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Abstract Effects of annealing and impurities on the superconducting properties were investigated by the mag-
netization measurement in Bi;Sr;CaCu,0ss (Bi2212) single crystals grown by flux method. It has been found that
the superconducting properties are affected by Mg and Al impurities remarkably. The transition temperature
(T.) has been lowered by the impurity of Mg. However, the diamagnetism is remarkably increased in an arr
nealed crystal grown in MgO crucible compared to that in AlO, crucible. The content of Mg impurity can not be
considered as a principal parameter for the decay of superconducting properties probably because the diamagne
tism is remarkably improved in annealed crystal containing Mg.

2 % Flux¥el 23 849 BiSrCaCu,0:.5(Bi2212) ©2H ) 2AE E4o) v)x)e Gxz) & BaBo Jgg
A5 e ARl 2% FAL BEEQ Mgt AlY] 9 $8S o 4 e, 2A% Mo £%(T.)
= Mg EwEe] 9% 3 Ho} Wolxch a8y 439 23S dxgel o8 AL E4o] ANYS & 2 Y
2w, 53] Mg0 =7k A8l oj3) 338 A7l ALO, E71 o Hle)A MRASA o] AAFA Z7h 9Tk v
589 AN BT o) Mg 858 20 % B4 A8 8 eaekn A2E 4 9lee & 4 gk

1. Introduction

It is well known that the Bi,Sr,Ca,,Cu,0, (Bi-Sr-
Ca-Cu-0) superconductors exhibit a strong anisot-
ropic behavior [1,2]. In many cases, the crystal
growth, which is needed for measurement of su-
perconducting characteristics of Bi-Sr-Ca-Cu-O sys-
tem, is carried out by the flux method [3-5]. It is
interesting to study the influence of the impurities
introduced by the reaction of the flux with the cru-
cible on the superconducting properties.

There is an increasing interest in the growth of
Bi,SryCaCu,0s.5 (Bi2212) phase with higher critical
transition temperature (T,), suitable for application
such as a substrate for superconducting devices. It

has been found that the crystal of Bi2212 phase
grown in Pt crucible contains two kinds of precipit-
ates, (Ca,Sr),Cu0, and Sr-Pt-O [6]. Also, it has
been reported that Sr-Pt-O has an influence on su-
perconducting properties as flux pins. Furthermore,
there is an interest in heat treatment which in
fluences the superconducting properties of the grown
crystal. The effect of annealing has been investigated
for sintered materials of raw powders [7].

We have grown single crystals of Bi2212 phase
by flux method using MgO and Al,Q; crucibles that
are relatively cheaper to use compared to Pt cruci-
ble. In this paper the influence of the impurity and
annealing on superconducting properties of grown
crystals is studied.
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2. Experimental procedure

Raw material powders of Bi;0; SrCOs;, CaCO; and
CuO were mixed, and sintered at 810°C for 17 h.
The starting composition was 30.8 mol% BiOy 5 26.4
mol% SrO, 19.8mol% CaO and 23.0mol% CuO,
which has been used for growing relatively large sin-
gle crystal [8]. The sintered materials were charged
in MgO or AlO; crucible and melted at 1010°C. After
melting, the temperature was cooled slowly at the
rate of 2 and 0.5°C/h, respectively. The size of
MgO and AlLO; crucibles was 45 mmH X33 mmé
and 50 mmH x 33 mm¢, respectively. The single cry-
stals were obtained with dimensions of 1X2 mm® in
area (c-plane) and about 20 um in thickness from
near the crucible wall.

The structure and composition analyses of the
grown crystals were determined by X-ray diffract-
ion (XRD) method and electron probe micro-analysis
(EPMA). Qualitative and quantitative results of
impurities were obtained by inductively coupled
plasma (ICP) analysis. Furthermore, the temperature
dependence of electrical resistivity was measured
by four-terminal method. Magnetization measure-
ment was performed by using the SQUID mag-
netometer (Quantum Design. MPM S-2) in mag-
netic field of 100 Oe that was applied perpendicular
to the c-plane after zero field cool to 10 K. Resis-
tivity and magnetization measurements were per-
formed for both the as-grown and the crystals an-
nealed at 700°C, for 100 h in ambient atmosphere.

3. Resuits and discussion

When the flux method is used to obtain the Bi2212
phase single crystal, many nucleation sites are
known to occur in the melt due to its narrow crystalli-
zation temperature range. Therefore, the size of obta-
ined crystals is rather limited. The lattice constant of
the grown crystal was a=b="5.229 A and ¢=30.203 4,
and the composition ratio of Bi:Sr:Ca:Cu was det-
ermined to be 2.04:1.80:1.12:2.04 by XRD and EPMA.

Figure 1 shows the temperature dependence of
resistivity of the crystals grown in AlO; crucible at
cooling rate of 2°C/h. The resistivity of as-grown
Bi2212 crystal behaves like a semiconductor below
200 K as shown in Fig. 1 (a). The temperature de-
pendence of resistivity was quite irregular. This
result was not fully understood in this stage and
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Fig. 1. Temperature dependence of the resistivity for
(a) as-grown crystal, and (b) annealed crystal.

still under consideration. After annealing, the cry-
stal shows superconducting behavior with the onset
T, of 85K (Fig. 1 (b)), it may be due to the in-
crease of carrier by taking O atom.

Figure 2 shows the temperature dependence of
magnetization at 100 Oe, and it shows the effects of
annealing. The crystals were grown by cooling at a
rate of 0.5°C/h in each crucible material (MgO and
ALO,). The superconducting characteristics appeared
both in as-grown and annealed crystals regardless
of crucible materials. It indicates that the as-grown
crystals could take O atom enough due to the slow
cooling. However, T, was changed by the use of dif-
ferent kind of crucible as shown in Figs. 2a and 2b,
though T. was not changed by annealing. T. of the
crystals grown in ALO, (Fig. 2a) and MgO (Fig. 2b)
crucibles, were 85 K and 80 K, respectively.

It is well known [9, 10] that T, is decreased seri-
ously with increasing Mg concentration, which may
explain the lower T, for the crystal obtained n
MgO crucible. However, we have found that the im-
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Fig. 2. Effect of annealing on the temperature depen-
dence of the magnetization for the crystals obtained
by a cooling at 0.5°C/h : (a) ALO, and (b) MgO cruci-
bles were used.

purity concentration of Mg was not particularly
high in the crystals as shown in Table 1. Contradic-
tory to this, the diamagnetism signal for Meissner
effect was remarkably increased in annealed crystal
obtained from MgO crucible compared to that from
ALO; crucible as shown in Fig. 2.

The fraction of diamagnetization related to super-
conducting diamagnetism value can be obtained by
measurement of magnetization dependence of mag-

Table 1
Analysis of impurities for grown crystals dependent
on crucible material

Crucible Impurity Concentration (wt%)
AlLO, Al 0.15

Mg <0.01
MgO Al 0.03

Mg <0.01

where B is the magnetic flux, and H is the applied
magnetic field.

Therefore, magnetization value M was calculated
to be -7.957 emu/g at 100 Qe. Furthermore, the
magnetization values due to superconducting pro-
perty at 10 K, which are shown in Fig. 2, was indi-
cated M'. The fraction of diamagnetization can be
obtained from the ratio of M' to M by the following
equation 3,

(M'/M) X100 3)

Table 2 shows the fraction of diamagnetization

Table 2
Fraction of diamagnetization value for as-grown and
annealed crystals dependent on crucible material

Fraction of
diamagnetization (%)

As-grown crystal in 1.33
AlLQO; crucible

Materials

Annealed crystal in 19.69
Al,O5 crucible
As-grown crystal in 14.60
MgO crucible
Annealed crystal in 89.83

MgO crucible
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value for as-grown and annealed crystals with dif-
ferent crucible materials. The fraction of the super-
conducting part was reduced in Al contained crystals.
It is characterized that the diamagnetization in Bi2212
crystals is decayed more remarkably by Al than by
Mg impurity. In annealed crystals, the supercon-
ducting diamagnetism value of the Mg contained
crystal was improved effectively. It is believed that
the content of Mg impurity is not a principal para-
meter for the decay of superconducting properties,
based on the measured diamagnetization value in
Table 2.

4. Summary

The superconducting properties of Bi2212 depen-
ding on the impurity and annealing effect were in-
vestigated by the measurement of resistivity and
magnetization of single crystals. It is characterized
that the Mg and Al impurities affected supercon-
ducting properties remarkably. T. was observed to
be 85K and 80K for the crystals obtained from using
ALO; and MgO crucibles. However, the content of
Mg impurity can not be considered as a principal
parameter for the decay of superconducting properties
probably because the diamagnetism was remarkably
improved in annealed crystal of Mg contained.
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