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ABSTRACT 

Among all the known superconductors, the materials 
belonging to A-15 structure are technologically important 
because they possess superior superconducting properties, 
Since A-15 superconductors are brittle indirect fabri-
cation techniques have to be followed. The bronze process, 
based on the solid state diffusion has been found the most 
attractive technique to make intrinsically-stable multi-
filamentary superconductors like Nb3Sn, V3Ga and V3Si. 
An attempt is made for a better understanding of the 
growth kinetics and the rate controlling mechanisms in the 
formation of the A-15 compound layers formed via the 
bronze route. 

Monofilamentary composites copper-tin/niobium 
and copper-gallium/vanadium with different concentrations 
of tin .ad gallium in the bronze matrix have been made to 
study the growth kinetics and superconducting properties 
of Nb3Sn and V3Ga. These compounds are formed by diffusion 
anneals of the composites at 6% - 850°C. The experimental 
techniques used in this work include arc, electron-beam, 
rf induction and resistance furnaces for melting and 
diffusion-anneals, X-rays and SEM for structural studies, 
four-probe technique for measurement of superconducting 
transition temperature and superconductin g magnet for 
critical current measurements. 



Specific models for the growth kinetics of the 

superconducting compounds have been developed. The 

models envisage two basic diffusion mechanisms in the 

overall growth kinetics of the compound layer, which 

follow the growth law, R = ktn  where R is the compound 

layer thickness, k is the rate constant, t is the 

reaction time .and n is the time exponent. 

When the diffusion of B atoms in Cu-B (here B 

is Sn or Ga) bronze matrix is rate controlling, n varies 

between 1/2 and 2/3. The exact value of n in such a 

case depends on the effective diffusion distance. Fbr 

a long annealing time, n tends to approach 2/3. The 

model also predicts that a higher concentration of B 

in the matrix leads to 	a smaller value of n 2  in the 

range 1/2 to 2/3. For the first time, our experimental 

findings have shown that n decreases with increasing 

tin concentration in the bronze matrix. 

When the diffusion of B atoms in the compound 
layer is rate controlling, n can vary from 1/2 to 1/4. 

Parabolic growth law (n = 1/2) is expected in either 

case where the bulk diffusion of B atoms in the layer 

controls the process. 	This is valid for a constant 

grain size or a large initial grain size of the compound. 

When the grain growth is dominant during the grain 

boundary diffusion, the time exponent can be as small 

as 1/4. 



The time exponent of unity is expected, when the 

interface reaction is the rate controlling mechanism. 

The models developed in this investigation 

success fully explain the time exponent values ranging 

from 1/4 to 1 reported in the literature. It is further 

identified in this work that the diffusion of tin atoms in 

the Cu-Sn matrix fOr Nb3Sn growth and diffusion of gallium 

atoms through grain boundaries of V3Ga are the rate contro-

lling steps in the overall growth kinetics of these 

compounds. 

The highest superconducting transition temperature 

noted in this investigation is 17.9 K, 0.6 K lower than 

the value quoted in the literature. The depression in Tc  

is attributed to the built-in stresses of the composite 

conductor. 

The critical current -leasurements ar' analysed and 

found to support the Kramer model of flux pinning, based 

on the concept of shearing of flux line lattice. The upper 

critical field estimated from the measurements of critical 

currents in the low magnetic field is 14.15 teslas. Such 

a low value of the upper critical field is attributed to 

the large volume ratio of bronze to the superconducting 

compound. The flux shearing parameter is also calculated. 
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