
48 ISSN 0957-798X THE PATON WELDING JOURNAL, No. 5-6, 2016

ELECTRON BEAM WELDING

                                                                                                            

                                                                                                                                                                                                    
doi.org/10.15407/tpwj2016.06.08

NEW ELEcTRON BEAM EQUIpMENT AND TEcHNOLOGIES 
FOR pRODUcING OF ADVANcED MATERIALS 

USING VAcUUM MELTING AND EVApORATION METHODS 
DEVELOpED AT SpE «ELTEKHMASH»

N.I. GREcHANyUK, p.p. KUcHERENKO, A.G. MELNIK, I.N. GREcHANyUK, 
yu.A. SMASHNyUK and V.G. GREcHANyUK

SPE «Eltekhmash» 
25 Vatutin Str., 21011, Vinitsa, Ukraine. E-mail: vin25ebt@ukr.net

The paper presents the designs of laboratory and production electron beam equipment, developed at SPE «Eltekhmash». 
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At present it is difficult to visualize development of 
many industrial sectors without application of mod-
ern electron beam technologies. Electron beam equip-
ment and technologies are the object of numerous 
multidisciplinary research and development. Scien-
tists from US, Germany, France, Great Britain, Japan 
and Ukraine made significant contribution into its 
progress.

Work [1] presents the results of development of 
electron beam equipment and technologies for pro-
ducing materials and coatings, performed at scientif-
ic-production enterprise «Eltekhmash» (Ukraine) in 
the period from 2005 to 2015.

This review is devoted to analysis of the results 
of development of new generation of electron beam 
equipment and technologies in this company over the 
last 10 years. The company is intensively developing 
several directions of electron beam technology, in-
cluding:

● development of laboratory and industrial equip-
ment for melting metals and alloys, deposition of pro-
tective coatings, producing composite materials con-
densed from the vapour phase;

● producing high-purity Ni–W alloys, used as 
seeds in growing single-crystal blades;

● production of special titanium alloys for bio-
medical purposes;

● master alloy production;
● production of quality ingots from scrap of 

high-temperature alloys JS26-VI and JS32;

● manufacturing tubular billets-cathodes from Ni–
cr–Al–Y, Ni–co–cr–Al–Y heat-resistant alloys for 
ion-plasma coating deposition;

● producing special metal powders for plasma 
deposition of coatings;

● production of electric contacts;
● deposition of protective coatings on gas turbine 

blades.
Development of versatile laboratory and pilot-pro-

duction electron beam equipment with different func-
tional capabilities, which are currently realized in 
specialized units, allows saving time and funds for 
development of new technological processes. L-2 unit 
belongs to this type of equipment. Figure 1 gives the 
general view of the unit.

Specification of EB unit L-2
Dimensions of evaporated billets (ingots), mm:

diameter  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70
length  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  not more than 400

Dimensions of billets melted from upper mechanism, mm:
diameter  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80
length  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  not more than 390

Dimensions of condensation surfaces, mm, not more than:
rectangular  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  350×350
round  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ø400
cylindrical:

diameter  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  200
length  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  350

Distance from evaporation surface to condensation 
surface, mm   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  200–325
Number of crucibles, pcs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3
Speed of evaporated ingot displacement, mm/min  . . . . .  1– 350
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Speed of displacement of billets melted from 
the top, mm/min  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5–350
Speed of item rotation on horizontal shaft, rpm . . . . . . . . . .  3–25
Speed of item rotation on vertical shaft, rpm  . . . . . . . . . . . .  5–70
Number and power (kW) of electron beam guns
(thermal cathode guns with strip cathode):

for material evaporation from the crucibles . . . . . . . . . .  3×60
for heating from above . . . . . . . . . . . . . . . . . . . . . . . . . .  2×60
for heating from below  . . . . . . . . . . . . . . . . . . . . . . . . .  1×60

Consumed power, kW, not more than:
high-voltage power source . . . . . . . . . . . . . . . . . . . . . . . .  250
power source of ion cleaning device  . . . . . . . . . . . . . . . . .  30

Rated accelerating voltage, kV . . . . . . . . . . . . . . . . . . . . . . . . .  20
Working vacuum in the chambers, Pa (mm Hg) . . .  6·10–3–1·10–2

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .(5·10–3–1·10–4)
Overall dimensions of the unit, mm, not more than:

length  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4300
width  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6200
height  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3300

Unit weight, t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16.5 

The unit allows realization of four types of differ-
ent technological processes.

The first of them is coating deposition on various 
items, in particular turbine blades (Figure 2). Three 
independent copper water-cooled crucibles of 70 mm 
diameter allow, simultaneously or independently, 
performing evaporation of three different materials 
by a set program, and forming heat-resistant, metal, 
ceramic or metal-ceramic, single-layer and multilayer 
graded coatings. Modern requirements to vacuum hy-

giene at coating deposition are satisfied due to design 
features of the unit (two-chamber variant). Loading 
and unloading of initial (uncoated) and coated blades 
(items) are performed in reloading chamber without 
breaking the vacuum in the main working chamber, 
where the actual technological process of deposition 
is conducted.

Second technological task solved in this unit is pro-
ducing condensed from the vapour phase composite 
materials of dispersion-strengthened, microlaminate 
or microporous type. At evaporation from three inde-
pendent crucibles the vapour flow is deposited on a 
stationary or rotating substrate from steel of St.3 grade 
of 500 mm diameter and up to 20 mm thickness (Fig-
ure 3). For easy separation of condensed material from 
the substrate a thin separating layer is applied on the 
deposition surface. Composite sheet blanks of 500 mm 
diameter and 0.1 to 7 mm thickness are produced.

A new technological direction of L-2 unit appli-
cation is producing dispersed metal, ceramic and 
composite powders (Figure 4). A feature of produc-
ing powders is vapour flow condensation on a rotat-
ing substrate cooled to room temperature. An enamel 
coating is first applied onto the substrate surface. The 
above technique practically eliminates interaction of 
the deposited material with the substrate. The loose 
residue is scraped off the substrate surface and is fed 

Figure 1. Appearance of EB unit L-2

Figure 2. Schematic of coating deposition on gas turbine blades: a — side view; b — front view
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into powder collection tank through vibrating feeder. 
Produced powders are of a round shape, their diame-
ter varying from 0.4 to 5 μm.

The fourth technological process which is realized 
in the unit is producing ingots of pure metals and al-
loys (Figure 5).

Variant given in Figure 5, a is used mainly to pro-
duce ingots of refractory metals and alloys. Here, the 
consumed (remelted) billet is suspended from the 
upper rotation mechanism. A certain speed of billet 
rotation is set and the first electron beam gun is used 
to perform melting of its end face. Liquid metal pen-

Figure 4. Schematic of producing powders from the vapour phase: a — side view; b — front view

Figure 5. Process chart of producing ingots (alloys) in L-2 unit: a — remelting directly into the mould; b — remelting through inter-
mediate crucible into the mould

Figure 3. Schematic of producing composite materials condensed from the vapour phase: a — top view; b — front view
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etrates directly into the copper water-cooled crucible, 
where the electron beam of the second gun forms the 
ingot. Melting through the intermediate crucible is the 
most extensively applied (Figure 5, b). Such techno-
logical process provides maximum refining of remelt-
ed material from interstitial impurities and nonmetal-
lic impurities.

At present special attention is given to develop-
ment of specialized electron beam equipment for 
deposition of thermal barrier coatings (TBc) on 
blades. Leading world manufacturers include ALD 
Vacuum Technologies, Von Ardenne, Pratt and Whit-
ney, and PWI.

SPE «Eltekhmash» developed new generation 
production electron beam unit L-8 for deposition of 
TBc on turbine blades [2]. Unit appearance is shown 
in Figure 6. Schematic of technological process of 
coating deposition in the unit working chamber is 
given in Figure 7.

Specification of EB unit L-8
Dimensions of cylindrical cassette with parts, mm, not more than:

diameter  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  250
length  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  500

Speed of item rotation on horizontal shaft, rpm  . . . . . . .  0.5–50
Number of evaporators, pcs  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4
Crucible inner diameter, mm  . . . . . . . . . . . . . . . . . . . . . . . . . .  70
Length of evaporated ingots, mm  . . . . . . . . .  not more than 500
Ingot feed rate, mm/min . . . . . . . . . . . . . . . . . . . . . . . . .  0.5–350
Distance from upper edge to cassette rotation axis 
or condensation plane, mm  . . . . . . . . . . . . . . . . . . . . . . . . . .  350
Number and nominal power (kW) of electron beam guns:

for material evaporation from crucibles  . . . . . . . . . . .  4×100
for item heating  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2×60

Type of electron beam guns — axial guns with cold cathode 
(based on high-voltage glowing discharge)
Consumed power, kW, not more than:

high-voltage power sources  . . . . . . . . . . . . . . . . . . . . . . .  520
auxiliary equipment  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80

Rated accelerating voltage, kV . . . . . . . . . . . . . . . . . . . . . . . . .  30
Working vacuum in the chambers, Pa (mm Hg):
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6·10–3–6·10–2

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (5·10–3–5·10–4)
Unit overall dimensions, mm, not more than:

length  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10500
width  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9500
height  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4300

Weight of the unit (with power source), t  . . . .  not more than 25 

A feature of L-8 unit is application of gas-discharge 
guns with up to 1000 h operating life and deposition 
of all types and structures of protective coatings: met-
al, ceramic, composite, single-layer, multilayer, grad-
ed, etc. TBc of complex composition and structure 
on turbine blades can be formed in one process cycle.

Two reloading (lock) chambers of the unit accom-
modate devices, providing ion cleaning of blades 
before coating deposition, blade preheating, and 
formation of barrier microlayers on the boundaries: 
blade — inner heat-resistant layer; inner heat-resis-
tant layer — outer ceramic layer for slowing down the 
diffusion processes on interfaces.

Figure 6. Appearance of EB unit L-8

Figure 7. Schematic of technological process of coating deposition in unit working chamber: a — cross-sectional view; b — longi-
tudinal view; 1 — cassette with blades; 2 — crucibles; 3 — evaporator gate valves; 4 — lock gates valves; 5 — electron beam gun; 
6 — viewing system; 7 — load cell; 8 — process gas leak valve; 9 — ball lead-in for pyrometer mounting
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Sensor for controlling deposited coating thickness 
is mounted on working chamber upper wall, and ball 
lead-in with sighting tube and viewing window for 
contactless measurement of item temperature, using 
high-technology infrared pyrometer and special soft-
ware, are mounted on working chamber rear wall.

The unit also supports the possibility of partial 
ionization of technological gas and metal vapour by 
applying negative bias to the item (up to 2 kV). Ion-
ization promotes improvement of coating quality and 
their adhesion to the item being protected.

Advantages of electron beam remelting, compared 
to other methods (vacuum-arc and vacuum-induction) 
are the highest quality of material refining under vacu-
um, as well as high degree of production purity. Possi-
bility of controlling the process allows reproducing the 
parameters to ensure the required alloy composition.

SPE «Eltekhmash» developed and put into com-
mercial operation production electron beam unit L-4 
for refining and melting of metals and alloys with ap-
plication of cold-cathode (gas discharge) guns as the 
heat source [3]. General view of the unit is shown in 
Figure 8. Schematic of process chamber, in which 

meting and refining of metals and alloys are per-
formed, is given in Figure 9.

Specification of EB unit L-4
Maximum size of remelted billet, mm  . . . . . . . . . . 200×200×150
Maximum size of melted ingot, mm . . . . . . . . . . . . .  Ø300×1900
Maximum size of melted slab, mm  . . . . . . . . . . . 200×300×1900
Diameters of moulds in the unit set, mm  . . . . . . .  Ø70, 100, 130 
Overall dimensions, mm  . . . . . . . . . . . . . . . . . . . . . . . .  200×300
Dimensions of metal liquid pool surface in intermediate 
crucible, mm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  300×300
Number and maximum power (kW) of electron 
heaters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4×100
Maximum gun current, A  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.3
Rated accelerating voltage, kV  . . . . . . . . . . . . . . . . . . . . . . . .  30
Consumed power, kW, not more than:

electron beam gun power sources . . . . . . . . . . . . . . . . . . .  400
auxiliary equipment  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60

Vacuum in working chamber, Pa (mm Hg)  . . .  1.3·10–2–1.3·10–1

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (1.3·10–4–1.3·10–3)
cooling water pressure, Pa (kg/cm2) . . . . . . . . .  3·105–4·105 (3–4)
Unit overall dimensions, mm:

length  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7000
width  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6000
height  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5000 

Equipment allows producing high-quality ingots 
and slabs of the required chemical composition from 
such traditional metals as iron, nickel, cobalt, copper, 
highly-reactive refractory metals as titanium, niobi-
um, zirconium, tungsten, hafnium, high-temperature 
and heat-resistant alloys, Ti3Al, TiAl, Ni3Al, NiAl and 
other intermetallics.

producing ingots and tubular billets from Me–
cr–Al–y alloys for electron beam and ion-plasma 
coating deposition. The company has mastered com-
mercial production of a range of ingots for electron 
beam coating deposition, in accordance with TU U 
27.4-20113410.002–2001 (version 3) [4]. Ingot com-
position is given in Table 1.

Figure 9. L-4 unit process chamber: a — front view; b — top view; 1 — electron bean gun; 2 — working chamber; 3 — remelted 
material; 4 — pullout tray; 5 — intermediate crucible; 6 — mould; 7 — ingot drawing mechanism

Figure 8. Appearance of EB unit L-4
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More than 10 t of ingots of different chemical com-
position have been manufactured. At present M3P-6 
ingots are supplied to company «Zorya-Mashproekt»  
(Nikolaev), as well as to People’s Republic of china. 

Commercial production of tubular billets-cath-
odes from M3P-1 alloy for ion-plasma deposition of 
high-temperature coatings in MAP-1, MAP-2, MAP-
3 units was started. Cathode appearance is shown in 
Figure 10.

Electron beam technology of tubular billet cast-
ing allows an essential improvement of cathode 
quality and, eventually, of the quality of coatings 
deposited from them, as well as refusing to pur-
chase them from RF.

production of quality ingots for casting blades 
from high-temperature alloy wastes. Wastes of 
high-temperature alloys in casting production are tech-
nologically unavoidable remains of the initial alloy, not 
included into quality ingot weight. The importance of 
the problem of refining high-temperature alloy wastes 
consists in that a considerable quantity of wastes, 
caused by casting rejects, mould defects, presence of 
crop, etc., accumulate at GTE manufacturing enterpris-
es in the process of producing blades from initial mate-
rials. High cost of primary high-temperature alloys led 
to appearance of a tendency of application of casting 

production wastes in blending melts for blade casting 
that allows lowering product cost [5].

«Eltekhmash» developed an original commercial 
electron beam technology of processing high-tem-
perature alloy JS26-VI. Results of chemical analysis 
of produced ingots after machining, 95–97 mm in di-
ameter and of 300–320 mm length, is given in Table 2.

Data given in the Table confirm the complete cor-
respondence of ingot composition to requirements of 
TU-92-177–91. Electron beam remelting (EBR) leads 

Table 2. composition of billet-casting of 97 mm diameter produced from recycled alloy JS26-VI by EBR

Sampling location
Element content, wt.%

C Cr Co W Al Ti Mo Fe Nb V
Top 0.137 4.70 8.96 11.50 6.10 1.02 1 0.06 1.43 0.90

Middle 0.129 4.94 9.03 11.53 5.74 0.90 1 0.06 1.64 0.91
Bottom 0.132 4.94 9.03 11.53 5.74 0.90 1 0.06 1.64 0.91

TU 1-92-177–91 0.12–0.17 4.3–5.3 8.7–9.3 11.2–12.0 5.6–6.1 0.8–1.2 0.8–1.2 ≤0.5 1.4–1.8 0.8–0.2

Table 2 (cont.)

Sampling 
location

Element content, wt.%

Ni Si Mn S P O2 N2

Top Base <0.2 <0.3 0.003 0.003 0.00068 0.00109
Middle Base <0.2 <0.4 0.003 0.003 0.00070 0.00106
Bottom Base <0.2 <0.3 0.003 0.003 0.00074 0.00105

TU 1-92-177–91 Base ≤0.2 ≤0.3 ≤0.005 ≤0.010 ≤0.002 ≤0.002

Table 1. Composition of ingots for electron beam coating deposition

Designation
Elements, wt.% Impurities, wt.%, up to

Co Ni Cr Al Y Hf Zr Si Fe Cu C
M3P-1 Base 0–2 20–24 10–13 0.4–1 0.2 0.4 0.5 0.3 0.06 0.06
M3P-2 Same 8–12 18–24 10–13 0.4–1 0.2 0.4 0.5 0.3 0.06 0.06
M3P-3 » 0–2 21–25 10–13 0.4–1 0.2 0.4 0.5 0.3 0.06 0.06
M3P-4 » 8–12 18–24 10–13 0.4–1 0.2 0.4 0.5 0.3 0.06 0.06
M3P-5 18–22 Base 18–24 10–13 0.4–1 0.2 0.4 0.5 0.3 0.06 0.06
M3P-6 – Same 18–24 10–13 0.4–1 0.2 0.4 0.5 0.3 0.06 0.06
M3P-7 – » 18–24 10–13 0.4–1 0.2 0.4 0.5 0.3 0.06 0.06
M3P-8 8–10 » 18–24 10–13 0.4–1 0.2 0.4 0.5 0.3 0.06 0.06
M3P-9 – – 18–24 10–13 0.4–1 0.2 0.4 0.5 Base 0.06 0.06

Figure 10. Appearance of tubular cathodes for ion-plasma coating 
deposition: a — in initial state; b — after machining
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to essential reduction of the content of such impuri-
ties as sulphur, phosphorus, oxygen and nitrogen. As 
to their quality, the ingots after EBR exceed the ini-
tial material (billets of Ø80) produced by OJSc «cM 
Kompaniya» (Stupino, RF) in vacuum furnace by 
equiaxed crystallization.

Ingots of JS26-VI alloy after EBR, produced from 
recyclable wastes, have passed the full testing cycle at 
company «Motor-Sich» (Zaporozhie) and are now used 
as initial materials in casting gas turbine blades. First 
batch of ingots of JS-32 alloy in the quantity of 300 kg 
was also produced by EBR of the respective wastes.

Master alloy production. Commercial produc-
tion of Ni–Y master alloys is performed in keeping 
with TU 48-0531-464–93. Experimental batches of 
master alloys Al–Mo, Al–Ni, Al–Zr are produced.

Titanium alloy production. Experimental batch-
es of Ti–Nb–Zr–Si system alloys are produced for 
Ukrainian and US users. Alloy composition is given 
in Table 3.

As is seen from the Table, titanium-based alloys 
are produced in a quite narrow range of alloying com-
ponent concentrations. Here, repeatability in the melts 
reaches 95–98 %. Ti–Nb–Zr–Si system alloys are de-
signed for medical purposes.

production of metal powders of co–cr–Al–y–
Si system for plasma deposition of coatings. Pro-
duction of powders of co–cr–Al–Y–Si system for 
plasma deposition of coatings has been mastered re-
cently [4, 6, 7]. Tables 4 and 5 give chemical compo-
sition of ingots and powders made from them.

Ingots for powder manufacture were produced 
by EBR of pure initial components. Powders of 40–
100 µm fractions are made by the method of chemical 
fragmentation of respective ingots. Production batch-
es of powders of co–cr–Al–Y system are supplied to 
company «Zorya-Mashproekt» and PRc.

Table 3. chemical composition of titanium alloys of Ti–Nb–Zr–
Si system

Alloy 
number Nb Si Zr

1 11–13 0.9–1.1 1.9–2.2
2 11–13 0.9–1.1 3.9–4.2
3 11–13 0.9–1.1 5.9–6.2
4 11–13 0.9–1.1 9.9–10.2
5 11–13 0.9–1.1 14.8–15.2
6 18–20 0.9–1.1 1.9–2.2
7 18–20 0.9–1.1 3.9–4.2
8 18–20 0.9–1.1 5.9–6.2
9 18–20 0.9–1.1 9.9–10.2
10 18–20 0.9–1.1 14.8–15.2

Table 4. chemical composition of alloys for co-based powder manufacturing

Designation
Elements, wt.% Impurities, wt.%, up to

Ni Cr Al Y Si Hf Zr Fe Cu C
M3P-10 0–2 26–0 6–9 0.8–1.2 1.5–4.0 0.2 0.4 0.3 0.06 0.06
M3P-11 0–2 20–25 10–13 0.4–0.1 1.5–4.0 0.2 0.4 0.3 0.06 0.06

Note. Total content of Nb + Mo + W + Ti of not more than 1 % is allowed in M3P-10 and M3P-11 alloys.

Table 5. Chemical composition of Co-based powders for plasma deposition of coatings

Designation
Elements, wt.% Impurities, wt.%, up to

Ni Cr Al Y Si Hf Zr Fe Cu C
M3P-10 0–2 26–30 6–9 0.8–1.2 1.5–4.0 0.2 0.4 0.6 0.06 0.1
M3P-11 0–2 20–25 10–13 0.4–0.1 1.5–4.0 0.2 0.4 0.6 0.06 0.1

Note. Total Nb + Mo + W + Ti content of not more than 1 % is allowed in polycrystalline powders M3P-10 and M3P-11.

Table 6. Electron beam equipment supplied by company «Eltekhmash» in 2005–2014

Description Purpose Year Customer
Electron beam unit L-1 Deposition of protective coatings from vapour phase in vacuum 2005 Ukraine
Electron beam unit L-4 Refining and remelting of metals and alloys in vacuum 2006 Armenia
2 power units with HVGD-based guns of 220 kW 
each

Commercial production of «solar silicon» from metallurgical 
silicon

2007 Japan

Power unit with HVGD-based guns of 30 kW 
power 

Coating deposition 2008 Taiwan

2 power units with HVGD-based guns of 30 
and 100 kW power 

Upgrading of units for refining metallurgical silicon 2008 Russia

Power unit with HVGD-based gun of 100 kW 
power

Upgrading of unit for refining and remelting of noble metals 2010 Russia

Electron beam unit L-2 Deposition of protective coatings from the vapour phase in 
vacuum 

2012 
2013

Ukraine 
China

Electron beam unit L-8 Deposition of protective coatings on GTE parts 2014 Russia
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production of electric contracts. The most recent 
achievements in the field of manufacture of materials 
for electric contacts and products from them are given 
in [8–10].

Commercial production of new materials for elec-
tric contacts cu(0.05–0.1)(ZrY)–W and cu–(0.05–
0.1(ZrY)–cr has been mastered.

More than 15 composite materials have been pro-
duced, from which more than 1.6 mln pieces of elec-
tric contacts and electrodes for various national econ-
omy applications have been manufactured.

coating deposition on gas turbine blades. Com-
pany «Eltekhmash» realized a closed cycle of coat-
ing deposition on turbine blades, including melting of 
all types of Ni and co-based ingots [4], manufacture 
of ZrO2–Y2O3 ceramic ingots [11], and deposition of 
TBc from the above initial materials of customized 
design and chemical composition in user equipment 
[1, 4].

Manufacture of industrial electron beam equip-
ment. Table 6 gives the data on enterprise supplies of 
laboratory and production electron beam equipment 
for material melting and evaporation in 2005–2014.

Enterprise supplies both individual components 
of equipment, and laboratory and production electron 
beam units with complete set of components for real-
ization of technological processes of melting metals 
and alloys, protective coating deposition, and produc-
ing composite materials from the vapour phase.
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