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High-speed steel (HSS) is widely used for the manufacture of metal cutting tools. Due to high 

heat resistance, this steel is also of interest as a material of wear-resistant coatings operating at high 

temperatures. The important advantage of the HSS for plasma or electron beam surfacing originates 

from well-known self-hardening effect during cooling of the cladded coating [1]. 

An additional properties improvement of the coatings cladded with high speed steel powder 

can be obtained by adding refractory compounds into the powder. Metal carbides are used as the 

additives most often [2-5]. The TiC carbide appears to be the most effective additive due to the 

highest hardness, compared to other metal carbides. 

The powder mixtures are often used in coating technologies. Components segregation in the 

powder mixture and during delivery into melted bath can occur. That will result in inhomogeneity 

of elemental composition of the coating [6-9]. In this case, it is particularly necessary to use 

granulated composite powders, already composed of carbide particles embedded into metal binder. 

Self-propagating high-temperature synthesis (SHS) in powder reaction mixtures of carbon, a 

carbide forming metal, and matrix metal should be recognized as the most technologically and 

highly productive way of obtaining composite powders "dispersed carbide-metal binder" [10].   

SHS composite powders "titanium carbide – HSS binder" were obtained and investigated 

earlier [11]. In the present work, these powders were used for electron beam surfacing of coatings. 

The aim of the work was to investigate the influence of the structure of the deposited coatings on 

their hardness and wear resistance. 

Coatings cladded by multipass electron-beam surfacing, have 2-5 mm thick (depending on the 

number of passes). A middle part of the coatings (outside of coating-substrate transition zone) has a 

specific structure including the grains of the composite powder and individual carbide inclusions 

embedded into the steel matrix. 

It can be assumed that with the same integral content of the steel binder in the cladded 

coatings (80 vol. %) hardness and wear resistance can be affected by structural characteristics such 

as the volume content and average size of the non-dissolved granules, as well as the volume content 

and average size of the individual carbide inclusions in the steel binder. We cladded two kinds of 

coatings, using powder mixtures containing composite powder granules of different size. 
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Figure 1. Dependence of hardness (a) and wear rate (b) of coatings from HSS powder and powder 

mixtures with different content of steel binder in SHS compositie powders. The integral content of 

HSS in the powder mixtures is 80 vol. %. 1: - cladding with powders of 200-315 μm; 2: - cladding 

with powders of 125 - 200 μm. 
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The average hardness of coatings cladded with small-scale composite powders granules 

increases with increasing binder content (Figure 1a). A scatter in the coatings hardness values 

cladded with a large-scale powder is wider, than in coatings cladded with small-scale powder. It is 

interesting, that the hardness of the coating, deposited by the steel powder is approximately in the 

middle of the interval, in which the hardness of coatings cladded with composite powders varies. So 

it could be stated, that, due to the effect of self-hardening of HSS steel, the titanium carbide additive 

into HSS binder has little effect on the composite coatings hardness in contrast to its effect on 

abrasive wear resistance (Figure 1b). The wear resistance of coatings cladded by a small-scale 

composite powders is 2.3 times higher than the wear resistance of HSS coatings, and approximately 

4.7 times higher for coatings cladded with large-scale powders. 

The parallel grooves on the worn surface of the HSS surface (Figure 2a) points on the microcutting  

wear mechanism of the steel by sharp corundum particles with about 20 GPa hardness. Composite 

coatings wear mechanism is influenced by the rest granules in the composite coatings structure. 
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Figure 2. Pictures of worn coating surfaces from HSS powder (a) and from composite powder TiC 

+20%HSS (b - side view). 


