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Abstract—This paper studies the formation of cermet coatings by a combined additive manufacturing tech-
nology on the basis of cold gas dynamic spraying and subsequent laser irradiation. The coatings are made of
titanium and nickel metal powders with ceramic particles of tungsten carbide and boron carbide. Optimal en-
ergy parameters are determined for coating deposition by cold gas dynamic spraying and subsequent laser ir-
radiation for powder compositions with different ceramic particles. The microstructure of deposited coatings
is studied, and their mechanical properties are measured. It is shown that the combined method of cold gas
dynamic spraying and laser irradiation can be used to produce a single-layer cermet coating up to 1 mm thick
by sequentially depositing a mixture of powders of different composition, such as B,C-Ni, B,C-Ti, WC-Ti.
Based on the obtained experimental data, a technique is proposed for a layer-by-layer deposition of thick
(=4 mm) cermet coatings of composition 40% WC +60% (0.94Ti+ 0.06Al) by cold gas dynamic spraying
and subsequent laser irradiation.
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1. INTRODUCTION

The increasing need for highly functional, light-
weight parts of complex geometry has stimulated the
rapid growth of additive technologies [1, 2, etc.]. Ad-
ditive technologies provide a means for production of
parts from metals, alloys, polymers, and ceramics.
Development of new materials and production tech-
nologies of complex parts that have unique opera-
tional characteristics and can endure high thermal and
mechanical loads is one of the urgent tasks of the
modern rocket and space equipment, mechanical en-
gineering, metallurgy, automotive, medical, electronic
industries.

Composite materials with a gradient distribution of
physical and mechanical properties have been long
used in various technical fields. Their use expands due
to advances in production technologies of tailored ma-
terials for optimal operation in various constructions.
Metal-matrix composite coatings are applied to im-
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prove product characteristics. Currently, several types
of metal-matrix composite coatings have been devel-
oped, which are based on Al, Ti, Fe, Cu, Mg, Ni and
reinforced with ceramic fibers or microparticles [3].

Coatings formed of Ni-based alloys are widely
used to improve the characteristics of such products as
turbines, wear-resistant plates, and mill rolls [4-6]. A
reserve for increasing the wear resistance of the coat-
ings can be the design of compositions reinforced with
carbides. An example is tungsten carbide WC, which
has high wear resistance in combination with high
heat resistance and good wettability by molten metal
[7, 8].

The design of titanium composites opens up the
prospect of improving the specific stiffness and high-
temperature strength and reducing abrasive wear [9,
10]. TiB is recognized as one of the most efficient
reinforcing materials for titanium [11, 12]. Cermet
composites based on ceramic compounds B,C, TiC,
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TiB, TiB, and the titanium binder yield high opera-
tional characteristics due to their high compatibility,
increased melting point, extreme hardness, excellent
wear and corrosion resistance, and fracture toughness.

At present, no physical and mathematical models
and methods exist that can determine microstructural
and mechanical characteristics of the product from
process characteristics and properties of deposited ma-
terials. No correlation has been found between laser
parameters, fractional and chemical compositions of
powders, and thermophysical characteristics. There-
fore, the search for physical laws governing the for-
mation of a monolithic structure with no pores and
minimum surface roughness is an urgent task.

A common additive manufacturing technology is
selective laser melting (SLM). During laser melting, a
focused laser beam moves along a predetermined
path, heating particles of the powder bed. The material
within the laser spot melts, and a small molten pool is
formed, which solidifies upon cooling. Then, a new
layer is deposited, and the laser scanning process is
repeated until a 3D product is formed. Characteristics
of melting of the material and pool formation depend
on a number of parameters, such as laser power, scan-
ning speed, beam size, layer thickness, and others.

The combined technology—cold gas dynamic (CGD)
spraying [13, 14] and layer-by-layer laser melting—
opens up new possibilities for additive technologies.
This approach allows a formation of a powder layer
with minimum porosity on the surface of any curva-
ture. Papers [15, 16] report the results on laser post-
treatment of CGD-sprayed coatings made of titanium
alloy and stainless steel.

In the present paper, we propose the complex ap-
proach including cold gas dynamic spraying and in-
tensive laser irradiation, which allows a formation of
functionally gradient heterogeneous layers of different
thickness from ceramic particles WC, B,C and the
metal binder in the form of nickel and titanium pow-
der.

The proposed approach was used to form metal-
matrix composite coatings based on Ni, Ti and ceram-
ics B4C, WC. For CGD-sprayed cermet coatings of
different composition, laser parameters (power and
scanning speed) are optimized to ensure minimum
roughness of melt tracks and to avoid balling in the
weld bead and pore formation.

2. EXPERIMENTAL PROCEDURE

Cold gas dynamic spraying of composite coatings
of the “metal matrix + ceramic inclusions” type was
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performed using abrasive powders B4,C with the me-
dian particle size dso=2, 9, 44, 64, and 75 pm and
WC with dsp=20 um. The metal components are Ni
powder PNK-UT-1 and titanium powder PTOM-I.
The analysis of volume distribution of powder parti-
cles is performed using the LS 13 320 laser diffraction
particle size analyzer (Beckman Coulter, USA).

The Venus FTLMV-02 V-shaped mixer is used to
prepare powder mixtures with the ceramic mass con-
centration 10-90%. Substrates are plates made of tita-
nium alloy VT-20 measuring 50 x 50 x 5 mm’. Coat-
ings are sprayed using the feed-control device and
axially symmetrical ceramic Laval nozzle. The CGD-
sprayed coatings are treated with a continuous CO,
laser of power up to 5 kW and wavelength 10.6 um.

Laser irradiation using a ZnSe lens with a focal
length of 304 mm is normally focused, underfocused,
and overfocused. The focus position Af is —20, 0,
+20 mm from the upper surface of the substrate.
Deposition is carried out in shielding helium [16].

Microstructure is studied using a Zeiss EVO MA
15 scanning electron microscope. Microhardness of the
obtained composite coatings is measured on cross sec-
tions using a DuraScan 50 automatic microhardness
tester (Emco-Test, Austria) and a Wilson Hardness
Group Tukon 1102 microhardness tester with a load
of 100-300, 500 g by Vickers test. Microhardness is
measured at 10 points spaced at 100 um intervals
along a straight line parallel to the surface in the mid-
dle of the coating thickness. The obtained microhard-
ness data are averaged.

3. EXPERIMENTAL STUDY OF CERMET
TRACKS

3.1. Experimental Study of Cermet Tracks
of a B,C-Ni Powder Mixture

The efficiency of cold gas dynamic spraying for
deposition of cermet composite coatings is studied on
B4,C powder with the average particle size dso=
43.9 pm and Ni powder PNK-UT-1 with dso=12.2 um.
These powders are used to prepare mechanical Ni—
B4C powder mixtures with the mass fractions of boron
carbide from 0.1 to 0.9.

The experiment shows that the spraying coefficient
decreases with increasing B,C concentration in the
powder mixture from 0.63 for pure nickel (Fig. 1) to
zero for 0.9 wt % B4C.

Figure 2 shows typical structures of CGD-sprayed
cermet coatings viewed in the scanning electron mi-
croscope with the backscattered electron detector. By
varying particle size of the ceramics, its proportion in

PHYSICAL MESOMECHANICS Vol.23 No.4 2020
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Fig. 1. Spraying coefficient DE of the Ni+ B,C powder
mixture versus the mass content of the abrasive compo-
nent C,. Squares stand for experimental values, the line
corresponds to approximation.

the mixture, and the layer thickness, features of the
resulting laser coating are studied.

The EDX analysis of the chemical composition
demonstrates that spraying of small particles is low
efficient and hardly depends on the initial concentra-
tion of ceramics. The variation in the initial weight
fraction of B4C ceramics from 30 to 50% increases the
real concentration in the coating from 19.92 to
20.99%.

The study of the coating morphology depending on
the laser focus position Af at different mass content
and size of ceramics in the initial mixture (Fig. 3) re-
veals a strong influence of the B4C content on the
track shape. Three modes are distinguished: cladding
(the track is higher than the CGD-sprayed coating,
with a convex meniscus in the center), flat mode
(the track is level with the coating), and penetra-
tion (the track is lower than the CGD-sprayed coating,
with a concave meniscus in the center). The track
structure depends on both the size of the B,C particles
and their concentration.

The main contribution to the track shape is evi-
dently made by convective mass transfer in contrast to
diffusive mass transfer in the mechanism of formation
of track structure and volume distribution of ceramic
particles. Convection is caused and forced by the sur-
face tension gradient. In laser heating, the material
temperature is maximum in the beam center and de-
creases to its edges. The surface tension of a liquid
(melt) depends on the temperature and usually de-
creases with its growth. This gives rise to a force di-
rected from the center of the light spot to its edges and
inducing the liquid motion, resulting in a cylindrical
concave meniscus. This is the case at a low concentra-
tion and small size of ceramic particles. However,
with a large concentration of coarse particles of
30Ni70B4C (Fig. 3) the temperature dependence of
the tension coefficient alternates in sign, which results
in a convex cylindrical meniscus at the ceramic parti-
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Element wt % Element wt % Element wt %
B 19.92 B 20.99 B 37.46
C 28.23 C 25.23 C 25.74
Ni 51.65 Ni 53.46 Ni 35.85

Si (0.12)

Other Fe (0.20) Other Fe (0.32) Other Fe (1.14)

Total 100 Total 100 Total 100

Fig. 2. Microphotos of cross sections and chemical com-
position of CGD-sprayed Ni/B,C coatings (a—c) with the
B,4C mass content 30 (a), 50 (b), 70% (c) and particle size
dsp=2.9 (a, b) and 75 pm (c).

cle size dsp=64 and 75 um. In this case, a fairly
smooth cylindrical surface with the small roughness
R,~3 is formed, which is significantly less (approxi-
mately 4 times) than the roughness of the track at a
low ceramic content. At the B4C powder size
dso=44 um (Fig. 2), the melt surface is practically
flat, which indicates a weak temperature dependence
of the surface tension coefficient. An important con-
sequence of the convective motion of the melt is the
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Fig. 3. EDX image of cross sections of laser tracks at dif-
ferent B4C particles: 30% B4C, 70% Ni, dso=2.9 pm (a, c),
70% B4C, 30%Ni, dsp=75 pm (b, d); Af=-20 mm (a, b),
Af=+20 mm (c, d).

accumulation of pores at the lateral boundaries of the
track (Fig. 3).

By studying the track width and depth, it was
found that the penetration depth and width grow at
higher ceramic content in the initial mixture. When
the particle size within the track is comparable to that
outside the track, it is apparent that laser irradiation of
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Table 1. Spectral analysis (with reference to Fig. 4)

Spectrum No.
Elements
1 2 3 4 5

B 8.83 10.31 17.98 29.75 9.94

C 8.17 10.22 10.65 12.85 9.73

Ni 3.15 25.23 8.11 1.99 41.89

Ti 71.89 48.74 60.95 55.41 33.85
Al (5.79) | Al (3.66) AL(1.01) Al (2.47)
Other V (1.28) | Fe (0.72) v ’29) 0 N (0.79)
N (1.18) | N(1.12) ’ Fe (1.33)

the CGD-sprayed coating causes B4C particles to re-
fine as well as to mix in the track.

Optimization of the laser modes illustrates that
high-quality single tracks with minimum roughness at
the maximum content of B,C ceramics (dso=44 um)
in the CGD-sprayed coating, which are level with the
coating, can be formed at the laser power 0.6 kW,
speed 0.4 m/min, and Af=-+20 mm. The optimum
thickness of the CGD-sprayed coating is under 2 mm.
This concentration is chosen to form a multilayer
coating.

A detailed study of the chemical composition of
the track shows that laser irradiation of the CGD-
sprayed 70Ni30B,C coating changes the material
composition (Table 1) and size of solid inclusions
(Fig. 4).

Dark aggregates are found to contain 55.41 wt% Ti
and 29.95wt% B. Light gray aggregates exhibit an
increased Ti content (71.89%). The solid solution
consists of Ti (48.47%) and Ni (25.23%). There are
also elongated light gray aggregates with Ti (66.77%),
Ni (2.06%), and B (19.72%). A significant amount of
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Fig. 4. Cross-sectional view of the structure of a track
formed in the CGD-sprayed coating of the 70Ni30B,C
powder mixture.
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titanium is additionally transferred from the substrate
to the track.

The process of laser deposition of a powder based
on Ni and boron carbide B—C on the titanium sub-
strate was previously studied [4-8]. Meng et al. used
only fine ceramics (3—5 um) in an amount of 5% by
weight mixed with the nickel-based powder with the
particle sizes 50—80 pum [4]. A 0.8 mm layer of the
powder mixture with an organic binder (polyvinyl
alcohol and water) was spread over the surface of the
Ti—6Al-4V substrate. A transfer of titanium from the
substrate was shown to lead to an active reaction: TiB,
crystals were formed. A similar change in the ceram-
ics composition is assumed to occur in a CGD-
sprayed 70Ni30B4C coating with a fine ceramic pow-
der dsp=2.9 um. However, in coatings including B,C
with fractions 44 and 64 um (Fig. 5), coarse particles
apparently do not have time to completely react dur-
ing the melt existence, but their size decreases signifi-
cantly.

(a)

IEIEITr I

By vy

(®)

Fig. 5. Third layer of the CGD-sprayed coating (a) and ar-
rays of laser tracks (b) (color online).
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3.2 Experimental Study of a Multilayer Cermet
Coating of the B,C-Ni Powder Mixture

The study of the single-layer coating deposition
reveals an important feature of formed tracks: accu-
mulation of defects in the form of pores at the lateral
edges. This feature inherent in a single track is pre-
served for track arrays. For coarse ceramic particles,
and consequently at the negative gradient of the sur-
face tension coefficient, the melt beneath the surface
moves to the edges together with various defects; on
the surface, from the pool walls to the track axis. In
this case, almost all pores remain on the edge. For a
low concentration and fine particles of B4C, the re-
verse occurs. The molten material in the center rises
from depth, and on the surface it is forced to the pool
edges. In this case, some pores remain on the surface
and in the bulk, which degrades the deposited layer
quality.

From profilograms of high-quality track arrays, op-
timal laser modes and track spacing / are determined
for CGD-sprayed coatings of the thickness 200 um, 0,
5, and 1 mm with the mixture composition 30% Ni,
70% B4C, dsop=44 um. Then, the second layer of the
CGD-sprayed coating is deposited. Scanning pattern
is both cross and consecutive relative to previous
tracks. Table 2 presents optimal laser modes for CGD-
sprayed coatings of different thicknesses.

When the coating is thicker than 2 mm, craters ap-
pear on the surface. This reduces the spraying coeffi-
cient for the coating thicker than 4 mm due to a de-
creased angle of impact of particles with steep walls
of these craters, which is inversely proportional to the
spraying coefficient. Craters are also found at the
junctions of laser tracks of the CGD-sprayed coatings.
Porosity at the track boundaries opens due to sanding
or during cold gas dynamic spraying and becomes the
nucleus for a crater that grows in the CGD-sprayed
coating formed by the next layer. Laser irradiation of
such coatings increases the surface roughness. The
characteristic structure of the multilayer coating is
shown in Fig. 5.

Table 2. Optimal modes of laser irradiation of CGD-sprayed coat-
ings 30% Ni, 70% B,C

Thickness of the CGD- w, v, A, h,
sprayed coating, mm kW m/min mm mm
0.2 0.6 0.4 +20 1.0
0.5 2.0 0.4 -20 2.0
1.0 2.0 0.5 -2 2.8
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4. EXPERIMENTAL STUDY OF THE CERMET
COATING B4,C-Ti + Al

For high-quality thick multilayer coatings, titanium
powder PTOM-1 is used as the metal matrix, with
aluminum powder being added in some cases. The
introduction of the aluminum powder into the initial
mixture is explained in Sect. 5.

Based on the procedure described in Sect. 3, multi-
layer cermet structures 0.6—4.0 mm thick are formed.
Modes of cold gas dynamic spraying of thick coatings
based on titanium and boron carbide are determined
for various content of boron carbide in the initial mix-
ture, as well as optimal laser modes are found. Typical
photos of the obtained coatings are shown in Fig. 6.
Optimal laser modes are achieved at the laser power
1 kW, speed 0.7 m/min, track spacing 1.25 mm, and
focus position 9 mm from the upper surface of the
CGD-sprayed 3-mm-thick coating. The spot size is
approximately 1.5 mm in this case.

For a CGD-sprayed coating of thickness 0.6 mm and
the powder composition 30% Ti:70% B4C, the laser
modes are optimized (W=1.5kW, speed 0.4 m/min,
focus position +20 mm, track spacing 2 mm) to ob-

(a)

Fig. 6. CGD-sprayed coating before (a) and after laser ir-
radiation (b) (color online).
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tain high-quality track arrays with minimum rough-
ness.

A CGD-sprayed 1-mm-thick coating is formed of
30Ti70B4C, the ceramic size dsp=64 um. Variation in
laser modes (W=0.5-2.0 kW, }'=0.5-1.0 m/min) and
focus position fails to provide high-quality single
tracks. The structure of track arrays shows that at the
focus position +20 mm the penetration depth is =300 ym
for the coating thickness 1 mm. The increased penetra-
tion depth due to the focus position in the knife mode
degrades the track array surface and consequently the
quality of deposition of the next layer of CGD-
sprayed coating. As in the case of the Ni matrix, the
structure of single tracks depends on the B4C particles.
At the B4C particle size dso=64 pm and the concen-
tration 30% Ti, 70% B4C in the 0.6-mm-thick coating,
penetration occurs, i.e. the track is lower than the
CGD-sprayed coating, the meniscus in the center is
concave (Fig. 7a). However, for the Ni matrix, the
meniscus is convex (Fig. 3) at the same ceramic size
and concentration in the initial mixture. At the optimal
track spacing 2 mm, the array structure is close to the
structure of a single track (Fig. 7b). Concave menisci
complicate the deposition of the second layer of the
cermet coating based on Ti and B4C.

Figure 8 shows the characteristic microstructure of
a cross section of the multilayer coating 70% B,C +
30% (0.94Ti+0.06Al). Table 3 shows the concentra-
tion of chemical elements (wt%) in the coating
70% B4C +30% (0.94Ti + 0.06Al).

It is known that thermal action on the mixture of ti-
tanium and boron carbide gives an exothermic reac-
tion 3Ti+B,C=TiC+2TiB, [17-21]. From Fig.7
and Table 3, it can be assumed that ceramic particles
of boron carbide dissolve in the coating being formed
(the initial size 75 um). Here, the prolonged aggre-
gates are titanium carbide whiskers, and the hexagonal

0
0 2432

4064 7236 pm

Fig. 7. Profilogram of the single track (a) and array of
tracks (b) of 30% Ti, 70% B,4C specimens. The ceramics
measures dsy = 64 um.

PHYSICAL MESOMECHANICS Vol.23 No.4 2020
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Fig. 8. EDX analysis of the cermet structure 70% B4C +
30% (0.94Ti + 0.06Al) (color online).

aggregates are titanium diboride, which result from
internal synthesis due to laser irradiation of the CGD-
sprayed cermet coating.

High-quality thick multilayer cermet coatings are
also formed of ceramics WC (dso=10-20 pm) and the
metal matrix in the form of PTOM-1 grade titanium
powder.

5. EXPERIMENTAL STUDY OF MULTILAYERED
CERMET COATINGS WC-Ti + Al

Modes are developed for cold gas dynamic spray-
ing of coatings from WC-Ti mixtures. For these coat-
ings, laser irradiation is optimized to obtain high-
quality single tracks and its arrays.

When pure Ti is used as the binder, tracks have an
important feature: formation of droplets of solidified
metal between them, i.e. balling. For CGD-sprayed
coatings based on PTOM-1 grade pure Ti, droplets do
not completely disappear by varying the track spacing
or laser energy parameters. The presence of droplets
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Fig. 9. Cross-sectional view of the structure of the multi-
layer coating 40% WC +60% (0.94Ti+ 0.06Al). CGD-
sprayed coating (a), array of tracks (b).

greatly complicates the formation and preparation of a
high-quality second layer of the CGD-sprayed cermet
coating composed of Ti powder PTOM-1 (30%) and
WC powder (70%). High-quality thick multilayer
coatings are obtained if the 94% Ti and 6% Al powder
mixture is used as the metal matrix.

Modes of cold gas dynamic spraying of 2-mm-
thick coatings from the 40% WC+60% (0.94Ti+
0.06Al) powder mixture are developed. Laser en-
ergy parameters are optimized (W=12kW, V=
0.8 m/min, Af=-20 mm, spacing 1 mm). Based on the
obtained experimental data, a technique is deve-

Table 3. Chemical composition of the 70% B4C + 30% (0.94Ti + 0.06Al) coating

Spectrum No.
Elements
2 3 4 5 6 7 8 9 10 11
B 37.90 | 35.88 | 38.43 | 38.55 35.46 11.79 25.68 14.57 16.05 35.38
C 4.58 5.95 4.69 9.36 5.65 1.62 7.39 4.29 7.52 5.94
Al 0.14 | 430 | 0.34 | 0.65 0.76 0.22 2.06 7.75 5.15 0.34
Ti 57.38 | 53.72 | 56.55 | 51.44 | 57.94 | 86.37 63.80 65.69 63.34 58.34
(0] 0.15 0.37 6.45 6.23
SO 0w | 507
Other P (0.19) Fe027) | F2033) | ke (0.49)
Cu(0.26) | O3 | ¢y (0.56)

PHYSICAL MESOMECHANICS Vol.23 No.4 2020
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20 pm

Fig. 10. Cross-sectional view of the structure of the multilayer coating deposited by successive CGD spraying and laser irradia-

tion, thickness 4 mm, 40% WC + 60% (0.94Ti + 0.06Al).

loped for layer-by-layer growing of thick (=4 mm)
cermet coatings based on 40% WC+ 60% (0.94Ti +
0.06Al) (Figs. 9 and 10).

The structural morphology of the track and CGD-
sprayed coating shows a uniform distribution of WC
particles (Fig. 9). In the CGD-sprayed coating, the
tungsten carbide concentration is close to the initial
one. After laser irradiation of the CGD-sprayed coat-

Table 4. Chemical composition of the coating in different zones

Upper zone (1) | Middle zone (2) | Lower zone (3)
Element
wt % at % wt % at % wt % at %
CK 8.30 | 34.13 8.39 32.57 | 7.14 | 2691
AlK 2.39 437 3.17 5.51 4.14 6.94
TiK 49.19 | 50.67 | 54.57 | 53.32 | 63.43 | 59.92
WM 40.12 | 10.83 | 33.86 8.60 | 2531 | 6.23
Total 100.00 100.00 100.00

ing, the WC particles refine as compared to the parti-
cles in the CGD-sprayed coating (Fig. 9).

To study the microstructure, chemical composi-
tion, macrohardness of a 4-mm-thick multilayer coat-
ing, three zones are distinguished (Fig. 10a). The che-
mical composition differs in the zones (Table 4).

The morphology of the multilayer coating structure
varies in height. In the multilayer coating, various ag-

Table 5. Microhardness values HV;

Coating material

70Ni30B4C | 50Ni50B4C | 30Ni70B4C
cab. 225 250 278
spraying
CGD
spraying + 313 756 1117
laser irradiation
VT20 substrate, 330
center
PHYSICAL MESOMECHANICS Vol.23 No.4 2020
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gregates—from light to dark—are observed in the so-
lid solution. The light aggregate is tungsten carbide.
The dark aggregate is a compound of Ti(78.63%), W
(11.91%), and C (8.82%) in weight concentration. The
solid solution consists of the following elements: Ti
(52.32%), W (37.39%), C (6.80%), and Al (3.5%). The
dark aggregate is titanium carbide. In the upper zone,
the light and dark aggregates prevail in the solid solu-
tion. In the middle zone, the aggregates are uniformly
distributed in the solid solution. The lower zone con-
tains predominantly the solid solution.

The concentration of carbon C and aluminum Al
remains nearly the same in all the zones. The concen-
tration of titanium increases from 49.19 to 59.92%
with depth. The opposite situation occurs for the tung-
sten concentration, which decreases from 40.12 to
25.31% with depth. Laser irradiation of the mixture
leads to the formation of various carbides in the coat-
ing, but, in contrast to B4C ceramics, the surface qual-
ity of tracks and track arrays does not degrade, which
makes it possible to apply subsequent high-quality
layers by cold gas dynamic spraying.

The developed technique enables a formation of thick
heterogeneous materials of composition 40% WC +
60% (0.94Ti+0.06Al) by a successive deposition of
the powder by cold gas dynamic spraying and subse-
quent laser irradiation.

6. MECHANICAL CHARACTERISTICS

For cermet structures to develop, we study how
microhardness depends on the thickness, volume con-
centration and material of ceramics in the mixture. Of
particular interest is the hardness due to laser irradia-
tion of the coating of a cermet powder mixture. Ta-
ble 5 shows microhardness values averaged over
10 measurements for the substrate, CGD-sprayed
coating, and CGD-sprayed and laser-irradiated coating
of the NiB4C mixture at different ceramic concentra-
tions at a load of 100 g.

Table 6. Microhardness values

CGD-sprayed
. Substrate CGD-sprayed Z.md lgser-
Material coating irradiated
coating
Microhardness HV 3
70% B,C +
30% (Ti + Al) 327.5 466.3 1331.3
Microhardness HV
40% WC +
60% (0.94Ti + 330 520 620
0.06A1)
PHYSICAL MESOMECHANICS Vol.23 No.4 2020
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With the NiB4C mixture, the microhardness in-
creases as the B4C content grows in the initial mix-
ture. Laser treatment of the CGD-sprayed coating with
coarse particles of boron carbide can improve the mi-
crohardness by 3—4 times to the value HV,;=
1117 MPa. Table 6 presents the microhardness values
for the 70% B4C +30% (Ti+ Al) mixture at a load of
300 g and the 40% WC +60% (0.94Ti+ 0.06Al) mix-
ture at a load of 100 g.

The microhardness of the CGD-sprayed coating of
composition B4C+(Ti and Al) is 466.3HV,; and in-
creases to 1331.3HV 5 after laser treatment.

With tungsten carbide WC, laser irradiation slightly
changes the microhardness of the CGD-sprayed coat-
ing (HV,,=520 and 620, respectively).

7. CONCLUSIONS

The conditions were determined for formation of
high-quality single tracks and multilayer coatings de-
pending on the laser power, scanning speed, and beam
width at the maximum volume content of B,C and
WC in CGD-sprayed coatings. The possibility of
forming a single-layer cermet coating up to 1 mm in
thickness by gas dynamic spraying of a powder mix-
ture of various compositions B,C-Ni, B,C-Ti, WC—
Ti, WC-Ni and subsequent laser melting was shown.

The effect of the powder composition and size,
amount of the deposited material on the efficiency of
cold gas dynamic spraying, microstructure, porosity,
roughness, and microhardness of the coating before
and after laser irradiation was analyzed. Of particular
interest was the hardness due to laser irradiation of the
coating of a cermet powder mixture. For the cermet
structure of the initial mixture 40% WC+60%
(0.94Ti+0.06Al), laser irradiation gives on average
the microhardness 620HV, ;. The CGD-sprayed coat-
ing of composition B,C+ (Ti and Al) has the micro-
hardness 466.3, which increases to 1331.3HV 3 after
laser treatment. This can be associated with the forma-
tion of TiC and TiB, ceramics due to internal synthe-
sis induced by laser irradiation of the CGD-sprayed
cermet coating.

For the 30Ni70B4C mixture, the microhardness
was 1117HV,, after laser melting, which is 4 times
higher than that of the CGD-sprayed coating (278HV, ;).

For WC particles, the microhardness of the CGD-
sprayed coating (HV,;=520) is slightly different
from that of the laser-irradiated structure (HV,;=
620).

Considerable study was given to multilayer struc-
tures. It was found that a material after laser melting
has high microhardness and significant surface rough-
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ness. These parameters determine high heterogeneity
of the second and subsequent CGD-sprayed coatings,
which degrades the surface quality at subsequent laser
treatment.

Based on the obtained experimental data, a tech-

nique is proposed for a layer-by-layer deposition of thick
(=4 mm) cermet coatings of composition 40% WC+
60% (0.94Ti+ 0.06Al) by cold gas dynamic spraying
and subsequent laser irradiation, in which the micro-
hardness of the laser tracks is close to that of the cold
sprayed coating.
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