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Abstract 

Predictions for the liquid Ni–Sn–Ti alloys thermodynamic properties (molar excess Gibbs energy) are 
presented. The calculations were performed in the temperature range 1000–2000 K.  Geometric models 
(using data from the binary end-systems) were used and the respective calculated molar excess Gibbs 
energy values were compared to CALPHAD method assessments. The concentration dependences of the 
liquid phase thermodynamic properties along different vertical sections Sn:Ti, Ni:Ti and Ni:Sn were 
estimated.  Ternary interaction parameters (L0, L1 and L2) of the liquid phase were determined using 
General solution (geometric) model from thermodynamic data of the binary end–systems (Ni–Sn, Ni–Ti, 
Sn–Ti).  Ternary parameters exhibit values: L0 = - 70360.5 - 0.263*T; L1 = -113023 - 11.574*T; L2 = - 
131755 - 17.101*T. Negative molar excess Gibbs energies were obtained by all models. 
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Introduction 

The Ni–Sn–Ti system is important for the 
interesting as potential lead-free, high temperature 
solder materials McCormack et al. (1994). The 
first experimental studies of phase equilibria in the 
Ni–Sn–Ti ternary system were performed by 
Stadnyk et al. (1991). They presented isothermal 
section at 773 K. Two type of compounds half-
Heusler  and Heusler  were found in the system. 
Recently the system was investigated from Gürth 
et al. (2015) by isothermal section and phase 
equilibria and Berche et al. (2016) using three 
binary systems. The binary systems were 
thermodynamically investigated and used in the 
calculations. Three systems: Ni–Sn Gandova 
(2016), Liu et al. (2004), Ni–Ti Gandova (2016), 
Tokunaga et al. (2004) and Sn–Ti Yin et al. 

(2007) exibit large number of intermediate phases. 

The task of the present study is to verify 
different ways to achieve thermodynamic 
assessment of a ternary phase (in this case, the 
liquid solutions of the system Ni–Sn–Ti) by 
assessing the thermodynamic properties of the 
liquid phase using the general solution model 
(GSM), other geometrical models and comparing 
to values, obtained by the CALPHAD method.  

Theoretical fundamentals  

Thermodynamic properties of the Ni–Sn–Ti 
system was  calculated using general solution 
model Chou (1995), Chou et al. (1997) based on 
three corresponding binary systems. 

Chou (1995) was developed a method called 
general solution model (GSM) for calculation of a 
ternary phase thermodynamic properties. The 
application of this model requires some thermo 
chemical information about the three binary end-
systems. Such information was essentially known 
if the composition and temperature dependence of 
the Gibbs molar excess energy of a phase was 
available. In the equations below, the following 
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