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The effect of sintering on the structural and superconducting properties of the (Bi1.6Pbo.a)
Sr,CaCu,0g system has been investigated. The samples were prepared by solid-state reaction
method with different sintering temperatures:820 °C, 825 °C, 830 °C, 835 °C, and 840 °C.
The samples were characterized by X-ray diffraction (XRD), electrical resistance, and AC
susceptibility measurement. XRD patterns showed that the Bi-2212 phase with orthorhombic
unit cell was found in all samples. In general, no systematic changes in lattice parameters
indicating increasing sintering temperature until 840 °C did not affect the lattice. The sample
sintered at 840 °C showed the highest Tc-onser aNd Te-zero, 84 K and 71 K, respectively. The sample
with the sintering temperature of 840 °C also showed the highest AC susceptibility transition
temperature, Ty (80 K). The peak temperature of the imaginary part of the susceptibility, T,, for
the sample sintered at 840 °C increased to 57 K. According to these study's findings, 840 °C is

the most suitable temperature for sintering (Bi1.sPbo.4) Sro.CaCu,Osg system.
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Following the discovery of the Bi-Sr-Ca-Cu-O
superconductor system, much research has been
conducted to improve its superconducting properties
[1-9]. It is employed in a variety of industries,
including power transmission cables [10], transportation
[11], nuclear fusion [12], nuclear magnetic resonance
imaging [13, 14], and energy storage [15]. These are a
few instances where superconducting wire and cables
are used extensively. The Bi-based (Bismuth-based)
HTSC (High-Temperature Superconductor) has great
potential for applications in superconductor technology
among the copper-oxide family of superconductors
[16, 17]. It is the greatest option for superconducting
HTSC [18]. Bi-based materials are industrialized
and commercialized as practical materials [19, 20].
It was easily made in the forms of round wires and
tapes [18, 21, 22].

The Bi-based system has three different phases,
which are called Bi-(2201), Bi-(2212), and Bi-(2223),
according to the number of CuO; layers [23]. The
composition of each phase is expressed by a general
formula of (Bi, Pb),Sr.Can1 Cu, Ox for n = 1, 2, 3,

respectively. Each phase has a different transition
temperature to the superconducting state: for n = 1
(2201) Tc» 20 K, n =2 (2212) Tc~80 Kand n =3
(2223) T, =110 K [24]

However, some major limitations of the Bi-
based superconductor application are the intergrain
weak links and weak flux pinning capability [23]. It is
also difficult to obtain them in the pure phase because
the Bi-2212 phase grows before the Bi-2223 phase
during synthesis. The optimum temperature for 2223
phase formation was 845 °C + 5 °C [25]. Other studies
found a gradual transformation of the 2212 phase to
the 2223 phase, which starts within 5 h of sintering in
the air at 840 °C. Increasing the sintering temperature
to 845 °C decreases the Bi-2212 phase fraction. It
was also found that the Bi-2212 phase on the grain
boundaries is likely to play a part in weak links,
consequently reducing intergranular coupling [26].

In anticipation of the role of heat treatment
conditions in improving HTSC homogeneity, this
paper investigates the effect of sintering temperature
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on the superconductivity of polycrystalline samples
of (Bi1sPbo.4)Sr.CaCu,0s. Five samples with varying
sintering temperatures (820 °C, 825 °C, 830 °C, 835°C
and 840 °C) were prepared to obtain the best properties
of Bi-2212. The XRD characterization was used to
determine the phase. This study included measurements
of electrical resistance and AC susceptibility.

EXPERIMENTAL

In the pellet form, samples of (Bi16Pbo.4)Sr.CaCu,0s
were prepared using the solid-state reaction method.
Fine powders of Bi,O3, PbO, Sr,CO3, CaCO3, CuO
with high purity (299.9%) were employed. The
powders were weighed and ground for 1 h. The mixed
powders were calcined at 800 °C for 24 h in the air
for 2 cycles with 1 h of grindings before the second
calcination. Then, they were taken out from the
furnace and re-ground. Following this, 2.5 g of the
powders were pressed at 5 tons into pellets of 12.5 mm
diameter and 2 mm thickness. The pellets were placed
in the furnace and sintering was carried out at 820 °C,
825 °C, 830 °C, 835°C and 840 °C for 50 h. The XRD
characterization identified the samples' phase using a
Bruker D8 Advance X-ray diffractometer.
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The electrical resistance measurements
were determined using the standard four-point-
probe DC method with silver paste for electrical
contacts. The experimental set-up consisted of a
closed cycle refrigerator from CTI Cryogenics (model
22), a temperature controller from LakeShore (model
325), a multimeter (Keithley 197), and a constant
current source (Keithley220). Tc o is the temperature
at which the electrical resistance drops to zero.
The onset of superconductivity, Tc onset, Was taken
as the temperature at which the tangent of the
resistance versus temperature curve intersects with
the tangent of the part where resistance dropped
precipitously.

An AC susceptometer from Cryo Industry
model number REF-1808-AS was used to measure the
complex susceptibility, x =y + iy", where ¢’ is the real
part and c¢” is the imaginary part. The frequency used
was 295 Hz, and the applied magnetic field was H=5
Oe. The Bean’s model [27] was used to calculate the
critical current density at the peak temperature, of ¢,
T, with formula J¢(Ty) = Hc /(Iw)*? where H is the
applied field, | and w are the dimensions of the cross-
section of the bar shape sample.
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Figure 1 (a). X-ray diffraction patterns of (Bi1sPbo.4)Sr.CaCu,Os sintered at 820, 825 and 830 °C.
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RESULTS AND DISCUSSION

XRD pattern of (Bi1.sPbo.4)Sr.CaCu,0s with sintering
temperatures 820 °C, 825 °C, 830 °C, 835 °C and
840 °C are shown in Figure 1 (a) and Figure 1 (b). The
Bi-2212 phase with orthorhombic unit cell was found in
all samples. The first peak at 20 ~ 5.7° (002) corresponds
to the signature peak of the Bi-2212 phase [28], which
can be observed clearly. The Bi-2212 peaks can be seen
to appear with increasing temperature gradually.
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The sample with the sintering temperature of
820 °C showed lattice parameters a = 5.479 A, b =
5.361 A and ¢ = 30.765A (Table 1). In general, no
systematic changes in the lattice parameters a, b, and
¢ were observed with increasing sintering temperature.
With a sintering temperature of up to 840 °C, all
samples exhibited a dominant Bi-2212 phase.
However, even no systematic change in the lattice
parameter, V is slightly increase from 903.7 A3 to
904.3 A3
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Figure 1 (b). X-ray diffraction patterns of (Bi1.sPbo.4)Sr.CaCu,Os sintered at 835 and 840 °C.

Table 1. Tconset, Te-zero, AT, Teyy Tpy Je(Tp), p297 k, lattice parameters for Bi-2212 phase of (Bi1.6Pbo.4)Sr-CaCu20s
for 820, 825, 830, 835 and 840 °C

i{r;eprgr]gture o/::iet /Tio ?I? IK* /TK" /k f;‘;?z ) nfgfgm alA b/A  c/A  VIA®
820 80 70 10 74 56 20 285 5479 5361 30.765 903.7
825 77 64 13 73 56 18 331 5416 5396 30.853 9017
830 80 70 10 79 <20 26 242 5461 5363 30794 902.0
835 83 63 20 79 <20 19 680 5408 5391 31.045 905.0
840 84 71 13 80 57 16 220 5469 5375 30.767 904.3
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Figure 2 (a). Electrical resistance versus temperature of (Bi1sPbo.4) Sr.CaCu.Os sintered at 820, 825 and 830 °C.
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Figure 2 (b). Electrical resistance versus temperature of (Biy.sPbo.4)Sr.CaCu,Og sintered at 835 and 840 °C.
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Figure 2(a) shows the normalized electrical
resistance versus temperature curves. The curves
showed metal-like behaviour in the normal state.
Impurity phases can lead to a tail in the resistance
versus temperature curves. Regarding the resistance
measurement's outcomes at room temperature,
(Bi1.6Pbo.4) SroCaCu,0s exhibits metallic properties
after sintering for 820 °C — 840 °C with value pe7k
=2.85 mQ-cm — 6.8 mQ-cm. The resistance property
at room temperature is done to estimate the properties
of the sample before cooling the sample.

Figure 2(b) as shown by the Bi-2212 samples
which were heated for only 48 hours in the final
heating stages. The sintering temperatures of 820 °C
and 830 °C had little effect on Tc-onset, Tc-zero and A Te.
The sample sintered at 840 °C showed the highest T..
onset aNd Tezero Which are 84 K and 71 K, respectively.
All the samples show zero electrical resistance Te-zero
within the range of 70 to 71 K and Tc-onset IS between
80 and 84 K (Table 1). The sample with the sintering
temperature of 835 °C showed a large transition width,
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AT which could be attributed to the large variation
of the transition temperature of individual Bi-2212
superconducting grains. The broad transition width,
AT, indicated the inhomogeneities in the individual
superconducting grains.

The AC susceptibility versus temperature curves
are shown in Figure 3 (a) and Figure 3 (b). The
transition temperature, T.,, is indicated by the sudden
decrease in the real part of the susceptibility y'. Tey
indicates diamagnetic shielding which marks the onset
transition temperature of bulk superconductivity.
The sample with the sintering temperature of
840 °C showed the highest T, (80 K). Two peaks
representing the AC losses should be observed in the
imaginary part, " of susceptibility. The narrower peak
at higher temperature is caused by intrinsic losses
(intragrain coupling) and a broader peak at low
temperature is due to intergrain coupling losses.
However, in our experiments, no intrinsic peaks were
observed in all samples due to the low applied field
(Hac =5 Oe)
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Figure 3 (a). AC Susceptibility of (Bi1sPbo.4)Sr.CaCu,Og sintered at 820, 825 and 830 °C.
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Figure 3 (b). AC Susceptibility of (Bi1sPbo.4)Sr.CaCu,Og sintered at 835 and 840 °C.

The peak temperature T in the imaginary part
of the susceptibility "' represents AC losses. The peak
temperature of the imaginary part of the susceptibility
T, shows the temperature where there is full flux
penetration of the grains. The weaker the pinning, the
larger the T, was shifted to a lower temperature. Below
Ty, the amplitude of " falls due to the decrease in flux
penetration. T, shifts to higher temperatures if the flux
pinning force is increased. At Tp, the intergrain
currents arrive at the value allowing the AC field to
penetrate through the intergrain space to the sample
centre [29]. The increasing sintering temperature, for
the sample with the sintering temperature of 820 °C to
825 °C does not affect the T, value, it remains at 56 K.
T, for the sample with the sintering temperature of 840
°C was increased to 57 K. This indicated that sintering
temperature improved the flux pinning as shown by
the shift in T, for 840 °C temperatures compared to
820 °C sample. The increase in T, can be attributed to
better grain connectivity. The critical current density
Je at the peak temperature T, of ¥ was calculated
using the Bean model formula Jo(= H,/ab)Y? where a
and b are the size of the cross-section of the bar-shaped
sample. Jc(Tp) represents the current density for flux
penetration at T, while Jc represents the transport
current between grains in the samples. The transport
critical current density at the peak temperature J¢(Tp)
was around 16.0-20.0 A cm™ (Table 1).

CONCLUSION

Based on this work, it is determined that the formation
of the Bi-2212 phase is temperature-dependent. A
sintering temperature of 840 °C for 48 h improved
the flux pinning and grain connectivity. Sintering
also enhances the superconducting grains coupling
characteristic and homogenises the superconducting
phases, both of which result increase T.. Sintering at
840 °C results in the highest Tc.onset Value of 80 K.
However, it has no effect on the lattice properties at
this temperature to the Bi-2212 phase. Making it the
most suitable temperature for sintering to obtain the
Bi-2212 phase.
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