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Abstract: Effect of K substitutions on structural and superconducting properties in Bi-Pb-Sr-Ca-
Cu-O (BPSCCO) system has been investigated. Bulk Bi1ePbo4Sr>xKxCaCusO10+5 (Where X =
0.00; 0.04; 0.08 and 0.1) samples were fabricated by using the solid-state reaction method.
Structural properties of the samples were examined by X-ray diffraction (XRD), scanning electron
microscopy (SEM) and energy dispersive spectroscopy (EDS) measurement. All samples showed
co-existence of Bi-2223 and Bi-2212 superconducting phases. Interestingly, a formation of the Bi-
2223 was decelerated and that of the Bi-2212 was accelerated with increasing K content (x).
Superconducting properties of the samples were characterized by using temperature dependences
of resistance and field dependences of magnetization data. Both onset and offset transition
temperatures were found to decrease, those were correlated to the decreases in residual resistance
ratio (RRR). The 65 K magnetization curves of K- substituted samples were enlarged in
comparison with that of the pure one. Enlargements of the magnetization curves were possibly
attributed to the appearance of additional point-like defects generated by substitutions of K into Sr site.
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1. Introduction

From the end of the 1980s, a lot of studies has been focusing on high temperature superconductors
(HTS) to deeply understand physical mechanisms and expand their power applications. The Bi-based
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compounds either in bulk or wires have been attractive basing on their advantageous properties [1, 2].
The Bi-Sr-Ca-Cu-O (BSCCO) system has three superconducting phases, those corresponds to an ideal
formula of BizSroCan-1CunOzn+a+y, Where n is the number of CuO; planes (n = 1, 2 and 3). Critical
temperature (T¢) of each phase is found to be T, ~ 20 K for n = 1 (Bi-2201), T ~ 80 K for n = 2 (Bi-
2212) and T, ~ 110 K for n = 3 (Bi-2223) [3-6]. Among these phases, the Bi-2223 phase has been
reported to be technically difficult to fabricate because the stability range for this phase is extremely
narrow. Formation of the Bi-2223 phase was strongly depended on the experimental conditions
consisting of sintering processes (temperature, duration, gas atmosphere), doping or substituting
materials... One of the most well-known results for enhancing the formation of the Bi-2223 phase was
a partial substitution of Pb in to Bi site [7-9]. The sintering temperature for the Bi-2223 phase was
lowered from ~ 880 — 890 °C to ~ 850 °C as Pb was partially substituted [3], which helped to stable the
Bi-2223 phase. However, the enhanced formation of the Bi-2223 phase was relatively limited, which
meant that the co-existence of the Bi-2223 and Bi-2212 still occurred. Disorder defects generated as a
result of substitution effects were reported to effectively serve as pinning center to enhance flux
pinning properties of HTS [10-14]. In this work, effect of potassium substitution on structural and
superconducting properties of the BPSCCO, which had been hoped for improving, was investigated.

2. Experiment

Fabrication of Bi1sPbo.4Sr..xKxCa,CuzO10+5 bulk samples (where x = 0.00; 0.04; 0.08 and 0.1) were
performed by using the conventional solid state reaction technique. An appropriate weight of high
purity powders (99.9%) of Bi,Os, PbO, SrCO3, K2COs, CaCO3 and CuO was thoroughly mixed using
agate pestle and mortar. The mixtures were pelleted and atmospherically calcinated at different
temperatures of 670 °C, 750 °C, 800 °C, 820 °C with each calcination period was kept to be 48 hours.
The re-grinding and re-pelleting processes were applied before the next calcination step. Finally, all
samples were sintered at 850 °C for168 hours in the air and freely cooled to a room temperature.

To investigate the structural properties of the fabricated samples, the X-ray diffraction (XRD),
scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS) measurements were
used. The superconducting properties based on field dependences of magnetization were examined by
using the Quantum Design MPMS XL-5 system.

3. Results and discussions

The crystallinity and the phase formations of the fabricated samples were examined by the XRD
results as presented in Fig. 1.

The XRD patterns revealed that all samples were completely converted into Bi-2223 (denoted by
“H”) and Bi-2212 phases (denoted by “L”) and no K-rich phase was observed. A little impurity peak,
however, was found in all samples, which was identified to be Ca,PbO, phase. Origin of formation of
this phase was attributed to a chemical reaction of Pb and Ca during sample fabrication process
[15,16]. To quantitively compare the formation of the two superconducting phases, the volume
fractions for each were calculated by using the relation [15-17]:
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Figure 1. XRD diffraction patterns of the Bi1.sPbg.4Sro-xKxCazCuzO10+5
(where x = 0.00; 0.04; 0.08 and 0.1) bulk samples.
where I223 and I212 were intensity summations of the XRD peaks for the Bi-2223 and Bi-2212
phases, respectively. The calculated results were plotted as function of K content (X) and given in
Fig. 2.
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Figure 2. Variations of volume fraction of the Bi-2223 and Bi-2212 phases as function of K content (x)

It would be seen that volume fractions of the two superconducting phases were varied as
increasing K content (x). %Bi-2223 was found to continuously decrease from 77.92 % to 62.56 %
while %Bi-2212 was increased from 22.18 % to 37.44%. The results might indicate that the
substitutions of K accelerated the formation of the Bi-2212 phase.

Superconductivity phases were observed on surface via SEM results as evidenced in Figure 3.
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Figure 3. Typical surface morphology of the Bi16Pbo 4SroxKxCazCuzO10+s (Where x = 0.00; 0.04; 0.08 and 0.1)
bulk samples.

The grains reaffirmed co-existance of superconductivity phases in microstructure that Bi-2223 and
Bi-2212 phases were observed in form of plate-like and needle-like, respectively [18]. Small sphere-
like grains, which have been known as the phases of CaPbO4 [9], were also found. Surface of pure
sample was the most orderly, smooth and dense but continuously degraded as x increased to 0.1.
Besides, the average observed size of plate-like grains were also smaller. These obtained results were
in agreement with the XRD analyses.

Elemental analysis of x = 0.1 sample was performed via EDS result as demonstrated in Figure. 4.
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Figure 4. EDS elemental analysis of the Bi1.sPbo.4Sr1.9Ko1Ca,CuzO10+5 Sample.

Elements of the sample were observed completely by high intensity peak from energetic range of 0
to 10 keV as found results [15]. Furthermore, the peak of K was found in about 3.313 keV, which is
known as the potassic energy for EDS [15]. This result affirmed K had been doped successfully into
the high superconductivity compound. Moreover, the small intensity of potassium showed that doping
concentration is low.
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Superconducting transitions in pure and K-substituted samples were examined by using the four
probe measurement. The normalized resistance versus temperature data of the samples were provided
in Figure. 5.
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Figure 5. Temperature dependence of normalized resistance of the Bi1.6Pbo.4Sr2-xKxCazCuzO10+5
(where x = 0.00; 0.04; 0.08 and 0.1) bulk samples.

All samples showed the metallic like behavior at high temperature region then followed by the
superconducting transition. A transition area was defined to stay between onset and offset critical
temperatures (Teonset and Teofrser) [19-20]. Both values of Teonset and Teottset Were found to continuously
decrease as increasing K content (x) as revealed in Figure. 6.
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Figure 6. Degradations of T onset and Teofrset OF the samples as a function of K content (x).

In literatures, the both T. values of the samples were depended on the volume fraction of
superconducting phases. The decrease in the %Bi-2223 as found in XRD results was likely to be a
reason to those of both T. values. The quality of the samples was possibly examined by using the
residual resistance ratio (RRR) obtained as R(300 K)/R(120 K) [19]. The larger the RRR is, the higher
the sample quality is. Particularly, the observed increases in R(120 K) in the K-substituted samples
were probably attributed to the increased impurity scattering in the BPSCCO lattice, leading to slight
degradations in superconductivity of the samples. Dependences of T¢onset and Teofiset ON RRR values were
given in Figure 7.
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Figure 7. Dependences of Tc¢onset and Teofrset ON the residual resistance ratio (RRR) of the samples. High values of
the RRR indicated the high sample quality.

It was visible that the data were well fitted by simple linear equations. The extrapolated critical
temperatures were obtained to be 107.3 K for T¢onset and 91.39 K for T ot Another feature might be
deduced from the decreases in both Tconset and T ofiset - AS Widely reported, Teonset WaS consistent with
the superconducting transition of isolated grains, and Tcomet Was in association with the
superconducting transition of inter-granular components [17-21]. In our work, Tcftset Was compared to
decrease faster than that of Tconset , Which might reveal the fact that the inter-granular components
were more affected. As a result, more disorder defects were believed to be generated by the K-
substitutions.

BSCCO has been classified to be type Il superconductors whose a mixed state consisting of
superconducting and non-superconducting phases. Applied fields (below Hc;) were able to penetrate
into BSCCO in forms of vortices (quantized fields). According to the Ampere law, the critical current
density (J;) would be enhanced [11-15]. Unfortunately, the vortices would be acted by the Lorentz
force as applying current through sample. To pin the vortices, hence, has become a technological
issue. It has been widely reported that these vortices might be pinned via nanosized crystal defects
called pinning centers. The generated disorders discussed above were potential candidates for such a
wonderful role. To examine the pinning effect, the magnetization curves of the samples at 65 K were
measured and given in Figure. 8.

4t ¥ —8—x=0.00
v —B—x=0.04
—4—x=0.08
2r —v—x=0.10
ﬂg or ~Y-¥-V-¥-V-V-V-¥-VV
= 21
£
< 4
=
6}
T=65K
-8 i 2

0o 1 2 3 4 5
B (T)

Figure 8: Field dependence of normalized magnetization curves of the the Bi16Pbo.4Sr2-xKxCazCuszO10+5 (Where X
=0.00; 0.04; 0.08 and 0.1) bulk samples measured at 65 K. Improvements of flux pinning properties were
evidenced by the enlargements of curve areas.
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Generally, all samples showed the typical magnetization curves for anisotropic type Il
superconductors. The diamagnetic signals were obtained as increasing the applied fields. In
comparison, areas of the magnetization curves for the K-substituted samples were found to be larger
than that for the pure ones. The findings might indicate that the trapped fields via pinning centers in
the K-substituted samples were obviously enhanced. Moreover, the values of irreversibility field
defined as the fields at which AM became zero the K-substituted samples were also increased. The
combined results might be used as strong evidences for improvements of flux pinning properties in
BPSCCO samples by the K substitutions [15]. The improvements, however, occurred differently with
K substitution levels. Origin of those behaviors was attributed to pinning centers in forms of additional
point-like defects. As K content (x) increased, the density of that pinning centers was also changed,
leading to the variously observed improvements.

4. Conclusions

Structural and superconducting properties in Bi1sPbo.sSr2xKxCa2CusO10+5 (Where x = 0; 0.04; 0.08
and 0.1) samples were studied. Bulk samples were fabricated by using the conventional solid state
reaction technique. From the XRD results, it was evident that two superconducting phases of Bi-2223
and Bi-2212 were formed. The K substitutions accelerated the formation of the Bi-2212 and
decelerated that of the Bi-2223. Consequently, both transition temperatures Tconset and T offset Were
decreased. The residual resistance ratio (RRR) was also found to decrease as increasing K content,
which was likely to link to the enhanced impurity and disorders. Positive effect of K substitutions
were obtained in flux pinning properties. Magnetization curves of the K substituted samples were
enlarged, which revealed the generations of point-like defects.
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