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EXPERIMENTAL PROCEDURE 
Table 1 shows the chemical composition of the base 

alloy used in the tests. 
 

TABLE 1. Chemical composition of base alloy 
TABELA 1. Skład chemiczny stopu bazowego 

Materials Chemical compositions, mass % 

Base metal C Si Mn P S Cr 
3.64 1.57 0.63 0.05 0.08 0.012 

 
A composition of substrates necessary for the syn-

thesis of titanium carbide was mixed in an atomic ratio 
corresponding to the TiC carbide-forming reaction. To 
successfully perform this task, the following commer-
cial products were used: titanium powder of 99.98% 
purity (Aldrich) and 44 µm granulation, and graphite of 
99.99% purity and 30 µm granulation. Then the pow-
ders were  put together in the proper ratio and mixed  
for 24 hours. Two Y-shaped moulds were made of 
molochite by using  sodium silicate mixed in a ratio of 
1:10 and then were blown with CO2; the corresponding 
schematic diagram is shown in Figure 1. As the next 
step, at the bottom of one of the moulds, a mixture  
of 2 x 10−2 kg of titanium and carbon powders was 
compacted, while the second mould without the SHS 
reaction substrates was used for casting the base alloy. 
The thus prepared moulds were dried at 773 K for 
10 min, and then were placed in a Balzers type vacuum 
chamber furnace. 

 
a)

   b)

                 
Fig. 1.  Schematic diagram showing longitudinal mould section and 

places where thermocouples  were mounted 
Rys. 1. Schemat ilustrujący przekrój wzdłużny formy oraz miejsca 

zamocowania termoelementów 

To conduct thermal analysis of the alloy solidifi-
cation process, two Pt10Rh-Pt (S type) thermocouples 
were mounted in the mould. Thermocouple 1 was 
placed in the bottom part of the casting body, while 
thermocouple 2 was placed in the riser (Fig. 1), obser-
ving a distance from the mould bottom of 3 x 10−3 m 
and 2.5 x 10−2 m, respectively. A cast iron charge of 
a composition corresponding to the composition stated 
in Table 1 was introduced into the crucible, and the 
melting process was carried out under  a protective 
argon atmosphere. The resulting castings were cut into 
pieces, taking samples from the casting body with 
a layer of the composite material and from the riser. 

Metallographic examinations were carried out  using 
scanning electron microscopy (SEM). The chemicals 
were measured by energy dispersive spectroscopy 
(EDS). X-ray diffraction (XRD) analysis with mono-
chromatized Cu Kα radition (λ = 1.5418 Å) at a voltage 
of 30 kV and 25 mA intensity was also performed. The 
microhardness (MHV) was measured  with a Vickers 
microhardness tester under a load of 0.1 kg during the 
time of 15 seconds. 

RESULTS 
Figure 2 shows the phase analysis of the samples 

taken from the casting body and riser. The main 
structural constituents present in both test materials are 
ferrite (α). In the sample taken from the casting body, 
a second phase obtained by SHS, i.e. titanium carbide, 
appears. 

 
a)      

b)      

Fig. 2.  X-ray diffraction pattern of sample taken from  casting body (a) 
and riser (b) 

Rys. 2.  Dyfrakcja rentgenowska materiału pochodzącego z trzonu 
odlewu (a) i nadlewu (b) 
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Figures 3 to 5 show the examples of BSE (back-
scattered electrons) images of the composite layer pro-
duced in the iron casting. The layer (grey colour) shown 
in Figure 3 was formed in the region of the casting 
surface, and its thickness varied from 3 to 6 x 10−3 m. 

The BSE images disclosed in Figure 4 show 
a transition zone between the composite layer and 
casting core. The TiC carbides (gray colour) visible in 
this zone are distributed in the cast iron matrix  

with flake graphite (Fig. 4). The size of the TiC 
carbides obtained by synthesis is in the range of 2 to  
10 x 10−6 m, and they are of a nearly oval shape (Fig. 
5a). They form clusters of locally coagulated crystals, 
whose maximum hardness is 1950 MHV. Figure 5b 
shows the image of the composite layer microstructure 
with a marked area where TiC crystals have been 
subjected to X-ray microanalysis, the results of which 
are given in Table 2. 

 

     
Fig. 3. SEM-BSE micrographs (widescreen) of composite layer produced in cast iron 
Rys. 3.  Obrazy SEM-BSE warstwy kompozytowej otrzymanej w żeliwie (obraz panoramiczny) 

a)

   

b)

   
Fig. 4. SEM-BSE image of transition zone between the composite layer and grey iron casting core 
Rys. 4. Obraz SEM-BSE strefy przejściowej pomiędzy warstwą kompozytową a rdzeniem odlewu z żeliwa szarego 

a)

   

b)

  
Fig. 5. SEM-BSE image of composite layer with marked points of X-ray microanalysis 
Rys. 5. Obraz SEM-BSE strefy kompozytowej wraz z zaznaczonym obszarem mikroanalizy rentgenowskiej 
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