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Abstract  

The present study the partial substitution of Bismuth (Bi) instead of lead (Pb) for Bi2-xPbxBa2CaCu2O8+δ 

superconducting compound Where 

 (X=0,0.05,0.1,0.15,0.2), Samples were prepared by solid state  reaction method (SSR) with sintering 

temperature 750C0 for 48h Then the samples were cooled to room temperature at the same heating 

rate. The XRD analyses was used to calculate resistivity as a function temperature by four-probe 

technique and showed that all specimens have Superconducting behavior and all the crystal structure 

for all samples were (Orthorhombic structure).  

The highest critical temperature we have found (114.7 k), when(x=0.2)    
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Introduction  

High-temperature superconducting compounds such as the BBCCO system have The lattice parameter 

a, b, and c been detected and prepared. [1] is an abbreviation for HTSC which consists of element oxides 

(bismuth, barium, calcium, copper) and its general chemical formula Bi2-xPbxBa2CaCu2O8+δ where (n = 

1,2, 3), it has great interest due to its high frequency, high temperature, good chemical resistance 

against moisture. Therefore, great efforts have been made in studying the preparation methods, 

treatments and characteristics of this system. [2-4].Where (Cu-O2) The superconducting system 

(BBCCO) has a layer structure, indicating the number of copper oxide layers (CuO) with a critical grade 

(110,80,10) Kelvin, respectively, where the electrical resistance becomes zero(R=0). [5,6] The 

superconducting properties and the transition properties of high-temperature CuO compounds are 

very differentiated. [7,8] Also, the not supported of the alternating conductivity of the frequency, as well 

as having a low insulation constant at high frequencies 

 (60 GHz) at room temperature, and the polarization of the material may include the adoption of 

conductivity at frequency. The qualitative difference in the conductivity between the two directions 

(level (a, b) and direction (c)) suggests that there are two different mechanisms of conductivity that can 

work in both directions, which are towards the level (a, b) which is in the direction of the axis (c) and is 

still the place of difference and controversy [9]  .Bi-based superconductive systems have layer structure 

so it consists of three phases namely (Bi-2201), (Bi-2212) and (Bi-2223). The last number of each phase 

refers to the number of layers of CuO which consequently has the critical temperatures (10K,80K&110 

K); the last means the temperature at which the electrical resistance is equal to zero (R=0) ]10]. 
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EXPERIMENTAL METHOD                                                                   

By utilizing a sensitive balance to suitable weights of pure powders of (BI2O3, CaO, CuO, BaO, NiO ) 

synthesis the specimens with chemical form 

 (Bi2-xPbxBa2CaCu2O8+δ) with x = 0 to 0.2 by solid state 

reaction(SSR) method, as starting materials After the weight of all  

 reactants, the powders were mixed with each other by utilizing "agate mortar" to homogenization the 

mixture and to shape slurry through the process of grinding for about 30 minute. The powder was 

compressed into disc shaped pellets       

  (1.5) cm in diameter and 0.25 cm in thickness, utilizing "hydraulic piston" under a pressure of 

(7ton/cm2(  for) 1min(  . The pellets were presented at (750) Cº for 48h by utilizing furnace of electric 

(Carbolite) at heating range 10 ºC per min and cooling to the temperature of room at the same range of 

heating. The crystal structures for the specimens prepared the (Bi2-xPbxBa2Can-1CunO6+δ) compounds 

(x=0,0.05,0.1,0.15) were obtained by utilizing X-Ray diffracto-meter type(Shimadzu). 

. A program of computer was utilized to calculate the lattice parameters a, b and c. This program is 

established on Full Prof Suite toolbar, [11].  

The XRD peaks of (Bi-2212) phase have been utilized for the appreciation of the volume fraction (Vph) 

of the phase utilizing the following form, [12]:  

  
 Where Io is The X-ray diffraction peak-intensity of the phase which were specified]12 [ .  

. As for the unit cell density( Dm) it was calculated using the following relationship: [13] 

Dm =
Wm

NAV
……………….(2) 

Where NA is the number of Avogadro in units (Particles / gm. mol). V is the volume of a unit cell (cm3). 

Wm is the molecular weight in amu(atomic mass unit) units. 

Resistivity measurement is the most widespread method of calculating the Tc of a superconductor 

"resistivity as a temperature function" via utilizing the 4-point probe technique at temperature range 

(77-300) K, the specimen was fixed in the cryostat device which was connected to a rotary pump to 

obtain a pressure of (6 x10-5 bar) inside the cryostat, and also connected to a sensor of digital 

thermometer thereabout the specimen position. Find copper wires attached to the specimen via furnace 

dried silver paste served as the voltage and current leads Figure (1).     20(m A) current was equipped 

with to the specimen via a current source (D.C) power supply; WaveLength:1.540A, the voltage drop 

was measured Nano voltmeter with sensitivity of a bout (NV) was utilized for measurements of voltage. 

The resistivity (ρ) could be found from the rapport:  

  , where (I) is the current crossing through the specimen, (V) is the drop of voltage across the 

electrodes, (t) is the specimen thickness, (L) is the efficient length between the electrodes, (ω) is the 

width of the specimen  
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Figure 1. Circuit diagram of the resistivity measurement. 

                          

 DISSECTION AND RESULTS           

The intensities of XRD for phase (Bi-2212), patterns as a function of 2ϴ for the 

 (Bi2-xPbxBa2CaCu2O8+δ) system with x=0, 0.05, 0.1 , 0.15 and 0.2 are shown in figure2. From this figure 

(2) founded that when the Partial Substitution 0f (Pb) change in high (H) and low (L) phases. And 

founded the crystalline structure was (Orthorhombic) with a clear increase in the length of c. and we 

noticed an increase in the intensity of the peaks for phase (Bi-2212).  

 
figure (2). X– Ray diffraction pattern of (Bi2-xPbxBa2CaCu2O8+δ) system with x= 0, 0.05, 0.1, 0.15 and 

0.2. 
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Table 1: Demonstrates the generated samples' phase ratios, lattice coefficients, (c/a).         

Note that the sample prepared by(SSR) method is optimal in terms of structural properties compared 

with other preparation methods. It is possible that the preparation conditions will have a significant 

effect on the properties of the resulting samples in terms of (granular size of the powder, mixing 

method, grinding, sintering temperature, length of time sintering), where the effect of the temperature 

of the sintering and its length is not limited to the possibility of generating microscopic cracks in the 

sample, but also possible to reach a state closer to the solubility, which supports the growth of low 

phases and impurities at the expense of the high phase and its formation therefore, the temperature 

and duration of sintering are critical factors in the production of high-frequency samples. It has been 

shown that the best temperature of sintering is the temperature near the melting point. [14] 

 
Figer3 Show Resistivity as a function of temperature for(Bi2-xPbxBa2CaCu2O8+δ) system with (x= 0, 

0.05, 0.1, 0.15 and 0.2) 

 

 

 

 

X 

(Bi-

2212) 

A B C c/a V(ph)H V(ph)L dm  

g/cm3 

crestlinty 

% 

 0 6.44 6.1 8.38 1.301242 41% 59% 0.769 0.638 

0.05 6.29 6.04 8.39 1.333863 53% 47% 0.795 0.634 

0.1 6.189 6.05 8.4 1.357247 44.40% 55.60% 0.805 0.569 

0.15 6.13 6.02 8.51 1.388254 44% 56% 0.807 0.607 

0.2 6.125 6 8.6 1.404082 60% 40% 0.801 0.642 
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TABLE 2 Shows the critical temperature, energy gap and concentration of gaps for the   samples and 

concentration of gaps for the sample 

 

 

 

 

 

 

 

 

 

 

In Table (2), we notice that the decrease in the electrical resistance in the superconducting samples was 

gradual. As for the transition width (ΔTc), we note that it was of small values, which indicates the 

homogeneity of the sample, and the reason for this behavior is due to the containment Samples have 

low phases and impurities in different proportions, and it is possible to explain why the critical 

temperature of the samples differs from the pure sample by a considerable drop in the phase (Bi-2212) 

and an increase in other phases (XRD) 

In Figure 4: we observe a rise in the behavior of the samples in terms of critical temperature by 

increasing the substitution ratio of Lead (Pb) instead of Bismuth (Bi), which can be attributed the drop 

in the phases (Bi2212) compared to the other pure sample and this is consistent with (XRD). Where 

more gaps are created in layers (CuO) and the introduction of extra oxygen atoms into the structure by 

the partial substitution process.     

                      

 
Figure: 4. Tc (onset) as a function of Pb Concentration for (Bi2-xPbxBa2CaCu2O8+δ) system with (x= 0, 

0.05,0.1,0.15 and 0.2) 
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 X Tc Tc(of) الطور

(K) 
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ΔT (K) Tc(mid) 
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Eg (eV) 

(Bi-2212) 0 107.7 107.7 120.4 12.7 114.05 0.0327 

0.05 104.2 104.2 120.6 16.4 112.4 0.0317 

0.1 109.7 109.7 120.08 10.38 114.89 0.0334 

0.15 104.8 104.8 120.5 15.7 112.65 0.0319 

0.2 114.7 114.7 130.6 15.9 122.65 0.0349 
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Figure: 5. E.g.(ev) as a function of Pb Concentration for (Bi2-xPbxBa2CaCu2O8+δ) system with (x= 0, 

0.05,0.1,0.15 and 0.2 

 

Conclusions  

In the current study, we have successfully prepared 

 (Bi2-xPbxBa2CaCu2O8+δ) samples (x =0,0.05,0.1,0.15and0.2). Specimens have been prepared (SSR)-solid 

state reaction process. 

We have investigated the influence of simultaneous doping of Pb with Bi site of ca-O layer in (Bi2-

xPbxBa2CaCu2O8+δ)           

with special assurance on correlation between superconducting properties and the noted 

microstructural distinctive. The XRD information collected from different Specimens show that all the 

specimens are(Orthorhombic) and correspond with (Bi-2212) phase. The temperature of critical 

Tc(offset) of the Bi doped (Bi-2212) compounds range between (107.7 to 114.7) Ko. Substitutions of Bi 

produce change in lattice parameter, mass density and volume fraction.  
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