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ABSTRACT

In this research, the effect of addition of silicon carbide (SiC) nanoparticles on the improvement of the structural,
superconductivity, magnetic, and flux pinning properties of high-temperature superconductor Bij sPbo.4Sr2CaCuzOio+6
(Bi-2223) was investigated. The Bi-2223 ceramic superconductor was prepared using the sol-gel method, and silicon
carbide nanoparticles were modified by Azobisisobutyronitrile (AIBN). The X-ray diffractometry, feild emission
scanning electron microscopy, magnetic susceptibility, and hystersis loop measurements were performed to characterize
the synthesized compounds. Based on the magnetic measurements, the superconductivity transition temperature
dropped with an increase in the content of nanoparticles. Also, the maximum magnetization, hysteresis loop width,
critical current density, and magnetic flux pinning force belonged to the sample with 0.4 wt.% SiC nanoparticles.

Keywords: Bi-2223 superconductor, silicon carbide, magnetic susceptibility, flux pinning.

1. INTRUDUCTION

Among the high-temperature superconductors
(HTS), the Bi-Sr-Ca-Cu-O (BSCCO) system
exhibits some benefits for technological
applications [1]. The improvement of the critical
current density (Jc) is one of the important aims
for researchers in the BSCCO superconductors.
The Jc can be enhanced by the addition of
artificial pinning centers such as dislocations,
nanorods, nanoparticles (NPs), because of the flux
creep prevention. Various studies were reported
by Annabi et al. [1] to investigate the influence of
ALO3-NPs on the superconductivity properties of
(Bi, Pb)-2223, Abou-Aly et al. [2] to investigate
the effect of SnO,-NPs on the physical properties
of (Bi, Pb)-2223 phase, and Guo [3] for studying
the effect of nano-sized SiC additive on the
microstructure and pinning features of the silver-
sheathed  Bi-2223  superconducting  tapes.
Although many studies revealed on the effect of
NP additions on the BSCCO system, the influence
of SiC nanoparticles (SiC-NPs) on the
superconductivity properties of BSCCO is
extremely rare. So, in this study, the SiC-NPs

*: hfallah@nri.ac.ir

additive was selected as a new pinning center and
its effect on the structural, microstructural,
superconductivity, and pinning properties of the
Bi-2223 superconductor was investigated.

2. MATERIALS AND METHODS

The surface of SiC-NP was modified by the
organic compound of 2,2’-Azobisisobutyronitrile
(AIBN). For this purpose, 1 gr of SiC-NP was
dispersed using an ultrasonic bath for 10 min and
then stirred with the existence of nitrogen gas
flow for 30 min. The obtained solution was mixed
with AIBN and stirred at 80 °C for 5 h. After that,
the modified SiC-NP was washed with toluene
and added to the methanol and sodium hydroxide
solution. To hydrolyze the cyano groups to
carboxyl groups, the solution was stirred at 60 °C
for 24 h. For separation of the SiC-NP from the
solution, the resulting solution was centrifuged at
10000 rpm for 10 min. Lastly, the modified SiC-
NP was washed two times with water and dried at
120 °C for 12 h. The Bi-2223 superconductor was
prepared through the sol-gel method as described
in our preceding study [4]. The amount of SiC-NP
additions was varied from x=0.0 to
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Figure 1. XRD patterns of the composites

x=0.8 wt.% of the entire mass of the compounds
(with the steps of 0.2). Finally, the synthesized Bi-
2223 superconductor was mixed with the
modified SiC-NP and milled in an agate mortar
for 30 min. The resulting powder was calcined at
820 °C for 24 h and pressed into pellets. The
compounds were sintered at 850 °C for 100 h.
X-ray diffraction (XRD) phase analysis was
performed with a PANalytical® PW3050/60 X-
ray diffractometer with Cu Ko radiation.
Eventually, = magnetization  studies  were
investigated by a SQUID magnetometer.

3. RESULTS AND DISCUSSION

3.1. Structural studies

Figure 1 presents the XRD patterns of Bi-2223
specimens with different amounts of SiC-NP. To
investigate the structural analysis, lattice
parameter  calculations, and the phase
composition, the XRD patterns of the ceramics
were distinguished using the MAUD software
through Rietveld’s method (see Table 1). Based
on the MAUD analysis, all compounds were
composed of the Bi-2223 as the major phase, and
its volume fraction was reduced with increasing
the SiC-NP content. Also, the Bi-2212 and Bi-
2201 phases were existed as the negligible phases
in all synthesized samples. Likewise, the addition
of SiC-NP decreased and increased the volume
fraction of major and minor phases, respectively.

3.2. Magnetic studies

Figure 2 exhibits the y4(T) plots for the various
amounts of SiC-NP under an applied magnetic
field of H=10 Oe. As shown, the x4 slowly
declined by decreasing temperature and a single

Table 1. The parameters for the synthesized composites
Sample  Volume fraction of Lattice parameters

X phases (%)

2223 2212 2201 a=b(A) cA)
0.0 ~89 ~9 ~2 3.823(1) 37.074(4)
0.2 ~83  ~10 ~7  3.823(1) 37.074(3)
0.4 ~81 ~13 ~6  3.823(2) 37.074(2)
0.8 ~76  ~14  ~10 3.823(1) 37.074(1)
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Figure 2. The y4c versus temperature for various
amounts of SiC-NPs under H=10 Oe

superconductivity transition (attributed to the
intra-granular transition) appeared at Tc=110.9 K
for the pure sample. The same behavior about the
v4e(T) was seen for the added samples, while the
second superconductivity transition exhibited
something else. The second superconductivity
transition can be qualified for the inter-granular
transition and belongs to the existence of
undesirable phases like Bi-2212 and Bi-2201 in
the added samples detected by XRD analysis.

The intra-granular transition temperature reduced
with an increase in the SiC-NP addition that could
be attributed to the strains created at the interface
between the additive and superconducting matrix.
Also, as displayed in Figure 2, the maximum
magnetic susceptibility belonged to the sample with
x=0.4 wt.% SiC-NP addition. This shows that
although the existence of SiC-NP additions has
decreased the intra-granular transition temperature,
the magnetic properties such as complete
diamagnetic and flux exclusion improve in the x=0.4
wt.%. The magnetic hysteresis loops of all samples
between applied fields of H=t2 T at 10 K are
measured and presented in Figure 3. As shown, the
surface area of hysteresis loops increased with an
increase in the SiC-NP addition up to x=0.4 wt.%
and then decreased with more contents.
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4. CONCLUSION

The influence of SiC-NP additive on the structural
and superconductivity properties of Bi-2223
superconductors was investigated. XRD patterns
indicated that SiC-NP altered the volume fraction
of superconductivity phases, but did not modify
the lattice parameters. Based on the magnetic
studies, the highest Hmix and Jc belonged to the
x=0.4 wt.% SiC-NP sample.
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