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Abstract BSCCO bulk samples have been prepared by
solid-state reaction and ammonium nitrate precipitation
methods with Bi1.65Pb0'355r2C32CU.3010:|:y Stoichiometry.
Structural, mechanical and magnetic characterizations of
the samples were performed by the X-ray powder diffrac-
tion (XRD), the scanning electron microscopy (SEM),
Microhardness measurements, AC susceptibility measure-
ments. The XRD patterns showed that the diffraction peaks
for our samples belong to the two main phase, namely 2223
and 2212 of the BSCCO. In this study we have focused on
microhardness measurements to investigate the mechanical
properties. Vickers microhardness, Young’s modulus and
yield strength values were calculated separately for all
samples. In addition to these, we calculated the load
independent hardness values of samples. Experimental
results of hardness measurements were analyzed using the
Meyer’s law, proportional sample resistance (PSR) model,
Elastic—Plastic deformation model (EPD) and indentation
induced cracking (IIC) model. The critical transition tem-
perature, phase purity, lattice parameter, surface morphol-
ogy and crystallinity of the prepared bulk samples were
compared with each other.
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1 Introduction

Since the discovery of the Bi-based high-temperature
ceramic superconductors; many researches have been car-
ried out to characterize properties of the materials [1-11].
Preparation method, chemical doping, substitution, addition
and diffusion play a very important role on critical super-
conducting parameters of the high-T. superconductors.
Enhancing the mechanical properties are significant goal of
the studies in the field of Bi-based superconductors for their
use in engineering applications. Especially practical appli-
cations are restricted because of brittleness of materials.
The mechanical behavior of the BSCCO can be severely
affected by defects, dislocation, twins, micro cracks and
pores. To the best of our knowledge, previous studies
mostly reported on the effects of mechanical properties of
some materials substitution in BSCCO [12, 13].

The behavior of materials under mechanical loads is
called as “mechanical properties”. The mechanical prop-
erties are mainly resulted from the bond strength between
atoms. However, there is the effect of the inner structure of
material (microstructure). So that it becomes possible to
obtain different mechanical properties in the same material
by changing the internal structure. In addition, hardness is
the resistance against a solid object which is immersed in
the surface of a material. Hardness values are a great
important because these are directly related to strength of
materials. It can be measured non-destructively. Hardness
test is a test method which is relative values about the
strength of the material. According to the geometry of
indenter and size of the applied load, hardness testing
methods are called as Brinell, Vickers and Rockwell
hardness testing method.

We aimed to study the effects of different preparation
methods on mechanical, structural and magnetic properties
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of BSCCO system with general formula Bi; ¢sPbg 35515,
CayCu30yy. In this study, the samples were prepared by
a conventional solid state method (SS) and ammonium
nitrate precipitation method (AN).

2 Experimental

Superconducting samples with chemical composition
Bi; 65Pbg 3551,CarCusOy were prepared by solid state
reaction method and ammonium nitrate precipitation
methods from the powders of Bi,O3, PbO, SrCO5;, CaCO;
and CuO with purities of more than 99.9 %. The powders
were mixed in the appropriate amounts and ball-milled 3 h
at 75 rpm. The milling procedure was maintained in a
tungsten carbide jar together with tungsten carbide balls.
The mixture was calcinated at 775 °C for 12 h. After the
first calcination, the powders were grinded by using ball
milling with same procedure. Then the mixture was cal-
cinated at 810 °C for 24 h. Powders were pressed into
pellets with 1 x 3 x 12 mm dimensions under the pres-
sure of 5 tonnes. Pellets were annealed at 845 °C in air for
96 h. The furnace was heated to the annealing temperature
with 1 °C/min heating rate. Then 1 °C/min rates were
applied after the heat treatment. However, to obtain
chemically homogenous mixture, appropriate amount of
ammonium nitrate was added to the milled powders and
heated at 250 °C for the ammonium nitrate precipitation
methods. The other procedure is same for two methods.
According to preparation methods, the pellets were called
B and D for SS and AN, respectively.

Our samples have been investigated by means of XRD,
Microhardness, SEM and AC susceptibility measurements.
XRD data were taken using a Rigaku D/Max-IIIC dif-
fractometer with CuK,, radiation in the range 26 = 3-60
with a scan speed of 3 °/min and a step increment of 0.02.
Vickers microhardness measurements are conducted at
room temperature in air by using a digital microhardness
tester (SHIMADZU HVM-2) to obtain information about
the mechanical properties of the BSCCO samples prepared
at different conditions. A rigid Vickers pyramidal indenter
is applied for 10 s using different load in the range from
0.245 to 2940 N and the diagonals of indentation are
measured with an accuracy of £0.1 pm. The Vickers mi-
crohardness measurements are performed with an average
of 10 readings at different locations of sample surfaces to
obtain reasonable mean values for each applied load. The
microhardness measurements are analyzed by means of
various models. Microstructure examinations were per-
formed using a Jeol JSM-5300 SEM. Samples were pre-
pared in the normal manner for SEM measurements,
ground on 2,400 grit, and polished on 0.5 and 0.1 pm
alumina lap wheels. The samples were coated with a thin

layer of gold to avoid the charging effect for SEM exam-
inations. Polished surfaces of the samples were investi-
gated using a SEM. The susceptibility measurements were
carried out by a commercial Lake Shore 7130-model ac
susceptometer employing a mutual inductance coil system
with a closed cycle refrigerator.

3 Results and discussion

XRD patterns, which demonstrate phase formations of the
B and D of BSCCO samples annealed at 845 °C in air for
96 h are shown in Fig. 1. The detected major phases are
Bi-2223 and Bi-2212, with the fraction of the latter being
higher. Traces of non-superconducting Ca,PbO, and one
unknown phase is also detected in all samples. The relative
volume fractions of the Bi-2223 and Bi-2212 phases in all
the samples were estimated from the peak heights of the
reflections belonging the same particular crystallographic
plane, using the following well-known expressions [14,
15]:

> Thni
Ji = 1
(2223) > Ty + 22 Ty M)
> i
fon2) = LK) (2)

> Ly + 2 T

Here Iy(hkl) and I (hkl) are the intensities of the (hkl)
diffraction lines for Bi-2223 and Bi-2212 phases (Fig. 1).
There is no effective differences in the volume fractions of
the samples prepared by two methods. The lattice param-
eters of the samples were performed employing the least-
squares method and using the data extracted from XRD
measurements. The results are listed in Table 1. It is
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Fig. 1 XRD patterns of the B and D samples annealed at 845 °C in
air for 96 h
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observed that D sample prepared by AN has higher peak
intensity than B sample prepared by SS.

In this study, the Vickers hardness test is used. During
the test, five different loads (0.245, 0.490, 0.980, 1.960,
2.940 N) are applied on the sample surface by the indenter
with 10 s. Vickers hardness values are calculated using
diagonal length of trace formed on the surface of the
sample after removing the indenter by using Eq. 3.

H, = 1854.4L2 (3)
(“3%)

Materials exhibit two types behavior as ISE and RISE.
While ISE is defined as hardness decreases with increasing
applied load, RISE is defined as hardness increases with
increasing applied load. The variation graph of hardness
against the applied load is given in Fig. 2. As can be seen
from the graph, hardness values increased with increasing
the applied load to 0.245 N from 2.940 N. This means that
the material shows RISE behavior. As well as applied load,
hardness of material has been affected by the preparation
method. Hardness of D sample is higher than B sample.
Moreover, there is reached to plateau region around 1.5 N. A
significant change in the hardness values was not observed
over 2 N. The load dependent elastic modulus (E) and the
yield strength (Y) values of material are calculated (Table 2).
E and Y values increase with increasing the applied load.

There are models used in microhardness analysis of
materials. The results obtained from these models are
described below.

3.1 Meyer law

Meyer Law is the most fundamental law that is used to
definition of mechanical behavior exhibited by material
[16].

F = Ad® (4)

The n value is obtained from slope of InF-Ind graph
(Fig. 3) determines the behavior of the material (ISE or
RISE). If n is smaller than 2, the material exhibits ISE
behavior. But this value is greater than 2, the material
exhibits RISE behavior [17, 18]. In this study, n values are
greater than 2 for the samples B and D (Table 3).
According to these results, it is understood that both of the
samples show RISE behavior.
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Fig. 2 Variations of microhardness with load for the samples

Table 2 Load dependent H,, E and Y values of the B and D samples

Samples F (N) H, (GPa) E (GPa) Y (GPa)

B 0.245 0.055 4.507 0.018
0.490 0.107 8.770 0.035
0.980 0.235 19.26 0.078
1.960 0.328 26.88 0.109
2.940 0.331 27.12 0.110

D 0.245 0.373 30.57 0.124
0.490 0.409 33.52 0.136
0.980 0.443 36.30 0.147
1.960 0.483 39.58 0.161
2.940 0.497 40.73 0.165

3.2 PSR (proportional sample resistance) model

The load independent Hpgr values are calculated using the
f value that is obtained from slope of F/d—d graph (Fig. 4)

is drawn using Eq. 5.

F
E:OC-f—ﬁd

Hpsg = 1854.4p

(5)
(6)

Table 1 Lattice parameters,

o onset
. Sample name Lattice parameters (A) Volume fraction (%) Tc (K) Preparation technique
volume fraction and 7, data of
Bi g5Pbg 355r2Ca,Cuz0y a c Bi-2223 Bi-2212
B 5.431 30.726 13 87 106.7 SS
D 5.452 30.739 17 83 108.0 AN
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Fig. 3 Variation of applied load InF with diagonal Ind for the
samples

It can be seen that o value is defined as energy of cracks
formed on the surface of the sample is negative for B and D
(Table 3). The reason for this is materials that have RISE
behavior. If the material has ISE behavior, o value is
positive [19].

Hardness values are calculated according to PSR model
are so far from plateau region or load dependent hardness
values. This means that the PSR model is not suitable for
the hardness analysis of materials produced in this study.

3.3 Elastic/plastic deformation (EPD) model

In the elastic plastic deformation (EPD) model, the type of
the deformation formed in material is determined [20, 21].
d, value is point where the graph (Fig. 5) intercepts the y-
axis is the coefficient of elastic deformation. If d, value is
negative, elastic deformation is not observed in the mate-
rial. There is only plastic deformation. If d, value is posi-
tive, there is elastic deformation as well as plastic
deformation. In general, elastic deformation coefficient of
materials that exhibit the ISE/RISE behavior is positive/
negative.

F = B(dy +d)’ (7)
Hepp = 1854.4B (8)
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Fig. 4 Plots of F/d versus d for the samples
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Fig. 5 Plots of square root of applied loads versus diagonal length for
the samples

As seen from Table 4, elastic deformation coefficient
(d.) is negative in both B and D. This means that the
materials exhibit the RISE behavior. This case confirms the
results obtained until now. Hardness values are calculated
according to EPD model are so far from plateau region. So,
EPD model is insufficient for the microhardness analysis.

Table 3 n values of the samples according to Meyer’s Law and best-fit results of experimental data according to PSR model for B and D

samples

Samples ax 1073 (N) p x 1073 (N/pm) Hpsr (GPa) Hy (GPa) n

B —32.22 43.96 0.86 0.234-0.331 5.12
D —3.82 30.36 0.562 0.443-0.497 2.26
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3.4 Indentation-induced cracking (IIC) model

The IIC model is used in hardness analysis of materials that
show RISE behavior [22-24]. According to this model, the
applied test load is equilibrated by the total sample resis-
tance in maximum depth. This resistance is composed of
four components.

Shift of the indenter or sample at the interface
Elastic Deformation

Plastic Deformation

Cracks of sample

b NS

Hardness values are calculated using Eq. 9 in this model.

H, = K(%f) i 9)

m value is determined from slope of In(F*?/d’)-InH,, graph
(Fig. 6)is used to determination of behavior of material (ISE
or RISE). If mis greater than 0.6 the material has anormal ISE
behavior. But if m is less than 0.6, it has a RISE behavior [25,
26]. m values are 0.58 and 0.34 for B and D sample,
respectively. So, materials have RISE character. Regression
analysis of experimental data according to IIC Model is
givenin Table 5. Compared to the values are calculated using
the other models, the microhardness values calculated from
IIC model are quite similar to the microhardness values in the
plateau region (Table 6). Therefore, IIC model is the most
suitable model to use in the microhardness analysis.

Figure 7 shows surface micrographs of the prepared
samples. It is observed that the microstructures of B and D
samples exhibit a common feature of plate-like and strip-
like grains, respectively. The grains are randomly distrib-
uted. Although the grain size of B is relatively bigger than
the other sample, it may be said that D sample has com-
paratively denser surface structure. These surface struc-
tures are compatible with the microhardness results. As
shown in Fig. 7, the sample D has less porosity from the B
sample. Hardness is a measure of porosity. Smaller values
of hardness are obtained where porosity is high. The results
of the hardness values are consistent with the SEM
measurements.

In Fig. 8, we have plotted the normalized ac suscepti-
bility curves as a function of temperature at H,. = 640 A/
m, frequency f = 125 Hz. Note that there exists two-step
change to full diamagnetism in-phase component of the
fundamental susceptibilities, %', of two samples. The first

Table 4 Best-fit results of experimental data according to EPD
model for B and D samples

Samples  d. (um) B2 (GPa)  Hgpp (GPa)  H, (GPa)
B —1.57 0.0261 1.263 0.234-0.331
D —0.123  0.017 0.535 0.443-0.497
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Table 5 Regression analysis of experimental data according to /IC
Model

Samples m K Hpce HV (Plateau region)
(NG—m73y, (GPa) (GPa)
pm@=3my
B 0.58 595.85 0.224  0.234-0.331
D 0.34 31.81 0.450 0.443-0.497

Table 6 The results of load dependent Vickers microhardness at the
plateau region and load independent hardness values calculated using
PSR, EPD and IIC models

Samples  Hpsg (GPa) Hgpp (GPa) Hpc (GPa) H, (GPa)
B 0.815 1.263 0.224 0.234-0.331
D 0.562 0.535 0.450 0.443-0.497

drop, near T, corresponds to 2223 phase; another drop at
low temperatures indicates to 2212 phase. The out-of-phase
component, ", exhibits two peaks with decreasing tem-
perature. To™ value is given in Table 1.

4 Conclusion

Microhardness measurements were performed to determine
the mechanical properties of the samples. In order to
determine the most suitable model, Meyer’s law, PSR
model, EPD model and IIC model were applied to hardness
values of the samples. In addition to these structural
properties were obtained with XRD and SEM measure-
ment. Also the magnetic characterizations of the samples
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Fig. 8 Plot of real (') and imaginary (y/) components of AC
susceptibility as a function of temperature for B and D sample

were performed AC susceptibility measurements. The
following results are obtained;

Mechanical, structural and magnetic properties of the
BSCCO superconductors with the measurements were
determined to be strongly dependent on the fabrication
methods.

According to the Vickers microhardness measurement,
it is seen that the microhardness values of the samples
that are produced in different methods are depend on
the load applied.

The hardness of all samples increased with increasing
applied loads. This behavior is referred to as RISE in
the literature.
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