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ABSTRACT

The effect of vanadium and yttrium doping on the superconductivity is
investigated. The doping was done on the calcium site ranging from x=0.00-0.10. The
temperature dependence of electrical resistance and AC susceptibility measurements were
made on these samples. The zero resistance for vanadium doped samples varied from 107
K (x = 0.00) to 68.5K (x = 0.10), whereas for yttrium doped samples it varied from 107 K
(x = 0.00) to 54K (x = 0.10). The volume fraction of the 2223 phase for both dopant
decreases with increasing doping concentration. The nature of the temperature derivative
of the resistance curves indicates the presence of a superconducting transition between
grains coupled by weak links The AC susceptibility data show enrichment of the volume
fraction of the low Tc phase at higher compositions. The presence of low Tc phase (-70
K) is visible in the susceptibility data. X-ray diffraction confirms the presence of mixed
phases in the samples.

Keyword : BSCCO superconductors, AC susceptibility, Vanadium and Yttrium
doping

INTRODUCTION

In Bi-Sr-Ca-Cu-0 system various substitution studies were done to investigate the
physical properties of various phases. One of the principal substitutional studies is to
substitute Ca with various elements. Our earlier studies showed that Ba doping in the Ca
sites in the BSCCO system resulted in the suppression of the high-Tr phase and hence
decrease its Tc. [1]
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In this research we examined the effect of V and Y addition and intentionally
looked for any enhancement on the Tc of the phase where varying lower concentrations
between 0.01-0.10.

EXPERIMENT
The samples were prepared by using conventional solid-state reaction method,

ceramic samples of Bi2Pbo.6Sr2Ca2-xMxCu30,5 ( M=Y,V and x = 0.00 to 0.10 ) were
prepared from appropriate mixtures of high purity(99.9%) Bi2O?, PbO, SrCO3, CaCO3,
BaCO.; and CuO powders. The powders were ball-milled for 24 hours. The mixture was
first calcined at 800°C for 24 hours and the second calcination was done at 830°C for
14hours with intermediate grindings in order to ensure the homogeneity. Then the
powders were pressed into pellets and sintered at 855°C for 150 hours.

The electrical resistance was measured in the temperature range of 20K-300K by a
standard four-probe technique using a constant current of 20mA. Fine copper wires
applied with silver paint served as the electrical leads for the contact to the samples. The
temperature was maintained in a closed cycle cryogenic system.

The phase identification was carried out by using X-ray diffractometer with copper
K« radiation. The microstructural characterisation was investigated by using scanning
electron microscope SEM, model JEOL 6400. The magnetic properties of the sintered
samples were studied via a.c susceptibility measurements using a Lakeshore AC
susceptometer (model 7000). The amplitudes of the ac fields were varied between 0.1 Oe
to 10 Oe at a fixed frequency of 125 Hz.

RESULTS AND DISCUSSION
RESISTANCE MEASUREMENTS

Figure l(a) shows the normalized resistance versus temperature curves for the
yttrium doped samples ( x = 0.00 to 0.10 ). The T(- onset for the samples x = 0.02 - 0.05
is around 107 K, while for the samples from x = 0.06-0.10 it is around 80K.The doped
samples with x = 0.02-0.06 and x = 0.09 exhibit two-step transition which indicates the
presence of mixed phase and weaker strength of coupling [2].These samples exhibit linear
resistance-temperature behaviour. While the other samples showed semiconducting
behaviour. The Tc zero varied from 80K for x = 0.02 to 52K for x = 0.10.

Figure l(b). show the normalised resistance versus temperature curves for the
vanadium doped samples ( x = 0.00-0.10 ). Metallic behaviour were observed for all
samples above the onset temperature. The onset of superconductivity occurs at about 107
K for all sintered samples except for sample, x= 0.08, where the onset is 98 K and the
resistance became zero at temperatures between 89.5 K to 68.5 K (x = 0.02 and x =
0.10).
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Figure I (a): Normalised resistance versus
temperature curve for Bi2Pbii.6Sr2Ca2-
xYNCu?O,, samples sintered at
855"Cfor 150 hours
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Figure l(b): Normalised resistance versus
temperature behaviour of Bi2Pbi) 6Sr2Ca2-
xVsCujO6 samples sintered at
855°C for 150 hours

MICROSTRUCTURE AND X-RAY DIFFRACTION SPECTRA
The morphology of fractured surface of the yttrium and vanadium doped samples

is as shown in Figure 2(a) and 2(b) at a magnification of 3000. No significant difference
has been observed. The samples exhibit a common feature of plate-like layered grains
(2223 phase) randomly distributed. Due to the presence of the pores in between the
grains, the samples are less compact and the average density is measured around 4.0gcm°
to 4 8gem"'. Pores were observed generally observed in all the samples.

Figure 2(a). SEM Micrographs of yttrium
doped Bi2Pbi).6Sr2Ca2.sYxCu3Oo samples
sintered at 855°C for 150hours x = 0.05

Figure 2(b): SEM micrographs of vanadium
doped Bi2Pbo.oSr2Ca2.xVNCu?Ori samples
sintered at 855°C for 150hours x = 0.05

The XRD patterns at room temperature for the yttrium doped samples ( x = 0.02
to 0.10 ) are shown in Figure 3. Peaks belonging to both phases were observed. The peak
intensity of L(115) increases with the increase of yttrium's composition. The volume
fraction of 2223 phase decreases from 100 %(pure) to 38 %,( x = 0.10) which indicates
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the increase of 2212 and other phases in the samples. Hence the transition temperatures,
Tc decreases from 107 K to 52 K as shown in resistance measurement.

The XRD patterns at room temperature for the vanadium doped sintered samples (
x = 0.02- 0.10 ) are shown in Figures 4. The low Tc peak L (008) and High Tc peak
H(0010) is not found in all sintered samples. The mixture of low and high Tc phases was
seen in sintered samples.

Figure 3. X-ray diffraction patterns of
Bi:Pblw,Sr2Ca2-xYxCu?Oo samples
sintered at 855°C for 150 hours

Figure 4. X-ray diffraction patterns of
Bi2Pbo.osr2Ca2-x Vx Cu?O,s samples sintered
at855"Cfor 150 hours

MAGNETIC MEASUREMENTS
The ac magnetic susceptibility of high T(- superconductors is characterised by a

real part. ( x' ) which provide information on the diamagnetic behaviour and an imaginary
part (x ) that is associated with the ac loss components , providing information on the
coupling effect of the grains in the superconductor [3,4]. Figure 5(a) and 5(b) show the
temperature dependence of the internal susceptibility components x' and x" for the yttrium
and vanadium doped samples x = 0.05 with different fields at a frequency of 125 Hz. The
onset diamagnetism is observed at 105 K, which is about 3 K less than the dc zero
resistance. At 54 K the sample x =0.05 show perfect diamagnetism for yttrium doped
samples, whereas for the vanadium doped samples it is around 60K.

The variation of x" vs T for the yttrium doped samples x = 0.02. 0.05 and 0.10 are
as shown in Figure 6 (a-c). A small intrinsic peak is observed very close to the T r for the
field 5 Oe and 10 Oe. This peak is due to ac losses within the superconducting grains. This
peak is observed only for sample x = 0.05.Such an intrinsic peak is not observed for the
samples x = 0.02 and 0.10. Broad "coupling peak" is also observed at a temperature well
below Tr for all the fields and is due to the hysteresis losses at the grain boundaries.
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Figure5(a) Ac susceptibility measurement
for yttrium doped sample x = 0.05
sintered at 855°C for 150 hours
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Figure5(b).Ac susceptibility measurement
for vanadium doped sample x = 0.05
sintered at 855°C for 150 hours
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Figure 6(a-c). x" versus temperature measurement for yttrium doped samples (a) x
0.02 (b)x = 0.05 and (c) x = 0.10
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Figure 7(a-c). shows the real part of the temperature dependence of the ac
susceptibility component (%' ) at 0.1 Oe and 10 Oe with frequency of 125 Hz. for samples
of composition, x = 0.02, 0.05 and 0.10. The graphs show the typical intrinsic and
coupling diamagnetic shielding components. The phase locking (TCj) occurred at 77-80 K
and above that temperature decoupling of the grains can occur through thermally
activated phase slipping.
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Figure 7(a-c). %' versus temperature measurement for yttrium doped samples (a) x =
0.02 (b) x = 0.05 and (c) x = 0.10

Figure 8(a-c) shows the temperature versus the imaginary loss component x" of
samples vanadium doped samples x = 0.02, 0.05 and 0.10. The intrinsic loss peaks within
the grains which is very close to Tr is well resolved only for samples x = 0.05 and 0.10 at
fields 5 and lOOe.The coupling peak which is due to loss between the grains shifts
towards the lower temperature and broadens when the field is increased. The amount of
the shift as a function of the field amplitude is proportional to the magnitude or strength of
the pinning force [5]. The larger the shift the weaker the pinning. This fact in connection
with the observation also implies that V doping weakens the interconnectivity of the
"rains.
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Figure 8(a-c). x" versus temperature measurement for vanadium doped samples (a) x =
0.02 (b)x = 0.05 and (c) x = 0.10

Temperature versus real component (x') for vanadium doped samples x = 0.02.
0.05 and 0.10 were as shown in figure 9(a-c). Two steps were detected which reflect the
flux penetration into and between the grains as temperature increases. The strong
dependence of (x ) on ac field strength is associated with the weak-link behaviour of the
ceramic superconductors. At extremely low temperatures the whole volume of the sample
expected to be shielded by the supercurrent circulating in the sample and hence the curve
X'versus T saturates.

Temperature (K) Temcperuturr (K)
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Figure 9(a-c). x' versus temperature measurement for vanadium doped samples (a) x
0.02 (b) x = 0.05 and (c) x = 0.10

CONCLUSION
Yttrium and vanadium doping at the Ca sites in the Bi2Pbo/)Sr2Ca2->;lVlxCu:!Oo (

Y,V) system does not favour the formation of high Tc phase. All samples exhibit a
common feature of plate-like layered grains (2223 phase) randomly distributed. The
T,-(R=0) decreases linearly with the increase of Y and V content. The onset of TC for all
the samples as observed in the ac susceptibility data are similar to that of the resistance
measurements. This implies that Y and V doping does not affect the onset of the transition
from the normal state to superconducting state. The intrinsic peaks due to ac losses within
the grains are not resolved for all the samples that have been doped with Y and V, hence
the presence of Y and V might have weakened the coupling of the grains.
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