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ABSTRACT  
 

 We have investigated the high Tc superconducting microstructural properties of 

Bi1.7Pb0.3Sr2Ca2-xEuxCu3O10+ system with x= 0.02, 0.04, 0.08 and 0.1 by scanning electron 

microscopy at room temperature and elastic moduli measurement with porosity and density.  The 

substitution of Eu for Ca has been found to drastically change the superconducting properties of 

the system. The Scanning electron microscope of Eu doped compound shows change in grain 

size and grain boundaries .The average grain size is found to be decreased with increase in 

concentration of Eu dopant. Increase in the grain boundaries takes place as concentration 

increases. The porosity of the sample also increases ranging from 25 to 35 %. The present 

investigation shows that in pure sample the grains are 4.1 - 6.7 μm and widely distributed shape. 

As dopant concentration increases the grain size found to be decreased for higher concentration 

of Eu in Bi1.7Pb0.3Sr2Ca 2-xEuxCu3O10+ compounds and SEM shows the mixed phase nature. 

  In Elastic moduli Young’s modulus (E) and Rigidity modulus (η) are found to be 

decreased as concentration of Eu increased. The porosity of material increases with 

concentration of Eu. The experimental data obtained in the present investigation may be 

interpreted in terms of binding forces between the atoms. Elastic moduli decrease continuously 

with increase in Eu concentration in Bi2223 compounds which concluded that the binding force 

between the various ions of the sample is decreases continuously. i.e. mechanical strength 

decreases continuously which is in agreement with increasing porosity.       
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INTRODUCTION  

In the Bi-based system three phases are observed with the general formula          

Bi2Sr2Can-1CunOy where n = 1 (2212), n = 2 (2212), n = 3 (2223), with corresponding 

superconducting temperature of 10K, 85k and 110K respectively. These phases were isolated by 

Chu et al in 1988 [1-2], but n = 3 phase is very difficult to prepare in pure form as it undergoes a 

change to the 2212 (85K) phase. Partial substitution of Pb for Bi has been found to help the 

growth of the 2223 phase [3-5]. In many high Tc superconducting families of compounds, the 

rare-earth plays an important role in establishing the proper structure. The substitution Ca
2+

 

(divalent) by trivalent rare-earth elements in Bi2Sr2Ca1Cu2O4+  (2212) causes a drastic changes 

in carrier concentration and results in transition from superconductor to an insulator [6-10]. 

Many reasons have been suggested for decrease in the carrier concentration such as structural 

modulations or change in oxygen stoichiometry or change in Cu valency or both [11-13]. The 

magnetic interaction of the rare-earth ions with electrons/holes responsible for superconductivity 

is generally found to be very weak in this system so that superconductivity is not affected by 

presence of rare-earth ions with otherwise acts as pair breaking in many systems [14-16]. 

 The transition temperature of the system decreases with Eu substitution, when percentage 

of the dopant is increased. We have substituted Eu with very small concentration (0.00 to 0.1) in 

the lead-doped Bi-2223 system. The scanning Electron Microscopy (SEM) and Elastic Moduli 

studies have been done as a function of Eu substitution and discussed here.                   

Bi1.7Pb0.3Sr2Ca2-xEuxCu3O10+ system with x = 0.02, 0.04, 0.08 and 0.1 high Tc superconducting 

compounds at room temperature using the elastic moduli as Young’s modulus, Rigidity modulus 

and Porosity of the samples. 

 

EXPERIMENTAL 

The samples of the system Bi1.7Pb0.3Sr2Ca2-xEuxCu3O10+ with concentration x = 0.00, 

0.02, 0.04, 0.08 and 0.1 were prepared by conventional solid state reaction route. Stoichiometric 

proportions of starting materials Bi2O3, PbO, SrCO3, Eu2O3 and CuO were taken. Then the 

powders were mixed and ground for 3 hours in agate and mortar pestle and precalcined at 800
0
C 

for 24 hour. The calcined powders were ground and recalcinied again at 810
0
C for 36 hours. The 

mixer was grounded again and pressed into pellets. The samples were sintered at 240 hours (10 

days) and annealed by furnace cooling to room temperature. The samples were examined by 

Scanning Electron Microscopy using JEOL840 Scanning Electron Microscope at TIFR Mumbai 

to determine grain size and grain boundaries. The Elastic moduli Young’s Modulus (E) and 

Rigidity Modulus (η) measurement of the samples were performed and interpreted in terms of 

binding forces between the forces.  

 
Eu Conc=0.00  

Average Grain size=6.67μm 

 
Eu Conc=0.02 

Average Grain size=6.26μm 
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          Eu Conc=0.04                                                   Eu Conc=0.08 

          Average Grain size=5.68μm                                           Average Grain size=4.93μm 

 

Fig1: SEM images of Eu doped  Bi1.7Pb0.3Sr2Ca2-xEuxCu3O10+  system with concentration            

x = 0.00, 0.02, 0.04 and 0.08  

 

RESULT AND DISCUSSION  

 

The scanning Electron Microscopy (SEM) studies on the Eu substitution at Ca site in 

Bi1.7Pb0.3Sr2Ca2-xEuxCu3O10+ system with x = 0.02, 0.04, 0.08 and 0.1 high Tc superconducting 

compounds shows that change in grain size and grain boundaries. The average grain size of Eu 

dopent concentration is found to be decreased with increase in concentration. The present 

investigation shows that in pure sample the grains are 4.1-6.7 μm and widely distributed shape 

shown in Fig.1. The SEM shows mixed phase nature. The elastic moduli as Young’s modulus, 

Rigidity modulus and Porosity of the samples at room temperature, Table (1&2) shows the 

concentration of Eu increased the bulk density decreases where as porosity increases shown in 

Fig.2.. These results are matching with SEM results.  

 

Eu concentration X Bulk density (ρ) 

10
3
 Kg/m

3
 

Porosity (C) % 

0.00 4.536 27.3 

0.02 4.407 29.8 

0.04 4.350 31.0 

0.08 4.230 33.2 

0.1 4.188 34.1 
 

Table1: Bulk density and porosity of Bi2223/Eu compounds. 

 

 

Eu. Conc. 

x 

Vl 

(m/s) 

Vs 

(m/s) 

ρm 

10
3
 Kg/m

3
 

η 

GPa 

E 

GPa 

σ 

0.00 2785.4 1256.8 6.26 7.1 19.48 0.37 

0.02 2727.5 1211.7 6.27 6.5 17.90 0.38 

0.04 2667.3 1158.3 6.28 5.8 16.04 0.38 

0.08 2614.4 1104.6 6.30 5.2 14.47 0.39 

0.1 2571.4 1059.4 6.31 4.7 13.14 0.40 
 

Table2: Elastic moduli of Bi2223/Eu samples at room temperature. 
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Fig2: Porosity and Bulk density of Eu doped Bi1.7Pb0.3Sr2Ca2-xEuxCu3O10+  system with 

concentration            

 

CONCLUSION 

 An analogous study was performed on an Eu-substituted Bi1.7Pb0.3Sr2Ca2-xEuxCu3O10+ 

system for ( x = 0.00, 0.02, 0.04, 0.08 and 0.1 ). We observed that the concentration of Eu 

increased, the bulk density decreases where as porosity increases. SEM gives average grain size 

decreases with concentration of Eu, also SEM show mixed phase nature.  Elastic moduli 

decrease continuously with increase in Eu concentration in Bi2223 compounds which concluded 

that the binding force between the various ions of the sample is decreases continuously. i.e.  

Mechanical strength decreases continuously which is in agreement with increasing porosity.       
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