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casting. We describe, in particular, selected steps of forming the 
connection between alloy and non-alloy layers. 

The research was conducted on the basis of cast steel with 
the use of grainy pads made of high carbon ferrochrome. Such 
a composite obtained good abrasion resistance and larger cor-
rosion resistance. This material was produced with the use of 
casting technology of the surface alloy layer forming process. 
It is based on a diffusion connection which takes place directly 
in the mould. 

3. Mechanism of alloy layer formation

The steps of the alloy layer forming process that were 
determined during the experimental research are the following:
1) pouring liquid cast steel into the mould and pad (Fig. 1a), 
2) heat flow from the cast steel to the pad,
3) forming a thin clotted layer of cast steel (Fig. 1b),
4) diffusion in the solid state in the pad layer adjacent to the 

clotted layer of cast steel (Fig. 1c).
A gradual increase of the temperature in the pad appears as 

a result of the heat flow from the cast steel in the direction of the 

mould. The higher the temperature that is obtained in the pad, 
the larger the activity of atoms is observed in the crystal lattices 
of C, Cr and Fe. The diffusion of atoms C and Cr from FeCrC 
to cast steel and Fe from cast steel into FeCrC in the solid state 
(Fig. 1c) appears as a result of large differences in the concentra-
tion of these elements (pad – cast steel). The research showed 
that the liquidus temperature for high carbon ferrochrome (Ta-
ble 1) was higher than the temperature observed in the place of 
the connection between the pad and cast steel (Table 2). Thus 
the diffusion of elements takes place in the solid state. The dif-
fusion of carbon (interstitial diffusion) and chromium (crucial 
diffusion) in the direction of cast steel and iron diffusion in the 
direction of the pad occur at this stage. The examined model of 
diffusion occurs between the porous material and the clotted 
layer of cast steel, so mass transport appears in particular grains 
of the pad and at the border of the grain of FeCrC and cast steel. 
The following steps are:
5) impoverishment of Cr and C and enriching in Fe the part 

of the pad as described above
6) transition into the liquid state by the part of the pad from 

the cast steel side (Fig. 1 d).

a) b) c) 

d) e) 

f) g) 

Fig. 1. Steps of the alloy layer formation: a) pouring the mould (with a pad) by liquid cast steel, b) forming a clotted cast steel layer, c) diffusion 
in a solid state, d) change of chemical composition of the “pad” and transition into a liquid state, e) diffusion in a liquid state, f) regressive dif-
fusion of carbon, g) alloy layer formation
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6. Partial transition of melted FeCrC into 
the liquid state

The examination of weld overlay put on the non-alloy cast 
steel with the use of the TIG method (Tungsten Inert Gas) was 
conducted to observe the obtained structure after total FeCrC 
melting. The aim of this research was to compare the obtained 
structure of melted FeCrC with the alloy layer formed by using 
the casting method. The TIG method takes place in the follow-
ing way: with additional material melting (FeCrC) and ground 
metal (cast steel) over-melting by the heat of an arc between the 
electrode (W+ThO2 (5%)) and the filling ground in the shield of 
neutral gas (Ar). The macro and micro metallographic exami-
nations were conducted to evaluate the quality of the obtained 
overlay weld (Fig. 3). 

An analogy could be noticed during the comparison of the 
structure for the connection obtained by using the TIG method 
(Fig. 2) and the casting method (Fig. 3). It showed that an alloy 
layer formed directly during the casting process is produced, 
among others, from the liquid phase. The structure obtained in 
both cases is identical. 

Fig. 3. Microstructure of the layer; Theat = 1600°C, Zw = 0.18÷0.36 
mm, Zw = 20 mm

7. Temperature determination for the initial stage 
of layer formation

Recording of temperature changes in the place of contact of 
the two materials (cast steel/FeCrC) was conducted to determine 
the beginning of the alloy surface layer forming process (Fig. 4b). 

Fig. 2. Structure of the alloy layer produced by using the TIG method: a) macro structure; b) micro structure

a)

a)

b)

           
Fig. 4. Registered: (a) temperature curves for particular samples, (b) maximal temperatures

b)






