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1. Introduction
The study on order-disorder transition of alloy has been done for a long time. However, it mostly relies on 

only a few physical models, such as the Bragg-Williams model [1-3] which is similar to the Ising model of 

ferromagnetism with the mean field approximation, and the Bethe model [4] which is a extension of the 

Bragg-Williams model. These models need some parameters, and the CALPHAD method, which relies on the 

Bragg-Williams model to calculate phase diagrams of alloys, uses the experimental data for parameters [5]. 

Firstly, we intended the use of experimental data of alloy model to be replaced by the computational data 

from the first-principles calculations, to result in a more accurate simulation of the order-disorder transition of 

the alloy system, without experiments. Moreover, we have observed the alloy models with respect to the general 

Ising model, and have made various attempts to obtain characteristics of the models. 

2. Calculation models
At equilibrium the free energy derivative with respect to the order parameter  should be zero: 



  


. The Bragg-Williams model for binary alloy uses some assumptions:

1. All the -positions (A-atom reservoir) are identical and all the -positions (B-atom reservoir) are identical.

2. The interchange of an A atom in an α-position with a B atoms in a β-position means a unique increase 

in   in internal energy.

3. The internal energy   associated with the atomic arrangement a unique function of .

  





where , ,  are parameters represent the total number of atoms, the fraction of A atoms, and the fraction 

of -sites, respectively. Also,  is the maximum value of probability  for an A atom to occupy at an -sites.

Then the equilibrium condition is

 ≡ ln 
      


≡
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Calculations were done in a numerical manner with the C++ language. 

3. Results
Figure 1 shows the calculational result of the Bragg-Williams model with atom A and B, for the composition 

of A atom      , and the interaction coefficient  as 20.83 meV, and the coordination number   as 6, 

8, 12, respectively. The equilibrium order parameters are obtained by solving the equation      in a 

self-consistent way at each value of the temperature  . We obtained the interaction coefficient  from the case 

of Fe3Al, which is FCC structure and has the order-disorder critical temperature, at which complete disorder 

becomes unstable, as 1450 K. The results clearly show the decreasing behavior of the order parameter of the 

system with respect to the increase of the temperature, and the critical temperatures are obtained from the relations 

between the Bragg-Williams model and the Bethe model:

   
  

where   is the increasing energy caused by the one position of disorder. Then the critical temperature of 

the system would be

    
  .

Fig. 1 Calculated results of the 

Bragg-Williams model with interaction 

coefficient  = 20.83 meV, and the 

coordination number   = 6, 8, 12, 

respectively. The order parameter decreases 

as the temperature increases, until it 

becomes zero at the critical temperature.
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