-phase, O=1xl, O=
14x24, $=9115, A =2302, V = BigSr/015, X =CuO
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Table 1. The compositions of end member (Sr.-.Ca
1+yCuQ,) for a pseudo-binary Bi;0;-(Sr,-.Ca,+,Cu0,)
system

Cation Ratios
Sample ID S Ca Ca
A 2 1 2
B 1.8 1.2 2
C 1.8 1 2
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Table 2. The detected phases in the A-, B-, C-series compositions by XRD and EDS, quenched after 96 hrs

at 850°C with several intermediate grindings.

Sample # A series B series C series
o 1x1, 2x1, 14x24 1x1, 2x1, 14x24 1x1, 2x1, 14x24
5 2212, Cu0, 1x1, 14x24 9115, 14x24, 1x1, CuO 9115, 14x24, 1x1, CuO
10 2212, 1x1, Cu0 2212, 9115, 1x1, 14x24, CuO | 9115, 14x24, 1x1, CuO
20 2212, R, 1x1, CuO 2212, 9115, 1x1, CuO 2212, 1x1, CuO
28 2212, R, 1x1, CuO 2212, R*, 1x1, Cu0 2212, 1x1, Cu0, Lig.(?)
30 2212, R*, 1x1, CuO 2212, R*, 1x1, Cu0, Liq.(?) 2212, R*, 1x1, CuO, Liq.
2212, Cu0, R, Liq.
35 2212, R, Lig. (Cu0, 825 2212, R, Cu0, Lig. ,
iq. (Cu ) o (2302, BisCa:Ow)
2212, CuO, R, Lig. 2212, Cu0, R, Liq.
40 2212, R, Lig. (CuO, 825 . )
iq- (Cu ) (2302, BisCa:O6) (2302, BisCa:O)

* R* was detected only in SEM/EDS analysis, not in XRD pattern

* The phases in the parenthesis were observed in the solidified liquid region.

* R, 9115, 825, Lig. denote Bix+,Sr) y—,Cu, -0 50, solid solution,
BiySr1Ca;s0;, Bis(Sr;-,Ca,).Cas0, solid solution, and liquid, respectively.
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Fig. 5. Back-scattered electron image (BEI) of A35 sample showing the region with 825+ CuO dendrites
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Fig. 6. The effect of composition on the XRD pat-
terns for the formation of 2212 phase for the a) A
-series, b) B-series, ¢c) C-series. All the samples
contain about 28.6 mole% Bi. R=R-phase, ¥ =
2212 phase
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Fig. 7. Back-scattered electron image (BEI)} of
A35 sample showing a) the region with 2212, R,
and CuO b) the growth of CuO dendrites in the so-
lidified liquid region, leaving behind Bi-rich region
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Fig. 11. The solid solution range of R- and 2212
phases determined by EDS projected to the Bi,O;3-
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the solid solution ranges reported by Majewski et
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Fig. 12. The DTA curves of the Aaseries samples
with 5°C/min heating rate, 30mg sample weights,
and 30cc/min flow rate of air. a) 5 mole% Bi, b)
10 mole% Bi, ¢) 20 mole% Bi, d) 28 mole% Bi, e)
30 mole% Bi, f) 35 mole % Bi, and g) 40 mole%
Bi with the ratio of Sr:Ca:Cu=2:1:2.
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Fig. 13. The DTA curves of samples the 28 mol%
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Fig. 14 The DTA curves of the Sri;4—«Ca,Cu,QO4 a)
x=0, b) x=2, ¢) x=4, and d) x=6 with 10C/

min heating rate in air.
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