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ABSTRACT

Fully dense, bulk Bi2Srl.7CaCu20x (2212) superconductor pellets were made
by hot isostatic pressing in an inert atmosphere• Electron microscopy revealed
that rotation and bending of the platelike 2212 grains were responsible for
much of the densification. Under processing conditions of 825°C and 105 MPa,
dense pellets were obtained in 15 min. Many dislocations, planar faults, and,
perhaps, intergrowths of the Bi2Sr2CuOxphase were produced during
pressing. The dislocations were largely present in subgrain boundaries when
the pressing times were increased to 45-120 rain.

INTRODUCTION

The phases in the Bi-Sr-Ca-Cu-O system have highly anisotropic
electrical and physical properties [1]. q'ne Bi2Sr2CaCu20x (2212) phase [1],
which has a superconducting transition temperature of-90 K, has proved to be
very difficult to consolidate by pressureless sintering [2,3]. At the sintering
temperature, rapid grain growth occurs in two dimensions (along the a-b
planes of the unit cell), and a compact can actually become less dense with
sintering time [3]. The 2212 phase and other Bi-based superconductors have,
however, been successfully densified by hot isostatic pressing [4-8] or hot
pressing [9,10].

The mechanisms by which the 2212 and similar phases consolidate are now
under investigation. Inaddition, it has been shown that metallic Ag additions
can promote densification of 2212 [11,12], and the effects of Ag additions are
also being examined [13]. This study is a continuation of previous work
[5,8,13,14] on hot isostatic pressing (HIPing) of 2212. Specific questions that are
addressed are the extent to which plastic bending of the platelike 2212 grains
promotes densification, the evolution of dislocation structures during
pressing, and the effects of pressing time on phase formation. Bending of
grains and formation of complex dislocation networks have been documented
for room-temperature deformation of 2212 [14]. Dislocation structures are of
particular interest because dislocations may have significant effects on the
superconducting properties of high-temperature superconductors [15-17].

EXPERIMENTAL METHODS

The composition that was used was Bi2Srl.7CaCu2Ox, which yields 2212 of
excellent phase purity [18]. The 2212 powder was synthesized from a mixture
of Bi203, SRC03, CaCO3, and CuO. The powders were ball-milled for 18-24 h
in polyethylene jars containing methanol and ZrO2 grinding media. The
milled powders were pan-dried, ground lightly with an agate mortar and

' pestle, and heated in air for 48-72 h at 815-820°C. The resulting powder was
ground in a tungsten carbide rotary mill [14]. No Bi2Sr2CuOx (2201) phase was
observed by X-ray diffraction.

/



A similar routine was applied to obtain 2212 with 15 wt.% Ag additions. A
mortar and pestle were used to mix 2-_m metallic Ag particles into the fully
synthesized 2212 powder [8]. The 2212 and 2212 + Ag powders were processed
into bulk forms by Hyping in an inert atmosphere. The pressure was 105 MPa,
the temperature was 825°C, and the times at temperature and pressure were
15, 45, arid 120 min.

Geometric densities were obtained for ali of the specimens. Many of the
specimens were examined by X-ray diffraction, scanning electron microscopy
(SEM), and transmission electron microscopy (TEM). In addition, ultrasonic
measurements were made to determine the effective Young's modulus of some
of the samples [19].

RESULTS AND DISCUSSION

As shown in Fig. 1, 2212 powder consists of thin platelike grains that can
have large aspect ratios. The c-axis of the orthorhombic unit cell is
perpendicular to the plane of the plate. These grains bend easily under stress,
and virtually all of the dislocation activity occurs in the a-b planes of the cells
[14]. It is likely that substantial bending of the grains occurs during HIPing,
but this has not been confirmed.

In previous work on 2212, HYPing was conducted for 120 min. In the
current work, it was found that fully dense pellets could be formed within
15 rain (Fig. 2). (Times of less than 15 rain were not investigated because of
experimental difficulties in determining an accurate time at temperature and
pressure.) TEM of the HYPed pellets clearly revealed substantial bending of
many of the 2212 grains. The lack of bending in the other grains, however,
suggests that grain rotation plays a significant part in the deformation
process. TEM also revealed high concentrations of dislocations within the
grains. In the 15-rain samples, several types of complex dislocations,
primarily in the a-b planes, were observed (Fig. 3). In the 45-min (Fig. 4) and
120-rain samples, the dislocations were largely present at subgrain

" boundaries.

Figure 1. SEM photograph 9f platehke Figure 2. TEM photograph of 2212
2212 grains. HYPed for 15 min.
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Figure 3. TEM photograph of complex Figure 4. TEM photograph of sub-
dislocations in 2212 HIPed grains in 2212 HIPed

: for 15 rain. for 45 rain.
q

It is likely that the vast majority of the dislocation motion occurred by glide
along the a-b planes. Measurements have shown that diffusion of oxygen and
Ag occurs approximately as slowly in 2212 [20,2I] as in the superconductor
YBa2Cu30x [22,23]. Therefore, if diffusional creep were as slow in 2212 as in
YBa2Cu30x [24], as might be expected, the distances that the dislocations
moved in 15 and 45 min cannot be accounted for by diffusion.

Diffusional considerations may also be related to an additional difference
observed among the specimens that were HIPed for 15, 45, and 120 rain.
Although each sample was nominally fully dense, the calculated Young's
modulus was 65 _+1 GPa for a 15-min pellet and 7"__+I GPa for a 120 rain
pellet. A value of 74.3 GPa for the Young's modulus of fully dense 2212 has
been reported [25]. This value can be affected by the oxygen and cation contents
of the 2212 phase, which has a range of composition [25,26]. Thus, agreement
between the two studies is surprisingly good. The decrease in modulus for the
15-min sample is probably due to the presence of microcracked or poorly
sintered grain boundaries. Diffusion is very slow in 2212. It appears that
during HIPing, 2212 densities very quickly, largely because of rotation and
bending of the individual grains. Diffusion is then needed to bond the grains,
and more than 15 min is required for adequate diffusion to occur.

It should be mentioned that diffusion in h/gh-temperature superconductors
is highly anisotropic. In the most extensively studied compound, YBa2Cu3Ox,
for Y, Ba, Cu (and elements such as Ni and Co that substitute on the Cu sites),

and 0 diffusion, the smallest anisotropy between diffusion in the a-b plane
and in the c direction is a factor of 50. The largest anisotropy is approximately
a factor of 106. For all of the elements, diffusion is much slower in the c
direction. One may therefore view bulk diffusion as occurring by motion only
along the a-b planes and grain boundaries. To our knowledge, this type of



mass-transport mechanism has not been modeled for processes such as
sintering or creep. Experiments may be needed to provide the data needed to
support modeling efforts.

X-ray diffraction has indicated that measurable amounts of the Bi2Sr2CuOx
(2201) phase were formed during HIPing of 2212 [13]. The mechanism for the
formation is not clear. TEM observations of the current specimens failed to
reveal the presence of distinct 2201 grains, but did reveal that all of the samples
contained many planar faults (Fig. 5). These faults have yet to be identified,
but they may possibly be 2201 intergrowths in the 2212 matrix. (The difference
between the two phases is the stacking of planes: one fewer Cu-O plane is
present in 2201 than in 2212 and, as a result, no Ca layer is needed to separate
adjacent Cu-O layers [1].) Given the slow diffusion in 2212 and the absence of
a clear grain-boundary phase in the HIPed 2212, the formation of 2201
intergrowths appears to be a likely possibility. It has u_en reported that
press_res as low as 0.3 MPa can cause some formation of 2201 from 2212 [27].
(In s_]dition, it was reported recently that hot pressing at 200 MPa causes
simflsr partial decomposition of the 110 K superconducting phase in the Bi
systr m [28].) The 2201 phase has a superconducting transition temperature of
=10 K [1]. It has been reported that HIPed 2212 pellets have very low critical
r,ument densities at 77 K [5,13]. The presence of 2201 intergrowths, with their
low superconducting transition temperature, may be responsible.
Me_,surements of current densities at 4.2 K and additional TEM analyses are
in _,rogress.

The effects of Ag additions on the kinetics of deformation could not be
exam/ned in these studies because all of the samples were fully dense within
15 min. SEM and TEM indicated that most of the Ag existed in discreet
regions. Sharp boundaries were observed between the 2212 and the Ag (Fig. 6).
Although Ag is known to occupy Cu sites, and some interdiffusion may
have occurred between the 2212 and Ag, no reaction to form a new phase was
observed. Ag additions may possibly improve the mechanical properties and
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Figure 5. TEM photograph of planar Figure 6. TEM photograph of 221
faults in. 2212 grains. Ag interface.
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some electrical properties of high-temperature superconductors [29,30]. TEM
offers rio evidence, such as formation of a deleterious grain-boundary phase,
to indicate that incorporation of Ag into 2212 may degrade electl,ical properties.

CONCLUSION
,

Fully dense 2212 pellets were made by HIPing. Electron microscopy
revealed that rotation and bending of the platelike 2212 grains were responsible
for much of the densification. Under HIPing at 825°C and 105 MPa, dense
forms were obtained inl5 rain, but additional time at temperature was needed
to bond the grains well.. Many dislocations and planar faults were produced
during pressing. The effects of these defects on superconducting properties
are under investigation.
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