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high temperature superconductors

. thermo gravimetric/differential thermal analysis
(TG-DTA)

X-ray diffraction (XRD)

4. pinning
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ABSTRACT
In this research, the influence of titanium dioxide nanoparticles on the structural and magnetic properties of high-
temperature superconductor Bij ¢Pbo4SrCarCuszOig+9 (Bi-2223) from the Bi-based ceramic system (BSCCO) was
studied. In order to investigate the synthesized samples, X-ray diffractometry and magnetic measurements were
performed. Based on the magnetic measurements, the superconductivity transition temperature declined with the
increase in the nanoparticles' content. The addition of nanoparticles affected on the hysteresis loop width. Accordingly,
the compound containing 0.2 wt.% nanoparticles had the maximum magnetization, hysteresis loop width, and critical

current density.

Keywords: Bi-2223 superconductor; Titanium dioxide; Hysteresis loop; Magnetic susceptibility.

1. INTRODUCTION

High-temperature superconductor (HTS) materials
have fascinated enormous attention in materials
science because of their potential applications in
many fields such as energy storage, power
transmission and fault current limiter. In
polycrystalline compounds, weak links generated
by grain boundaries restrict the inter-granular
critical current density (Jc). A large body of
research has evaluated the effect of various
doping and additive on Jc and pinning mechanism
of the BSCCO including nanoparticles (NPs), and
other materials [1-3]. Abou-Aly et al. [1] reported
the influence of nano-sized SnO, addition on the
Bi-2223 ceramic and found that the critical
current enhanced by a small amount of SnO; (0.4
wt.%) due to the improvement of grain
connectivity and flux pinning. Annabi et al. [2]
studied the effects of Al,O3 NPs addition on the
flux pinning and superconducting properties of
Bi-2223. They concluded that a rise in effective
pinning centers and a comprehensive variation of
vortex pinning mechanisms were detected for the
0.2 wt.% Al,O3 NPs added sample [2].

Although extensive evidence exists about the

*: hfallah@nri.ac.ir

effect of nano additives on BSCCO, the impact of
functionalized TiO,-NPs on the superconducting
features of BSCCO is extremely rare. Therefore,
in the present study, we aim to use the TiO.-NPs
and explore the structural, magnetic, and
superconducting parameters of synthesized
samples such as the Tc¢ and Jc with different
amounts of TiO,-NPs. Then, we determine the
optimum value for TiO»-NPs to improve the
magnetization J..

2. MATERIALS AND METHODS

The sol-gel method was used for synthesizing
ceramic  composites  (Bi-Pb),SrCaCuzO +
xTiO,, where x = 0.0, 0.2, 0.4, and 0.8 wt.%.
First, Bi-2223 ceramic was synthesized as
indicated in our previous work [3]. Then, the
surface of TiO>-NPs was modified with hydroxyl
groups using distilled toluene 2-4 diisocyanate
(TDI) and dried toluene. Next, the particles were
dried at 110 °C for 12 hours followed by stirring
TiO,-NPs (3 g) and TDI (3.12 g) in 50 ml of dried
toluene by an ultrasonic bath for 15 minutes. The
resultant mixture was aerated by the Freeze-
Pump-Thaw method in four stages. In addition,
the mixture was placed on a magnetic mixer at 95 °C

Journal of Advanced Materials in Engineering, Vol. 40, No. 2, Summer 2021 62



Fallah-Arani et al.

Evaluation of the Enfuance of Titanium Dioxide ...

——BPSCCO

———BPSCCO0-0.2 TiO2
BPSCCO-0.4 TiO2
BPSCCO-0.8 TiO2

Intensity (a.u)

10 20 30 40 50
20 (Degree)

Figure 1. XRD patterns of the composites

for 6 hours and then separated by centrifugation.
Further, the obtained powder was washed with
water-free toluene so that unreacted TDI or the
adsorbed TDI on the surface was physically
eliminated. Then, the functionalized TiO, powder
was dried at 80 °C for 24 hours in a vacuum
dryer. To study the impact of TiO,-NPs, the
synthesized Bi-2223 powder was mixed with
different amounts of the modified TiO,-NPs and
milled for 30 minutes. Next, the powder was
calcined at 820 °C for 24 hours and pressed into
pellets and finally sintered at 850 °C for 100 hours
in the air atmosphere.

3. RESULTS AND DISCUSSION

3.1. Structural studies

The X-ray diffraction (XRD) patterns of synthesized
composites with various values of TiO»>-NPs are
displayed in Figure 1. The XRD patterns of the
prepared composites were refined using the
“Material Analysis Using Diffraction” (MAUD)
software and Rietveld’s method. The obtained
results are listed in Table 1. Based on the MAUD
analysis, all samples have the Bi-2223 as the main
phase along with Bi-2212 and Bi-2201 as the minor
phases. In addition, the volume fraction of the Bi-
2223 phase declines with increasing the amounts of
TiO,-NPs. As displayed in Figure 1., XRD-peaks
related to the TiO,-NPs have not distinguished even
though for high amounts of TiO,-NPs. Based on the
obtained data, lattice parameters remain unchanged
with increasing the TiO,-NPs addition for the
synthesized compounds. Consequently, it seems that
TiO,-NPs have not entered to the Bi-2223 structure.
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Figure 2. The y4c versus temperature for various
amounts of TiO2-NPs under H=10 Oe

3.2. Magnetic studies

Direct current magnetic susceptibility versus
temperature (yac(T)) was discovered for different
amounts of TiO,-NPs under a magnetic field of 10
Oe (Figure 2). For the Bi-2223 sample, the
magnetic susceptibility gradually decreases with
reducing temperature and then a single-step
superconductivity transition occurs at Tc=110.9
K. Regarding to other samples, the same behavior
appears for the 4(T) and a second
superconductivity transition is observable. For all
composites, the value of Tc changes as a function
of the amount of NPs and decreases with
increasing of NPs. The reason for this decrease
can be attributed to the strain created at the
interface  between the additive and the
superconductor. The magnetic hysteresis loops
within the range of H= +2 T have been measured
at 10 K for flux pinning mechanism investigations
(Figure 3). Noticeably, the surface area of
hysteresis curves changes upon increasing the
TiO,-NPs and the synthesized sample with 0.2
wt.% TiO»>-NPs has the largest surface area and
magnetization values which may correspond to
the better grain morphology and stronger flux
pinning. The Jc(H) of the synthesized composites
is calculated from Bean’s model using hysteresis
loops at 10 K. Based on the calculated data, the
composite with x= 0.2 possesses the maximum Jc.
So, it can be proposed that a low amount of TiO,-
NPs as artificial pinning centers can improve the
connectivity and morphology of grains and lead to
greater Jc in comparison to the Bi-2223 sample.
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Table 1. The calculated parameters for the different amounts of TiO2-NPs

Sample x Volume fraction of phases Lattice parameters
(%)
2223 2212 2201 a=b(A) c(A)
0.0 ~89 ~2 3.823(1) 37.074(4)
0.2 ~85 ~10 ~5 3.823(1) 37.074(2)
0.4 ~82 ~12 ~6 3.823(3) 37.074(4)
0.8 ~77 ~13 ~10 3.823(2) 37.074(5)
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Figure 3. Magnetization hysteresis loops at 10 K

4. CONCLUSION

In this paper, the impact of TiO,-NPs on the
structural, superconductivity, and flux pinning
properties of Bi-2223 superconductors was
studied. XRD patterns specified that TiO,-NP
addition changed the volume fraction of
superconductivity phases, but did not alter the
lattice parameters. According to magnetic
measurements, the highest Jc and Hmax values
were related to the 0.2 wt.% TiO,-NP added
sample. Therefore, the results verified a great
efficiency of flux pinning in the Bi-2223
superconductor by TiO»-NP.
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