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 Background: Super conductors are an efficient material to transport electrical current 
due to their zero resistant.  However, these materials obtain their superconductivity 
characteristics at very low temperature that restrict their applications. Therefore, many 
investigations have been carried out to produce high temperature super conductor 
(HTSC). One of these HTSC is the compound Bi2Ba2Ca2Cu3O10+. Objective: To 
investigate the effect of partial substitution of Pb (x) and Cd (y) in Bi of the compound 
Bi2Ba2Ca2Cu3O10+ on the electrical transport properties by preparing and testing the 
compound Bi2-x-yPbxCdyBa2Ca2Cu3O10+. Results: The X-ray examination results 
revealed that the crystalline structure of the compound kept its tetragonal type for all 
substitution cases. Highest critical temperature of 140 K was recorded for this 
compound with a substitution case of (x, y) = (0.05, 0.15). The surface structural 
characteristics were considered using SEM that showed well agreement with X-ray 
findings. Conclusion: We have proposed HTSC of Bi2-x-yPbxCdyBa2Ca2Cu3O10+δ by 
substituting three rates of Pb and Cd in Bi as (x, y) = (0.15, 0.05), (0.1, 0.1) and (0.05, 
0.15). The more homogeneous compound the higher in critical temperature as revealed 
by SEM results where the critical temperature to be enhanced significantly from 131 K 
at (x, y) = (0. 15, 0. 05) to 140 K at (x, y) = (0.05, 0.15). 
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INTRODUCTION 

 
The superconductivity is one of the important phenomena in applied physics field due to its interesting 

features of zero electrical resistance and exclusion of magnetic field. This phenomenon was discovered by 
Kamerlling Onnes in 1911 by observing the sudden decrease of electrical resistance of solid Mercury to zero at 
critical temperature of 4.2 K (Bardeen et al., 1957). The phenomenon of electrons which are excited virtually in 
pairs to form so called (Cooper pairs) was interpreted by setting a theory of superconductivity namely (BCS). 
The first high temperature super conductor (HTSC) was discovered when lanthanum (La) was substituted by 
barium (Ba), gallium (Ga), strontium (Sr) in the compound La2CuO7 that led to increase the critical temperature 
to higher than 40 K (Bednorz and Müller, 1986). The second HTSC that so called (123) was obtained through 
the discovering of the compound YBa2Cu3O7 which achieved a critical temperature of 95 K (Wu et al., 1987). 
Another HTSC was investigated when a temperature higher than boiling temperature of liquid nitrogen could be 
obtained that led to improve the critical temperature of 77 K, 85 K and 110 K for the compounds Bi2Sr1Cu1O6 
(known as Bi2011), Bi2Ca1Sr2Cu2O8 (known as Bi2122), and Bi2Ca2Sr2Cu3O10 (known as Bi2223) respectively 
(GEBALLE and HULM, 1988). These compounds could interpret later the existence of interacted levels (n=1, 
2, 3) of CuO with the levels of BiO. Ag-sheathed (Bi,Pb)2Sr2Ca2Cu3Ox composite conductors was prepared by 
overpressure processing in final heat treatment to enhance the transport properties such as the critical current 
density and the self-field (Yuan et al., 2004). Bulk superconductivity was found at 125 K in T12Ca28a2Cu3Ox 
composite conductor that has a structure contains trilayer Cu perovskitelike slabs separated by bilayer Tl-O 
units. The effects of Cd substitution and annealing time on electrical properties were studied considering Bi-
based superconductor (Shoushtari et al., 2008). The optimum current density and critical temperature was 
obtained at Cd0.04 for annealing time of 270 hr. The superconducting properties were improved by adding Cr2O3 
to the superconductor Bi–Sr–Ca–Cu–O that produced maximum critical temperature with 0.5 wt % addition 
(Abbasi et al., 2010). The anisotropic behavior of magnetoresistance of bulk textured 
Bi1.8Pb0.3Sr1.9Ca2Cu3Ox+Ag compound was investigated in the magnetic fields applied parallel and 
perpendicular to a–b planes of Bi2223 crystallites (Balaev et al., 2010). The silver-sheathed Bi2223 multi-
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filamentary wires were developed since the discovery of Bi-based superconductors. The critical current density 
(Jc) performance of Bi(Pb)2223 bulks was enhanced by sintering under controlled over pressures and c-axis 
grain orientation (Obata et al., 2012).  The results revealed higher Jc (2.3 x 104 Acm-2 at 20 K, 1 kOe) for c-axis 
oriented bulk than the randomly oriented bulk. The metal-organic decomposition method and annealing at a 
temperature between 810~850°C were used to prepare Bi2Sr2CaCu2O8+d (Bi2212) thin films to investigate its 
fluctuation-conductivity characterization above critical temperature (Deguchi et al., 2013). 

The present work aims to investigate the influence of partial substitution of lead (Pd) and cadmium (Cd) in 
bismuth (Bi) for (Bi2Ba2Ca2Cu3O10+δ) super conductor prepared under certain hydrostatic pressure and annealing 
temperature on the structural and electrical properties of this compound. Also, to produce HTSC that achieves 
zero resistance to the electrical current at higher critical temperature.  

 
Experimental Method And Procedure: 

1. Samples preparations 
1.1. The required chemical materials 
a. High purity (99.9 %) chemical materials which consist of Bismuth oxide  (Bi2O3), Barium oxide 

(BaO), Calcium oxide (CaO), Copper oxide (CuO), cadmium oxide (CdO) and Lead oxide (PbO). 
b. Isopropyl alcohol (C3H8O) (or called 2-Propanol) for saving materials during crush process by dry 

media reaction. 
c. Oxygen gas for creating suitable surrounding which is saturated with Oxygen during sintering and 

annealing processes.  
 

Fabrication of Samples: 
A mixture of the oxides mentioned above was prepared by mixing specific weighs of these oxides prepared 

using Sensitive weighing balance with accuracy of (1×10-4 g) according to the requirement of the case under 
consideration. The partial substitution of Pd and Cd with Bi in Bi2Ba2Ca2Cu3O10+δ compound was carried out by 
substituting different amounts. Three different substitutions (x, y) of (0.15, 0.05), (0.1, 0.1) and (0.05, 0.15) 
were considered to produce a new HTSC (Bi2-x-yPbxCdyBa2Ca2Cu3O10+). Accordingly, three different samples 
need to be prepared to cover all cases under consideration. First of all, the mixture of the considered oxides was 
crushed carefully by using an agate mortar during a period of 30 minutes to obtain a homogeneous mixture. 
Sequentially, Isopropyl alcohol was added to the mixture to increase the homogeneity and to avoid losing part of 
mixture during crush process. The resulted mixture was placed in High temperature resistance ceramic pot and 
inserted it in an electrical furnace with (50 – 60 oC) to remove the Isopropyl alcohol. The final mixture is ready 
to be pressed by using sample pressing die and hydraulic press (range of 1-15 ton/cm2) under pressure of 8 
ton/cm2 to produce the required samples. 

 
Samples sintering: 

The produced samples were heated up to 600 oC in a high temperature (1423 K) controllable furnace with 
heating rate of 120 oC/hr and the samples was kept at that temperature for 12 hr. Then the temperature was 
increased to 850 oC with a rate of 120 oC/hr and the samples was kept at that temperature for 24 hr in saturated 
ambient of oxygen which was supplied using oxygen supply device. The oxygen rates ( ) in Bi2-x-

yPbxCdyBa2Ca2Cu3O10+ compound were determined using titration method (Ali, 1998). After this, the furnace 
temperature was decreased to 600 oC with a rate of 30 oC/hr and the sample was kept at that temperature for 12 
hr. Finally, the furnace temperature was reduced to room temperature with a rate of 30 oC/hr. The sintering 
process of the samples is illustrated schematically in Fig. 1. 

 

 
 

Fig. 1: Sintering process procedure 
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Experimental tests: 
X-ray diffraction: 

After the sintering process was finished, the samples became ready to be tested by X-ray diffraction 
machine. The sample was placed in that machine to be hit by X-ray causing reflected ray. The angle of 
reflection was measured by the machine and the peaks of light intensity generated due to the constructive 
interference of light waves were shown in the diffraction data. These data was used to determine the crystalline 
structure of the super conductor sample. 

 
Measuring electrical resistance and critical temperature: 

 Since there is no direct method to measure the critical temperature of super conductors, an experimental 
procedure should be followed for this purpose. Fig. 2 shows a schematic representation of the experimental 
setup used to test the super conductor Bi2-x-yPbxCdyBa2Ca2Cu3O10+ in order to measure the critical temperature 
and electrical transport properties. The method is based on the idea of measuring the temperature at which the 
electrical resistance is closed to zero. This condition can be achieved by quenching the compound using specific 
refrigerating system based on helium gas. The super conductor sample was connected electrically by two outer 
points to a digital power supply. A digital nanovoltmeter was connected to the superconductor sample through 
two internal points to measure the voltage. The measurement process was carried out under vacuum pressure of 
(10-4 mbar) applied by using turbo pump. The resistivity ( ) of the sample can be determined as following 
(Lowrie, 1997). 
 

                                                                                                                                                                   (1) 
 
Where V is the measured voltage across the internal connection points in the sample, I is the electrical 

current through the sample,  is the distance between the internal connection points, and A is the cross-section 
area of the sample. 

 
 
Fig. 2: Schematic representation of the experimental setup of critical temperature measurement 

 
RESULTS AND DISCUSSION 

 
The structural characteristics of Bi2-x-yPbxCdyBa2Ca2Cu3O10+δ: 

The effect of partial substitution of Pd and Cd on structural characteristics of the high temperature super 
conductor compound Bi2-x-yPbxCdyBa2Ca2Cu3O10+ was studied by using X-ray diffraction technique. The X-ray 
results revealed several observations regarding the structure of the mentioned compound when the three 
substitution cases were studied. First of all, the X-ray diffraction test showed distinguishable, separated, clear 
and high peaks for samples of (0.15, 0.05), (0.1, 0.1) and (0.05, 0.15) substitution rates (x, y) as depicted in Fig. 
3, 4 and 5. Also the crystalline structure of the compound kept its tetragonal structure shape for all substitution 
cases. In addition, a significant increase in c axis can be observed for all cases under consideration with slight 
differences in contrast with each other. In particular, the lattice dimensions the crystal structure (a, b, c) were 
(5.42, 5.42, 33.88), (5.43, 5.43, 34.11) and (5.44, 5.44, 35.21) for the substitutions (x, y) of (0.15, 0.05), (0.1, 
0.1) and (0.05, 0.15) respectively. Clearly, the last substitution concentration achieved highest c axis. 
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Fig. 3: The X-ray diffraction for the super conductor Bi2-x-yPbxCdyBa2Ca2Cu3O10+ at x = 0.15 and y = 0.05 
 

 
 

Fig. 4: The X-ray diffraction for the super conductor Bi2-x-yPbxCdyBa2Ca2Cu3O10+ at x = 0.1 and y = 0.1 
 

 
 

Fig. 5: The X-ray diffraction for the super conductor Bi2-x-yPbxCdyBa2Ca2Cu3O10+ at x = 0.05 and y = 0.15 
 

The electrical characteristics of Bi2-x-yPbxCdyBa2Ca2Cu3O10+δ: 
The effect of partial substitution of Pd and Cd in Bi2-x-yPbxCdyBa2Ca2Cu3O10+ on the electrical resistance 

was considered as well as shown in Fig. 6. Generally, all substitutions cases have the same trend of decreasing 
in electrical resistance with the decreasing of temperature until reach the critical point where sharp degradation 
in electrical resistance occurs. In contrast, the substitution of (0.05, 0.15) achieved higher critical temperature of 
140 K. On the other hand, the case of (0.1, 0.1) in substitution value shows lower rate of critical temperature of 
130 K while the critical temperature decreased further for the substitution case of (0.15, 0.05). The criterion of 
super conductor goodness is that the highest critical temperature the best super conductor. Accordingly, the best 
partial substitution (x, y) in the compound is (0.05, 0.15) which produced the highest critical temperature of 140 
K that is considered very good value for that super conductor. This result can be interpreted by that the 
compound has reached the perfect crystalline structure with the significant increase in c axis. In addition, the 
augmentation in O2 rate leaded to that result where O2 rates reached to 10.38, 10.23 and 10.20 for substitution 
values of (0.05, 0.15), (0.1, 0.1) and (0.15, 0.05) respectively as illustrated in Table 1. 
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Fig. 6: The variation of electrical resistance with the change of critical temperature for the super conductor Bi2-x-

yPbxCdyBa2Ca2Cu3O10+δ 
 

Table 1: The variation of oxygen and critical temperature  
Concentration of Pd and Cd 0BCritical temperature (K) 1BThe rate of O2 
x=0.15 , y=0.05 115 10.20 
x=0.1 , y=0.1 130 10.23 
x=0.05 , y=0.15 140 10.38 

 
The surface structural characteristics of Bi2-x-yPbxCdyBa2Ca2Cu3O10+δ: 

The characteristics of surface structure of the compound Bi2-x-yPbxCdyBa2Ca2Cu3O10+ were considered by 
using electron scanning technique. The effect of partial substitution of Pd and Cd in Bi on these characteristics 
for the cases under study can be shown in Fig. 7, 8 and 9 for the concentrations (0.05, 0.15), (0.1, 0.1) and (0.15, 
0.05) respectively. Obviously, the SEM pictures showed high homogeneity and appearance of dark and lighted 
regions. The dark regions were dominant and homogeneous for substitution of (0.05, 0.15) due to the increase of 
heavy elements content as Bi and CuO and the increase of O2 concentration in the compound. In contrast, the 
dark area reduced for concentration of (0.1, 0.1) in addition to the decrease of intensity peaks and the regularity 
of the crystalline structure that leaded to reduction in critical temperature. Further reduction in characteristics 
occurred for the substitution of (0.15, 0.05) that produced lowest critical temperature. Clearly, the coincidence 
in results of X-ray diffraction and SEM can be considered as a verification of the present experimental work. 

 

 
 

Fig. 7: SEM test result at x = 0.05 and y = 0.15 
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Fig. 8: SEM test result at x = 0.1 and y = 0.1 
 

 
 

Fig. 9: SEM test result at x = 0.15 and y = 0.05 
 
 



566                                                                  Omar Ahmed Gitan et al, 2014 
Australian Journal of Basic and Applied Sciences, 8(1) January 2014, Pages: 560-566 

 
Conclusion: 

In summary, The effect of partial replacing of Pd and Cd with Bi in Bi2Ba2Ca2Cu3O10+δ on the structural 
and transform properties of Bi2-x-yPbxCdyBa2Ca2Cu3O10+ HTSC were investigated. Solid state reaction method 
and annealing method under temperature of 1123 K and pressure of 8 ton/cm2 were employed to prepare Bi2-x-

yPbxCdyBa2Ca2Cu3O10+ compound. Three substitution concentrations of Pd and Cd were considered. The 
substitution process has no significant influence on the crystalline structure of the compound as revealed by X-
ray test. However, the high homogeneity observed in SEM results led the critical temperature to be enhanced 
significantly from 131 K at (x, y) = (0. 15, 0. 05) to 140 K at (x, y) = (0.05, 0.15). In conclusion, the 
superconducting characteristics of Bi2Ba2Ca2Cu3O10+δ compound can be improved by substituting partially Pd 
and Cd in different concentrations. 
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