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The specimens of products of titanium alloy of various shapes using the wire of grade Ti6Al4V were produced by 
electron beam surfacing. In the deposited layers no defects were detected. In the course of the work, the investigations 
of microstructure, phase composition and mechanical properties of the specimens were carried out. For the deposited 
metal, the structure consisting mainly of lamellar-acicular ɑ’-phase is typical. The structure contains a small amount 
of β-phase, which lies in the form of thin interlayers layers between the acicular precipitations of αʹ-phase. It is not 
detected using the optical microscope, however can be detected applying electron microscopy and X-ray examinations. 
The microstructure of the deposited metal is mostly equilibrium and granular, gradient in sizes and microhardness. 
The microhardness of the boundary zones differs from the microhardness of the grain matrix, which may be associated 
with the difference in the content of alloying elements. Towards the top of the built specimen, the hardness decreases 
slightly. 9 Ref., 1 Table, 9 Figures.
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Today, additive technologies is one of the promising ar-
eas that are rapidly developing in industrial production. 
The market of additive technologies consists of produc-
tion of the equipment and its maintenance, development 
of the software, models of the future parts and creation 
of products according to drawings of the customer.

The additive equipment includes many software and 
hardware machines that perform various tasks and func-
tions. Among them, manufacture of products according 
to the digital model applying the method of layer-by-lay-
er deposition of consumables remains common [1].

Laser additive technologies have become the most 
widespread. However, to create large, material-inten-
sive products like housings, an increased efficiency 
of layer-by-layer surfacing is required. In this case, 
it is most advantageous to use the energy of the elec-
tron beam, which is focused and supplied directly into 
the zone of alloy by the electron-optical system of the 
electron beam gun (EBG).

The use of electron beam additive technologies in 
aircraft and turbine construction, where light, chemi-
cally active materials based on aluminum and titani-
um are used, is especially relevant. The process takes 
place in vacuum, which allows surfacing a part with-
out additional shielding gases, at the same time main-
taining the purity of the original material.

In this work, the studied material was titanium 
Ti6Al4V alloy, produced by electron beam surfacing.

Titanium alloys are one of the main structural ma-
terials currently applied in various industries. Among 
titanium alloys Ti6Al4V is widespread. It is wide-
ly used in aerospace and medical fields. Namely in 
these industries the task of rapid and simple creation 
of a wide range of nomenclature products [2, 3] from 
Ti6Al4V alloy is set.

The aim of the work was to study microstructures 
and microhardness of specimens from Ti6Al4V alloy 
made by layer-by-layer growing using electron beam 
additive technology by filler wire.

To achieve this aim, the following tasks were set 
in the work:

● holding the specimens welded in vacuum by the 
wire of grade Ti6Al4V;

● study of microstructure of the deposited specimens;
● measurement of microhardness of specimens.
Electron beam surfacing using wire. The surfac-

ing technology consists in layer-by-layer deposition of 
metal in the form of a wire, which is melted by elec-
tron beam gun to produce a workpiece, the geometry of 
which is as close to the final product as possible. The 
advantage of the technology is a high speed of product 
manufacturing, which is up to 12 kg/h. The technol-
ogy allows manufacturing large-sized metal products, 
including those of refractory and heat-resistant alloys 
with a high density and homogeneity [4].
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A high repeatability of the results of electron beam 
surfacing technology in combination with the flexibili-
ty of the process control allows forming parts with the 
required structure and specified properties. During the 
surfacing process, the electron beam creates a pool of the 
molten metal on the surface of a part. The part being de-
posited moves relative to the fixed electron gun and the 
filler wire feed mechanism, or the electron gun with the 
wire feed device moves relative to the fixed base [5, 6].

To manufacture product specimens, a wire with 
the diameter of 2 mm of grade Ti6Al4V was used. 
Surfacing was carried out in the electron beam instal-
lation equipped with the mechanism for moving and 
feeding wire (Figures 1, 2).

For investigations linear and cylindrical specimens 
were deposited.

The process of electron beam surfacing takes place 
in vacuum chamber (Figure 1). The wire is fed from the 
coil by electric motor with reducer through the guide 
channel 1 and the nozzle 2 to the surfacing zone (Fig-
ure 2). In the process of surfacing, the variable parame-
ters are wire feed rate and beam current. The surfacing 
is layer-by-layer, after each pass the manipulator is ris-
en to a set value in the coordinate Z−Z. The cylindrical 
specimen was produced by rotating the surface to be 
deposited 3 by means of the vertical rotator 4 (Figure 2, 
a) relative to the fixed EBG 5. The linear specimen was 

produced by moving EBG 5 with the wire feed manip-
ulator relative to a rigidly fixed plate 6.

Thus, the following specimens were produced: cylin-
drical – with a diameter of 70 mm, 30 mm height and a 
wall thickness of 9−10 mm. And a linear one of 100 mm 
length, 40 mm height with a wall thickness of 7.8 mm.

The chemical composition of the wire of Ti6Al4V 
alloy is given in the Table.

Metallographic examinations. To reveal micro-
structure, the polished sections of deposited spec-
imens were etched in a special reagent for etching 
titanium and its alloys of the following composition:

● hydrofluoric acid — 1 part;
● nitric acid — 1 part;
● water — 1 part.
Metallographic examinations were carried out in the 

microscope «Neophot-32» at different magnifications. 
The digital images of microstructures were obtained 
with the help of the «Olympus» camera. The Vickers 
hardness of the examined metal was measured in the 
microhardness tester M-400 of the Company LECO at 
the loads of 1.0 kg (HV10) throughout the entire height 
of the sections with a step of 500 μm and 0.1 kg (HV1) 
for detailed examinations of the structure.

Cylindrical specimen. The specimen consists of 14 
layers of deposited metal (Figure 2). Metallographic ex-
aminations of the deposited metal show that the structure 
mainly consists of recrystallized grains of different sizes 
with different degrees of etching. In the areas of the de-
posited metal no microdefects were detected.

In the lower part of the specimen (Figure 3, lay-
ers 1−4) the grain structure is mainly uniform, but as 
to the grain size the structure is gradient: Dg (min) = 
= 500−700 μm; Dg (max) = 1800−2000 μm. Figure 4, a 
shows the change of the minimum and maximum grain 
sizes (Dg) and the length of the crystallites (Lcr) through-
out the height of the specimen in the deposited layers.

Figure 1. Electron-beam installation with mechanism for moving 
and feeding wire for surfacing

Chemical composition of the wire Ti6Al4V, wt.%

V Al Fe N O H C

3.5−4.5 5.5−6.75 0.4 0.05 0.2 ≤0.015 0.08

Figure 2. Specimens deposited by electron beam: a — cylindrical; b — linear
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The hardness distribution is nonuniform. The 
values of hardness (HV10) and its change through-
out the entire height of the cylindrical specimen are 
graphically shown in Figure 4, b.

During the transition to the next layers, the forma-
tion of large crystallites throughout the entire height of 
the specimen and a slight decrease in hardness with its 
relatively uniform distribution and characteristic val-
ues of HV10–2750−2820 MPa are observed (Figure 4, 
b). It is established that in the recrystallized areas of 
the deposited metal the hardness is in the range from 
HV10–2600 to HV10–3130 MPa (Figure 5). In a more 
detailed examination of the structure (at a magnifica-
tion of ×100) the following was established. For the de-
posited metal, the structure is characteristic, consisting 
mainly of a lamellar-acicular αʹ-phase (Figures 5, 6).

In the boundary zones of αʹ-phase, the etchability 
of which is weaker than the grain matrix, the hardness 
amounts to HV1–2870−3660 MPa. The microhardness 
of the boundary zones differs from the microhardness of 
the grain matrix, which may be associated with the dif-
ference in the composition of the alloying elements [4].

According to [7], the structure obviously contains 
a small amount of β-phase, which lies in the form of 
thin interlayers between the acicular precipitations of 
αʹ-phase and is not detected by optical microscope, 
but is determined by electron microscopy and X-ray 
examinations.

In deposition of the surfacing layers, as a result of 
heat treatment, throughout the height of the specimen, 
the structure represents large crystallites with a homo-
geneous lamellar-acicular structure of αʹ- phase at the 
microhardness HV1–2830−3220 MPa. The sizes and 

Figure 3. Microstructure of metal in the lower zone of the specimen: a, b – fragments of microstructure: a — ×100; b — ×25

Figure 4. Change of structural parameters in the deposited layers: a — grain size (Dg); b — microhardness (НV10)
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a shape of needles and plates depend on the purity 
and cooling rate of the metal [8]. The middle layer of 
the deposited metal is characterized by a thickening 
of the acicular component of αʹ-phase (Figure 5). It is 
known that with decreasing cooling rate the acicular 
precipitations of αʹ-phase are thickened [7].

Linear specimen. Surfacing consists of 12 lay-
ers (Figure 2, b). No structural defects were detected. 

Metallographic examinations of the deposited metal 
showed that as well as in the cylindrical specimen, the 
structure consists of recrystallized grains of different 
sizes with different degrees of etchability.

In the lower part of the specimen (Figure 7, layers 
1−8) the grain structure has a mixed character: relatively 
equilibrium grains and grains of irregular shape.

Figure 5. Microstructure of metal in the middle part of the specimen: a, b — fragments of microstructure: a — ×100; b — ×25

Figure 6. Microstructure of metal in the upper zone of the specimen: a, b — fragments of microstructure: a — ×100; b — ×25

Figure 7. Microstructure of metal in the lower zone of the linear specimen: a, b — fragments of microstructure: a — ×25; b — ×200

Figure 8. Microstructure of metal of the linear specimen in the upper zone: a, b – fragments of microstructure: a — ×25; b — ×100
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The grain size (Dg) in this zone is about Dg = 
= 500−1600×700−4000 μm. The distribution of mi-
crohardness is relatively uniform. During the transi-
tion to the next layers (9–12), the formation of large 
crystallites of the size up to h×Lcr = 2000×7000 μm is 
observed (Figures 8, 9, a).

The values of hardness (HV10) and its change 
throughout the entire height of the linear specimen 
are shown in (Figure 9, b). In the lower layer HV10–
3030 MPa. At the transition to the next layers the hard-
ness slightly decreases to HV10–2790−3010 MPa. It 
was established that the hardness throughout the en-
tire height of the deposited metal is in the range from 
HV10–2630 to HV10–2930 MPa.

During a detailed examination of the deposited met-
al (magnification ×100) it was found that the structure 
consists of a lamellar-acicular αʹ-phase (Figures 7, 8). 
The microhardness in the inner volumes of the grain 
structure is HV1–2210−2970 MPa. In the boundary 
zones of grains there are no areas with a low etchabili-
ty. Their structure is the same as the grain matrix. This 
indicates the absence of chemical heterogeneity in the 
local areas of the structural components [7].

Conclusions

1. The applied technology of multilayer surfacing al-
lows producing structure of cast metal without defects 
in the deposited layers.

2. Investigations of the structure of multilayer sur-
facing showed that in the lower layers mostly equilib-
rium grain structure is formed, gradient in sizes and 
microhardness (HV1).

3. Massive crystallites are formed throughout the 
entire height of the investigated specimens (except for 
the lower layers). The inner lamellar-acicular struc-
ture of αʹ-phase grains is homogeneous and larger 
than in the lower layers.
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Figure 9. Change of structural parameters in the deposited layers: a — grain size (Dg); b — microhardness (HV10)


