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ABSTRACT

Samples of (Bi,Pb),Sr,Ca,Cus,Zn,0,0+5 (Bi-2223, x=0.0 to 0.30) were synthesized by solid-state reaction route. We carefully
synthesized these compounds and characterized them for phase formation, structural/microstructural, electrical and magnetic
measurements. The phase identification /gross structural characteristics of synthesized (HTSC) materials explored through
powder x-ray diffractometer reveals that all the samples crystallize in orthorhombic structure with lattice parameters a = 0.5405
nm, b = 0.5422 nm and ¢ = 3.7063 nm) up to Zn concentration of x = 0.30. The critical temperature (Tc) measured by standard
four probe method has been found to depress from 108 K to 92 K and transport current density (Jc) has been increased from Zn
content (x) increases from 0.00 to 0.30. The surface morphology/topography explored by scanning electron and atomic force
microscopy (SEM & AFM) shows that microspheres/ nanospheres like structures, voids, grains size & porosity on the surface of
the Zn doped Bi-2223 sample increases as the Zn concentration increases. From the magnetic properties measurement (M-H),
the ac susceptibility (yac) and the lower (Hc;) & upper (Hc,) critical magnetic field were observed at 10 K from the M-H loop
respectively. Copyright © 2012 VBRI Press.
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Introduction

High temperature superconductor (HTSC) is the short
coherence length (0.3-2.0 nm), which is several orders of
magnitude shorter than that of the conventional
superconductor (400 to 10 000A) because by combining
the two dimensional nature of the structure together with
electron phonon coupling mechanism, the electron-phonon
coupling was found to be 10-100 times smaller than
conventional superconductors [1]. HTSC materials are their
successful application which depends on the fabrication of
long length conductors, such as wires and tapes with high
current carrying capacity (Jc ~10* A/cm?). One of the
methods used to improve the current carrying capacity is to

Copyright © 2012 VBRI Press 250


http://www.vbripress.com/
http://dx.doi.org/10.5185/amlett.2011.9305

Research Article

use fabricate nanoparticles dispersed HTSC tapes [2-3].
The nanoparticles of about 50-100 nm size have been
employed to enhance the properties of the Bi-based and TI-
based tapes [4]. The magnetic properties measurements of
Zn and Ga-doped sintered Bi-based compounds were
carried out in a 40 T high-field facility [5]. The critical
current density and the flux pinning force of the Bi-series
oxide superconductors were calculated using Bean’s critical
state model [6]. It is found that both the critical current
density and the flux pinning force of the Zn-doped oxide
compounds are decreased slightly with increasing Zn
content. However, the critical current density and the flux
pinning force of the Ga-doped oxide superconductors
diminish significantly with enhancement of dopant content.
It seems that the superconductivity of Bi-series
superconductors is much more severely destroyed by a
trivalent dopant than by a divalent one [7]. They argue that
the scanning tunneling microscope (STM) images of
resonant states generated by doping Zn or Ni impurities
into CuO planes of Bi-Sr-Ca-Sr-O (BSCCO) are the result
of quantum interference of the impurity signal coming from
several distinct paths. The impurities of the nano size are
important because these particles can interact with the flux,
which is about of the same size. The effect of the
substitution of Mn, Fe, and Zn for Cu on the
superconducting properties of (Bi, Pb),Sr.Ca,Cu; ,M,0, (0
< X < 0.5) have also been investigated by means of X-ray
diffraction, DC magnetic susceptibility and electrical
resistivity measurements. The temperature at which the
resistivity is zero decreases monotonically with x in the
region X < 0.07 for the Zn and Fe- doped samples. The Fe-
doped samples with x > 0.1 are not superconducting while
the corresponding Zn-doped samples are superconducting
with the amount of the Bi-2212 phase increasing with
increasing Zn concentration. The effect of Mn doping on
the superconductivity is less than that of Zn and Fe. There
is evidence of weak links between superconducting grains.
Pair-breaking effects due to the effect of doping seem to
give a satisfactory explanation of the reduction in T.. The
results for the low dopant concentrations lead to the
conclusion that local disorder rather than magnetism is the
important factor for the suppression of superconductivity in
the samples [8]. Using scanning tunneling spectroscopy
(STS), we report the correlation between spatial gap in
homogeneity and the zinc (Zn) impurity resonance in single
crystals of Bi,Sr,Ca(Cu;_.Zn,),0s:5 With different carrier
(hole) concentrations (p) at a fixed Zn concentration (x <
0.5 % per Cu atom). In all the samples, the impurity
resonance lies only in the region where the gap value is less
than 60 meV. Also the number of Zn resonance sites
drastically decreases with decreasing p, in spite of the fixed
X. These experimental results lead us to a conclusion that
the Zn impurity resonance does not appear in the large gap
region although the Zn impurity evidently resides in this
region [9]. High temperature superconductors are also
known for their strong anisotropic properties, very low
charge density, extremely short coherence length (§~ 2-30
A) and large penetration depth (A~ 1650 A for a-b plane &
8000 A for c-plane). Bi,Sr,Ca,Cus0,p tapes and cables of
hundreds meters are available from several manufacturers
[10-12]. Considerable progress has also been achieved in
processing tapes containing several filaments embedded in
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a silver matrix ("multifilamentary tapes"). The main
advantages of multifilamentary tapes as compared to
monofilamentary ones are: (i) a reduction of AC losses [13-
16], (ii) an improved current distribution uniformity [16]
and (iii) better mechanical properties.

Hence aim of the present paper is to study the effect of
the substitution/addition of nonmetallic element such as Zn
with different doping concentrations (0.0 < x < 0.30) at Cu-
sites in Bi—2223 (Bi,Pb,)Sr,Ca,Cus «Mn,O4¢:5), on the
physical properties (Tc, Jc, Hc etc) and structural
/microstructural properties.

Experimental

Bi; ¢Pbg4Sr,Ca,Cus04y:5 (Bi, Pb)-2223 samples were
prepared by a conventional solid -state reaction method. In
brief, the powders of high grade purity Bi,O3 (99.99%,
Alfa Aesar), PbO (99.99%, Alfa Aesar), SrCO; (99.9%,
Alfa Aesar), CaCO; (99.9%, Alfa Aesar), ZnO (99.99%,
Alfa Aesar) and CuO (99.99%, Alfa Aesar) were mixed
and ground in an agate mortar pestle, put in cylindrical
boats and calcined at 820°C for 24 hrs in air. After that it
was mixed and pressed into pellets. Finally, the pellets
(samples) were sintered at 848°C for 34 hrs and slowly
furnace cooled to room temperature. The homogeneous
powder thus formed was converted into the form of pellets
before sintering. For this we employed the most widely
used technique i.e. dry pressing, which consists of filling a
die with powder and pressing at 400 Kg/cm? into a circular
shape. The nominal composition Bi-2223 samples were
sintered in air very near to melting point (~ 848°C) for 34
hrs and then cooled slowly down to room temperature (~
30°C). The heat treatment schedule for Bi-2223 pellets in
programmable temperature controlled silicon carbide (SiC)
furnace is shown in Fig. 1.
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Fig. 1. The heat treatment schedule for Zn-doped Bi-2223 (In
programmable temperature controlled silicon carbide (SiC) furnace).
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Fig. 2. Powder X-ray diffractogram of Bi,Sr,Ca;CuszxZnyOio+5 With X =
0.0, 0.20 and 0.30 and (*) sign indicates the presence of other impurity
phases.

Results and discussion

Fig. 2 shows the representative X-ray powder diffraction
pattern for wvarious nominal compositions of (B,
Pb),Sr,Ca,.1CunxZnOig15 (N = 3) with x = 0.0 to 0.30.
Besides Bi-2223 as major phase, some other minority
phases indexed by starred (*) sign were also found. The
crystal structure of Bi-2223 is found to be orthorhombic
with a = 5.4048 A, b =5.4358 A and ¢ = 37.0634 A for
Zn substitution upto x = 0.30. It is also observed that the
maximum number of peaks of Bi-2223 phase are present
for Zn substituted (x = 0.1) samples. The presence of
impurity phases is significant in other Zn substituted Bi-
2223 samples of higher Zn-concentrations. As the zinc
content increases, other peaks appear in the x-ray
diffractograms which are Zn-rich compounds due to the
easier formation of Zn—Cu clusters. These starred peaks
were identified as CaZnO,, CuZnO, and unreacted ZnO.
These Zn-rich compounds reduce the amount of Bi-2223
phase and enhance the formation of Bi-2212 phase.

One of the most important properties of high transition
temperature in ceramic superconductors is their grained
structure. These grained structures can be easily examined
by the SEM photographs. In the samples, all of the grains
headed randomly and grain boundaries seem to be in touch
with each other as to make weak bonds. Also, this is one of
the most characteristic properties of the high-temperature
superconductors The SEM images of the surfaces of as
synthesized samples are shown in Fig. 3.

One of the most important properties of high transition
temperature in ceramic superconductors is their weakly
bonded granular structures. The size of pores or voids
decreases with increasing Zn concentration. The crystalline
behavior is observed excellent in Zn substituted Bi-2223
for x = 0.30. The interconnectivity of the grains as
appeared from their compactness increases as the Zn-
concentration increases.
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Fig. 3. Scanning electron micrograph of Zn doped Bi,Sr,Ca;Cus-
xZNxO1o+5 With x = 0.0 to 0.30.
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Fig. 4. Two dimensional (2D) AFM images (shown in left) of Zn doped
Bi-2223  melt textured (sintered at 848°C, very near to melting
temperature of the pellets for 24 hrs) in contact mode and air and its
corresponding height profile curves (shown in right).

The two-dimensional AFM image appears as a
nanosphere, like structure on the surface as shown in Fig. 4
(a to ¢). The most pronounced difference in the two layers
of oxide is around 40.67 nm. It is noted that fluctuation in
the scan profile in the upper layer as well as in the lower
layer is due to changes from one grain to another grain of
the oxides. The formation of the humps in some places
could be clearly seen, which is due to formation of an oxide
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layer with different thickness depending on the chemical
composition of phases.
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Fig. 5. Temperature dependence of electrical resistance for Bi,Sr,Ca,Cus.
xZNxO10+5 With x = 0.0 to 0.30.
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Fig. 6. (a) Shows the hysteresis M-H loops for Bi-2223 with Zn = 0.20
doped high temperature Superconductor at 10K & 50K.

The temperature dependence of electrical resistance-R
(T) is measured by four-probe method for pure and Zn-
doped Bi,Sr,Ca,Cus.4Zn,0,p.5 With x = 0.0 to 0.30 and
results are shown in Fig. 5 in various applied external
magnetic fields. The transition temperature (Tc) (defined as
the temperature at which dR/dt has a maximum) was
determined from electrical resistance measurements. As the
Zn content increases from 0.0 to 0.30, the transition
temperature decreases from 108 K to 90 K for Bi-2223
samples.

It can be seen from the table that transition width
increases as Zn concentration increases from x = 0 to x =
0.30. This is due to the fact that during synthesis process
impurity phases are formed easily in case Zn-doped Bi-
2223 samples.

Fig. 6 (a) shows a typical M-H loops from zero field to
the highest applied field of 80,000 Oe for the Zn doped Bi-
2223 sample sintered at 848 °C, the temperature very near
to the melting of samples. At very low fields, in perfect
diamagnetically shielded state, the M-H loop is a reversible
straight line with a slope of magnitude equal to the
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superconducting volume fraction at that temperature and
field. Critical current density (Jc) was calculated following
the extended Bean’s Critical State model using the formula-

J_ —302M A/cm?2
c d

Here AM (in G) is the difference in the hysteretic
magnetization between the curves obtained while increasing
and decreasing the magnetic fields (M = M* - M) and,

b
d =[bd—-)]

It is the reduced dimension, where ‘a’ and ‘b’ are the
planar dimensions (in cm) of the sample with a >b. Also in
the present study, the sample shows opened loop even at
minimum applied field of 0.12 Oe, at temperature of 10 K,
indicating the lower critical magnetic field (Hc,) of 0.12
Oe. Beyond this field, since the superconducting volume
fraction of the weak link region reduces the M-H loop
collapses and is reflected as an inflexion in the rate at
which the loop area increases with the field. However, since
the upper critical magnetic field (Hcy) is higher than the
lower critical magnetic field (Hc,) of Zn doped Bi-2223
sample, the loop does not collapse. The upper critical
magnetic field (Hc,) of Zn doped Bi-2223 sample is
calculated from M-H loops at 10 K and found to be 8.0 Oe.
Finally the magnetic susceptibility (x) and intra-grain
critical current density (Jc) of Zn doped Bi-2223 samples
were calculated from the formulas i.e. y = AM/AH and

3 =302M A/em?2
¢ ™"

A cm? (Bean’s model) and were found to be -4.4146 x 10
and 4.283 x 10° A/lcm” respectively.

Conclusion

We have successfully prepared samples of Bi,Sr,Ca,1Cu,.
«ZNyO10:5 (Where n = 2 and x = 0.0 to 0.30) by solid-state
reaction method. The structure of Bi-2223 phases does not
change with the substitution of Zn up to x= 0.30 but lattice
parameters ‘a’ & ‘c’ are changed. The lattice parameter ‘a’
increases with increasing Zn content but ‘b’ contracts with
increasing Zn content. The lattice parameter ‘c’ does not
change with change in Zn content. The contraction of
lattice periodicity ‘b’ may be due to the partial replacement
of larger ionic radius of Cu*? (r = 0.72 A) by the smaller
ionic radius of Zn*? (r = 0.60 A) whereas elongation in the
lattice parameter ‘a’ may be due to the partial replacement
of mixed valent copper (2* & 3*) by Zn*" ions. The surface
morphology of Zn-doped Bi-based cuprates exhibits well
connected grains, pores and various particle sizes for
different amount of doping. In the SEM study, it has been
found that the particle size increases with increasing Zn
concentration upto 0.30. The two-dimensional (2D) AFM
images of pure and Zn-doped Bi-2223 (x= 0.0 to 0.30)
melt textured samples (sintered at very near to melting
temperature (848°C) for 24 hrs show that the surfaces
consists of uniformly distributed nanogranules of different
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shapes. It is also observed that the roughness of the samples
increased with increasing doping concentration; the
roughness is in the range 87.5 nm to 751.6 nm. Transition
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