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Abstract: The application of general solution model in estimating thermodynamic and other physical properties 

(viscosities, surface tension, density i.e.) of multi-component metallic systems are presented in this paper based on 

different examples. The agreement between the calculated and experimental data indicates to successful use of 

mentioned model in predicting thermodynamic and other physical properties of multicomponent systems. 
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1.  Introduction 

Current models used to predict ternary thermodynamic properties from binaries [1-4] assume that the selected binary 

compositions in a ternary model are independent of ternary considered. As a result, it requires human interference for 

selecting models and arranging components to three apexes of a triangle, and lead to a result unacceptable in some 

limiting cases.  

On the basis of a reasonable assumption, that the selected binary compositions are closely related to the ternary itself, 

a general solution model has been suggested [5-8], being more reasonable in theoretic point of view, more reliable in 

practical application and more realistic to use in computerized thermodynamic and physical properties, as well as phase 

diagram calculation. 

The application of general solution model in estimating thermodynamic and other physical properties in the case of 

ternary metal systems - viscosities, surface tension, density, i.e., are presented in this paper based on literature relevant 

examples. 

2.  Theoretical fundamentals 

According to Hillert [1], several traditional methods, representing the ternary thermodynamic properties based on 

three corresponding binary systems, are classified into two categories: symmetrical – Kohler [2], Muggianu [3], and 

asymmetrical – Toop [4], Hillert [1].  

Beside these traditional methods, a general solution model has been provided [5,6], breaking down the boundary 

between symmetrical and asymmetrical models.  

The basic equations of this model are given as follows [5,6]: 
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where Ao
ij, A1

ij, A2
ij are parameters for binary system "ij", independent of composition, only relying on temperature, 

which  have been used in the regular type equation: 
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where X i  and X j indicate the mole fraction of component “i” and “j” in “ij” binary system. The function f is the ternary 

interaction coefficient expressed by  
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where ξij are the similarity coefficients defined by η i called the deviation sum of squares: 

ξij =  η i / (η i + η j)                                                                                                                                                            ... 
(4) 

where  
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and 

1231)12(1 ξxxX +=  
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3123)31(3 ξxxX +=     .                                                                                                                  ... (6) 

In all given equations, ∆ZE and ∆ZE
ij correspond to the integral molar excess property for ternary and binary systems, 

respectively, while x1, x2, x3 correspond to the mole fraction of components in investigated ternary system. 

3.  Results and Discussion 

General solution model (GSM) has been applied many times for predicting thermodynamic and physical properties of 

different ternary systems. Some of characteristic cases will be collected in this paper – according to  thermodynamic 

properties and for physical properties, separately. 



3.1. Thermodynamic properties predicted by GSM 

Some examples from literature [9-14] are shown in order to present successful application of general solution model 

in thermodynamic properties predicting. 

In the frame of investigation of Bi–Cu–Sn alloys thermodynamics [9], comparison between the results obtained 

experimentally [10] and predicted by GSM was given, as shown in Fig.1. 

 

Fig.1. Comparison between tin activities in Bi-Cu-Sn system obtained experimentally [10] 
and predicted by GSM (taken from Ref.[9]) 

According to [11], thermodynamic calculation of Zn–Al–Ga system was performed parallel with calorimetric 

investigations and the results were compared, as shown in Fig.2. The results of thermodynamic study of Ag-In-Sn 

system [12], with comparative review of experimental data and calculation by different predicting methods, are 

presented in Fig.3.  

 
Fig.2. Comparison between zinc activities in Zn-Al-Ga system obtained experimentally  

and predicted by GSM (taken from Ref.[11]) 



  
Fig.3. Comparison between integral molar Gibbs energies in Ag-In-Sn system obtained experimentally [13] 

and predicted by GSM and other geometric models (taken from Ref.[12]) 

The application of GSM was examined in [5], where experimentally obtained results [14] were compared with 

Bonnier and GSM predicting calculation, Fig.4. 

 
Fig.4. Comparison between integral molar Gibbs energies in Cu-Mg-Ni system obtained experimentally [14] 

and predicted by GSM and Bonnier model (taken from Ref.[5]) 

As can be seen from given literature examples [5,9,11,12], there is an excellent agreement between thermodynamic 

quantities obtained by different experimental methods and predicted values by general solution model. When different 

thermodynamic predicting methods are used, general solution model shows best agreement with experiments, which is 

confirmed in additional relevant literature [15-18], also. That is due to the fact that general solution model can 

overcome the inherent defects for both current symmetrical and asymmetrical models, and therefore it can give reliable 

predicted data. 

3.2. Physical properties predicting using GSM 

General solution model is also used for predicting of physical properties, such as viscosities, surface tensions, molar 

volumes, based on known binary data for the subsystems included. The references [20-24] indicate to reliable prediction 

in these cases, too. 

 Surface tension determination using GSM [19,20] and comparison with experiments [21,22] are given for the 

examples from literature [19,20] in Figs.5 and 6, respectively.  



 
Fig.5. Comparison between surface tensions in Ga-In-Sn system obtained experimentally [20] 

and predicted by GSM model (taken from Ref.[19]) 

 
Fig.6. Comparison between surface tensions in Ga-In-Sn system obtained experimentally [22] 

and predicted by GSM model (taken from Ref.[21]) 

The viscosities of ternary Ag-Cu-Au liquid alloys were calculated using general solution model, also [7,23]. The 

comparison of such obtained data with experimental ones for Ag-Cu-Au [24], for the section with xAg:xCu=0.543, is 

shown in Fig.7. More, GSM application in predicting molar volumes of Ga-Bi-X (X = Sn, In) liquid alloys is given in 

Ref. [25], showing excellent agreement with available experimental data. 



 
Fig.7. Comparison between visciosities in Ag-Cu-Au system obtained experimentally [24] 

and predicted by GSM model (taken from Refs.[7] – (a) and [23]- (b)) 

Similarly to thermodynamic predicting, general solution model has been already verified and approved as reliable 

one in many different cases, as presented. The lack of experimental data for these quantities, as well as simple and easy 

application of GSM, should be taken into account as the most important advantages among other well known models. 

 

 

4.  Conclusions 

As can be seen from numerous examples presented in this paper, general solution model has been proved in practical 

examples as the correct and accurate model for predicting thermodynamic and physical properties of ternary systems. 

Important advantage of this model is its simplicity comparing to other kind of models, according to which only binary 

data for the subsystems are to be known. Also, general solution model can overcome the inherent defects for both 

current symmetrical and asymmetrical models, giving not only a more reliable data, but also making the 

computerization possible for estimating thermodynamic properties and calculating phase diagrams - especially for 

ternary and, also, other multicomponent systems. 
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