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The influence of the sintering time and pressing force on the pellets on the occurrence and
morphology of the superconducting phases in BSCCO system were studied. Scanning
electron microscopy, X-ray microanalysis and X-ray diffraction were used to identify the
phases and their morphologies. The 2223 crystals had a plate-like morphology and 2212, a
polyhedral-like one. The optimum parameters in order to obtain a majority of 2223 phase
were identified: i.e. a longer sintering time and medium pressing force. C© 2000 Kluwer
Academic Publishers

1. Introduction
It is well known that a great number of technological
parameters influence the quality and properties of the
superconducting ceramic Bi-Sr-Ca-Cu-O (BSCCO):
the starting composition [1–3], the heat treatment and
routes [4–6], the intermediate grindings and other me-
chanical treatments [7–9], etc.

V. Sima et al. [8] have compared the influ-
ence of combined mechanical and heat treatment on
Bi2Sr2Ca2Cu3O10+γ (2223) phase formation. They
concluded that the mechanical treatment increases the
density of the lattice defects which act as nucleation
centres for 2223 phase. Thus, they have got better re-
sults on mechanically treated samples than on the sam-
ples which suffered only heat treatment.

Our study is concerned with the influence of the sin-
tering time and pressing force of the pellets on the
occurrence and morphology of the superconducting
phases in the BSCCO system.

2. Experimental
Three sets of pellets with the nominal composition
Bi1.7Pb0.3Sr2Ca2Cu3Ox were prepared by sintering ap-
propriate amounts of precursor Sr2Ca2Cu3O7, Bi2O3
and PbO, at 860◦C, for 20 hs (Set A), 70 hs (Set B), and
260 hs (Set C). For each set the pellets (10×3×3 mm3)
were pressed with three different forces: 8, 16 and
24 kbar.

A SEM-515 scanning electron microscope equipped
with an energy dispersive X-ray spectrometer (EDS),
and a HZG-4A X-ray diffractometer were used to anal-
yse the occurrence and morphology of the supercon-
ducting phases of the pellets. The electron microscopy

analyses were performed on fresh fracture surfaces to
have a real image about the dimensions and morphology
of the crystals. The X-ray diffraction analyses were per-
formed on the powder obtained by crushing each pel-
let, using Cu Kα characteristic radiation (λ= 1.5418Å).
The temperature dependence of the electrical resistance
was measured between 77 and 300 K using the standard
four probe method.

3. Results and discussions
The scanning electron microscope (SEM) images pre-
sented in Figs 1, 2 and 3 show the morphology of the
crystals in Set A, Set B and Set C samples, each of
them pressed with 8, 16 and 24 kbar. Plate-like and
polyhedral crystals have been observed. The polyhedral
crystals have had a particular morphology: polygonal
pores on the external surfaces (marked by arrows in
Fig. 1) can be observed, suggesting that the crystal was
formed by the intergrowth of many plate-like crystals
on different directions.

The longer sintering time seems to favour the oc-
currence of plate-like morphology. Thus, in the sam-
ples from Set C a higher density of plates could be
observed, while in Set A a greater number of those par-
ticular shape polyhedra have been observed. Another
modification due to the variation of the sintering time
was the average dimension of the crystals which in-
creased with the sintering time from 10µm (Set A) to
30µm (Set C).

The micro-porosity of the material was not influ-
enced by the different pressing forces applied. No
improvement of the compactity of the material (stud-
ied from this scanning electron microscopy point of
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Figure 1 SEM image of the pellets in set A: a) 8 kbar; b) 16 kbar; c)
24 kbar.

view) have been observed when higher pressing forces
were applied. Anyway, the variation of this parame-
ter did not seem to have an observable influence on
the morphology, dimensions and composition of the
crystals.

The results of the local chemical composition anal-
yses performed by EDS are presented in Table I. The
plate-like crystals have had a stoichiometric ratio close
to the 2223 superconducting phase, while the polyhe-
dral ones have had both 2212 and 2223 compositions.
As compared to a stoichiometric nominal composition

(a)

(b)

(c)

Figure 2 SEM image of the pellets in set B: a) 8 kbar; b) 16 kbar; c)
24 kbar.

(relative to Cu content), it must be noted that the high
Tc phase (2223) had a Bi excess, whereas the lowTc
phase (2212) exhibited a (Sr, Ca) deficiency and, some-
times, a lower Bi content. A few crystals were complex
Sr-Ca-Cu oxides. Thus, the occurrence of the highTc
superconducting phase 2223 has increased with the sin-
tering time, result which is in agreement with the data
already reported [5, 6, 10]. No influence of the pressing
force on the occurrence of the 2223 phase have been
noticed by these SEM and EDS analyses. The X-ray
diffraction patterns obtained on crushed powder from
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Figure 3 SEM image of the pellets in set C: a) 8 kbar; b) 16 kbar; c)
24 kbar.

each pellet are presented in Figs 4, 5 and 6. A few qual-
itative observations could be made:

– both 2212 (L) and 2223 (H) phases have been iden-
tified in all samples;

– the influence of the pressing force of the pellets
could be appreciated if the ratio between the (115)
peaks of the two phases (2θH = 26.25 deg and 2θL =
27.52 deg) have been analysed; it is obvious that the

Figure 4 X-ray diffraction pattern for Set A samples.

Figure 5 X-ray diffraction pattern for Set B samples.
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TABLE I X-ray microanalysis (EDS) results

Chemical composition (at%)
(Bi+Pb) : Sr : Ca : Cu

Crystal type Bi Pb Sr Ca Cu ratios

Set A
Plate-like 11.59 2.48 11.21 8.95 17.42 (2+0.4) : 1.9 : 1.5 : 3
Plate-like 11.26 2.56 11.20 10.04 16.48 (2+0.4) : 2 : 1.8 : 3
Polyhedral 12.43 3.38 10.89 7.63 17.09 (1.5+0.4) : 1.3 : 0.9 : 2
Polyhedral 1.47 0.21 8.84 8.81 30.93 Residual

Set B
Plate-like 12.14 2.23 11.42 9.23 16.89 (2.1+0.4) : 2 : 1.6 : 3
Plate-like 10.96 2.35 10.25 10.51 17.49 (1.9+0.4) : 1.8 : 1.8 : 3
Polyhedral 10.90 2.15 10.14 11.20 17.26 (1.3+0.3) : 1.2 : 1.3 : 2
Polyhedral 13.06 2.26 11.22 8.99 16.61 (1.5+0.3)1.3 : 1.1 : 2
Polyhedral 1.05 0.13 9.42 7.27 32.34 Residual

Set C
Plate-like 10.73 2.21 10.78 10.42 17.45 (1.8+0.4) : 1.8 : 1.8 : 3
Polyhedral 11.60 2.12 11.81 7.42 18.89 (1.8+0.3) : 1.9 : 1.2 : 3
Polyhedral 13.83 2.23 12.57 6.41 17.68 (2.3+0.4) : 2.1 : 1.1 : 3
Polyhedral 10.98 1.95 12.10 9.24 17.50 (1.9+0.3) : 2.1 : 1.6 : 3

Figure 6 X-ray diffraction pattern for Set C samples.

intensity of the H(115) peak increased with the press-
ing force at each sintering time; the most favourable
ratio of these two peaks (majority of the H phase) has
been obtained for the sample in Set C pressed with
16 kbar;

– the peak at 2θ = 21.67 deg could be attributed
to the semiconducting phase of the system—2201 (S)
whose existence is very probable in this system;

Figure 7 Intensity ratio of (0010)H/(008)L vs pressing force.

– the Sr-Ca-Cu oxides observed by the EDS analy-
ses could be complex oxides type CuBi2O4, CaCu2O3,
Sr2CuO3, Ca2PbO4 whose main diffraction peaks over-
lap the peaks of the superconducting phases of the sys-
tem.

The plots in Fig. 7 show the ratio 2223/2212 mea-
sured as the ratio of the intensities (0010)H/(008)L.
For short sintering times the amount of 2223 phase in-
creased uniformly with the pressure applied. For longer
sintering times an optimum pressure (16 kbar) for the
growth and formation of 2223 phase could be observed.
Higher pressing forces resulted in worse results. For
short sintering times the pressures applied have had a
beneficial effect, indicating a straight dependence of the
compactity of the material on the transformation reac-
tion from 2212+ liquid phase+ secondary phases to
2223. For longer sintering times the absence of a liq-
uid phase has prevented the reaction; some of the most
dense groups of 2212 phase have not reacted with the
Ca-Sr-Cu-O type phases to form the 2223 phase.

The results of the density measurement are presented
in Table II and Fig. 8. The density has decreased with the
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TABLE I I Variation of the apparent density (g/cm3) with the sintering
time and pressing force

Pressing force (kbar)

Sample/sintering time 8 16 24

Set A (20 hs) 5.71 5.90 5.91
Set B (70 hs) 5.63 5.53 5.70
Set C (260 hs) 5.38 5.50 5.32

Figure 8 Apparent density (1d = d−d0, wered andd0 are the densities
after and before the sintering) vs sintering time.

Figure 9 Correlation betweenTc andTc0 for the three sets of samples.

sintering time. The variation of the pressing force has
had a minor influence on the transformation processes
of 2212 to 2223. These results are consistent with the
above observations.

The temperature dependence of the electrical resis-
tance has evidenced a usual behaviour of the samples.
All curves have had a “metallic” aspect between 180
and 300 K, and a transition temperature over 100 K. The
influence of the pressing force and sintering time onTc
andTc0 is presented in Fig. 9. A different behaviour of
the pellets pressed with 24 kbar could be observed. The
difference betweenTc andTc0 has decreased when the
sintering time has increased (Set C). The best values

has been obtained for the sample in Set C pressed with
16 kbar, indicating that plate-like is the most favourable
morphology of the 2223 phase and its growth mecha-
nisms were optimum for a medium pressing force.

4. Conclusions
The dominant morphology of the crystals observed
was plate-like and polyhedral. The polyhedral crystals
had a particular morphology, suggesting that they were
formed by the intergrowth of many plate-like crystals
on different directions. The average dimension of the
crystals increased with the sintering time from 10µm
(Set A) to 30µm (Set C). The plate-like crystals have
had a stoichiometric ratio close to the 2223 supercon-
ducting phase (usually with a Bi excess) and the poly-
hedral ones have had both 2212 (Sr and Ca deficient)
and 2223 compositions. The longer sintering time has
favoured the occurrence of plate-like morphology of
the 2223 phase.

For short sintering times the pressure applied has had
a beneficial effect on the growth mechanism of 2223
phase, indicating a straight dependence of the com-
pactity of the material on the transformation reaction
from 2212 to 2223. For longer sintering times an opti-
mum pressure (16 kbar) for the growth and formation of
2223 phase could be observed. The absence of a liquid
phase due to more dense groups of 2212 phase has pre-
vented the reaction between Ca-Sr-Cu-O type phases
and 2212 to form 2223.

The best values forTc and Tc0 has been obtained
for the sample in Set C pressed with 16 kbar, indicating
that plate-like is the most favourable morphology of the
2223 phase and its growth mechanisms were optimum
for a medium pressing force.

References
1. Q. W U, Z. F U, A . Z A N G, J. H U A N G, D. T A N G, P. Y A O ,

S. C H U, S. Y I , X . R O N G, A . Z H A N G and X . C H E N G,
J. Appl. Phys.71 (1992) 2772.

2. T . G. H O L E S I N G E R, D. J. M I L L E R , L . S. C H U M B L E Y ,
M . J. K R A M E R andK . W. D E N N I S, Physica C202 (1992)
109.

3. S. H. K I M , Y . Y . K I M , S. H. L E E andK . H. K I M , ibid.
196(1992) 27.

4. H. K . L E E, K . P A R K andD. H. H A , J. Appl. Phys.70 (1991)
2764.

5. D. P A N D E Y, A . K . S I N G H andA . P. S I N G H, Physica C
204(1992) 179.

6. A . M A Q S O O D, M . M A Q S O O D, M . S. A W A N and
N. A M I N , J. Mat. Sci.26 (1991) 4893.

7. V . S E S H U B A I, S. R A V I , T . R A J A S E K H A R A N and R.
G O P A L A N, J. Appl. Phys.70 (1991) 4378.

8. V . S I M A , K . K N I Z E K , J. C H A V A L , E. P O L L E R T,
P. S V O B O D A andP. V A S E K, Physica C203(1992) 59.

9. P. N I T A , F. V A S I L I U , F. C O N S T A N T I N E S C U, G.
A L D I C A andC. B U N E S C U, Rom. J. Phys.42(9–10) (1997) 725.

10. R. H A R A D A , O. Y O S H I N A R I andK . T A N A K A ,Jap. J. Appl.
Phys.31 (1992) 2420.

Received 9 September 1997
and accepted 30 September 1999

4205


