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Abstract— In this research work, we are presenting a study of the magnetic, electrical, and morphological properties of the
Bi,Sr,Ca,(Cuy4Fey)3010:5 bulk superconductor. The hysteresis curve of the sample displays the magnetization of the applied
magnetic field at +15k (Oe), which exhibits paramagnetic behavior in the sample and reports a squareness ratio of 0.2. It is
suggesting the presence of a single magnetic domain in the sample. We measured the electrical resistance by Four Prove method
from room temperature to liquid nitrogen temperature range, which shows the metal and semiconducting transition, since the
curve is linearly decreasing order nearly 200K temperature. After that, the resistance again slowly increases and shows
semiconducting behavior. We studied morphology of the sample by FE-SEM, and collected structural data. These
morphological representations show platelet type layered structures at the micron range in the sample. These results are quite

similar to Bi-2223 ceramic superconductor.
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1. Introduction

Technology continues to develop at an astonishing rate every
day, and many people cannot comprehend this. The age of
new technology also increases the scientific research. It is
becoming more competitive and interesting, as more
researchers wanted to expand and invent different ideas. As a
tool to aid effective technology, we can say that the three
most expanding fields are telecommunication, computing and
transport. Nowadays, all technological improvements in these
fields illustrate the quick way to success. Superconducting
materials play a very important and interesting role in the
expansion of the said technology and fields. In 1988, H.
Maeda et al. investigated superconductivity in the Bi-Sr-Ca-
Cu-O superconductors [1]. Researchers observed three
superconducting phases, in terms of its chemical
compositions, Bi-2201, Bi-2212 and Bi-2223, in the Bi-Sr-
Ca-Cu-O (BSCCO) system. These superconductors have
110K critical temperature, which develops more interest in
their construction [2-4]. The Bi-2223 type superconductors
show ceramic properties at room temperature and show high
resistance, but at low temperature these show
superconducting behavior [5-9].
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2. Experimental Details

Some researchers have reported that the particle size
reduction in the material plays a key role in the change of
physical properties [10-12]. Therefore, we focused on this
phenomenon of particle size reduction, and investigated the
changes in the physical properties of the Bi-2223 ceramic
sample. We used a ball mill to grind the stoichiometric
compound and adopt the progressive milling process. Single-
phase Bi-2223 was prepared by the traditional solid-state
reaction method as reported by the researchers [13-
14].Successively, it was ball milled for different times up to 6
hours to get the powder of very tiny particles. A systematic
investigation of the structural, micro structural, electrical and
magnetic properties of ball milled ceramic powder
Bi,Sr,Ca,(CuyFey)30i¢+5. Was performed. The samples were
also characterized by several techniques, like field emission
scanning electron microscopy (FE-SEM). The electrical and
magnetic properties were also studied by four prove
technique and magnetic field dependence of the magnetic
Hysteresis curve, respectively.

The X-Ray diffraction (XRD) study and Fourier Transform
Infrared (FTIR) study has done for the sample Bi,Sr,Ca,(Cus.
«F€)3010+5 (x=0.01 and n=3). These studies show an initial
growth of Bi-2223 superconducting phase in the sample and
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FTIR confirms the bond formation of Bi-2223 phases as
reported elsewhere [15-16]. In this paper, we are reporting on
the study of magnetic, electrical and morphological properties
of the sample. There is a lot of information that can be
collected from these studies about the superconducting
material and they are very beneficial for discovering different
superconducting characteristics.

2.1 Morphological Measurement with (FESEM)

We have carried the Morphological measurement using Field
Emission Scanning Electron Microscope (FE-SEM) at
different scales. These are shown in figure-1. We captured all
the pictures at room temperature; that demonstrate an even
distribution of particles and several plate-like formations.

Figure 1. Surface morphological image (A), (B), (C), (D), (E), (F) of sample
Bi;Sr;Caz(Cuo.g9F€0.01)3010+s.

2.2 Magnetic (VSM) and Electrical (Four Prove)
Measurement
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Figure 2. (a) Hysteresis loop at room temperature of the sample and (b)
Resistance Versus Temperature curve of sample Bi,Sr,Cay(Cuo.gsF€0.01)3010+5

It has carried the Magnetic measurement on the sample using
Vibrating Sample Magnetometer (VSM). A magnetic field up
to +15K (Oe) was applied on the sample at room temperature.
Then the graphical data between applied magnetic field
H(Oe) wversus magnetization MS (emu/g) induced
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automatically. In the resulted a hysteresis loop is plotted at
room temperature of sample Bi,Sr,Ca,(Cug.goF€0.01)3010+5) as
shown in figure-2(a).

It has carried the Electrical resistance measurement on the
bulk sample using Four Prove method from room temperature
to liquid nitrogen temperature. We used a silver pest to make
four connections on the pellet sample as described by the
researcher [17]. Then the graphical data between Resistance
(R) ©Q and Temperature (T) K induced automatically. The R
verses T curve is drawn and shown in figure-2(b).

3. Results and Discussion

This section contains the Magnetic, Electrical and
morphological analysis of the sample. The hysteresis curve at
room temperature of sample
Bi,SryCa,(Cug ggFep.01)3010+58hown in figure-2 (a) is clearly
depicted that the saturation magnetization (+MS) was
observed as 0.000789 emu/g on saturation Magnetic field
14990 (+Hs) and remanence magnetization (MR) was
observed as 0.000172 emu/g on applied Magnetic field -
4(Hr). The coercivity (HC) of the sample varies between 505
(-Hc) and 400 (+Hc). Similarly, in opposite direction,
saturation magnetization (-MS) was observed as 0.000742
emu/g on saturation Magnetic field 15006 (-Hs) and
remanence magnetization (-MR) was observed as 0.000118
emu/g on applied Magnetic field -7 (-Hr). The ratio of
saturation magnetization and remanence magnetization is
known as the Squareness ratio (MR/MS). Thus, the calculated
value of Squareness ratio (MR/MS) is found to be 0.2178 at
room temperature and in the opposite direction, it comes out
to be 0.1591. Therefore, the sample
Bizsrzcaz(CUo.ggFeo.m)go10+5(X = 001) shows the
paramagnetic behavior [18]. The spin and unpaired electrons
of the sample lead to a magnetic behavior in it, resulting in
increased resistance. This is because the sample has a
magnetic dipole moment and behaves like small magnets.
Therefore, the sample is the form of magnetism and it is
weakly attracted by an externally applied field. The internal
and induced magnetic fields form when a magnetic field is
applied. It is seen that the Squareness ratio is close to 0.2,
showing that the sample is creating a single magnetic domain
[19].

The sample Bi,Sr,Cay(Cug.o9F€0.01)3010+5 did not show the
superconductivity phenomenon at low temperature with iron
concentration (0.01) as shown in figure-1(b). This sample
shows resistance 2.5393Q at room temperature. When we
start the cooling process or decrease the temperature by liquid
nitrogen on the sample, then the resistance decreases linearly.
The continuous linear behavior of the sample exists at low
temperature 176.53K with resistance 1.9236€, which shows
the metallic transition of the sample. After this observation, it
is noticed that the resistance of the sample increases linearly
for the further low-temperature range. The linear behavior of
the sample was continued at low temperature 85.89K with
resistance 1.9780Q, which shows the insulating and
semiconducting transition of the sample. Probably, these
results are obtained due to the low grains connectivity and
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disordered nano particles. This insulator or semiconductor
behavior can occur due to the deficiency of oxygen or
coupling in CuO, planes [20-21]. Therefore, there is no Tc
and Tc onset temperatures were observed.

We studied the grain size and structure of the sample using
field emission scanning electron microscope (FE-SEM). The
FE-SEM images of Sample Bi23r2Ca2(Cuo_99Feo_01)3O10+5 were
carried out at micro scale 10um, 5um, 1um and at nano scale
500nm, 400nm and 200nm as shown in figure-1 (A), (B), (C),
(D), (E) and (F) respectively. The high voltage of 15kV was
applied on the sample surface which produced the
magnification as 5000, 10000, 50000, 100000, 200000 and
300000 and shown the images (A), (B), (C), (D), (E) and (F)
respectively. The image (A) at 10 um represents randomly
distributing of micro and nano particles. Images (B), (C) and
(D) show the arrangement of particles with nano and micro
labels as platelet-like layered structure of the sample
Bi,Sr,Ca,(Cug ggFep01):010+5. Particularly for image (D) at
one micron range, a number of plate-like structures in layers
can be seen clearly, which indicates the initial phase of Bi-
2223 superconductor.

4. Conclusion

The study of the sample Bi,Sr,Ca,(Cug.g9F€001)3010+55hows
the initial growth of Bi-2223 ceramic superconductor.
However, it could not get the superconducting transition, may
be due to unpaired electrons. The improper heating for
required hours of the sample may bea primary cause.
Therefore, the unpaired electrons created the magnetic
moment, and it made the sample paramagnetic, while a
superconductor has diamagnetic property. So, this sample
shows the metal semiconductor transition at low temperature.
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