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Report is dedicated to the last achievements of Scientific and Production Enterprise Eltechmash 
in development of laboratory and industrial equipment for electron beam melting and physical vapor 
deposition of different materials. Developed equipment is intended for realization of advanced 
technological solutions in melting of different metals and alloys, refining of Silicon, physical vapor 
deposition of dispersion-hardened, microlayer and microporous composite materials in plates with 
diameter up to 1000 mm and thickness up to 10 mm. 

Current state of research and development of new thermal barrier coatings, bulk nanocrystalline 
materials on the base of Copper and Molybdenum for electric contacts and electrodes, powders of 
high-doped Co-based alloys for plasma coating and other related technologies will be also presented. 

Concrete fields of application of presented equipment and technologies will be suggested. 

Модерни електроннолъчеви технологии и оборудване за топене на метали и сплави, за 
отлагане на защитни покрития, производство на композити, кондензирани от пари и за 
получаване на прахове (М. Гречанюк, А. Мелник, И. Гречанюк, В. Мелник, Д. Ковалчук). 
Работата е посветена на последните достижения на научно-производственото предприятие 
Електромаш в разработката на лабораторно и индустриално оборудване за 
електроннолъчево топене и физическо парно нанасяне на различни материали. Разработеното 
оборудване е предназначено за реализация на напредничави технологични решения в топене на 
различни метали и сплави, рафиниране на силиций, физическо парно отлагане на дисперсно-
уякчени, микрослойни и микропорести композитни материали във вид на пластини с диаметър 
до 1000 mm и дебелина до 10 mm. Представено е също сегашното състояние на изследванията 
и разработките на нови покрития, служещи за термична бариера, обемни нанокристални 
материали на база на мед и молибден за електрически контакти и електроди, прахове от 
високо-легирани кобалтови сплави за плазмени покрития и други свързани технологии. 
Предложени са и конкретни области за приложения на представеното оборудване и 
технологии. 

 

Introduction 
Electron beam impact on the metals leading to 

their heating, melting and evaporation, as a new 
technological path in the field of material processing 
has been intensively developed from the middle of the 
twentieth century [1, 2]. 

 Now all over the world any industry connected 
with reception, combination and material processing, 
does not manage electron beam heating. It is 
connected to characteristic advantages of this method, 
main of which - opportunity of concentration of 
energy from 103 up to 5 · 108 W/cm², i.e. in all range 
of thermal influence, conducting process in vacuum, 
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that provides cleanliness of processed material and 
complete automation of process. 

Development of electron beam technology runs 
along three main directions: 
- melting and evaporation in vacuum for production of 
clean metal ingots, compound alloys, coverings 
condensed from vapour phase of composite  materials 
[3, 4, 5]; using of powerful (up to 1 MW and more) 
electron  beam installations at accelerating voltage 20-
30 kV; the concentration of capacity is not very high 
(no more than 105 W/cm²); 
- welding of metals; equipment of three classes has 
been developed: low-, mean- and high-voltage, 
covering the accelerating voltage range from 20 to 
150 kV; unit power is from 1 to 120 kW and higher at 
maximum power concentration of 105-106 W/cm²; 

- precise treatment of materials (drilling, milling, 
cutting); units with high-voltage (80-150 kV) and low 
power (up to 1 kW) are used providing the specific 
power up to 5 · 108 W/cm². 

Improvement of equipment [6, 7], heat sources [8, 
9], metal vapour sources [10] and development of 
equipment for observation, monitoring and control of 
the process of electron beam impact is performed 
simultaneously. 

SPC “ELTECHMASH” is intensively developing 
the first of above areas. Special attention is given to 
development and manufacturing of laboratory and 
production electron beam equipment for 
implementation of a number of new technological 
processes:  
- deposition of thermal barrier coating on gas turbine 
blades; 
- production of composite materials of  dispersion-
strengthened, microlayer and microporous types 
condensed from vapour phase; 
- production of pure metals, special alloys, ferroalloys, 
polycrystalline silicon of solar purity for the needs of 
mechanical engineering, aircraft, energetics, space 
engineering. 

Protective coatings on gas turbine blades and 
equipment for their deposition  

At SPC “ELTECHMASH” the protective coatings 
on turbine blades are produced by electron beam 
evaporation and subsequent condensation in vacuum 
of alloys MeCrAlY (where Me is Ni, Co, Fe), 
MeCrAlYHfSiZr alloys and ceramics ZrO2 - Y2O3. 
Alongside with traditional single-layer metal, two-
layer metal-ceramics three variants of three-layer 

External ceramic layer with 
columnar structure 

 

External ceramic layer such as 
"zigzag" 

 

External ceramic layer such as 
"zigzag" with elements of "self-

regulation" 
Intermediate heat-temperature  
layer dispersion-strengthned or 

microlayers type 

Intermediate heat-temperature  
layer dispersion-strengthned or 

microlayers type 

Intermediate heat-temperature  
layer dispersion-strengthned or 

microlayers type 

Inner metallic damping layer Inner metallic damping layer Inner metallic damping layer 

Base Base Base 

Fig. 2. Industrial electron beam installation for deposition of protective metal  
thermal barrier composites, wear-resistant coatings on products. 

Fig. 1. 
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thermal barrier coatings were developed, which 
circuits are given in  Fig. 1.                 

The most simple is of three - layer coatings with 
internal metal (damping) MeCrAlY, MeCrAlYHfSiZr, 
intermediate composite MeCrAlY-MeО; 
MeCrAlYHfSiZr - MeО (where MeО  is Al2O3,  ZrO2 
- Y2 O3)   dispersion  -  strengthened    or microlayers 
type and external ceramic (ZrO2 - Y2 O3) layers (fig. 
1а) [11]. The second variant (fig. 1b) differs from the 
first themes, that the external ceramic layer is 
executed as "zigzag". 

The most interesting is the third variant of a coating 
(fig. 1c), where dispersed particles of refractory 
borides are added to the  external  ceramic layer (ZrO2 
- Y2O3), which also made executed as "zigzag". In 
operation of products with such coating at occurrence 
of microcracks in an external ceramic layer the 
particles refractory compounds at oxidation form 
appropriate oxides, which heal the developing 
microcracks. Thus, the similar coating has effect 
"self-healing" or "self-restoration".  

Three types of the industrial electron beam 
equipment were created [5, 6] for realization of 
technological processes of deposition of thermal 
barrier coating. Last installation is universal industrial 
electron beam installation for deposition of protective 
metal thermal barrier composites, wear-resistant 
coatings on products. The design of installation is 
given in a Fig. 2 (1 - technological chamber; 2 - 
loading chamber; 3 - EB guns; 4 - charger; 5 - parts-
feeder mechanism; 6 - ingots feeding mechanism;7 - 
crucibles; 8 - observation system; 9 - insulating gate; 
10 - vacuum system; 11 - operating floor; 12 - control 
panel). 

The installation represents the unit of vacuum 
chambers with mechanisms, devices and systems 
ensuring realization of technological process of 
deposition of coatings on various wares. From below 
of working chamber is located the unit for evaporation 
of metals, alloys, ceramics, metal-similar compounds 
which structure includes four copper water-cooled 
crucibles and four feeders of evaporated ingots. 

Four gas-discharge electron beam guns with the 
cold cathode [9] for evaporation of initial materials 
are established in such manner that each gun can 
evaporate material from neighbour crucible. Such 
necessity can arise at change of location either 
quantity crucibles or requirements of technological 
process. Usage of gas-discharge EB guns which are 
capable to work stably under vacuum range 10 Pa 
within 250 hours provides possibility of oxygen 
presence in vapour cloud from ZrO2-Y2O3, and 

reception of an external ceramic layer of dispersion-
strengthened coating of stoichiometric composition.  

 For heating of covered products two similar EB 
guns are installed at the top part of technological 
chamber. 

Two loading chambers are intended for an 
overload of covered parts. The disconnection of 
volumes of chambers is provided by two insulating 
gates. The presence of two loading chambers provides 
continuous cycle of deposition of coating as the 
deposition of coatings on parts feeding serially from 
loading chambers occurs without broken of vacuum in 
technological chamber. 

 In loading chambers the devices of the ionic 
cleaning of parts before deposition of coatings are 
stipulated. 
Separate power supplies for each EB gun with 
accelerating voltage 30 kV are used for the first time 
in design of installation. It provides constant level of 
accelerating voltage and stability of electron beam 
power during running of technological process. 

The control system of installation carries out: 
   - monitoring of technical condition of all systems of 
installation; 
   - automatic preparation of installation for 
performance of technological process; 
   - control from the board of the operator of units of 
installation at realization of process; 
   - gathering, processing, display in real time and 
storage of technological parameters and actigram of 
process. 

The application of one of three types of the 
industrial electron beam equipment for deposition of 
coatings is defined by concrete technological tasks. 
For their decision the closed cycle decision of 
coatings including melt of all types of ingots on 
nickel, cobalt and iron bases is created according to 
TU U 27.4-20113410-001-2001, use beads of 
ceramics according to TU U 13.2-20113410-004-
2003. 

Composite materials for electrical contacts and 
equipment for their production 

The development of the composite materials 
condensed from vapour phase for electrical contacts of 
not containing noble metals is carried out in three 
directions: 
а) Composite materials for arcing contacts; 
b) Materials for sliding contacts; 
c) Materials for contacts of vacuum switches. 

 Serious scientific achievement is the development 
of scientific bases of formation microlayer materials 
including for electrical contacts with thickness of 
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alternating layers less than 0,5 µm at temperature 
more than 0,3 of the melting temperature of the  most 
fusible from evaporated materials [12]. It is known 
[13] that until recently similar materials where 
produced by method of electron beam evaporation and 
subsequent condensation of metals and nonmetals in 
vacuum at substrate temperature not higher than 
300°С. These data were the basis for development for 
the first time in world practice of production of 
producing thick (up to 5 mm) microlayer materials 
(Cu-Zr-Y)/Mo for arcing contacts by electron beam 
technology [14-16]. The new composites received the 
name “Materials dispersion strengthened for electrical 
contacts” (DSMC) are certificated and are let out 
according to specifications TU U 20113410.001-98. 
The main advantage of materials DSMC is the 
absence of silver in their composition , therefore they 
are 2,5-3 times cheaper in comparison with powder 
electrocontacts and they surpass existing materials for 
electrical contacts in operational reliability in 1,5-2 
times. 

Simultaneously with industrial introduction of 
materials for arcing contacts into industry the 
company in co-operation  with Institute for Materials 
Science  Problems of NASU, Wroclaw Polytechnic 
Institute (Poland), are conducted works on creation of 
materials  based copper, chrome, tungsten, of carbon 
for sliding contacts [17] and contacts of blowout 
chambers [18-20]. 

Production technologies and equipment for 
electron beam melting of metals and alloys  

The industrial technologies are mastered:  
- electron beam melting of wastes of high-speed steels 
and producing finished  ingots for subsequent 
manufacturing of tools from them [21-22];  
- production of alloys based on cobalt, nickel for the 
subsequent deposition of sheetings; 
- production of high-pure copper for usage in atomic 
engineering, formation of high-alloyed titanium 
alloys; 
- production of high-pure noble metals and alloys on 
their base [23-24]. 

A number of specialized production electron beam 
installations have been developed for production of 
finished ingots and slabs by the sizes: round from 60 
up to 400 mm; square from 60х60 up to 400x400 mm 
and length up to 3 meters. 

New high-voltage power supplies of SPC 
“ELTECHMASH”  and   "Electroapparat" (Ukraine)  
design and gas-discharge EB guns developed under 
the guidance of  V. I. Melnyk were used [9]. 

Research and Development Works 
Electron beam technology of producing of 

polycrystalline silicon of solar cleanliness is 
developed. Global deterioration of climate, the sharp 
reduction of global stocks of petroleum and gas forces 
scientists to develop intensively researches in the field 
of development of nonconventional sources of energy. 
The most perspective direction is use of systems of 
direct transformation of light energy of solar radiation 
to electricity. The advantages of photo-electric 
systems (PES) of direct transformation are that they 
have no driven mechanical parts, do not require water 
or other heat-carrier and consequently require the 
minimal service [25]. 

A dominant material for mass manufacture is PES 
- silicon [26]. The effectiveness characteristics of 
solar elements on the basis of silicon are rather high, 
raw material for producing of silicon (dioxide of 
silicon SiO2: the quartz, quartz ores, quartz sand) is 
distributed enough and is accessible. There are 
powerful manufactures of silicon of "metallurgical" 
quality. 

The probability of organization of scale production 
of PES on the basis of other substances, such as GaAs, 
CdS, CdTe, CuInSe2, TnP and others is rather small 
because of low ecological compatibility, in view of 
high toxicity of chemical connections, smallness of 
resources and extreme costliness of raw material [28].  

There are some silicon materials on the basis of 
which the overwhelming quantity of solar elements is 
made. Base of them are the following: 
 - monocrystal silicon МC-Si as round plates with 
thickness 200 - 500 µm, which produced cutting of 
ingots, reared by the method of  Chokhralskiy or by 
crucibleless zoned melting; 
- polycrystalline silicon PC-Si as rectangular plates 
produced by cutting of large cast blocks of silicon;  
 - polycrystalline silicon L-Si as rectangular plates 
produced directly from liquid melt by machine 
moulding of tapes or sheets; 
 - amorphous hydrogenated silicon A-Si:Н produced 
by deposition from gas phase as thin (~ 1 µm) films 
on a substrate during decomposition monosilane SiH4; 
- thin-film microcrystal silicon MC-Si produced by 
deposition from gas phase. 

Shares of use   A-Si:H; MC-Si; PC-Si together  with 
L-Si in worldwide manufacture of solar elements in 
1990-1993 were approximately identical [29]. 

Traditional manufacture of high-pure silicon is 
rather difficult power-intensive and includes some 
stages: 
1. Mining of clean quartz; 
2. Melting of metallurgical (technical) silicon (M-Si); 
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3. Production and refining of silicon-inclusive gases 
(silanes); 
4. Manufacture of high-pure polycrystalline rods (PC-
Si); 
5. Growing of monocrystal ingots (MC-Si). 

The available data shows that for manufacture of 
solar elements the metallurgical silicon both with 
additional refining and without it can be used [29].  A 
rather prospective alternative chemical method for 
production of high-clean polycrystalline silicon is 
electron beam refining of technical (metallurgical) 
silicon [30]. The design of industrial electron beam 
installation for refining of technical (metallurgical) 
silicon is shown on fig.3 (1-technological chamber; 2-
door; 3- observation system; 4-booster vacuum 
pump;5-EB gun; 6-large size charge feeding 
mechanism;7- small size charge feeding mechanism;8- 
cascade of intermediate cold hearths; 9- shaking 
feeder; 10- receiving bunker; 11- traversing chamber; 
12- device for alloy addition). 

 

Fig.3. Industrial electron beam installation for 
refining of technical (metallurgical) silicon 

The installation is supplied with the appropriate 
mechanisms and devices ensuring production of up to 
800 kg refining silicon for 8 hours. The installation is 
supplied with three intermediate capacities (fig.3 item 
8) in which remelting is carried out, overheating and 
refining of silicon. The refining silicon interflows in 

special crucible where is carried out directed 
crystallization of liquid melt. 

The realization of refining of silicon is consecutive 
in each of three intermediate capacities is carried out 
by a separate electron beam gun by capacity 100 kW. 
The feeding of modifiers for refining of silicon is 
carried out with the help batchers (fig.3 item12). 

The installation is supplied with two feeders initial 
charge in a zone melting (fig.3 a position 6,7). The 
mechanism 6 is intended for feeding large lump 
charge. The mechanism is supplied by valve for 
additional charge without broken of vacuum in the 
working chamber.   

The mechanism 7 is equipped   by shaking feeder 
for submission in melting zone fine (5- 20mm) charge. 

Electron beam technology of production of 
targets for magnetron dispersion 

The technology of producing by evaporation and 
the subsequent condensation in vacuum  targets  from 
chrome for magnetron dispersions is mastered. 

The appearance of targets is shown in a fig.4. 

 
Fig.4. Targets 

Electron beam technology of production of 
composite powders 

The research works on producing of metal, ceramic 
and composite powders are carried out. The processes 
of evaporation and condensation in vacuum allow to 
producer practically any types of powders by the size 
from 0.3 up to 1.2 µm with productivity up to 15 kg of 
a powder at one hour. 

According to technical process of condensation of 
a steam flow is carried out on a cooled rotating 
substrate. With the help of a special scraper the 
powder is removed from a substrate and on a special 
tray moves in the auxiliary chamber where special 
capacity for acceptance of powder is placed. Capacity 
evacuation is carried out after it filling. The powder in 
capacity is taken from the auxiliary chamber and 
transfers for further use. 
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