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Abstract 
This research article shows Thermodynamic calculations and predictions of the Fe-V system using 
Calphad method, Thermo-Calc package and Pbine database. With different temperature from 
(1175- 1700)K ranges the said alloy is modeled and corresponding behavior of Gibbs free energy, 
phase diagram, and activity curve is monitored. As per the calculations the Gibbs energy curve is 
corresponds to negative era, which shows the actual stability application of the said alloy system. 
The alloy elements shows strong interaction shows negative deviation from Raoults law and the 
sigma/Bcc phase combined region is stable one and the ferrite is found most stable one. 
Keywords: Thermodynamic Calculations, Predictions, Simulations, Phase diagram, Calphad 
method 
 
1. INTRODUCTION 
Ferric vanadium alloy is a universal hardener, strengthener and anti-corrosive for steels like (High 
Strength Low Alloy) steel, tool steels, as well as other ferrous-based products. Fe-V alloy has 
significant advantages over both iron and vanadium individually. Martin Henze discovered 
Vanadium in hemo-vanadian proteins found in blood cells (coelomic cells) of Ascidiacea (sea 
squirts) in 1911 [1-2]. Alexander, discussed the solubility behavior of Vanadium in Fe-Nb in the 
form of C-14 laves and µ phase [3]. Cuiping Guo, observed that the solution phases (liquid, BCC, 
FCC and HCP) were modeled as substitution solution in Fe–Ti–V system [4]. Anderson studied 
the Fe-V system using sub regular model and discussed the transition between Phases and Phase 
boundaries [5]. Byeong, compared the thermodynamic and experimental data of Fe-V and V-C 
system and discussed the phase diagram and Gibbs energies [6]. Jakub et al, used neutron and x-
ray diffraction method and Mossbauer spectroscopy to study the sigma σ phase transition and 
lattice parameters [7]. 
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2. Phase Diagram of Fe-V system 

 
 
Fig. 1 phase diagram Fe-V system at elevated temperature ≈ 2200K with 106 MPa pressure 
Figure: 1 shows phase diagram for particular binary alloy system Fe-V at different elevated 
temperatures. Different types of phases have been observed as (liquid, BCC_A2, Sigma phase, 
FCC_A1) as in accordance with literature. The composition ranges for most stable phases are 
observed as from (0.21-0.31) for BCC_A2 as a ferrite phase, (0.31-0.68) for sigma phase. The 
observation shows that the alloy composition for (0.26-0.68) mole fraction is most favorable range 
for solid solution mixing and alloy formation, for peak stability as per the existence of sigma phase 
here in the form of blanking in the era as in accordance with Jan loaf Anderson [8]. The most likely 
existing phase is BCC_A2 in the given Fe-V phase diagram as by temperature 1700K, above which 
the liquid phase becomes dominant. The sigma/ferrite phase is equilibrium phase as reported by 
thermodynamic assessment. The phase diagram for the Fe-V system has been investigated many 
time with formulated methods, the thermodynamic evaluation of the alloy reports ferromagnetic 
ferrite phases as a part of Gibbs energy of the particular alloy system, as per magnetic influences 
and complexes in the said alloy system, the Redlich-Kister power series is used for mathematical 
manipulations of the Fe-V alloy. 
3. Mathematical descriptions 

  
Where G is the Gibbs free energy of system is for pure element, for V, Fe, Gibbs energy 
paramagnetic state value is 298.15K. , while the other parameters X, 𝐺𝑞 molar fraction, molar 
Gibbs energy and magnetic based ordering of the system, 
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