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Influence of the sintering time and pressing
force of the pellets on the morphology of the
superconducting phases in BSCCO system
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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. © 2000 Kluwer
Academic Publishers

1. Introduction analyses were performed on fresh fracture surfaces to
It is well known that a great number of technological have arealimage aboutthe dimensions and morphology
parameters influence the quality and properties of thefthe crystals. The X-ray diffraction analyses were per-
superconducting ceramic Bi-Sr-Ca-Cu-O (BSCCO):formed on the powder obtained by crushing each pel-
the starting composition [1-3], the heat treatment andet, using Cu K, characteristic radiation.(= 1.5418A).
routes [4—6], the intermediate grindings and other meThe temperature dependence of the electrical resistance
chanical treatments [7-9], etc. was measured between 77 and 300 K using the standard
V. Sima et al [8] have compared the influ- four probe method.
ence of combined mechanical and heat treatment on
Bi>SnCaCuwO104, (2223) phase formation. They
concluded that the mechanical treatment increases tIg2 Results and discussions
density of the lattice defects which act as nucleatiornThe scanning electron microscope (SEM) images pre-
centres for 2223 phase. Thus, they have got better resented in Figs 1, 2 and 3 show the morphology of the
sults on mechanically treated samples than on the sanerystals in Set A, Set B and Set C samples, each of
ples which suffered only heat treatment. them pressed with 8, 16 and 24 kbar. Plate-like and
Our study is concerned with the influence of the sin-polyhedral crystals have been observed. The polyhedral
tering time and pressing force of the pellets on thecrystals have had a particular morphology: polygonal
occurrence and morphology of the superconductingores on the external surfaces (marked by arrows in
phases in the BSCCO system. Fig. 1) can be observed, suggesting that the crystal was
formed by the intergrowth of many plate-like crystals
on different directions.
2. Experimental The longer sintering time seems to favour the oc-
Three sets of pellets with the nominal compositioncurrence of plate-like morphology. Thus, in the sam-
Bi1 7Py 3SCaCusOx were prepared by sintering ap- ples from Set C a higher density of plates could be
propriate amounts of precursor,88Cu;O7, Bio,O3;  observed, while in €A a greater number of those par-
and PbO, at 86, for 20 hs (Set A), 70 hs (Set B), and ticular shape polyhedra have been observed. Another
260 hs (Set C). For each set the pellets¥Bx 3mn?)  modification due to the variation of the sintering time
were pressed with three different forces: 8, 16 andvas the average dimension of the crystals which in-
24 Kkbar. creased with the sintering time from 1L0n (Set A) to
A SEM-515 scanning electron microscope equipped0 um (Set C).
with an energy dispersive X-ray spectrometer (EDS), The micro-porosity of the material was not influ-
and a HZG-4A X-ray diffractometer were used to anal-enced by the different pressing forces applied. No
yse the occurrence and morphology of the superconmprovement of the compactity of the material (stud-
ducting phases of the pellets. The electron microscopied 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; €) gigyre 2 SEM image of the pellets in set B: a) 8 kbar; b) 16 kbar; c)
24 kbar. 24 kbar.

view) have been observed when higher pressing forcegelative to Cu content), it must be noted that the high
were applied. Anyway, the variation of this parame-T; phase (2223) had a Bi excess, whereas theTgw
ter did not seem to have an observable influence ophase (2212) exhibited a (Sr, Ca) deficiency and, some-
the morphology, dimensions and composition of thetimes, a lower Bi content. A few crystals were complex
crystals. Sr-Ca-Cu oxides. Thus, the occurrence of the hHigh
The results of the local chemical composition anal-superconducting phase 2223 has increased with the sin-
yses performed by EDS are presented in Table |. Theering time, result which is in agreement with the data
plate-like crystals have had a stoichiometric ratio closealready reported [5, 6, 10]. No influence of the pressing
to the 2223 superconducting phase, while the polyheforce on the occurrence of the 2223 phase have been
dral ones have had both 2212 and 2223 compositionsioticed by these SEM and EDS analyses. The X-ray
As compared to a stoichiometric nominal compositiondiffraction 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 beeniden
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 phases2= 26.25 degand & =
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Figure 4 X-ray diffraction pattern for Set A samples.
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27.52 deg) have been analysed; it is obvious that theigure 5 X-ray diffraction pattern for Set B samples.
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TABLE | 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 +24):1.9:1.5:3
Plate-like 11.26 2.56 11.20 10.04 16.48 +24):2:1.8:3
Polyhedral 12.43 3.38 10.89 7.63 17.09 #®4):1.3:0.9:2
Polyhedral 1.47 0.21 8.84 8.81 30.93 Residual

SetB

Plate-like 12.14 2.23 11.42 9.23 16.89 ®14):2:16:3
Plate-like 10.96 2.35 10.25 10.51 17.49 (t®4):1.8:1.8:3
Polyhedral 10.90 2.15 10.14 11.20 17.26 (1033):1.2:1.3:2
Polyhedral 13.06 2.26 11.22 8.99 16.61 #0®3)1.3:1.1:2
Polyhedral 1.05 0.13 9.42 7.27 32.34 Residual

SetC

Plate-like 10.73 221 10.78 10.42 17.45 (£(B4):1.8:1.8:3
Polyhedral 11.60 212 11.81 7.42 18.89 #03):1.9:1.2:3
Polyhedral 13.83 2.23 12.57 6.41 17.68 @®B4):2.1:1.1:3
Polyhedral 10.98 1.95 12.10 9.24 17.50 #03):2.1:1.6:3
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Figure 7 Intensity ratio of (001yH/(008)L vs pressing force.

— the Sr-Ca-Cu oxides observed by the EDS analy-
ses could be complex oxides type CpBi, CaCuyOsg,
SrLCuG;, CaPbQ, whose main diffraction peaks over-
lap the peaks of the superconducting phases of the sys-
tem.

24 kbar

The plots in Fig. 7 show the ratio 2223/2212 mea-
sured as the ratio of the intensities (OPH{O08)L.
For short sintering times the amount of 2223 phase in-
creased uniformly with the pressure applied. For longer
S0 48 45 b 42 40 38 36 3% 32 3028 25 2% 2220 1 sintering times an optimum pressure (16 kbar) for the
DIFFRACTION ANGLE 20 (DEGREES) growth and formation of 2223 phase could be observed.
Figure 6 X-ray diffraction pattern for Set C samples. 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
intensity of the H(115) peak increased with the presse€ompactity of the material on the transformation reac-
ing force at each sintering time; the most favourabletion from 2212+ liquid phaset+ secondary phases to
ratio of these two peaks (majority of the H phase) ha2223. For longer sintering times the absence of a lig-
been obtained for the sample in Set C pressed withiid phase has prevented the reaction; some of the most
16 kbar; dense groups of 2212 phase have not reacted with the
— the peak at 2=21.67 deg could be attributed Ca-Sr-Cu-O type phases to form the 2223 phase.
to the semiconducting phase of the system—2201 (S) The results of the density measurement are presented
whose existence is very probable in this system; in Table Iland Fig. 8. The density has decreased with the

CaCuy O3
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TABLE Il Variation of the apparent density (g/8)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
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Figure 8 ApparentdensityAd = d—dp, wered andd are the densities

after and before the sintering) vs sintering time.

113 AU B ]
v-—-—-v 24 kbar czo
[ S o 16 kbar g
T. 112[}o 0 8kbar ]
c S Ct
(K) o
111} Y ]
A2 él S C3
Do O
----------------- D Bl
110} v B2 ]
B3
A3
109 ———=—t—————
100 102 104 106 108 110
TcO(K)

Figure 9 Correlation betweeii; andTeo for the three sets of samples.

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 1
(Set A) to 30um (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 fofl. and T.g 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.
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