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Abstract The polycrystalline Bi1.8Pb0.4Sr2.0Ca1.1Cu2.1
MxOy , with M = Zr (x = 0.0, 0.02, 0.04), were syn-
thesized by solid-state reaction method and studied by
X-ray diffraction analysis (XRD), scanning electron
microscopy equipped with energy dispersive of X-ray
analysis (SEM/EDX) and resistivity versus temperature
measurements. The influence of the Zr addition on the
Tc and microstructure properties of the superconducting
compounds has been studied. SEM observations show
whiskers grains randomly distributed and microstructural
change due to the addition of Zr. The ZrO2 was incor-
porated into the crystalline structure of BSCCO system
in all samples. The crystallographic structure remains
in a tetragonal form where a = b �= c. Generally, all
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samples exhibit semiconductor behaviour above T onset
c .

The onset critical temperature T onset
c increases up to 86

with x = 0.02. There is an enhancement in the critical
temperature for doped samples as compared with pure
Bi1.8Pb0.4Sr2.0Ca1.1Cu2.1Oy.Changes in superconducting
properties of ZrO2 nanoparticle added Bi-2212 system were
discussed.

Keywords Zr- doped Bi-2212 · Resistivity ·
Superconductivity and BPSCCO · Solid state reaction

1 Introduction

Since the discovery of BSCCO high-temperature super-
conductors, there has been tremendous effort to improve
formation of the (2212) phase with different parameters pro-
cessing of composite materials. Properly distributed in the
superconductor matrix fine inclusions of impurities phases
may act as strong pinning centres, favour the development
of textured microstructure with good intergrain supercon-
ducting connections and improve mechanical properties of
the material.

The dopant materials like Ag, Ti, Cr, Nb, Sb and Pb have
been reported by different authors in the Bi-based supercon-
ductors [1–7]. Dopant may play an important role on the
properties of high-temperature superconducting materials to
reach higher Tc and critical current density. The effect of
nano sized MgO powder addition to Bi (2212) in the weight
ratio 95:5 will change the Tc and also the Jc. It was reported
that the Tc of the Bi (2212) single crystal was 93 K but it
decreases to 92 K after doping. In addition, several methods
had been reported in the literature such as adding impurity
phases to the superconductor like Y2Ba2CuO2, columnar

http://crossmark.crossref.org/dialog/?doi=10.1007/s10948-016-3728-3&domain=pdf
mailto:boussoufnora@yahoo.fr


366 J Supercond Nov Magn (2017) 30:365–370

defects generated by ion irradiation, point defects generated
by oxygen deficiency, or chemical substitution [8].

Addition of perovskites SrAO3 (A = Zr, Sr etc.) with Bi-
2212 matrix shows the partial incorporation of the particles
into Bi-2212 grains and partially agglomerated, forming the
thin closed areas between the Bi-2212 lamellas and due to
this the Jc increases and Tc decreases. The dopants’ effect
on enhancement and stabilization of high-Tc phase has been
reported earlier [9, 10]. Previous investigations [11, 12]
have showed that LiF addition to Bi2Sr2CaCu2O8+δ

and Bi1.8Pb0.4Sr1.8Ba0.2Ca2Cu3Ox superconducting sys-
tem leads to a significant grow of the critical current
density by increasing of the Bi-2212, Bi2223 superconduct-
ing phase content accompanied by a slightly increase of
the critical temperature.The studies on Pr addition showed
an increase in room temperature resistivity and increase in
the critical temperature (Tconset) with increasing amount of
addition [13].

The present work reports the influence of the Zr addition
on the superconducting phase formation and the transport

properties of the BPSCCO system, synthesized by solid-
state reaction. Based on previous results, we are assuming
that Zr ion can substitute Ca ions in the Bi (Pb) 2212 phase.
The dopant can influence the kinetics and mechanism of
HSTC phase formation, thus changing the final microstruc-
ture of the superconductor. We aim to study the effect of
Zr on the Bi-based superconductors grown by solid-state
reaction.

2 Experimental Procedure

The Zr-doped BPSCCO ceramics were prepared by the con-
ventional ceramic method. Predetermined amounts of high
purity starting chemicals (Bi2O3; SrCO3, CaCO3, CuO,
PbO) were used for the preparation of the ceramics of fixed
nominal composition of Bi1.8Pb0.4Sr2ZrxCa1.1Cu2.1Oy .
These powders were well mixed and ground by using an
agate mortar and pestle and were further calcined at 800 ◦C
for 25 h in a furnace. Calcined powders were ground again
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Fig. 1 XRD patterns of the samples of Bi1.8Pb0.4Sr2.0Ca1.1Cu2.1MxOy ; Zr = 0.0, 0.02, 0.04



J Supercond Nov Magn (2017) 30:365–370 367

to form a fine powder. Pellets 13 mm in diameter and 1
mm in thicknesses were pressed by uniaxial compaction in
a die at 5 ton/cm2. These pellets were sintered at 840 ◦C
for 60 h in air and then furnace cooled to room tempera-
ture. The obtained Bi (Pb)-2212 powders were mixed with
ZrO2 particles. The additional amount of ZrO2 in this case
varying from (x = 0, 2 and 4 %) of the total mass of
the sample. The mixed powders were pressed into pel-
lets under 5 ton/cm2 then sintered at 825 ◦C for 75 h. For
comparison, sample with Mg substitution was also pre-
pared by the same processing route with mixing, appropriate
amounts of high purity powders, Bi2O3, SrCO3, CaCO3,
CuO, PbO and ZrO2, in the correct stoichiometric propor-
tions Bi1.8Pb0.4Sr2ZrxCa1.1Cu2.1Oy and ground in an agate
mortar.

Phase identification was carried out with an X-ray
diffractometer (DRX). The cell parameters were calcu-
lated From XRD patterns using Dicvol 06. Resistance-
temperature data were obtained by using four point probe
AC method.

3 Results

The XRD patterns of the samples are shown in Fig. 1.
The XRD studies show that Bi-2212 phase exist in most

of the samples [14]. The result indicates that on doping
the structure of the BSCCO does not change and the major
peaks still corresponds to the 2212. Besides these promi-
nent peaks, some other peaks of low intensity at 21◦, 26◦
and 30◦ angles are also observed. Indicating the presence
of the Bi2201 parasitic phase [15] and other oxides iden-
tified as CuO and Ca2CuO3 [16–18], SrZrO3 particles are
both aggregated between the lamellas in the closed elon-
gated areas with a thickness of 1–3 μm and a length of
several μm, and imbedded in Bi2212 matrix as separate
grains. The increase in the intensities of the peaks of doped
samples may testify to the enhanced grain growth and
orientation of grains. The secondary phase Ca2PbO4 was
detected at 2θ = 17.85◦, 45.1◦ [19]. The overlapping sec-
ondary phase reduces at that point. The major secondary
phases involved directly in sequential reaction are Ca2PbO4
and CuO.

No peaks of ZrO2 were detected in the diffraction
patterns for sample doped with 0.02 meaning that this
oxide was incorporated into the crystalline structure in the
BSCCO system. The intensity of peaks (008), (113), (0010),
(115) and (117) were observed to increase in sample x =
0.02 as compared to that of Zr-free sample.

Figure 2 shows the SEM image of the surface morphol-
ogy of the samples (x = 0, 1, 2 and 4 %), respectively.
The Zr-free Bi1.8Pb0.4Sr2.0Ca1.1Cu2.1Oy sample consists of

X=0

X=0.02X=0.04 

X=0.01 

Fig. 2 SEM micrographs of the samples
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Fig. 3 EDX spectra of Bi2212 samples added with a 0, b 2 and c 4 %
of Zr

Table 1 0 % Zr

Elt. Intensity (c/s) Conc

O 11.94 14.794
Ca 19.84 3.814
Cu 24.69 11.032
Sr 45.93 21.616
Pb 1.34 5.790
Bi 8.77 42.954

100.000

flake type grains and some needle type grains. The grains
are distributed randomly [20, 21] or we can say that the
grains in the specimen are oriented anisotropically and
poorly connected. The surface of sample doped with 1 % is
smoother and denser and the grain is longer than the other
doped samples. For the 2 and 4 % doped Zr shown in Fig. 2
with a slight different microstructure, which is probably
due to composition shift, the grain size of the 2 % sample
decreases, which shows further decrease in grain size with
4 % addition of Zr. We have seen more white space in 4 %
doped sample, which indicates the presence of ZrO2.

The EDX plot reveals no extra peaks and reflects the
presence of all the constituents. All the samples show the
exact match for standard peak position for Bi, Sr, Ca, Cu,
Pb, Zr and oxygen (O). This reveals that the elemental
composition of all the samples do not contain any foreign
element [22]. It is observed from the graph that with the
addition of Zr in BPbSCCO, the density of Sr, Cu increases
(Fig. 3). The change in ion amounts due to addition is shown
Tables 1, 2 and 3.

The electrical resistivity versus temperature curve for
the entire sample, from 300 K (room temperature) down
to 70 K for different compositions (x = 0, 2 and 4 %)
are shown in the respective Fig. 4. It is found that all the
samples show semiconductor behaviour above the Tc-onset
value. Tc-onset transition temperature of three different
samples is found to be about 81, 87 and 82 K, respectively.
The phase transition of BSCCO from semiconductor state
to superconducting state happens at temperature 70 and

Table 2 2 % Zr

Elt. Intensity (c/s) Conc

O 15.60 16.684
Ca 23.34 3.858
Cu 26.34 10.200
Sr 57.36 23.105
Zr 0.70 0.350
Pb 0.94 3.526
Bi 9.94 42.276

100.000
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Table 3 4 % Zr

Elt. Intensity (c/s) Conc

O 17.46 16.801
Ca 23.24 3.533
Cu 29.72 10.557
Sr 53.02 19.810
Zr 0.15 0.068
Pb 1.22 4.197
Bi 11.55 45.034

100.000

76 K for BSCCO doped with 2 and 4 %, respectively. It
is observed that the zero resistivity transition temperature
for sample 0.02 is higher than that of free sample. The
increase of Tc may be related to the optimization of the
hole concentration and possible change of the lattice vibra-
tion of Bi(Pb)-Sr-Ca-Cu-O. It is also possible that resistive
nature of the grain boundaries is modified by accumula-
tion of Zr at the grain boundaries. The transition width
of the doped sample is increase for sample doped with
4 %. The broadening of the transition width shows that
free sample has lower percentage of Bi2212 phase com-
pared to that of doped samples. The large increase of the
grain size observed for the highest content of Zr is then
obtained with a degradation of the grain boundaries. Thus,
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Fig. 4 Resistivity ρ(T ) of the samples

high content of Zr can lead to an increase of the weak links
[23]. This behaviour can be also explained, when high rate
is used, by the substitution of the spinless Zr+4 ion in the
Cu+2 site. The perturbation of the local magnetic order-
ing can destroy the coherence of the phase φ of the order
parameter ψ [24, 25], and results in pair breaking effect
[26, 27].

The reduction of the broadening in ρ-T curve may be due
to the modifying effect of Zirconium diffusion on the grain
boundaries.

4 Conclusion

Samples with Zirconium addition show that the Zr addi-
tion increases the reactivity of the precursor and favours the
formation of 2212. The results presented that the adding
of zirconium enhances the superconducting properties of
doped samples and improve the Tc.

From the SEM study of ZrO2-added BSCCO, the pres-
ence of rounded shaped Zr having small grain size is
observed in needle-shaped BSCCO. The decrement in grain
size was observed. EDX plot reveals no extra peaks related
to elements other than the constituents. From resistivity vs.
temperature measurement, the superconducting transition
temperature Tc of the parent BSCCO is found to be down of
70 K. With increase in concentration of Zr in BSCCO, the
transition temperature decreases to 70 and 76 K for 2 and
4 %, respectively.
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