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Abstract We have examined the effect of re-pelletization
on structural, mechanical and superconducting properties
of high temperature superconducting (HTS) bulk samples
using Bi, 35Pbg 355r,Ca,CuzOy,  stoichiometry. Conven-
tional solid state reaction method is used for preparation of
three different bulk samples. XRD measurement of the
samples shows that a high percentage of high-T, phase is
determined. Superconducting critical transition tempera-
ture of the samples have been obtained from the curves of
p-T and y-T. Vickers micro-hardness are also calculated
for all samples. Re-pelletization has a positive effect on
structural, mechanical and superconducting properties of
bulk samples.

1 Introduction

Many effort have been spent to develop the properties of
the materials, since the discovery of the HTS ceramics
[1-10]. Many parameters such as preparation method,
pressure, diffusion, substitution, addition, chemical doping,
etc. play a very important role on critical superconducting
parameters of the high-T, superconductors. Fradina et al.,
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Tepe et al. and Kocabas et al. [11-13] studied the effect of
pressure on superconducting and structural properties of
BSCCO bulk samples. They obtained that the quality of
structural and electrical properties of BSCCO samples
strongly depends on the pressure, which has an optimum
value of around 400 MPa. In addition, the results of the
work by Mune et al. [14] have shown that the porosity and
the volume of the extra phases in the samples decrease with
increasing compaction pressure. Intra-granular properties
of these samples are very similar but their intergranular
properties are found to be quite different. In conclusion, it
is found that J.(B) dependence are very sensitive with
pressure.

The brittleness of HTS bulk samples usually restricts the
technological applications. Dislocations, ordering defects,
pores, twins, micro cracks etc. affect the strength and
plasticity of HTS samples. Therefore, for technological
applications and better efficiencys, it is necessary to develop
the mechanical properties of BSCCO. In this respect, to get
information about deformation and strength of the materi-
als, hardness tests which is related to composition and
structure of the materials, are necessary and useful. So that,
hardness tests play a very important role for mechanical
characterization of a material. To estimate the hardness
values of HTS samples, several methods such as Vickers,
Knopp, Rockwell and Brinnel can be used. The most
commonly used method is Vickers microhardness test for
estimation of the mechanical properties. Different HTS
superconductors have been investigated for mechanical
properties for several years [15, 16].

In our previous work microstructural, mechanical,
electric and magnetic properties of bulk BSCCO super-
conductor depending on annealing time and preparation
method have been studied. It is observed that properties of
BSCCO superconductors strongly depend on annealing
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time and preparation method [17, 18]. Higher annealing
time yields while reducing volume fraction associated with
the extra phases, increases the high-7,. phase. To obtain
high-T, phase, solid state reaction method (SS) has better
performance than ammonium nitrate precipitation method
(AN). However, samples prepared by AN is harder than the
SS sample. According to these works, the annealing
parameter and preparation method are determined 120 h
(h) at 845 °C [17, 18], respectively. In this study, effect of
pelletization have been investigated on structural,
mechanical and superconducting properties of BSCCO
bulk samples which annealed 120 h at 845 °C.

2 Experimental procedure

Conventional solid state reaction method have been used
for preparation of superconducting bulk samples using
some oxides and carbonates. Five different starting pow-
ders, Bi,O3, PbO, SrCO;, CaCO5 and CuO, are mixed to
obtain chemical composition of Bi; gsPbg 355r,CarCu30,,.
The purities of powders is chosen more than 99.9 % for
better quality of composition. Precursor powders are well
mixed and milled mechanically using ball-milling machine
for 3 h at 75 rpm. These final mixture in powder form is
heat treated twice at 775 °C for 12 h and at 8§10 °C for 24 h
in crucible made from 0.5 mm thick silver plate. The
powders are ground after each calcination with same pro-
cedure by using ball milling. After final calcination, the
heat-treated powder is milled again in a mortar with pestle
for homogenization and is pressed into pellets of 13 mm in
diameter under pressure of 400 MPa. All prepared samples
are annealed totally 120 h at 845 °C. Annealing procedure
is given in [16] detailed. According to intermediate pel-
letization, three different samples called as S40-40-40,
S60-60 and S120 are kept for 40 h + 40 h + 40 h,
60 h + 60 h and 120 h at this temperature, respectively.
S40-40-40 and S60-60 samples are annealed three and two
times for 40 and 60 h, respectively. The means of
40 h 4+ 40 h + 40 h is that three annealing procedure is
applied for 40 h. After each annealing time, 40 h, the
samples are milled with mortar, re-pressed and sintered in
same conditions. Similar procedure is also applied to S60-
60 sample.

Our samples have been investigated by means of XRD,
p-T, AC susceptibility, and microhardness measurements
to provide information about the microstructural,
mechanical and superconducting properties of the BSCCO
samples. XRD data are taken using a Rigaku D/Max-IIIC
diffractometer with CuK, radiation in the range 26 = 3°—
60° with a scan speed of 3°/min and a step increment of
0.02. The ac susceptibility measurements are carried out by
a commercial Lake Shore 7130-model ac susceptometer
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employing a mutual inductance coil system with a closed
cycle refrigerator. A closed cycle cryostat, Cryodine CTI-
Cryogenics, is used in the temperature range of 60-140 K
for dc resistivity measurements. The electrical resistance
measurement are determined on the sample with the four-
probe method. The electrical contacts are made with silver
paint on rectangular bars, which resistance being of the
order of 0.1 Q or lower. Digital microhardness tester,
SHIMADZU HVM-2, is used for Vickers microhardness
measurements. The hardness measurements are taken at
room temperature in air atmosphere with an average of 10
readings. The different loads from 0.245 to 2.940 N is
applied with a rigid Vickers pyramidal indenter for 10 s.
To obtain moderate values for each applied load, each
measurement are performed at different locations of sam-
ple surfaces. The trace of the indentation are obtained with
an accuracy of +0.1 um.

3 Results and discussion

One of the aim in this study is to determine the effect of
intermediate pelletization, phases and impurities which
may occur next to the main phase, on structural properties
of the BSCCO superconductor. In this respect, XRD pat-
tern is measured after every annealing time (40 h), then the
intermediate sample is milled with mortar, re-pressed and
sintered in same conditions for S40 series of samples. S40,
S40-40 and S40-40-40 sample are annealed 40, 80 and
120 h at 845 °C, respectively. Similar procedure is also
applied to S60 series. S60 and S60-60 sample are annealed
60 and 120 h at 845 °C, respectively. XRD patterns of S40,
S60 and S120 series of samples are given in Fig. la—c,
respectively. The annealing time are shown inside of the
figure at the different curves. High-T.(Bi-2223) and low-
T.(Bi-2212) peaks are detected in all samples. The for-
mation of high-T, phases, the sharpening of reflections and
the disappearance of non-superconducting phases tends to
increase for all samples with increasing of annealing time.
Traces of non-superconducting phases, Ca,PbO, at
20 = 19.3° and CuO phase at 26 = 38.8°, are also detected
in all samples. It indicates that it is not easy to obtain a
single-phase material with a conventional solid state
reaction method. The intensities of the most visible peaks
H(0010) and H(0012) are sharpening and rising, and the
peaks of low-T,. phase, especially L(115) and (117) which
is the characteristic peaks of low-T,. phase, almost disap-
peared with increasing of annealing time. It can also be
seen from XRD patterns that S40-40-40 has more smooth
curves than S60-60 and S120. It can most probably be due
to the effect of re-pelletization.

The relative volume fractions of the low-7, and high-7,
phases are calculated with peak intensities of the reflections
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Fig. 1 XRD patterns of the (a) S40 series of samples, (b) S60 series
of samples and (c) totally 120 h annealed series of samples

which belongs to same crystallographic plane by using
Egs. 1 and 2 [19, 20]:
_ > (i

> Ty + 22 T

(1)

Jnigh—70)

_ > Ly
> Ty + 22 Iy

Here I;(hkl) and Iy(hki) are the intensities of the (hkl)
diffraction lines for low-7, and high-7, phases. Addition-
ally, the lattice parameter for low-T, and high-T,. phases are
determined by using Whatfor program. The results
obtained from Whatfor program are listed in Table 1.
When performing the calculation, non-superconducting
phases which percentage are smaller than 1 % are not taken
into account, about 18 peaks are used for the lattice
parameters.

S40-40-40 samples have the highest volume fraction of
high-T, phase compared the samples which annealed
totally 120 h. It is understood that intermediate pressing
played a positive role for formation of high-7, phase. The
lattice parameters value, a = b, remains almost constant,
while ¢ parameters increase with re-pressing for high-7,
phase.

Figure 2 illustrates the normalized ac susceptibility
curves of totally 120 h annealed samples as a function of
temperature at H,. = 80A/m, frequency f = 125 Hz. The
diamagnetic transition in fundamental susceptibility shows
a typical single-step transition for S40-40-40 and S60-60
samples. However, two-step change to superconducting
transition is observed to in-phase component of the fun-
damental susceptibility of S120 sample. Two step transi-
tion indicates weak links in the sample while the onset
transition temperature is intra-grain property. The first
decrease, near T, indicates to 2223 phase; another fall at
low temperatures shows to 2212 phase. Onset transition
temperature, 7., values and transition width, AT, of the
samples are determined from Fig. 2 by using an onset and
1090 % criterion, respectively. We observe that all final
samples have almost the same onset for critical tempera-
tures of around 110 K. AT values found from this figure are
12, 9 and 8 K for S120, S60-60 and S40-40-40, respec-
tively. From this data, we can say that the ac susceptibility
curves becomes sharper with re-pelletization. From the
data plotted, one would anticipate that re-pelletization
affects the inter-grain connectivity. x'-T curves are satu-
rated below 90 K for all samples, it suggests that the whole
volume is superconducting below this temperature.

The electrical resistance behavior of samples as a
function of temperature are given in Fig. 3 in the range of
70-140 K. As shown in the Fig. 3, p-T behaviors of both
samples are similar. Both samples exhibited a metallic-like
character in the normal state. For the sample, which re-
pelletized two times, the resistance are lower than S120
above the superconducting transition. Only one single step
of transition of the superconducting state is observed in the
samples. The resistance of temperature goes down to zero
depending on the effect of the pelletization at 104 and

f(low—Tc) (2)

@ Springer



1802

J Mater Sci: Mater Electron (2017) 28:1799-1803

Table 1 Determined volume
fractions and unit cell

Sample name

Volume fraction (%)

Bi-2223 (A) (£ 0.01)

Bi-2212 (A) (£ 0.01)

parameters of BSCCO samples High-T, Low-T, a=>b c a=>b c
S120 42 58 5.40 36.83 5.40 30.23
S60-60 71 29 5.40 36.99 542 30.39
S60 33 67 5.42 36.99 5.37 30.62
S40-40-40 72 28 5.40 36.95 5.34 30.27
S40-40 82 18 5.40 36.96 5.40 30.38
5S40 43 57 5.39 36.76 5.41 30.33
0.2 —— A AR 109 K for S120 and S40-40-40, respectively. S40-40-40
B £l have higher critical transition temperature than S120.
»_s120 N AT values found from this Fig. 3 are 10 and 5 K for S120
: :gg-ﬁg - :’- ‘ and S40-40-40, respectively. From this data, it is seen that
o .A o 1nter-gr?un connecgvny is petter for re-pelletized sample.
LA In this study, Vickers micro-hardness measurements are
‘,-/ ds '!.A\ used for mechanical characterization of prepared samples.
g -_.-/ 24 ““\‘E. In Vickers micro-hardness measurement, a small diamond
> e v | terminal which has a pyramidal geometry is applied to the
B ool s e e surface of sample. The trace of the indentation that be
g— Ar occurred after measurement on the surface is measured
% -0.24 A.“f 1 with microscope and then hardness value is calculated. In
8 ft i order to calculate Vickers hardness values with trace of the
<24 4'_.’ | indentation formed on the sample are used with following
064 :“'.' | expressions:
.
»
sl -A l H, = 1854, 4@ (3)
o _.__,.._..wu.u-w““:""’ | 2
Here F and d are the applied load and length of the
60 70 80 90 100 110 traces. Materials show two types of behavior as RISE and

Temperature (K)

Fig. 2 Plot of AC susceptibility as a function of temperature for
totally 120 h annealed samples
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Fig. 3 The variations of DC resistance with temperature for S120
and S40-40-40 samples
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ISE. RISE behavior is described as hardness of the material
increases with rising applied load. However, ISE behavior
is described opposite of the RISE as hardness of the sample
decreases with increasing load. The graph of hardness
versus applied load and calculated microhardness values
are given in Fig. 4 and Table 2, respectively. As can be
seen from the graph and the table, length of the traces and
hardness values rise with increasing the applied load from
0.245 to 2.940 N. It means that RISE behavior is observed
to prepared samples. As well as hardness of material,
applied load has been affected from the re-pelletization.
Hardness of the samples have been increased with re-pel-
letization. It can be interpreted that more dense and less
porous structure is formed with the effect of pelletization.

Three times pelletized sample, S-40-40-40, have the
highest hardness values among the samples. There is no
significant change in the hardness values above to 2 N. In
addition, hardness values is attained to plateau region
around 1.5 N.

In conclusion, pelletization between the heat treatment
plays a very important role on structural, magnetic,
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Fig. 4 Microhardness as a function of applied load for totally 120 h
annealed samples

Table 2 Load dependent, H,, values of samples

Samples F (N) d (um) H, (GPa)
S40-40-40 0.245 36.44 0.342
0.490 44.78 0.453
0.980 61.27 0.484
1.960 83.59 0.520
2.940 101.97 0.524
S60-60 0.245 41.00 0.270
0.490 52.27 0.332
0.980 68.32 0.389
1.960 90.99 0.438
2.940 109.33 0.456
S120 0.245 52.96 0.161
0.490 67.32 0.200
0.980 91.22 0.218
1.960 124.17 0.235
2.940 150.04 0.242

electrical and mechanical properties of bulk supercon-
ducting BSCCO samples. We observe that formation of the
high-T,. phase, critical superconducting transition

temperature and hardness of the samples have been
increased with re-pelletization. In this respect, S40-40-40 is
given the most positive results among the samples. The
connection between grains have strengthened and the
holes, it may occur in the boundary zone, have reduced
with re-pelletization. In general, porosity is decreased and
denser structure is obtained. The results of the hardness
values also support this idea.
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