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Abstract 
 
The effect of reaction substrates for the TiC carbide synthesis on the composite layer thickness produced in cast iron was examined. It was 
found that, at a constant weight of the charge amounting to 0.5 kg, changing the weight of the, placed in mould, stoichiometric mixture of 
titanium carbide (from 0.01 to 0.04 kg) changed the thickness of the composite layer from 1 to 15 mm. Carbides synthesis starts directly in  
mould induced by the temperature of molten alloy poured into this mould (1700 K). The TiC carbides formed in this reaction are later, i.e. 
during alloy solidification, acting as a base composite material. The size of TiC carbides obtained in the synthesis is from 1 to 10 µm. 
They occur in the layers as locally compact and coagulated forms. Microstructure, chemical composition and structure of the obtained 
materials were tested by scanning electron microscopy (SEM), X-ray microanalysis (EDS), and X-ray diffraction (XRD). 
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1. Introduction  
 

Increasing wear resistance of materials is an important area of 
materials and surface engineering. The manufacture of abrasion-
resistant layers and abrasion-resistant alloys reduces the wear and 
tear of components and the need for frequent replacement and 
regeneration of parts. Among the alloys resistant to wear, the 
largest group form cast martensitic and austenitic steels 
containing manganese and chromium, and to a lesser extent 
martensitic white cast iron and chromium cast iron. In addition to 
the above mentioned materials, other commonly used stock 
includes sinters [1], cermets [2], bimetals [3], and stellites [4]. All 
these materials are fabricated by, among others, the methods such 
as casting [5], powder metallurgy [6], the increasingly popular 
LISHS synthesis (laser ignited self-propagating high-temperature 
synthesis) [7] and plasma LPPS (low pressure plasma spraying). 

Generally, the wear resistant materials can be divided into the 
materials bulk hardened and locally hardened. Bulk hardened 
materials are characterised by uniform properties on the entire 
cross-section, making them either very hard and brittle, or soft 
and plastic. In items hardened locally or in layers it is possible to 
obtain a favourable correlation between the very hard working 
surface and ductile core. 

One way to obtain hard composite layers in castings is 
through the use of SHS synthesis (self-propagating high 
temperature synthesis) [8]. It allows producing hard ceramic 
phases formed in reactions that occur between the highly reactive 
substrates placed in mould cavity and molten alloy [9,10]. As a 
result of these processes, in the surface layer of casting, carbides 
undergo the reaction of an in situ synthesis. 

In this study, an attempt was made to investigate what effect 
the substrates for TiC carbides synthesis may have on the 
thickness of a composite layer in cast iron. 
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2. Experimental 
 

Chemical composition of the tested cast iron is given  
in Table 1. 

 
Table 1. Chemical composition of base alloy 

Chemical composition (mass %) 
Base metal C Si Mn P S Cr 

 3,64 1,57 0,63 0,05 0,08 0,012 
 
A mixture of substrates necessary for the synthesis of titanium 
carbides was prepared in a 1:1 atomic ratio. To this end, the 
commercial products such as Aldrich titanium powder (99.98%, 
grain size 44 um) and graphite (99.99%, grain size 30μm) were 
used. The prepared powders were mixed together for 24 hours 
without access of air. 

Moulds were made of molochite and sodium silicate  
mixed in a ratio of 1:10, hardened next with CO2. A schematic 
diagram of the mould is given in Figure 1.  

 
Fig. 1. Schematic diagram showing longitudinal mould section 

 
When moulds were ready, at the bottom of each of them a 

sample of reaction substrates of different weight, necessary for the 
synthesis of TiC carbides, was placed. The moulds were next 
dried at 773 F for 10 minutes and placed in the chamber of a 
vacuum furnace. Melting was conducted in a preliminary vacuum 
of 5x10-4 MPa; moulds were poured in the atmosphere of pure 
argon at a pressure of 5x10-2 MPa. The base alloy charge weight  
was 0.5 kg for all the conducted melts. 

The resulting castings were cut, ground, polished, and etched  
with aqua regia for metallographic examinations. 

Table 2 gives melt numbers with the corresponding weight of 
powdered reaction substrates placed in moulds. Additionally, 
symbols of samples taken from castings are also stated. 

 

Table 2. Melt numbers with the corresponding weight of TiC 
carbide synthesis substrates placed in mould 

Sample symbol  Melt 
No. 

Weight of stoichiometric 
titanium/carbon mixture,  

[kg] Casting 
bottom 

Casting 
top 

1 0,01 S10D S10T 
2 0,02 S20D S20T 
3 0,03 S30D S30T 
4 0,04 S40D S40T 

 
Metallographic examinations were performed by scanning 

electron microscopy (SEM), while chemical composition in 
microregions was studied by X-ray microanalysis (EDX). The 
phase analysis (XRD) used characteristic X-radiation of copper 
tube at a voltage of 30 kV and 25 mA current intensity. Samples 
for XRD examinations had dimensions of 10x10x10 mm and 
were taken from the bottom and top part of the casting body as 
marked in Figure 1. 
 
 

3. Results and discussion  
 

Table 3 gives melt  numbers with the corresponding weight of 
substrates for the TiC carbides synthesis and thickness of the 
resulting composite layer in castings. This layer is up to 1 mm 
thick with the substrate weight of 0.01 kg, and up to 15 mm thick 
with the weight of 0.04 kg. 

 
Table 3. Melt numbers with the corresponding weight of reaction 
substrates for the TiC carbides synthesis and the related thickness 

of composite layer in castings 
 

Melt 
No. 

Weight of stoichiometric 
titanium/carbon mixture,   

[kg] 

Thickness of 
composite layer

[mm] 

1 0,01 
2 0,02 
3 0,03 
4 0,04 

1 
6 
10 
15 

 
Figure 2 shows the results of phase analysis of materials 

examined in samples taken from the bottom and top part of 
castings, respectively. The reflections from planes (111), (200), 
(220) and (311), visible on diffractograms of samples S20D, 
S30D, S40D, originate from the TiC carbides. The same result 
was observed in sample S40T taken from the casting top, which 
indicates the presence of carbides also in this part of casting. The 
phase analysis of samples S10D and S10T did not reveal the 
presence of titanium carbides. 
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Fig. 2. Phase analysis of samples taken from the top and bottom 

part of produced castings  
 
 

Figure 3 shows a BSE (Backscattered Electrons) image of the 
composite layer obtained in sample S20D with marked points of 
the X-ray microanalysis. 

 
 

 
 

Fig. 3. BSE image of the composite layer in sample S20D with 
marked points of the X-ray microanalysis 

 
The precipitates of titanium carbide (dark colour), visible in 
Figure 3, are located in the base alloy matrix (bright colour). The 
results of EDX microanalysis at points marked in Figure 3 are 
given in Table 4. At point 1, the EDX microanalysis identified the 
presence of titanium and iron in an atomic ratio of 1:1. This result 
may indicate the occurrence of phases from an Fe-Ti system, such 
as e.g. FeTi – the fact not confirmed by the XRD phase analysis 
(Fig. 2). At points 2 and 3, mainly titanium and carbon were 

observed to occur, which confirms the occurrence of phases from 
an Ti-C system; this result has been further confirmed by an X-
ray diffraction (Fig. 2). 
 
 

Table. 4. The chemical composition of carbide and matrix 
observed in the surface layer, measured used EDS 

 
Chemical composition [at.%] 

Point Ti C Fe Si 

1 51,0 - 47,6 1,4 

2 33,1 66,5 0,1 0,3 

3 32,5 67,1 0,2 0,2 

 
 

Figure 4 shows a transition zone between the composite layer 
and casting core in sample S10D. The well visible composite 
layer contains the TiC carbides distributed in a matrix of the 
mottled hypoeutectic cast iron. Carbides occur as dispersed 
precipitates and compact ring-shaped forms (places marked with 
arrows in Figure 4). 

 
 

 
 

Fig. 4. BSE image of transition zone between the composite layer 
and core of the examined iron casting 

 
Figure 5 shows a fragment of the composite layer after deep 

etching with aqua regia. Visible is the morphology of a layer of 
conglomerates with respective cross-sections of these 
conglomerates (places marked with arrows in Figure 5). Their 
formation results from merging of single TiC crystals into larger 
clusters, which finally take the form of "bubbles" filled with 
liquid alloy. Therefore, rings filled with alloy are observed on the 
metallographic polished sections (Figs. 4 and 5).  
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Fig. 5. SE topographic image of TiC carbide conglomerates 
present in a fragment of the composite layer in sample S10D. 

Sample deep-etched with aqua regia 
 

Figure 6 is the example of a morphology of oval-shaped TiC 
carbides encountered in composite layers produced in all the 
examined castings. The size of these carbides ranges from 1 to 10 
µm, while their volume content is in the range from 5 to 80%. The 
highest concentration of carbides is observed in the outer part of 
the layer, and it is decreasing towards the casting core. 
 

 
 

Fig. 6 SE topographic image of TiC carbides produced in the 
composite layer of sample S10D. Deep etching with aqua regia. 

 
 

4. Conclusions 
  

This study discusses the effect of the amount of the, placed in 
mould, reaction substrates for the titanium carbide synthesis on 
the thickness of a composite layer obtained in castings. It was 
found that 0.01 kg of a stoichiometric titanium/carbon mixture 
placed on the mould bottom gave a layer about 1 mm thick. In the 

case of melts containing 0.02 kg, 0.03 kg, 0.04 kg of the substrate, 
the thickness of the composite layer amounted, on an average, to 
6 mm, 10 mm and 15 mm, respectively. The presence of TiC 
carbides in sample S40T taken from the upper part of the casting 
body was confirmed by an XRD phase analysis. 

It has been proved that carbides present in the composite layer 
have oval shape and their size is in the range of 1to10 µm. 

The conducted studies confirmed the applicability of the 
investigated method in the fabrication of composite layers and 
local reinforcement of selected casting areas.  
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