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Effects of Bi(x) additives on microstructure and superconductivity in YBaz „Bi„Cu3O7
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New compositions of the high-T, superconductor YBa& „BiCu30, z, with x ~0.5, have been

prepared by the usual ceramic process. The presence of bismuth (x &0.3) in these compositions ac-
tivates crystallization of the superconductor phase (which gives an improved T, -97 K), processed
at 930 C/12 h in an Oz atmosphere. The crystallites exhibit very small sizes and sharp distribution.

I. INTRODUCTION

High-T, superconductors based on a Bi +~Y + sub-
stituted YBazCu307 &

composition' or the bismuth-
containing compositions BizSr3 „Ca„CuzOs(with x WO)
have shown better thermal stability and superior super-
conductivity properties, compared to the pure
YBazCu307 & superconductor. The growth of the super-
conductor phase and the superconductivity properties
strongly depend on experimental parameters such as
sintering temperature, period for the sintering, and the
atmosphere in which the sample is processed. Processing
for a longer period and at high temperature ruins the su-
perconductivity. An advantage of processing these com-
positions with bismuth is that Bi&03 appears to function
as an internal catalyst and favors growth of the supercon-
ductor phase, moderately reducing the sintering tempera-
ture and period of the reaction. Bismuth oxide also has
been used earlier as a "nucleation catalyst" in the pro-
cessing of ceramics.

In this Brief Report we report a rather new ceramic su-
perconductor, YBaz „Bi„Cu307& (with x & 0.5). The
effects of Bi&03(x) additions on the growth of the super-
conductor phase, superconductivity properties, and mi-
crostructure are examined.
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cleation catalyst" and favors the crystallization of pure
superconductor phase. The x-ray diffractograms (Fig. 1)
reveal the peaks characteristic of a single-crystalline
phase for a sintering at 930'C for 12 h. The samples pro-
cessed without Bi&03 additives contain impurities due to
the reactants and/or the so-called green phase
(YzBaCu05). Several repeated cycles of processing were
needed to eliminate the impurity phases, ' but that in-
troduces distortion and several other growth defects.

II. EXPERIMENTAL DETAILS (123) 16) (005) (112)

The samples YBaz Bi„Cu307 &, with x &0.5, were
prepared by the solid-state reaction of Yz03, BaCO3,
Bi~03, and CuO mixed in the stoichiometric composition.
The mixed powder was calcined at 950'C in air for 12 h,
powdered and pressed in pellet form, and finally sintered
at 930'C (at 950'C for those containing no Bi&03) for 12
h followed by 600'C/2 h in an oxygen gas flow (-250
cm /tnin). The crystallization of the YBaz „Bi„Cu307
phase was analyzed by using x-ray difFractometry and op-
tical microscopy.

III. RESULTS AND DISCUSSION
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The bismuth in the composition series
YBaz „Bi„Cu307&, x (0.3, behaves as an "internal nu-

FIG. 1. X-ray diffractograms of YBa& Bi„Cu307 z (record-
ed using Cr Xa radiation). ( + ) These peaks are not assigned
firmly.
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factors cause broadening in diffraction peaks. An asym-
metry in the (005) peak observed for samples with x=O
or 0.5 reflects large variation in the grain size consistent
with the microstructure. The results of resistivity are
summarized in Fig. 3. The samples with x ~ 0.2 reveal an
improved onset temperature around 100 K and the resis-
tivity vanishes at -94 K. A T, -97 K is obtained as the
mean value of the temperatures at these points for a sam-
ple of x -0.2. YBa2Cu307 &

(x=O) prepared under the
same condition gives a somewhat lower T, -91 K. '

Growth of comparatively pure and perfect crystallites
of YBa2 Bi Cu307 & seems a reasonable cause for the
improved T, . The crystal structure (orthorhombic ) is
not modified much by the addition of bismuth; however,
the crystal axes decrease (Fig. 4) considerably, showing
the optimum effects for x ~0.2. It is likely due to the
smaller ionic size of Bi + (0.96 A) substituting for the
Ba + (1.34 A).

More convincing and direct effects of the Bi&03 addi-
tion are demonstrated by the microstructure shown in
Fig. 5. The distinct and well-separated crystals of
YBa2 „Bi„Cu307s with effectively small sizes (cf. Table
I) and a very much sharper distribution were obtained
after the use of the additives. Moreover, the samples

TABLE I. Grain size and T, results for the
YBa2 „BiCu307 z superconductors.

Sample

x=0
0.1

0.2
0.3

0.4 (or 0.5)

Grain size'

(pm)

15
5

5

5

20

T, (K)

91
94
97
85

(77
'Grain size is reported for the average size.

with x 0.1 contain a considerable amount of impurities
(probably copper oxide ), showing characteristically in-
tense reflected light in the micrographs, which are elim-
inated [cf. Fig. 5(c)] by adding x -0.2 Bi203.
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