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Introduction

The development of metal physics and physical materials
science in the coming decades is one of the main driving forces
of the new scientific and technological revolution, which will
cause significant changes in many sectors of industry and energy,
construction and agriculture, military equipment and everyday
life. The aim of the article is to describing new diffusion models
of solid-phase transformations in iron-carbon alloys using
the principles of non-equilibrium thermodynamics and their
application to the solution of practical problems of metal science
and heat treatment of alloys.


Diffusion Models Eutectoid Transformation of Austenite

One of the most important diffusion transformations in
iron-carbon alloys is the eutectoid transformation of austenite.
Development of theoretical bases eutectoid transformation of
austenite has been made in the work of C. Zener, Hillert and
Kahn, R. F. Mehl and W. C. Hagele, B. J. Ljubov in the 40th - 60th
years of the 20th century and the experimental results given
in the classical works of L. I. Mirkin, R. F. Mehl, Turnbull, J. W.
Christian and G. V. Kurdyumov [1-11]. These studies have made
an important contribution to the development of a new branch of
knowledge - physics of metals. Zener suggested ratio for between
- plates distance as a function of the steel overcooling value S0 ~
T-1 [2]. Experimental results show, however, that the measured
values of the distance between the plates of perlite significantly
more of those values, which gives the Zener model [4,5,9]. An
important kinetic characteristic of the process of transformation
of austenite is the rate of growth of perlite v. The value of growth
rate was obtained by Mail in the form: v = КS0
-1, where S0 is the
between - plates distance; K - coefficient of proportionality, for
which location you need to solve a differential equation of the
stationary growth of perlite [4,7,12].


Kahn found that in such models it is impossible to reach
an equilibrium redistribution of the components in the perlite,
however it is possible to calculate the growth rate and degree
of redistribution of the components if the distance between
the plates. This requires another physical principle, to lock
the distance. In the author’s works as this principle was used
the law of energy conservation (balance of heat) during the
transformation of austenite and the diffusion of the carbon
balance [13-15]. The result is a characteristic equation system
second degree relative thickness of perlite =S0
/2, whose
solution is immediately possible to find the dependence for 
and for the growth rate of perlite:
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It is significantly different from that obtained by the Zener
expression for the growth rate of perlite based on considerations
of dimensionality and some physico-chemical principles:
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The author found theoretically the temperature dependence
between - plates distance of perlite on the magnitude of
supercooling of the alloy in the form of[image: ]the
corresponding experimental data [15].


In works [16,17] have developed a diffusion model of
transformation of austenite in iron-carbon alloy of eutectoid
composition that takes into account the amount of energy
supplies-under study on the formation of interfacial boundaries
between the  -phase - cementite. As a result of the theoretical
analysis of the obtained characteristic equation of the system of
the third degree relative to the thickness of the perlite. Solving
the author found that in this system the occurrence of two
diffusional transformations of austenite: one with between -
plates distance close to 0- pearlite transformation. The second
transformation is of the diffusion paths of diffusion close to the
 (the characteristic size of the interfacial diffusion distance),
and can be treated as the bainite transformation. In [16,17] has 
calculated the dependence of the number of the pearlite and
bainitic structure in the alloy on the degree of overcooling, the
calculated data with a sufficient degree of accuracy correspond
to the experimental results.


Based on these results, the authors [20] concluded that
the perlite and upper bainite formed as a result of intermittent
diffusion of austenite. Lower bainite is a structural component in
which the intermittent transformation of austenite is suppressed,
and the diffusion of carbon occurs at a distance of less than m
is the characteristic size of the interfacial diffusion distances,
the value of which the authors found theoretically. Further
development of this model allowed the author to describe
theoretically the transformation of austenite in iron-carbon
alloys, the composition of which differs from the eutectoid. In [18]
were found theoretical dependence of the kinetic parameters of
the velocity-velocity of growth v ferrite and ferrite particle size
D0 on the magnitude of hypothermia low-carbon steel
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In [19], the authors theoretically estimated the amount
and size of the structural components of ferrite and bainitic
(acicular) ferrite formed during super cooling of low-carbon
steel have shown their conformity with experimental data.
The authors developed a diffusion model of discontinuous
transformation of austenite is made possible theoretically to
explain joint formation and bainitic ferrite in low carbon steel in
the same temperature range [20].


New Diffusion Models of Solid-Phase Transformations
in Iron-Carbon Alloys with the Use of the Principle of
Non-Equilibrium Thermodynamics

When we consider the processes in the solid state should be
taken into account that transfer of atoms of alloying elements and
impurities cannot be considered as independent (stand-alone).
Diffusion of the atom of the alloying element or impurities in
the matrix alloy causes changes in the arrangement of the other
atoms of the crystal lattice and their corresponding impact on
the movement of the atom itself


In conventional thermodynamic theory, we study the
conditions of equilibrium of different phases that can exist in this
system, each phase is considered a homogeneous composition
mutual location and energy state of atoms. However, the
actual alloy is polycrystalline and contain defects of various
types. One of the main mechanisms of diffusion in solids is a
vacancy mechanism, taking into account the presence of lattice
defects -vacancies [21[22]. Nonequilibrium thermodynamics
provides equations of motion (diffusion) of atoms based on
their interaction and in the presence of other gradients, in
addition to the chemical potential [23-25]. The complexity of
using these equations is that, first, it is often difficult to define
thermodynamic driving forces; second, cross the unknown
coefficients in the equations of motion.


However, for multicomponent diffusion systems there is the
possibility of finding as the values of the thermodynamic forces
- also as discontinuous [26-29]; and cross-ratios through the use
of special variational procedure [28,29]. It opens the way for
the solution of diffusion problems in multi component system,
which are alloyed iron-carbon alloys. Developed a diffusion
model of solid-phase transformations was used to control the
structure formation of iron-carbon alloys [30] and optimization
of their thermal treatment; detection of conditions of formation
of dispersed (nano) particles of carbides in some of the
investigated alloys and possibilities of their transformation [29].
Application of the developed models of phase transformations
for the analysis of the structure and properties of rolling rolls is
given in the works [31,32].


Further Research Directions

With using the principles of nonequilibrium thermodynamics
can be developed new non-equilibrium model of solid-phase
transformations iron-carbon alloys: annealing, tempering,
martensitic transformation of austenite; will be developed a
technique for calculating values of the thermodynamic forces in
iron-carbon alloys; will set the conditions for the formation of
dispersed (nano) particles of carbides in some of the investigated
alloys and possibilities of their transformation.
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