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RESEARCH OF THE POSSIBILITY OF OBTAINING A  
TWO-DIMENSIONAL CAST COMPOSITE MATERIAL OF “GRAY CAST 

IRON – STEEL – HEAT-RESISTANT CAST IRON” SYSTEM 
 

In many branches of the Ukrainian economy the implementation of modern techno-

logical processes often requires metal products, the physical-mechanical and special prop-

erties of which would be heterogeneous in terms of surface or volume. This is caused, first 

of all, by the operating conditions of the part, its cost and some other factors. 

Only products (castings) with differentiated and special properties (CDSP) meet such 

a complex of diverse, and in some cases, polar opposite requirements, since no single mon-

olithic part can have all these properties at the same time. However, the production of CDSP 

by traditional methods is, in general, a complex, long and uneconomical process. 

The production of CDSP by casting allows to avoid the specified disadvantages. 

The most promising method of manufacturing CDSP is the Lost-foam casting (LFC-pro-

cess), since its main feature is the possibility of using a dispersed-filled gasifiable model 

(DFGM), which is not removed before filling the casting mold (CM) with metal, which 

determines the main advantages of this technological process in comparison with other 

casting methods. Physico-chemical and technological aspects of the LGM process [1], as 

well as modification of the melt of the matrix (iron-carbon alloys and non-ferrous metal 

alloys) into the “volume” of the CM by the LFC process [2–4], the production of cast 

reinforced structures (CRS) [5] and composite castings [4, 5] using CDSP [2–5] are de-

scribed in numerous scientific works of foreign and Ukrainian researchers. 

Based on these considerations, a sample of two-dimensional cast composite material 
(CCM) of the system [СЧ300 – Ст3 – ЧХ3] (system “gray cast iron – steel – heat-resistant 

cast iron”) was obtained by the LFC process at the Physico-Technological Institute of Metals 

and Alloys of the NAS of Ukraine and its structure and mechanical properties were investi-

gated. After cutting the composite casting into templates, it was visually established that the 
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diaphragm made of a 1-mm-thick galvanized sheet shrank a little, but was completely pre-

served. 

The results of metallographic analysis (Fig. 1) and mechanical tests (Fig. 2) showed 

that the investigated cast sample has an optimal microstructure and nominal hardness of its 

functional layers. The presence of both sides of the diaphragm made of sheet steel of grade 
Ст3 DSTU 2651:2005, covered with a layer of Zn with a thickness of 6 ... 10 μm, blurred 

boundaries between adjacent phases and transition zones between functional layers with a 

thickness of 0.15 ... 0.18 mm indicates that the system “СЧ300 – Ст3 – ЧХ3” there is a 

diffusion relationship, and the graphical interpretation of the results of the conducted studies 

made it possible to find out that the hardness of the functional layers of the two-dimensional 
CCM system [Ч300 – Ст3 – ЧХ3] depends on the height of the composite casting. 

  

        Figure 1 – Microstruc-
ture (×100) of two-dimensi-
onal CCM system [СЧ300 – 
Ст3 – ЧХ3]  

        Figure 2 – Change in the hardness of the 
casting according to its height: 1 – gray cast 
iron of СЧ300 type; 2 – heat-resistant, wear-re-
sistant cast iron of ЧХ3 type  

This type of dependence (see Fig. 2) is explained by the fact that the hydrodynamics 

of the mold filling process and grad T circulation flows that occur in the “volume” of the 

casting mould (CM) affect the distribution of Si and Cr in the volume of the metal bath. Since 

Si is a graphitizing and Cr is a carbide-forming element, and their (layers) structure directly 

depends on their concentration in the material of each functional layer of the CCM system 

[СЧ300 – Ст3 – ЧХ3], when the matrix melt is fed into the “volume” of the CM directly, the 
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hardness of the gray cast iron grade СЧ300 DSTU 8833:2019 gradually increases, on the 

other hand, the hardness of chromium heat-resistant, wear-resistant cast iron grade ЧХ3 

DSTU 8851:2019 gradually decreases along the height of the cast sample. 
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