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The reliable values of parameters of interaction of nitrogen in liquid iron are got both for 
energy of Gibbs and enthalpy. Graphic dependences for accordance of calculation and ex-
perimental values of solubility of nitrogen depending on content of alloying elements in the iron:  
manganese, vanadium, titan, chrome, molybdenum, niobium, tungsten, tantalum, aluminium, 
boron, nickel and silicon are built. Adequacy of thermodynamics model of the condensed phase 
for description of difficult multicomponent solutions is confirmed. 
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Parameters of Gibbs energy cooperating of nitrogen with chemical elements in the 
liquid alloys of iron was studied in a row of works, in particular [1], however until now 
there is a problem of receipt of their reliable numeral values. Parameters of cooperation 
are partials of logarithm of coefficient of activity of nitrogen γN on the mole rate of some 
chemical element of xj at endless dilution of fusion: 
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where  x1 is an element-solvent (iron). 
In practice the enthalpy parameters of cooperation are used also: 
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in which differentiate partial molar enthalpy of M
Nh  nitrogen. 

Parameters of cooperation are the key elements of thermodynamics analysis of 
solubility of nitrogen in liquid iron at its interaction with alloying elements. Any similar 
analysis supposes the use of some theoretical model of metallic solution, since the rows of 
Taylor series decompositions of Gibbs energy with empiric coefficients, first offered by К. 
Wagner [2], and concluding the new statistical model of the condensed phase [3].  

In obedience to a model [3] for activity of nitrogen in three-component solution (in 
the standard of Raul) have: 
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where mod
Na  is activity of nitrogen in obedience to a model; R is the second component 

(Mn, V, Ti, …); ix  is a mole rate of i component; ( )exp /ij ijE R Tβ = ⋅ , 
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are power parameters of solution model, cooperation’s related to the sought after 
parameters by formulas [3]: 
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We suppose that in the conditions of dilute solution for energy parameters 
correlations ij jiβ = β , ij jiE E= , as well as for the parameters of cooperation i

jε . 

There is also another way of calculation of activity of nitrogen in fusion ln Na  in the 
same standard, coming from partial pressure of nitrogen above ferrous fusion: 

where  
2Np  is pressure of molecular nitrogen; 2
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of dissolution of nitrogen in a gland, resulted to the standard of Raul; NA ; FeA  are the 
atomic masses nitrogen and ferrous accordingly. 

Concordantly, in particular, to Lyupis [4], molar Gibbs energy dissolutions of 
nitrogen in liquid iron are made

2
3600 6 23 907solNG , , T∆ = + . In obedience to a model [3], 

ln 1 lnN FeN NFe
∞γ = −β − β . 

Thus, for activity of nitrogen have: 
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where T is a temperature, K; R = 8,314472 Jou/(mole·K) - universal gas constant. 
Equating to activity of nitrogen, got by two methods, get equation for nonlinear 

regression: 
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where  l is a number of alloys; 
We apply multiple nonlinear regression on all array of melting of Fe-R-N and find 

the power parameters of model of the condensed phase ijE  on the minimum sum of 

squares of rejections ( )
2
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F x ,x ,x ,E ,E ,T , p∑ , and then on formulas (4) and (5) are 

the sought after parameters of cooperation of nitrogen. 
The power parameters of model ijβ  must in every alloy be calculated as 

( )exp /ij ijE R Tβ = − ⋅ , id est taking into account the actual temperature of every experimental 

point. Further on formulas (4) and (5) find the sought after values of parameters of 
cooperation. 

Except for determination of parameters from equation of regression (8) with the 
known sizes FeNE ,  RNE  for every alloy find calculation solubility of nitrogen Nx , set by 
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 considering that NRFe xxx −−=1 . Such approach, requiring the decision 

of nonlinear equation with one unknown Nx  
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allows graphically to estimate adequacy of thermodynamics model of multicomponent 
solution [3]. This equation is equalization of the state of the system Fe-R-N with one 
degree of freedom. With its help any of four variables Tpxx NNR ,,,

2
 it is possible to define, 

knowing three other sizes. 
In all more than 2500 experimental points about solubility of nitrogen in liquid iron 

were analyzed in work in presence different alloying elements and calculated solubility of 
nitrogen depending on maintenance of tungsten, tantalum, aluminium, boron, nickel and 
silicon in liquid iron. 

Conclusions. The reliable values of parameters of cooperation of nitrogen in liquid 
iron got in work both for Gibbs energy and enthalpy can be used for thermodynamics 
description of processes of the special electrometallurgy, used for the receipt of steels, 
both with subzero and by high content of nitrogen. The built graphic dependences of 
accordance of calculation and experimental values to solubility of nitrogen depending on 
maintenance in the iron of alloying elements confirm adequacy of thermodynamics model 
of the condensed phase [3] for description of difficult multicomponent solutions in the 
wide range of concentrations. 
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