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Abstract

We studied the effect of Ca- doping on the properties of Bi-based superconductors by
addin g different amounts of CaO tothe Bi,Sr,La, ,Ca,Cu30;y,s compound. consequently, we
obtained three samples A,B and C with x=0.0, 0.4 and 0.8 respectively. The usual solid-state
reaction method has been applied under optimum conditions. The x-ray diffraction analysis
showed that the samples A and B have tetragonal structures conversely the sample C has an
orthorhombic structure. In addition XRD analysis show that decreasing the c-axis lattice
constant and thus decreasing the ratio c/a for samples A,B and C respectively. The X-ray
florescence proved that the compositions of samples A,B and C with the ratio of
Bi:Sr:La(Ca):Cu which were about 2:2:2:3. Resistivity were measured at different
temperatures under zero magnetic fields and the data were interpreted. Sample A shows that
semiconductor behavior, sample B showed a metal behavior and sample C showed a
sup erconductor behaviors with transition temp erature at zero resistance 7Tofrsery Were 85 K.
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Introduction
Superconductors Bi-base are very sensitive to synthesis conditions. They change from
semiconductors to metal, from metal to superconductors, or from superconductors at low T to
high T, superconductors without losing their crystalline structuere(1). The high sensitivity of
sup erconductors to partial replacement by elements have cations higher oxidation states and
oxy gen content. oxy gen content is due to the apparent ease to which oxygen can move in and
out of the atomic lattice(2,3). Bi,Sr,Ca,Cuz0115 (2223) system is still difficult to synthesize
in its pure form, the reason is that the formation of the (2223) phase is a very slow process
taking place within a very limited temperature range, moreover, the weak bonding along the
c-axis may also contribute to its stronger propensity to form intergrowth products(4) . To
obtain a high quality 2223 monophase superconductor, the basic and significant knowledge
needed is about the thermodynamic process of the Bi-system (5), the forming mechanisms
and the inter relation of the two superconducting phases 2212 and 2223. The nucleation of
(2223) can be formed, if additional layer of perovskite —like Cu-Ca-O is inserted into the
(2212) matrix. This inserting process can occur under the sintering temperature through the
fluctuation of component and energy (6).
In the present work, we have successfully to prepare Bi,Sr,La, ,Ca,Cu;0;¢+5 bulk

polycrystalline superconductor by using solid state reaction process, we analyze the structure
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and study the electrical properties of Ca-doped Bi,Sr,La,Cus 0+ sup erconductor synthesized
at the optimum conditions.

Experimental

The Bi1,Sr,La, Ca,Cu;0,¢.5 samples with different Ca (x=0.0, 0.4, 0.8) were prepared by
the standard solid state reaction method using mixed powder of BiO, Sr La,03, CaO and CuO
with a purity of 99.99%. The starting materials were carefully mixed and ground in a mortar.
The powders were calcined in air at 800°C for 3 hours with several intermittent grindings, and
furnace cooled. The composition of prepared samples was checked by the powder XRF
analysis in order to find the actual Bi/St/Ca/La/Cu ratio .The powder was pressed into disc-
shaped pellets (1.3 cm) in diameter and (0.2-0.3) c¢m thick, using hOydraulic press under a
pressure of 7 ton/cm’ .Thepellets were presintered in air at (855-860) C for (12) hours with a
rate of 250 °C/hr and then cooled to room temperature by same rate of heating The presintered
pellets were reground, repressed and resintered in the oxygen (oxygen rate 0.2 L/min) at the
same range of temperature for further (6) hours and then cooled to (500) C and annealed in
oxy gent for (4) hours and then cooled to room temperature by same rate of heating. The exess
of oxygen content (3) as well as measuring the critical temperatures by the four - point
technique have been described elsewhere (7). The X-ray diffractometer was used to confirm
the resultant phase of the samples.

Results and Discussion

The wvariation of resistivity with temperature of as synthesized Bi,Sr,La, Ca,CuzOqp+ 5
samples was measured by the standard four-probe technique. The normal state resistivity of
all the samples showed semiconductors or metal behaviors with respect to temperature. The
temperature dependence of the resistivity (p) samples with different Ca in Bi,SrpLa,.
Ca,Cu30,9.5 for (x=0.0,0.4,0.8) is shown in figure (1). It is found from this figure that the
behavior of resistivity (p) with the temperature for the sample A with x=0.0 is semiconductor
behavior, sample B showed a metal behavior at x = 0.4, sample C showed a superconductor
with transition temperature at zero resistance  Toommser) Were 85 K- at x = 0.8. The compositions
of the samples were determined by XRF analysis. The x-ray Florescence patterns of
Bi,Sr,La, ,Ca,Cu;0,¢:+5 superconductors are shown in figures (2,3 and 4). The ratio of
Bi:Sr:La(Ca):Cu were found to be about 2:2:2:3.

According to the X-ray diffraction data for the samples consisted of almost phasepure
polycrystalline Bi-2223 phase. Fig. (5) shows XRD patterns taken in x=0.0, 0.4, and 0.8,
respectively. It shows that all our samples are consisted of a major 2223 phase and very small
amounts of secondary phases such as SrBiO , Sr,La. Cu-Oj Sr,Ca and CuO. The comparison
between the relative intensities of XRD patterns for the samples with Ca = 0, 0.4 and 0.8,
with the relative intensity ofthe same reflections of the sample with La =0.0 shows that High-
T.phase reflections of the free sample (Ca= 0) has lower intensity than samples have Ca. The
lattice parameters have been estimated using d-values and (hkl) reflections of the observed x-
ray diffraction pattern through the software program based on Cohen’s least square method(8)
, the parameters a, b, ¢ and C/a are shown in table(1). Figure (6) shows decreasing c/a as
comparable with the free sample, due to the substitution of Ca which has the ionic radius Ca™
(2.23A0) smaller than that of La+3(2.74AO) which render c-parameter to be smaller or get
deformed.
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Conclusions

In the present study, we have investigated the effect of simultaneous doping of Ca in La-
O; layer of Bi,Sr,La, ,Ca,Cu;04+ 5. The substitution of Ca for La ions yields further holes
thus they will modulate the structure by influencing the charge balance, oxygen distribution
and relevant interactions process between the neighboring layers will lead to create more
holes in the Cu-O layers. The transition temperature of as grown samples is found to be
sensitive to the Ca concentrations it has been observed that maximum 7, (85 K) is achieved

for BizSI'zL a; 'zcao'gCUgO 10.24 -

X-ray diffraction(XRD) analysis showed tetragonal structure (samples A and B) and an
orthorhombic structure (sample C) with decrease of the c-axis lattice constant for the
samples dop ed with calcium as compared with this hasno calcium content . It was found that
the change of the Ca concentrations of all our samples produce a change in the C/a and
lattice parameters.
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Table(1): Values of lattice parameter a,b, C/a, oxygen content (3) and T, for samples
with different composition of Bi,Sr,La, ,Ca,Cu;0: ;5

X | Teorr(K) 0(03) a(A”) b(A”) c(A") Cla

0.0 5.402 5.421 37.78 6.99
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0.4 5.414 5.414 37.63 6.95
0.8 85 0.24 5.423 5. 423 37.32 6.80
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Fig. (1): The resistivity dependence on Temperature for Bi,Sr,La, (Ca,Cu;0,y,;at indicated
values of (Ca) at x=0.00, 0.4 and 0.8
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Fig.(2) :XRF Patterns for the sample Bi,Sr,La, ,Ca,Cu;0y.;for x=0.0
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Fig.(3): XRF Patterns for the sample Bi,Sr,La, Ca,CuzOy.;for x=0.4
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Fig.(4): XRF Patterns for the sample Bi,Sr;La, ,Ca,Cu;0y.;for x=0.8
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Fig.(5): XRD Patterns for the sample Bi,Sr;La, ,Ca,Cu;0,.; for A (x=0.0),

B(x=0.4) and C (x=0.8)
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Fig.(6): C/a as function of different Ca for Bi,Sr,La, ,Ca,Cu3O:



