
APPLICATION OF THE EXPLOSIVE ELECTRON-BEAM VACUUM EVAPORATION 

METHOD FOR MANUFACTURING OF WC + W2C GRANULAR POWDERS  

Ph. Dr. Khomenko O.1,. Prof., Dr. Hrechaniuk  M.2, Prof., Dr. Sc.  Bagliuk G.1, Eng. Smashniuk Y. 2, Ph. Dr. Kuzmenko M. 1,  

Ph. Dr. Kulak L.1  

 
1 Institute for Problems of Materials Science, NAS of Ukraine, Kyiv, Ukraine 

2 Research Association «ELTEHMASH», Vinnitsa, Ukraine 

E-mail: gbag@ukr.net 

 

Abstract:  The specifications for manufacturing of relit (WC + W2C) granular powder by the method of explosive evaporation of 

condensation in vacuum using electron-beam technologies are presented. It is established that when depositing material on cooled 

surfaces, it is possible to refine the precipitation products by metallic and non-metallic impurities, depending on the elasticity of their 

vapors.  
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1. Introduction 

In the late 60's and early 70-ies of the last century in Paton 

Institute of Electric Welding of NASU (Ukraine) has been 

developed a method for obtaining thick (more than 5 microns) films 

of metallic and nonmetallic materials by high-speed electron-beam 

evaporation and subsequent condensation in a vacuum. In 

industrially developed countries, including Ukraine, this method 

served as a basis for the creation of industrial technologies for the 

deposition of protective coatings of a wide range of applications. At 

present, this method is widely used in modern technology for 

coating various products, obtaining massive compositions in the 

form of sheet billets separated from the substrate, used to make 

electrical contacts and electrodes [1, 2].  

It is noted that when composites and materials are formed by 

evaporation of alloys consisting of components with different vapor 

pressures, the degree of their fractionation by composition 

decreases with increasing temperature. This regularity of the 

process is based on the explosive method of evaporation of alloys, 

proposed by Harris and Siegel in the middle of the 20th century [3]. 

The method consists in that particles of finely divided material (an 

alloy of the required composition or mixture of components) are 

uniformly supplied to the evaporator, heated to the temperature of 

intensive evaporation of the most difficult component of the alloy. 

Due to ultra fast heating of the alloy, its explosive evaporation takes 

place, which is characterized by an almost complete matching of the 

composition of the supplied material with the vapor composition 

above the evaporator and the condensed product. Depending on the 

substrate temperature, the condensate can be obtained as a coating 

or as a dispersed product.  

This technology is quite complicated in execution, since it 

requires a precise adjustment of the power supplied to heat the 

evaporator to create conditions for congruent evaporation of the 

alloy components. The evaporation temperature should be selected 

in such a way as to minimize the release of solid particles observed 

during overheating and at the same time to ensure the stability of 

evaporation by eliminating the accumulation of a volatile 

component in the evaporator when the temperature decreases. 

Apparently, in each case, there is an optimal relationship between 

the temperature of the evaporator, the mass, the shape of the 

particles and the speed of their supply, but there is still very little 

relevant data in the literature [4]. 

 

2. Materials and experimental procedure 

The Frantsevich Institute for Problems of Materials Science 

of the National Academy of Sciences Ukraine in cooperation with 

Research  Association “ELTEHMASH” (Vinnitsa, Ukraine) 

conducted scientific research to assess the possibility of applying 

this method to obtain a granulated relit – eutectoid mixture of 

tungsten carbides WC+W2C.  

As it is known, relit has a unique complex of physical and 

mechanical properties: high strength, hardness, moduli of normal 

elasticity, satisfactory plasticity. The relit contains (by weight): 

95,8-96,4 % tungsten and 3,6-4,0 % of bound carbon. The content 

of free carbon does not exceed 0,05 %, iron – 0,15% [5]. 

Blanks with a diameter of 45 mm and a length of 50-60 mm 

prepared from a mixture of tungsten powders of industrial 

production and carbon were manufactured as starting materials for 

explosive evaporation, taking into account the production of a 

mixture of WC + W2C carbides in the final product. Paraffin wax 

from 3 to 8% by volume was added to the initial mixture of 

tungsten and carbon powders, and then dried at a temperature of 50-

60 °C. The cooled mixture was wiped through a sieve with a cell 

size of 0,5 mm. The resulting granules were filled into a matrix and 

double-sided pressing was carried out at a pressure of 400-500 GPa. 

The blanks were then placed in a muffle filled with ceramic chips 

and subjected to annealing at a temperature of 1050 °C in a 

hydrogen medium to remove paraffin, residual oxides and other 

harmful impurities. The final sintering of the blanks was carried out 

in vacuum at a level of at least 10-2 Pa at 1450 °C for 1 hour. 

Explosive evaporation of sintered blanks was carried out in an 

industrial electron beam installation of the new generation L-4 [6]. 

The gas-discharge electron guns used in the design of the 

installation allow for precise control and maintenance of the 

specified power during the evaporation process. The layout of the 

main units for the realization of the process of explosive 

evaporation in the working chamber of the plant is shown in Fig. 1. 

A single charge into the copper mold 3, for evaporation of the raw 

materials 5, was 1.9 to 3 kg. To collect the evaporation products 

from above, a steel uncooled sarcophagus 8 was installed in the 

form of a cylinder on the crystallizer with evaporating material, 

which was covered with a water-cooled lid with an opening for 

passage of the electron beam. The choice as a heater for evaporation 

of the gun 4 was determined by the need to maximize the angle 

between the trajectory of the electron beam and the main direction 

of the material movement to prevent contamination of the cathode 

by the evaporated material. The power of the electron guns for 

evaporation was 100 kV each at an accelerating voltage of 30 kV. 

During the experiments, the vacuum in the working chamber is 

maintained at a level of 5·10-2...10-1 Pa. The evaporation process 

was monitored through a viewing window 7 located in a 

sarcophagus 8. The electron beam current was varied from 0.8 to 1 

A. The evaporation time was no more than 25 min.  

The control of the rate of evaporation, due to the input power 

to the crystallizer 3 with the evaporated material 5, and control of 

rate of crystallization of the vapor flow on the cooled and uncooled 

walls of the sarcophagus 8 ensured fractionation by the dispersion 

and shape of the particles of the precipitated product. 
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Fig.1. Schematic location of the main units in the working chamber 

of the L-4 installation for obtaining by the explosive evaporation-

condensation method of the granulated relit: 1 - electron beam 

guns; 2 - process chamber; 3 - crystallizer; 4 - device for supplying 

the starting material to the evaporation zone; 5 - evaporated 

material; 6 - water-cooled crucible; 7 - viewing window for 

observation; 8 - sarcophagus with water-cooled lid and hole for 

electron beam passage; 9 - trajectory of the electron beam path 

 

3. The results and discussion 

During experiments on explosive evaporation, it was 

established that the appearance and composition of precipitation 

products on the cooled and non-cooled surfaces of the sarcophagus 

is characterized by morphology. When deposited on uncooled walls 

of the sarcophagus, a film product is formed, which is a porous 

layering of islet coatings 100 μm thick or thicker, which, due to 

increased brittleness, easily breaks down to form flocculate particles 

(Fig. 2, a). At the same time, the condensate obtained by depositing 

the material on the cooled surfaces of the sarcophagus is 

predominantly granules with a shape close to a spherical and 

smooth surface (Fig. 2, b).  

In a granular condensation product, fractions with particle 

sizes of 3000/500 μm are more than 80% by weight, fractions of 

500/350 and 350/100 μm do not exceed 3,8 and 13,5 % by weight. 

respectively, and fractions of 100/71 μm occupy less than 1% by 

weight. Morphometric analysis of particles carried out by computer 

processing with an automatic image analyzer "AMIS" [6] showed 

that more than 80% of the number of particles are characterized by 

a spheroidal factor of 0.98...1 (calculation by the Saltykov form 

coefficient formula [7]). The histogram of the particle size 

distribution has a shape close to the normal distribution with an 

average statistical value of a diameter of 600 μm diameter (Fig. 3). 

X-ray diffraction analysis of samples carried out on a DRON-

3M diffractometer in KCu radiation with the application of 

powdered silicon as a reference to the surface showed the 

correspondence of the phases obtained during the condensation to 

the original composition of the mixture of WC and W2C (Fig. 4).  

The surface of the film sediment is relief with signs of phase 

separation, the microhardness in this case does not exceed 10 GPa, 

which is probably related to its porosity (Fig. 5, a, b). In contrast, 

the granules are characterized by a high density, a polycrystalline 

microstructure with inclusions of secondary phases, apparently 

carbides and intermetallics uniformly distributed in the bulk of the 

particle material (Fig. 5, c). The microhardness of the granular 

condensate base is 20...25 GPa, the microhardness of the inclusions 

is higher and can reach 40 GPa.  

 

 

      
a 

 
b 

Fig. 2. General view of the condensate obtained during explosive 

evaporation of the vacuum in vacuum upon deposition on the 

uncooled (a) and cooled surfaces of the sarcophagus (b) 

 

Fig.3. Histogram for the distribution of the average linear 

dimensions of granules obtained during explosive evaporation-

condensation of a relit on the cooled walls of a sarcophagus 

 

It should be noted that the composition of the granular 

product is close to the composition  relit, while in the film 

sediment some shifts in the chemical composition from the initial 

are observed due to the increase in the amount of iron, nickel, and 

copper. Titanium and other metal impurities, as well as oxygen and 

carbon, which is explained by the difference in the elasticity of the 

vapor of these elements and tungsten. Thus, by varying the 
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parameters of electron-beam heating, it is possible to create 

conditions for evaporation of the material in which, with the 

maintenance of the basic composition, oxygen and some metallic 

impurities are removed from the precipitated product. 

 

 

Fig. 4. X-ray picture of the initial relit product (1)  and deposition 

product on the cooled walls of the sarcophagus by explosive 

evaporation (2): - WC;  ౦  - W2C 

 

a 

b 

c 

Fig. 5. Microstructure of relit deposition products on 

uncooled (a, b) and cooled walls of the sarcophagus (c) 

at different magnifications 

 

Conclusions  

The method of explosive evaporation-condensation in 

vacuum was used to obtain a relit – W2C-WC mixture in granular 

form. The shape of granules are close to spherical, the average 

particle size is 600 μm, the microhardness is on average 30 MPa. In 

the conditions of precipitation on the cooled surfaces, the content of 

the main components in the sediment corresponds to their quantity 

in the initial product, but in this case the material is refined by 

metallic and non-metallic impurities, depending on the elasticity of 

their vapors. 
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