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Composite materials with the structure consisted of disperse solid particles enclosed into a 

metal matrix (binder) are well-known to have a unique combination of hardness, strength, elasticity 

and wear resistance under abrasive wear and in tribological conjunctions [1, 2]. A specific example 

of such materials is tool hard alloys produced by sintering of disperse carbides and metal binder 

powder mixtures [3]. Moreover, the physical and mechanical properties and durability of composite 

materials are better-known to be primarily determined by the structure [3-5] (volume fraction, 

dispersion, and morphology of the strengthening phase). 

Additive technologies allow you to create products of complex shape for a single 

technological cycle. The possibilities of additive technologies are much wider than those of 

classical technologies, but there is a very small list of materials on a metal base suitable for additive 

production. Technically, the technology of additive production of metal products is close to the 

technology of powder cladding or sputtering which are widely used [6-12]. 

In the present work, the structure of products obtained by Selective laser melting (SLM) and 

Electron beam melting (EBM) technologies using "TiC - Ti" composite powder has been studied. 

The composite powder was preliminarily mechanically activated in a high-energy ball mill of the 

planetary type in order to grind the structure of the powders. In addition, technological features of 

powder preparation and additive production processes are also described. 

The MA process of powders was carried out in the planetary ball mill "Activator-2S". 

Composition of the initial composite powder "TiC + 50 vol. % Ti", additionally titanium was added 

to the charge to the total content of the titanium binder of 80 vol. %. The main task was not only to 

grind the carbide particles in the powder, but also the powder as a whole. The MA process was 

carried out at a drum rotation frequency of 960 rpm, a powder loading of 50 g, a "powder : ball" 

ratio was 1 : 1. The MA was carried out for various times in steps of 10 minutes up to 60 minutes, 

with a study of the fractional composition in each case. 

It was found that after 30 minutes of MA the largest amount of fine powder is observed, in the 

future the powder adheres to powder particles exceeding the original size. A metallographic study 

of the composite powder was carried out after grinding for 30 minutes. After mechanical activation, 

it is possible to achieve an even distribution of carbide particles (light) in the titanium matrix (dark). 

In some particles of the powder, an increased amount of carbide particles is observed in the center 

and reduced in the periphery, but in general the distribution is uniform. Also, it is possible to 

effectively reduce the size of the carbide particles in the powder, but the powder particles 

themselves are not crushed. It should be noted that the shape of the powder after MA is close to 

spherical, which is important for the use of powder in additive technologies. 

The obtained powder was used in laser and electron-beam melting technologies on the 

equipment of Tomsk Polytechnic University. Laser melting was carried out under the following 

operating conditions of 3D printer:  radiation power is 200 W; scanning speed is 0.03 m/s; typical 

beam diameter at the sample surface is 200 μm; hatching is 150 μm; powder layer thickness is 100 

μm; pressure of an inert gas (argon) in the chamber is 1.5 atm.; working area preheating 

temperature is 300 ° C. Electron beam melting operating conditions are the same with the exception 

of the pressure in the chamber and preheating - the EBM process was carried out in vacuum under 

pressure 5 · 10-3 Pa and preheating was performed using a defocused electron beam to a 

temperature of 700 - 800 ° C on each powder layer. 

These operating conditions were selected in such a way as to ensure high homogeneity of the 

obtained samples in both technologies, while ensuring the equality of energy contributions to the 
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surface of the powder. For this purpose, the area of high-energy beams, their speed of movement 

and effective power were the same. 

Despite the proximity of energy inputs for the preparation of samples by different methods, 

the structure of the samples obtained differs. Carbide particles in the samples obtained by SLS have 

a shallower and disordered structure, whereas in EBM samples a dendritic structure up to the third 

order is formed in carbides. Presumably, this difference is associated with faster crystallization, 

which takes place in the process of selective laser melting, since to ensure sintering of the powder in 

EBM technology, it is assumed that the working region of the sample growth is continuously heated 

to a temperature of 700 - 800 ° C. 
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