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Kinetics of reactive diffusion in a binary system 
with temperature dependence of solubility 
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Reactive Diffusion between α and γ Phases 
Annealing at T = T1 

 
 
 

 

 
 
 

Formation of β Phase 
 



 
 

Reactive Diffusion 
 

  Production of Nb3Sn superconductor by Bronze-method 
  Manufacturing of composite alloys 
  Soldering of Cu-base conductor with Sn-base solder 
  …. 
 



 
Growth of β Phase in α/γ Diffusion Couple 

 
l2 = Kt  

                  l: Thickness of β phase [m] 
                  t: Annealing time [s] 
                  K: Parabolic coefficient [m2/s] 
 

K = K0exp(−QK/RT) 



 
Growth of β Phase in α/γ Diffusion Couple 

 
Interdiffusion coefficients: Dα, Dβ, Dγ 

Solubility ranges: Δyα, Δyβ, Δyγ 
| 
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K = K0exp(−QK/RT) 
 
 
 
 



 
Growth of β Phase in α/γ Diffusion Couple 

 
              Effects of Dα, Dβ, Dγ on K 

Constant values of Δyα, Δyβ, Δyγ 
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K = K0exp(−QK/RT) 
 



 
 
 
 
 
 
 
 
 

 
 
 



Migration of α/β Interface in A−B System 
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               z:  Position of interface [m] 
               t:  Annealing time [s] 
               D: Interdiffusion coefficient [m2/s] 
               Kθ1θ2: Dimensionless coefficient 
               ____________________________  
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Growth of β Phase in α/γ Diffusion Couple  
l2 = Kt  

                   l:  Thickness of β phase [m] 
                   t: Annealing time [s] 
                   K: Parabolic coefficient [m2/s] 
         __________________________________  
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Growth of β Phase in α/γ Diffusion Couple  
          Assumption:  
              m

!
V = m

"
V = m

#
V   at T = constant  

                m
!

V : Molar volume [m3/mol] 
               ____________________________ 
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Growth of β Phase in α/γ Diffusion Couple 
 
                     yα0 = 0,       yαβ = 0.1 
                     yβα = 0.45,  yβγ = 0.55 
                     yγβ = 0.9,    yγ0 = 1 

____________________________  
Dθ = D0

θexp(−Qθ/RT)  (θ = α, β, γ) 
                       D0

θ = 10−4 [m2/s] 
                       Qθ  = 50−100 [kJ/mol] 
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K = K0exp(−QK/RT)



 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 



 
Growth of β Phase in α/γ Diffusion Couple 

 
              Effects of Dα, Dβ, Dγ on K 

Constant values of Δyα, Δyβ, Δyγ 
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K = K0exp(−QK/RT)  
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Growth of β Phase in α/γ Diffusion Couple 

 
Effects of Δyα, Δyβ, Δyγ on K 

                 Same value of Dα, Dβ, Dγ 
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K = K0exp(−QK/RT) 
 



 
Growth of β Phase in α/γ Diffusion Couple 

 
D = D0exp(−Q/RT) 

                               D0 = 10-4 [m2/s] 
                               Q = 50 [kJ/mol] 

 
yα0 = 0, yβ0 = 0.5, yγ0 = 1 
Δyθ = Δy0

θexp(−Qθ/RT) 
 



 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 

 



 
Growth of β Phase in α/γ Diffusion Couple 

 
Effects of Dα, Dβ, Dγ, Δyα, Δyβ, Δyγ on K 
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