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Abstract We have produced the (BiPb)2VxSr2Ca3Cu4−y

TiyO12+δ compounds for x = 0.05 and y = 0, 0.05, 0.10
and 0.20 by glass-ceramic method. The effects of vana-
dium adding and Ti doping on the structure have been in-
vestigated by electrical resistance, scanning electron micro-
graphs (SEM), XRD patterns and magnetic hysteresis loop
measurements. It has been found that the high-Tc supercon-
ducting phase, (2223), is formed in the samples annealed
at 845 °C for 185, with concentration x = y = 0.05. How-
ever, with increasing Ti doping the (2223) phase transforms
into the (2212) phase. We have observed no superconduct-
ing properties for x = 0.05 and y = 0.20 compound. It has
completely transformed to semiconductor.

In addition, the critical current densities (Jc), calculated
from the hysteresis loop measurements by using Bean’s crit-
ical state model are obtained for the samples in the same
doping range. Our data have indicated that Jc decreases with
increasing temperature and Ti concentration.

Keywords Bi-based cuprates · XRD · SEM · Resistivity ·
BSCCO

1 Introduction

As is well known there are three superconducting phases in
the BSCCO superconductor with an ideal structural formula
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Bi2Sr2Can−1CunO4+2n where n represents the number of
CuO2 layers. Each phase has a specific transition temper-
ature to the superconductive state, and for n = 1 (2201),
Tc = 20 K; n = 2 (2212) Tc = 80 K and n = 3 (2223)
Tc = 110 K. In all high-Tc ceramic superconductors, the
CuO2, planes which contain magnetic Cu2+ ions, proba-
bly enhance the superconductivity, instead of degrading [1].
Weak coupling between BiO–BiO layers in the BSCCO sys-
tem enables the substitution of the different oxides for Bi3+
site. Some of the results have demonstrated that there is no
significant increase in the Tc. But important changes occur
in the carrier concentration due to the different cation dop-
ing levels. Therefore, the electrical property of the system
varies.

It is rather difficult to achieve an isolated (2223) phase
formation since the (2212) phase grows prior to the (2223)
phase during synthesis [2, 3]. Therefore, synthesis of pure
2212 and 2223 phases in BSCCO superconductor is im-
portant both from a technical and scientific point of view.
Since this material is more elastic compared to other high-
Tc superconductors, it is preferred to make wires and cables
working at liquid nitrogen temperatures [4, 5]. Much effort
has been devoted to isolate (2223) phase by changing the
nominal composition the some elements. When excess of Cu
and/or Ca was introduced, it was observed that the fraction
of (2223) phase increases [6]. Some elements have been par-
tially substituted in order to improve formation and stability
of the (2223) phase [7]. Among these, partial substitution
of trivalent Bi with lead (Pb) has promoted the formation of
the (2223) phase [8–10]. Lead atoms not only increase the
hole concentration in the CuO2 planes but they also create
empty places for oxygen atoms with +2 coordination num-
ber. The nominal composition of Pb was determined as 0.4
atomic percent [11, 12]. It was also reported that Pb atoms
behave as efficient nucleation and growth sites for the for-

mailto:ozcelik@cu.edu.tr


218 J Supercond Nov Magn (2011) 24: 217–222

mation of 2223 phase and enhance the diffusion of the cal-
cium and copper atoms. There are a number of constraints
in the synthesis of single (2223) phase. First of all, there
are many cations in the BSCCO system. Since the mobility
and reaction rate of these cations are different, homogeneous
distribution of them is not easily achieved. As a result, re-
action of two or more elements produces impurities, which
decrease the (2223) fraction. Secondly, the phase-formation
temperature of (2223) is very narrow and strongly depends
on the initial composition [8, 13–15]. In addition, (2223)
phase has a tendency to decompose to low-Tc (2212) and
(2201) phases at certain temperatures. Therefore, this makes
it more difficult to understand the complicated mechanism
involved in the (2223) formation process [16]. Finally, since
the crystal structure of (2212) and (2223) is very similar, it
often results in intergrowth of these phases in the material.

It has recently been observed that niobium, vanadium,
and titanium addition increases the (2223) phase consid-
erably and one succeeded to isolate this phase up to 96%
and 97% [17, 18]. Here we should state that the prepara-
tion technique of a system is also very important. To this
end preparing the BSCCO system by the glass-ceramic tech-
nique yields a good density and minimum porosity, com-
pared to the conventional solid-state technique [19–22].

As stated in the previous paragraph it has now been well
established that the superconducting properties of the cop-
per oxide superconductors are related to the hole concentra-
tion. Nevertheless, there are few reports on the effects of
substitutions to Cu site in the BSCCO (2223) system. In
this study, we desire to investigate the effect of other high
valancy cations which will make the same effect as Nb. For
this reason, we have added vanadium to Bi-site and substi-
tuted titanium to Cu-sites independently and observed the
(2223) phase variation.

2 Experimental Process

The appropriate amounts of Bi2O3, PbO, TiO2, V2O5,
SrCO3, CaCO3, and CuO fine powders in the stoichiometric
ratios of Bi1.6Pb0.4VxSr2Ca3Cu4−yTiyO12+δ (x = 0.05 and
y = 0.0, 0.05, 0.1, and 0.2) were well mixed by milling and
the resulting powders were placed in a platinum crucible and
heated at 1200 °C until the samples were completely melted.
The melts were poured onto a pre-cooled copper plate and
pressed quickly by another copper plate to obtain an approx-
imately 1.5 to 2 mm thick plate like amorphous (glass) mate-
rial. The mixture was re-grinded for about two hours and the
resulting powders were then pressed into pellets of 13 mm
diameter by applying a 5 tons pressure. Finally, the precur-
sor materials produced were annealed at 845 °C for 185 h
in air to achieve crystallized material and superconductivity.

The samples with x = 0.05 and y = 0.0, 0.05, 0.10 and 0.20
will hereafter be named H, J, K, and L, respectively.

Resistivity measurements were carried out on our sam-
ples using a standard four-probe method with silver paint
contact. X-ray powder diffraction analyses were performed
by using a Rigaku RadB powder diffractometer system with
CuKα radiation and a constant scan rate between 2θ = 3–
60° at room temperature, to examine the phases present
in the samples. SEM photographs for the study of the mi-
crostructure were taken by using a LEO Evo-40 VPX scan-
ning electron microscope (SEM) and a Röntec energy dis-
persive X-ray spectroscopy (EDX). The magnetic measure-
ments were performed with a 7304 model LakeShore VSM.

3 Results and Discussions

The resistance (R) versus temperature (T ) curves for all the
samples, from 200 K down to 20 K are given in Figs. 1
and 2. For sample H, which has no Ti concentration, two on-
set transition temperatures occur with Tc.onset1 = 118 K and

Fig. 1 Temperature dependence of resistivity for samples H, J and K

Fig. 2 Temperature dependence of resistivity for sample L
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Tc.onset2 = 89 K and then R goes to zero at Tc.offset = 30 K.
For samples J, the Tc.onset (below which the sample is in a
superconducting state) of superconductivity are about 109 K
and R almost goes to zero at Tc.offset = 96 K. Hence, there
is the superconducting transition range �T of about 13 K,
which means the high-Tc phase (2223) is the dominant phase
in the samples. We should emphasize here that sample J
seems to have the best value of the concentration for obtain-
ing the (2223) phase. Sample K exhibits a semiconducting
trend down to 115 K, and then a two-step superconducting
transition is observed with a long tail. The sample L shows
completely semiconducting behavior, which indicates insuf-
ficient superconducting phase formation. As a result, the H
and K samples further increase in Ti concentration and this
causes a broadening transition and a dramatic decrease of
the Tc.offset values. This obviously indicates a weak grain
coupling in the samples, and with increasing amount of Ti,
this necessarily favors the formation of the (2212) phase
with respect to the common (2223) phase.

The deduced Tc.onset and Tc.offset values from R–T mea-
surements are tabulated in Table 1 for the samples H, J
and K.

Table 1 The Tc values deduced from the R–T data

Samples Tc (K0)

H Tc.onset = 118 and 89 K

Tc.offset = 48.1 K

J Tc.onset = 109 K

Tc.offset = 96 K

K Tc.onset = 107 and 80.3 K

Tc.offset = 44.6 K

The XRD diffraction patterns of H, J, K and L samples
are shown in Fig. 3. It is obvious that low-Tc phase (2212) is
dominant for the H and K samples, and the (2223) phase
is the dominant one for sample J. As can be seen, non-
superconducting CuO and CaPbO4 phases occurred in all
samples but these phases are only dominant for sample L. As
a result, with increasing Ti concentration in the system, the
superconducting phase is disturbed by the insulating phases.
The phase coordination is destroyed and the multiphase,
complex and deformed structures are obtained. The crystal
symmetry of all the samples is found to be tetragonal. The
calculated unit cell parameters of the samples are presented
in Table 2.

The SEM micrographs of the samples are illustrated in
Fig. 4. Samples H and J contain both randomly oriented nee-
dle shapes and grain structure together with a small amount
of porosity. Sample J has more uniform surface with a dense
alignment of grains and needle-like crystals. It is seen that
the surface composition of the sample J is closer to that of
the Bi-(2223) phase. This is also confirmed by the R–T and
XRD measurements given above. The density of porosities
and non-superconducting structure are observed for sam-
ple K. This observation confirms our previous arguments
that the K has almost the low-Tc phase. In addition, the very

Table 2 The calculated unit cell parameters of the samples

Samples a = b (Å) c (Å)

H 5.409 30.683

J 5.413 36.992

K 5.403 30.667

L 5.400 30.616

Fig. 3 XRD result of H, J, K
and L samples
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Fig. 4 SEM photographs of the samples

Fig. 5 M–H hysteresis of sample H

complex surface structure in which the general supercon-
ducting structure breaks down is observed for the sample L.
It is argued that the crystallization temperature together with
the melting point drops down with increasing Ti content.
Therefore some kind of melted surface is observed in sam-
ple L.

Fig. 6 M–H hysteresis of sample J

The M–H hysteresis loops for the samples, except L,
are presented in Figs. 5–7 respectively. All those M–H

hysteresis loops were obtained after cooling the sample in
zero magnetic field (ZFC) and measured between the fields
of ±5 kOe at the temperatures of 9, 15 and 20 K. Fig-
ure 6 demonstrates that the superconducting properties of
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Fig. 7 M–H hysteresis of sample K

Fig. 8 Jcmag results of sample H

the sample J are much better than that of the others, since its
hysteresis loop observed is much larger than the others.

The Jcmag values of the samples were determined using
the Bean’s model [23]:

Jcmag = 20
�M

a(1 − a
3b

)

where Jcmag is the magnetization current density in ampères
per square centimeter of a sample. �M = M+ − M− is
measured in electromagnetic units per cubic centimeter, a

and b (a < b) are the dimensions in centimeters of the cross-
section of the sample parallel to the applied field.

The calculated critical current densities of the samples
as a function of the applied field, at three different fixed
temperatures, are shown in Figs. 8–10. As can be seen
from Fig. 9 and Table 3, the maximum value of Jc (3.7 ×
104 A/cm2) is obtained at 9 K for an optimally treated sam-
ple and then decreases with increasing temperature. H, J
and K samples prepared show that the field dependence of
Jcmag is strong even at 9 K (Figs. 8, 9 and 10). This kind of
behavior can be explained in terms of weak grain connectiv-
ity and/or an increased volume fraction of impurity grains,
such as formation of both BiPb-2212 and BiPb-2223 phases.

Fig. 9 Jcmag results of sample J

Fig. 10 Jcmag results of sample K

Table 3 Jcmag result of samples H, J and K

Sample Jcmag at 9 K Jcmag at 15 K Jcmag at 20 K

A/cm2 A/cm2 A/cm2

H 2.0 × 104 1.2 × 104 0.76 × 104

J 3.7 × 104 2.6 × 104 1.8 × 104

K 0.67 × 104 0.40 × 104 0.26 × 104

In general, higher values of Jc have been calculated while
a weak magnetic field dependence was still obtained at
T > 9 K. This is expected because the magnetization curve
of the sample forms a loop that indicates the presence of pin-
ning centers on the surface of the materials. It is also well
known that in the high-Tc superconducting material, non-
superconducting impurity phases are highly effective in the
flux-pinning mechanism. Thus, a higher critical current den-
sity with a small amount of non-superconducting phases is
possible.
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4 Conclusion

In this study, the effect of vanadium adding and titanium
substituting has been investigated. In addition we have not
previously applied calcinations and milling process on the
samples, just before the melting. The above results show
that the substitutions vanadium and titanium enhances the
superconducting properties of the pure (2223) phase for
x = 0.05 and y = 0.05. With increasing Ti doping the (2223)
phase transforms into the (2212) phase and for the x = 0.05
and y = 0.20 compound no superconducting properties have
been observed. It has completely transformed to a semicon-
ductor.
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