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The course of multiphase transformations is possible with a diffusional change in the carbon 
concentration in alloys of the Fe-Me-C system. This becomes possible under the condition that 
there is a three-phase region bounded by the conode triangle on the isothermal section of the 
ternary state diagram. For example, carburization of ferritic iron alloys with carbide- -
stabilizers (W, Mo, Cr, V, Ti) causes a three- -2]. As a result, a 
eutectoid structure is formed. It consists of austenite, or a product of its transformation, and a 
special carbide. These structures are not formed when the temperature changes, but when the 
carbon concentration changes. This distinguishes them from the classical eutectoid. It was 
established that the indicated reaction proceeds in the reverse direction by the peritectoid 
mechanism during decarburization [3]. Crystallization with the formation of austenite and carbide 
is possible during isothermal decarburization of a high-carbon melt of the Fe-C-carbide-forming 
element system. It is similar to the eutectic transformation. Crystallization by the eutectic 
mechanism was previously observed during the decarburization of the melt of the Fe-Mo-C
system [4].

Keywords: diffusion changes, -stabilizer xtrapolation of the lines, decarburization of the Fe-
Mo-C melt system.

The goal of the work is to study the mechanisms of phase and structural transformations during the 
decarburization of the Fe-W-C melt.

The composition of the original alloy was determined based on the isothermal section of the Fe-W-C

experimental alloy with a carbon concentration close to eutectic - 12% W, 3.8%C, the last Fe was smelted on 
the basis of armco-iron in a resistance furnace in an inert atmosphere. Then the resulting ingot was cut into 
samples of the required sizes. The parameters of the samples (5×5×5 mm) were chosen in such a way that 
when processing the results, they could be imagined as a body of finite dimensions. Decarburization was 
carried out in a wet hydrogen environment in two stages. At the first stage, a refractory shell was created on 
the surface of the samples by decarburizing for 1 hour at a temperature below the eutectic melting point (1050 
°C). At the second stage, the decarburization temperature was increased to 1190 °C. The core of the sample 
went into a single-phase liquid state at this temperature, and the decarburization process intensified. The 
samples were quenched in water from the decarburization temperature after finishing treatment. The directions 
of diffusion flows were studied by the method of geometric thermodynamics.

The structure of the alloy in its initial state is presented in Figure 1 a. Two types of eutectics are observed 
in it. The first type is austenite-carbide eutectic. It is based on cubic carbide M6C, called "fish skeleton", which 
is typical for high-carbon alloys of the Fe-W-C system. The second type of eutectic is ledeburite. It partly 
consists of a coarse conglomerate of phases. In this work, special attention was paid to the processes occurring 
at the second stage of decarburization.

The experimental alloy is in a single-phase liquid (l) state (point 1 on the state diagram, Fig. 2) at the 
initial moment of the 
point 2 on the ac line in the decarburization process. A two-phase equilibrium of liquid with austenite is 
observed in this case. Further carbon depletion contributes to the initiation of crystallization with the formation 

of austenite. The concentration of tungsten in austenite at the interface with the liquid is lower than in 
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the original liquid according to the slope of the cone 2-3. The composition of austenite at the boundary with 
the liquid phase is determined by item 3 according to the Fe-W-C state diagram. The difference in borderline 
concentrations of tungsten depends on the slope of cone 2-3. Thus, a tungsten concentration gradient occurs 
during austenite crystallization. This is accompanied by its redistribution between solid and liquid phases. The 
concentration of tungsten in the liquid phase constantly increases as the diffusion layer grows. 

 

    
a                                                                         b 

    
c                                                                          d 

Figure 1  Microstructure of the experimental alloy of the Fe-W-C system: a  initial state, b, c  
crystallization front, d  crystallized structure after decarburization; a, b, d  ×500, c  ×200 

 
The rate of advance of the crystallization front is determined by carbon diffusion in the solid phase. 

Diffusion in the liquid and convection mixing removes tungsten from the crystallization front at a rate several 
orders of magnitude higher than in the solid state. For this reason, a quasi-stationary process does not occur 
when the concentration of tungsten in the solid phase is equal to its concentration in the original melt. Given 
the small size of the samples, the concentration of tungsten in the austenite and liquid increases, respectively, 
with the lines ac and bd in the diagram (Fig. 2). 
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Figure 2  Scheme of the isothermal section of the Fe-W-C state diagram at a  

 
It should be noted that the phases are separated by a relatively flat interphase surface at the initial stage 

of crystallization (Fig. 1 b). The flat crystallization front becomes unstable with increasing tungsten 
concentration at the crystallization front. Protrusions appear at the front (Fig. 1 c), which are then transformed 
into dendrites. The stability of the flat front can be estimated using as a basis the method proposed by Mullins 
and Sekerka [5]. A tangential flow of tungsten appears in the liquid when a sinusoidal disturbance with 
infinitesimally small amplitude is applied to the crystallization front. As a result, an increase in the amplitude 
of the disturbance becomes possible. 

Simultaneous crystallization of austenite and M6C carbide becomes thermodynamically possible when 
the liquid composition reaches point a on the state diagram (Fig. 2) in the decarburization process. This is 
accompanied by redistribution of components between phases. Extrapolation of the lines that separate the 

liquid and two-phase  and l+M6C regions on the diagram to the amount of liquid carbon depletion  

determines the difference in tungsten concentrations in the liquid at the interphase boundaries with austenite 

and M6C carbide ( ). The specified concentration gradient ensures redistribution of tungsten between 

austenite and carbide, which grow cooperatively. The mechanism of joint growth is similar to classical eutectic 
crystallization, which occurs during cooling. The structure after co-crystallization of austenite and carbide is 
shown in Figure 1 6C crystallized in isothermal conditions 
during decarburization is similar to the structure obtained during crystallization of cooling of the Fe-W-C 
system melt. It is a eutectic of the "fish skeleton" type. The difference in the differentiation of structural 
components is explained by the different speed of advance of the l 6 ont. 

Conclusions. It was established that the melt of the Fe-W-C system crystallizes in the process of 
isothermal decarburization. This is accompanied by redistribution of tungsten between solid and liquid phases. 
It is shown that the composition of the liquid ahead the crystallization front changes continuously during the 
diffusional change of the composition in samples of finite dimensions according to the isothermal section of 
the state diagram. The nonvariant l 6  the melt concentration of 
the "liquid" top of the l 6

cooling. The morphology of the two- 6

to the eutectic crystallized upon cooling. 
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