Classic description of the Nitrogen and Hydrogen solubility in solid iron.
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SUMMARY: There are adduced classical functions of the nitrogen and hydrogen solubility in ferrite and austenite caused by electronic configurations of iron. For its calculation the empiric thermodynamic model, reflecting through the whole solid metal temperature range was suggested, which enables the determination of maximum iron alloying level. The model was built according to the Hume-Rothery's principle on the grounds of common functional thermodynamic descriptions of iron electronic configurations, being uniform for austenite and ferrite, as well as dependence of size factor on its configurations. Theoretically the ideality of the electronic gas in the solid iron as validity for it the Mendeleev-Clapeyron classical equation and distribution of all orbital electrons as Fermi-Dirac quantum-mechanical distribution, as well as derivation of its type from Maxwell-Boltzmann classical distribution for part of them are provided. Analysis of coefficients in the proposed ferrite and austenite solubility model enables the evaluation of difference of the nitrogen introduction structural nature. 
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“Everything moves, everything passes, and there is no end,

  Where did it all disappear? From where did it all come?
   Both the fool and the wise man know nothing.”

07.04.1841, St. Petersburg – T. Shevchenko
1. Introduction. 

The gaseous nitrogen penetration into liquid and solid steels for the practical purposes at metallurgical processes temperatures was described only to the atomic level [1, 2]. In this case three phases of different substances at the same temperature (solid, liquid and gaseous) in this field can be explained only on the grounds of physical sense of number values of electronic configuration parameters within the Mendeleev's table. At the same time six possible conversions from one phase into the other one for every substance at the temperature changing (melting-crystallization, boil-condensation and sublimation-desublimation) are described by the thermodynamic also only to the atomic level. That is why owing to the found collision and on the grounds of available experimental data in this work we propose the thermodynamic description of the nitrogen solubility in steels at the electronic structure level.
2. Analysis of regularity for classical and electronic gas

According to the previously published classical regularity on the intratomic level, there was suggested to understand the t2g–quantity of electrons [3] as the dependence (1) under the parameter a(T) there.
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where for iron А = – 1909; В = 2,528.

The value a(Т) for iron under normal conditions almost coincides with the value of half relation of one collective electron to their aggregate number of 26, that testifies to the necessity of an additional analysis of its value.

It was considered, that at the temperatures when iron was in solid condition, the electronic gas in iron was degenerated, and i.e. it didn’t obey the regularities for the ideal gas [4]. But, as in iron the presence of the classical thermodynamic dependence for part of d-electrons was revealed, it is obvious to check the validity for it of the perfect gas condition equation – (the Mendeleev-Clapeyron equation) with regard for the proposed quantum idea about redistribution of electrons in the solid iron by the temperature changing. By general constancy of number of electrons with the temperature elevation, let’s suppose that the volume will be changed owing to the allocation difference within the volume of electrons on eg–and t2g–suborbitals.

Let’s take the linear suborbital size t2g as the iron radius and designate eg with the coefficient r(Р). Ten the d-orbital size will be equal to:
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where 
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 – quantity of electrons on the d-orbital of the j-element;

The following equation (3) represents the function of correlations between linear size growth as the cube root from the volume according to the Mendeleev-Clapeyron equation under condition of uniform pressure and substance quantity related to the growth of the d-orbital linear size according to the equation (2): 
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(3)
where T and Tc – current temperature and temperature of comparison.

Proceeding from the known distortion of the electronic suborbital eg arrangement in the disintegration (109,5o angle instead of 90o), supposed being caused by the p6-shell [5] influence and under condition of permanent dimension of the electronic orbital eg projection in the plane (1;1;0) towards [11] over the p6-shell, its size in the distorted volumetric direction was found as:
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where Р – pressure, atm; 0,6 — size of the electronic orbital eg projection in the plane (1;1;0) towards [11] in atom size fractions.

The degree 
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 in (4) transfers the probability of suborbital eg enlargement from the plane dimensionality of the pair of orbitals into the volume dimensionality for the whole atom, increasing the probability of changing of suborbital eg linear dimension by
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 times in the perpendicular section plane for two planes of suborbital eg proportionally to the linear dimension increasing. Under the atmospheric pressure r(Р) is equal to 0,6125, being almost practically equal to 
[image: image8.wmf]2

2

3

(0,6124).

Practical coincidence r(1) with the relation of intervals along crystallographic directions [0,5;0,5;0,5] and [1;1;0] in the elemental cubic cell under the atmospheric pressure apparently shows the directivity of links of suborbitals eg and t2g for these directions correspondingly. If the supposed physical sense of the relationship (4) is true, we can theoretically define more exactly the angle of the electronic orbital eg arrangement distortion in the body-centered cubic lattice, which for full coincidence with the relation 
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 should be equal to 109,42° instead of 109,5°. In this case we can affirm that the electronic orbital eg arrangement distortion is caused not by the p6-shell influence, but pre-defined by the body-centered cubic lattice origin in iron.
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Fig. 1. The calculating error for (3)average linear dimension of the iron atoms electronic shell using the d-orbital dimension, calculated under (2), in comparison with the calculation using the Mendeleev-Clapeyron equation regarding temperature 910(С at the continuous pressure and r=0,6125, %.

The calculation error for the atom linear dimension using the d-orbital’s dimension in comparison with the calculation using the Mendeleev-Clapeyron equation is appr. 0,3% (Fig.1) in dependence on the temperature within the range of (–iron existence at r(1) in the equation (3) at the comparison temperature of 910(С and atmospheric pressure within the range of (–iron existence is about 0.3% (Fig.1) as well as allows to take the value r(1) in the body-centered cubic lattice at the atmospheric pressure equal to 0,6125, and the same value in the single atom of iron equal to 0,6. The considered comparability of the electronic gas volume with the calculation, carried out using the Mendeleev-Clapeyron equation can be interpreted as its base caused by principles of the atomic structure. 
Amount of all t2g & eg–electrons with regard for the relationship of their dimensions 
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 and after substitution and elementary transformations at the atmospheric pressure has an appearance of the Fermi-Dirac distribution:
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3. Model of gases solubility in iron

Let’s suppose the introduction of nitrogen and hydrogen atoms into the lattice as practicable owing to distortion of the suborbital eg. Then, firstly, we will take the increment of fracture of all electronic orbitals at the temperature T in comparison with the temperature Tc, taken as 0,5(К, as proportional to the cube of the increment of linear dimensions amount of eg– and t2g–suborbitals:
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(5)

Second, let’s suppose the volume of pores, into which the nitrogen introduces, as proportional to the change of electronic orbitals volume with the distortion of eg-orbital over the p6-shell in comparison with the volume without distortion, taking into account changes from 0.5(К:
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But the pores volume dimensionality is evaluated in atomic fractures of iron. 
The solubility of nitrogen and hydrogen (% mass), determined here as the ratio of quantities of gases to all iron atoms in (,(,(–Fe and (–Fe is shown in the Fig. 2 and found as equations:
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where 1, 14, 55,8 – are atomic weights of hydrogen, nitrogen and iron, g;

100 – coefficient for fractions conversion into per cents;

10 – quantity of fillets on the d–orbital;

1 and 3 – quantity of electrons on external orbitals of hydrogen and nitrogen;
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Fig. 2. Nitrogen and hydrogen solubility in solid iron according to equations (7) - (10) at the atmospheric pressure.

Thereupon, as, according to the preliminary calculations to 625atm, and when r(Р) is equal to 1 and, correspondingly, the dimensions of d-suborbitals are equal and further changing is apparently limited by the dimensions of atoms, the solubility of gases in the solid iron solutions is specified for the atmospheric pressure, and in case of its variation up to the specified value is supposed as the true one according to the Siverts law. However, the actual variation of pressure oscillations in the analyzed metallurgical processes, i.e. gas-oxygen refining (GOR, being the analogue to the Argon-Oxygen Decarburizing) and solid-phase decarburizing combined with the nitrogen alloying is lower. 
Besides iron dimensional factor and its- and gas electronic parameters, reflecting their electronic interactions, the hydrogen and nitrogen solubility proved to be inverse proportional to the sum of protons and neutrons of iron by 55.8 and quantity of its electronic fillers on the d–orbitals. Moreover, in the austenite it is proportional to the electrons quantity on the external orbital of gases, and its level proved to be higher by 
[image: image20.wmf]3

2

2

 times. It could be explained with changes of arrangement of links of gases with iron from ferrite to austenite from the direction [0,5;0,5;0,5] by t2g-electrons in the body-centered cubic lattice iron to the direction [1,1,0] in the same coordinates or [1,0,0] in the coordinates of the face-centered cubic lattice iron by eg-electrons. As the quantity of electrons in the iron is invariable, the length reduction apparently brings to the increasing of electronic density in the nitrogen and hydrogen links in the iron austenite, reflected by coefficients 
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 in equations (8) and (10) in comparison with equations (7) and (9).

The coincidence of the gases solubility in the solid iron by values of the parameter a(Т) lower than 2 and at temperatures lower than 768(С, i.e. in cases, when the value [6–a(Т)] for the iron exceeds the electrons capacity on the suborbital eg, shows the necessity of revision of the a(Т) parameter sense. Apparently, its value, previously being supposed as the quantity of electrons on the t2g-suborbital, should be considered as the part of all electrons on the d–orbital and called the «classical» one, as well as the resting ones [6–a(Т)] should be called as the «basic» ones. This fact is confirmed with existence of the earlier found thermodynamic regularity of the electronic configuration parameter for silicon, p-orbital of which is not divided onto suborbitals [3]. 

4. Deductions:

· The part of the electronic gas in the solid iron obeys the classical rules, i.e. Mendeleev-Clapeyron equation and Maxwell-Bolzman distribution for “classical” electrons; the derivative from which sum of “classical” and “base” electrons in the solid iron have the form of the Fermi-Dirac distribution.
· The electronic eg-suborbital distortion apparently can be explained with the crystal structure formation in iron.

· The nitrogen and hydrogen solubility in steel depends only on its electronic-configurational energetic interactions while its structural factors as crystallographic directivity and dimensional factor of the Hume-Rothery's principle are derivative from it, as well as heat capacity, electrical resistance, heat conduction, not described in this article. 
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