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Abstract: The paper presents the compositions of coatings from composite materials reinforced with quasicrystals. The
composition and mode of application of cold gas-dynamic deposition of antifriction coating based on composite materials
reinforced with quasicrystals for the manufacture of sliding bearings have been determined and determined. Quasicrystals of
the Al-Cu-Fe system, metal composite coatings based on copper reinforced with quasicrystal line particles were used for
research. In the course of the work, the compositions of quasicrystal-reinforced coatings were developed, the optimal
composition and modes of applying the coating by cold gas-dynamic spraying were determined. According to the optimal
mode, samples were made and their mechanical and tribological properties were investigated.
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1. Introduction

In tribology and materials science of anti-friction
composites, a number of problems can be distinguished,
reflecting current trends in this field of knowledge, the
solution of which is necessary to ensure scientific and
technical progress. The greatest efforts of the developers are
focused on the creation of polymeric antifriction materials
intended for work in the mode of hydrodynamic friction.
Rolling and sliding bearings with anti-friction coatings are
the most efficient designs, allowing to significantly increase
the power and reliability of the friction units of machines.

The main technical advantages when working in an
environment of oil antifriction materials based on metal
polymers, ceramopolymers and composite materials is the
smaller difference between static and dynamic friction
coefficients, which significantly improves the dynamics of
transients in machines, as well as quiet operation and low
specific gravity.

The braking energy of highly loaded systems is released in

the zone of friction and is converted into thermal energy and
the energy of surface destruction. In this regard, antifriction
materials must meet the following requirement: have a high
thermal conductivity, low friction coefficient, stable to a
temperature of 450-500°C, low parameters for wear, high
elastic and strength characteristics.

For the operation of friction units at temperatures up to
500°C, ceramic and composite materials based on silicon
carbide and titanium carbonitride are fully satisfied, the
studies to determine the physicomechanical properties of
which were carried out in this work.

2. Development of the Composition and
Modes of Coating by the Method of
Cold Gas-Dynamic Spraying

The coating was carried out using the method of cold gas-

dynamic spraying. Testing the modes of application of the
compositions of powder materials was carried out on flat
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specimens with dimensions of 90%20x2 mm. The working
surface of the samples was subjected to grinding and then jet-
abrasive treatment before spraying. The coating was carried
out on the installation "Dimet-403", using air as the working
fluid. The speed of the gas-powder mixture at the nozzle exit
is in the range of 650-850 m / s. The deceleration temperature
of the supersonic jet ranged from 150 to 350°C.

The coating was applied in a protective chamber using a
ventilation system with dust cleaning. The air pressure in the
pneumatic system was set in all cases equal to 0.8 MPa. Due
to the low sputtering temperature, the quasicrystalline phase
does not chemically interact with copper, and the high flow
rate ensures that the plastic particles of copper and solid
particles of quasicrystals stick to the substrate, forming
strong bonds between the coating components.

For the preparation of powder mixtures, powders of
quasicrystals of the VKKI1B grade TU 1-595-31-1081 and
copper PMS-1 GOST 4960 were used. The powder of
quasicrystals was ground in a planetary mill with glass balls
of two mm in diameter for 30 minutes, at a ratio of grinding
bodies (balls) and 10: 1 powder by weight. Was obtained
powder with a dispersion of less than 3 microns.

Stirring of the powders was carried out in a turbulent
mixer for 1 hour.

The concentrations of the initial elements were determined
depending on the volume fraction of quasicrystals. The
concentration of the original elements was determined by the
formula:

%vVA - pA
%vA - pA+ %vB - pB

%mA = - 100%
where %,, A - mass fraction of quasicrystals

%A - volume fraction of quasicrystals

pA — quasicrystal density

%,B - volume fraction of copper

pB - copper density.

Several compositions of powder mixtures with different
contents of quasicrystals were tested, for spraying at the
Dimet 403 installation, optimal spraying conditions were
determined.

The obtained samples were rectangular steel plates
(90x20x2) with composite coating, 0.5 mm thick. The
surface after grinding has copper-pink colors, with small
defects in the form of uneven deposition.

Coating sections were made. Metallographic studies on an
optical microscope with an increase of X950 showed that the
particles of quasicrystals are evenly distributed in the copper
matrix, the coating porosity is negligible. However, the
adhesion strength of particles of quasicrystals with a copper
matrix turned out to be low, probably due to the low surface
energy characteristic of quasicrystals. During grinding,
quasicrystals crumble out of the matrix.

Coating composition has been adjusted. Iron powder
PZhR2.200.22 GOST 9849 was introduced into the powder
mixture. Industrial powder was dispersed into fractions on
sieves with 0.25 and 0.125 mm cells. The obtained average
fraction was used. Large, spherical particles of iron are not

included in the composition of the coating, since they do not
have time to acquire the speed necessary for plastic
deformation and welding in an air jet. At the same time, they
have substantial kinetic energy in order to additionally
compact and deform the coating [1].

The amount of added iron powder was selected
experimentally. An excess of iron particles in the mixture
leads to a strong deformation of the applied layer, the
appearance of cracks in the coating and a decrease in
adhesion with the substrate until flaking (Figure 1).
Insufficient amount - does not give the effect of increasing
the adhesion strength of quasicrystals with a copper matrix.

Figure 1. Cracking coating. The arrow shows a fixed particle of iron.

It was found that by adding iron powder in an amount of
about 10% by weight, while simultaneously lowering the
deposition temperature to 250°C, the coating is of
satisfactory quality, but its adhesion to the substrate is
somewhat reduced (Figure 2). To improve adhesion, it was
decided to apply a pure copper underlayer before coating.

Figure 2. Coating the optimal composition.

The following composition of the powder mixture was
finally adopted: copper — 78.2%, quasicrystals — 12.7%,
iron — 9.1% by weight. Given that iron powder is not
included in the coating, this corresponds to 14% by weight of
quasicrystals or 30% by volume.
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Coating mode on the Dimet 403 installation: temperature
250 ° C, powder supply - not more than the second position
of the regulator's handle.

The study of thin sections of the obtained coatings
confirmed the absence of noticeable porosity and an
improvement in the adhesion of quasicrystal particles to the
matrix.

Figure 3. Samples of the coating applied by the method of cold gas-dynamic
spraying on steel substrates.

3. Determination of Mechanical and
Tribological Properties of the Coating

The adhesion of the obtained coating was evaluated by the
bending method according to GOST 9.302-88. Steel plates
90x20%2 in size with a coating bent at a right angle. The
peeling of the coating was evaluated, the cracking was not
taken into account (Figure 4). Samples showed satisfactory
adhesion (test report No. 3615/31) [2].

Figure 4. Sample coating after adhesion assessment by bending.

The microhardness of the coating was determined
according to GOST 9450-76 on a PMT-3 microhardness
meter with a load of 20 g. The microhardness of the
copper matrix and the quasicrystal grains on two

microsections of the coating was separately determined.
Microhardness ranged from 388 to 407 MPa for the matrix
and from 1290 to 1393 for quasicrystal grains (protocol
No. 3612/31) [3, 4].

The tribological properties of the coating were
investigated. Friction and wear tests were carried out (test
report No. 3565/05). For this purpose, samples were made
with a coating of a metallic composite material based on
copper with a quasicrystal content of 14% by weight. The
samples were steel rings with a diameter of 28 mm with a
coating applied on the end part (Figure 5) [5, 6].

Figure 5. Samples of the coating on the end parts.

Tests for wear resistance were carried out in a pair with a
counterbody from steel 30x13 on an 1-47 testing machine
according to MM 1.595 5 315 for one hour at an axial load of
30 MPa and a movement speed of 0.1 m / s in a dry
environment. The average coefficient of friction is 0.48.
Counterbody wear on average 408 mg / hour [7].

4. Conclusion

As a result of the research, experimental samples of
coatings reinforced with particles of quasicrystals of the Al-
Cu-Fe system were created, The optimal concentrations of
the initial elements were determined depending on the
volume fraction of quasicrystals. Investigation of mechanical
and tribological properties of prototypes-found that the
adhesion to the substrate is satisfactory, the coating is dense,
the microhardness of the copper matrix from 1393 MPa to
407 MPa, for quasi-crystal grains from 1290 to 1393 MPa,
which makes it possible to effectively use this coating in
friction units of machines, increasing the power and
reliability of structures.
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