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titanium carbide  (1200-1500 HV [10] vs. 2000-3200 HV [1]), 
has a significant impact on hardness reduction in the resulting 
hybrid composite zone.

Consequently, hardness of the hybrid composite zone is 
lower than the hardness of the composite zone containing only 
pure titanium carbide particles synthetized in the carbon steel 
matrix. Despite this fact, it is the hybrid composite zone that has 

the abrasive wear resistance superior to the zone composed of 
pure titanium carbide (Fig. 7b).

Fig. 7a shows the results of abrasion test performed by 
the ball-on-disc method. The composite zones exhibit better 
performance than the Ni-hard 1 cast iron and are definitely 
more resistant to abrasive wear than the cast Hadfield steel and 
low-alloy steel.

Fig. 7b shows the results of Miller abrasion test carried out 
on the hybrid composite zone and selected reference materials 
[10,12]. From the comparison it follows that the zone made of 
a hybrid TiC-ZrO2-high-Cr iron composite is characterized by 
the lowest rate of wear. After the initial period of wearing-in, 
the wear rate was decreasing, and the 16 hour lasting abrasion 
test gave the total weight loss of 0.10 g. For comparison, the 
high-chromium white cast iron (26% Cr) showed under the 
same conditions the total weight loss of 0.28 g [10]. As in the 
ball-on-disc test, also this time, it was the cast low-alloy steel 
that showed the lowest wear resistance. Figure 8 presents pho-
tographs of sample surface after the 16 hour lasting Miller test. 
Visible are silicon carbide particles, especially in places where 
oxides have been present. The composite matrix made of high-
chromium cast iron with evenly distributed very fine particles of 
titanium carbide shows only minor signs of wear. On the other 
hand, the zirconia particles on the wearing surface suffer visible 

Fig. 4. SEM BSE microstructure of TiC/ZrO2/Fe-Cr composite zone fabricated in situ in steel casting

Fig. 6. Hardness of hybrid composite zones






