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Abstract:White cast iron containing 5wt% chromium and different vanadium contents (up to 10 wt% V) were studied. The 

microstructures of the samples were analyzed by use of SEM and EDS. The impact energy, Rockwell hardness and wear resistance of 

the samples were determined. The results indicate that with an increase in vanadium content, the microstructure of medium 

chromium white cast iron become finer, the impact energy and wear resistance are improved. 
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1 Introduction 
  High chromium cast irons have sufficient wear 
resistance (in particular, under oxidizing and corrosive 
conditions), as their microstructures have M7C3 
carbide in matrix. The discontinuous distribution of 
rod-like M7C3 carbide in matrix makes their toughness 
higher than that of low alloy white cast irons, which 
contain continuous brittle cementite. Because of this 
superior properties high chromium castings have been 
widely applied to wearing parts of machines in 
mineral engineering, steelmaking plants, and so forth. 
However, the demand for higher quality wear resistant 
materials that can length service life under even more 
sever conditions becomes greater in many fields. The 
desire to eliminate frequent shutdown of equipment 
for replacement of worn or broken castings, plus 
recognition of the resulting costs in terms of lost 
productivity, have encouraged engineers to evaluate 
candidate alloys on a cost/performance basis and, 
furthermore, to develop and specify new alloys which 
provide superior abrasive wear resistance along with 
adequate toughness[1, 2]. It has been reported that the 
addition of strong carbide-forming elements, such as 
vanadium, tungsten, niobium and titanium, improves 
the mechanical properties of high chromium white 
irons[3]. Vanadium can form vanadium carbide, the 
Vickers hardness of VC is 2800, which is much harder 
than that of M7C3 ( HV 1200~1800 ) in high 
chromium cast iron. The round morphology of VC can 
reduce splitting to matrix, which may be useful to get 

superior toughness. Alloying high chromium iron with 
vanadium makes the structure finer. Vanadium is 
soluble in eutectic M7C3 carbides as well as in 
austenite and influences the transformation of 
austenite in high chromium iron. Where the vanadium 
content is higher than 4%, precipitation of dispersive 
secondary carbides of VC type in austenite are 
observed, which is favourable for martensitic 
transformation[4, 5, 6]. In this paper, the influence of 
vanadium on microstructure and properties of 
medium-chromium white cast iron is examined. 
 

Table 1  Chemical compositions of the samples (wt%) 
Sample No. C Cr V 

1 2.25 4.95 2.03 

2 2.38 5.11 4.16 

3 2.33 5.21 6.10 

4 2.24 5.30 8.00 

5 2.35 5.06 10.20  
 
2  Experimental procedures 
The raw materials for melting vanadium containing 
medium-chromium white cast irons are pig iron, 
ferrovanadium and high carbon ferrochrome. The 
melting of cast irons was carried out in 25kg 
non-vacuum induction furnace, the melting 
temperature was about 1500ºC, then cast by sand 
mould, the size of the mould was 80mm×80mm 
×200mm. The final chemical compositions of the 
samples are shown in Table 1. 
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