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(57) Abstract: The invention provides a method of preparing a wear-resistant coating layer comprising metal matrix composite and
a coating layer prepared by using the same and more particularly, it provides a method of preparing a wear-resistant coating layer

comprising metal matrix composite, which comprises the steps of providing a base material, preparing a mixture powder comprising
& ametal, alloy or mixture particle thereof having an average diameter of 50 to 100 um and a ceramic or mixture particle thereof having
& an average diameter of 25 to 50 um in a ratio of 1:1 to 3:1 by volume, injecting the mixture powder into a spray nozzle for coating,
and coating the mixture powder on the surface of the base material by accelerating the mixture powder in the state of non-fusion at
a rate of 300 to 1,200 m/s by the flow of transportation gas flowing in the nozzle and a coating layer prepared by using the same
whereby the coating layer with high wear resistance and excellent resistance against fatigue crack on the surface of the base material
without causing damages such as heat strain to the base material during the formation of the coating layer can be provided.
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Description

METHOD OF PREPARING WEAR-RESISTANT COATING

LAYER COMPRISING METAL MATRIX COMPOSITE AND

[1]

[2]

[3]

[4]

[5]

[6]

[7]

COATING LAYER PREPARED THEREBY
Technical Field

The present invention relates to a method of preparing a wear-resistant coating layer
comprising metal matrix composite and a coating layer prepared by using the same and
more particularly, it relates to a method of providing a wear-resistant coating layer
with high resistance against fatigue crack on the surface of a base material without
causing damages such as heat strain to the base material during the formation of the
coating layer and a coating layer prepared thereby.

Background Art

To extend life of mechanical parts used in abrasive environment such as friction,
fatigue, corrosion or erosion, methods of curing the surface of the parts or coating them
with wear-resistant materials have been used.

As the coating materials to improve wear resistance, materials having high
hardness, that is, ceramic materials such as oxides, for example, alumina, carbides, for
example, SiC or TiC, and nitrides for example, Si3N4, TiN are mostly used.

As the typical mechanical parts with wear-resistant coating structure, car engine
blocks and related parts can be mentioned and particularly, to suppress the abrasion of
the inner walls of cylinder bores, abundant technologies have been developed. For
example, there can be mentioned Korean Patent L.aid-Open No. 1997-0045010,
1998-017171, and 2003-0095739. Particularly, Korean Patent Laid-Open No.
1997-0045010 discloses a method of forming a coating membrane instead of prior cast
iron liners on the inner walls of cylinder bores and in this method, wear resistance is
improved by forming coating powders comprising ceramics and their mixtures on the
inner walls of bores by spray pyrolysis using plasma or arc as heat source.

Korean Patent Laid-Open No. 1998-017171 discloses a method of forming wear-
resistant coating layer on the bore side of aluminum cylinder blocks by plasma spray
pyrolysis using silicone carbide particles.

Korean Patent L.aid-Open No. 2003-0095739 discloses a method of forming a
coating membrane by spraying a powder composition for spray coating on the inner
walls of stainless cylinder bores while fusing it with heat source of high temperature,
and the powder composition for spray coating is a mixture of alumina and zirconia.

As described above, numerous attempts to form a wear-resistant coating on metal
base materials with excellent wear-resistant ceramic materials have been conducted,
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but all of these methods are mainly based on plasma or electric arc spray pyrolysis.
Such spray methods provide base materials with powder particles by heating the
powder particles to be coated nearly around or above fusion point thereby fusing at
least a part thereof.

Therefore, as the ceramic particles to be coated onto base materials are heated to
high temperature around 1000 °C, which is a fusion temperature of a normal ceramic
particle, and then provided to base materials by contact, they cause damages by heat
shock to the base materials during the coating process, induce residual stress during the
cooling process thereby decreasing adhesion and shorten the life of the parts.

Also, due to the particle spray of high temperature, there is an increased risk with
the handling of spray machine and complicated operation line is inevitable. In addition,
the fused particles of high temperature might react with impurities on metal matrix or
its surface and form another compounds, thereby adversely affecting the properties of
the material.

Meanwhile, periodical stress occurs by periodical cycling and thus, reciprocating
machines and related parts receive continuously, repeatedly cycling stress of numerous
times by engine rotation when engine works and as a result, periodical stress gives rise
to fatigue-crack in the related parts of thermal engines together with localized heating
in the parts and ultimately shortens the life of the parts. For instance, insert grooves
which are used to insert glow plugs are formed around cylinder grooves in diesel
engine blocks, wherein the region between the insert grooves and cylinder grooves has
a high possibility of destruction by fatigue crack due to shortened interval and high
temperature.

Hence, in many occasions, it is required that parts for use in thermal engines such as
reciprocating engines and gas turbines have good resistance against fatigue crack as
well as wear resistance. However, in most prior coating technologies, ceramic was
coated alone. In such cases, heat transfer to metal matrix is not properly performed and
high temperature is maintained. As a result, crack occurrence due to fatigue is
increased and resistance against fatigue is thus decreased although wear resistance
might be improved.

Disclosure of Invention
Technical Problem

In order to solve the problems of the prior arts, it is an object of the present
invention to provide to a method of prepare an optimum coating layer which is not
likely to cause heat strain or damages due to heat shock to a base material and at the
same time, has excellent wear resistance, and the coating layer.

Also, it is an object of the invention to provide a method of preparing a coating
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layer with excellent resistance against crack generation due the fatigue of the coating
layer by preventing heat from being accumulated in the coating layer and inhibiting
crack production between the base material and coating layer or inside the coating

layer, and the coating layer.
Technical Solution

To achieve the aforementioned objects, the invention provides a method of
preparing a wear-resistant coating layer comprising metal matrix composite, the
method comprising the steps of:

providing a base material;

preparing a mixture powder comprising a metal, alloy or mixture particle thereof
having an average diameter of 50 to 100 um and a ceramic or mixture particle thereof
having an average diameter of 25 to 50 um in 1:1 to 3:1 by volume;

injecting the mixture powder into a spray nozzle for coating; and

coating the mixture powder on the surface of the base material by accelerating the
mixture powder in the state of non-fusion at a rate of 300 to 1,200 m/s by the flow of
transportation gas flowing in the nozzle.

Also, the invention provides a wear-resistant coating layer comprising metal matrix

composite prepared by the method above.

Advantageous Effects

According to the method of preparing a wear-resistant coating layer comprising
metal matrix composite and the coating layer prepared using the same in the invention,
a coating layer having optimum wear resistance and excellent resistance against fatigue
crack can be obtained and in addition, its heat fatigue properties can be improved. The
coating layer prepared can be used as a surface coating of mechanical parts used in
abrasive environments or engine parts operated under periodical heat stress en-
vironments. It improves wear resistance properties and fatigue properties by inhibiting
crack generation and propagation and additionally, it can minimize the peeling
between the coating layer and the base material or the crack of the coating layer by
controlling thermal expansion coefficients and improving heat conductivity properties,
thereby improving resistance against heat fatigue crack.

In addition, the coating layer can be prepared by using relatively low pressure for
injection of the mixture powders and low transportation gas temperature and thus, it
has the merit in that it can be manufactured with low costs.

In particular, optimum wear resistance properties can be obtained in the process of
forming a coating layer comprising metal matrix composite on a base material, using a
cold spray process with aluminum metal particles and SiC ceramic particles.

Furthermore, the method of the invention forms a coating layer by kinetic energy of
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coating particles, not by thermal energy. Therefore, there is no possibility of applying
heat shock to the base material or generating heat strain and also, there is no possibility
of forming a new phase which has bad effects on the characteristics of the base
material by reaction with the base material.
Brief Description of the Drawings

FIG. 1 is a schematic view of a cold spray apparatus which is used to prepare a
coating layer comprising metal matrix composite in the invention.

FIG. 2 to 4 show the hardness of coating layers according to change in particle size
and ratio in the invention.

FIG. 5 to 8 show the fine structure of coating layers according to change in particle
size and ratio in the invention.

FIG. 9 to 12 show the abrasion amount of coating layers according to change in
particle size and ratio in the invention.

FIG. 13 to 16 illustrate an embodiment of the nozzle used to prepare a coating layer
in the invention.

*Summary of Reference Number of Drawings*

2: convergence section 4: throat section
6: divergence/straight section 8: exit column
10: nozzle section 12: injection port

20: injection tube 22: base point

24: connection section 30: buffer chamber
110: gas compressor 120: gas heater
130: powder feeder 140: nozzle

Mode for the Invention

The present invention is described in detail by way of the drawings and preferred
embodiments.

The invention relates to a method of preparing a wear-resistant coating layer
comprising metal matrix composite, which comprises the steps of providing a base
material (S), preparing a mixture powder comprising a metal, alloy or mixture particle
thereof having an average diameter of 50 to 100 um and a ceramic or mixture particle
thereof having an average diameter of 25 to 50 um in a ratio of 1:1 to 3:1 by volume,
injecting the mixture powder into a spray nozzle for coating, and coating the mixture
powder on the surface of the base material by accelerating the mixture powder in the
state of non-fusion at a rate of 300 to 1,200 m/s by the flow of transportation gas
flowing in the nozzle.

Thus, the invention focuses on improvement in the wear resistance of coating layer

in a method of preparing a coating layer comprising metal matrix composite on base
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materials using cold spray, and addresses optimal process conditions enabling the
above improvement and the coating layer prepared thereby.

Cold spray method itself is already known and the schematic view of an apparatus
for such cold spray is shown in FIG. 1. In other words, FIG. 1 shows a schematic view
of a cold spray apparatus (100) for preparing a coating layer on base material (S) in the
invention.

The spray apparatus (100) provides the base material (S) with powders to form
coating layer by accelerating them at subsonic or supersonic speed. For this purpose,
the spray apparatus (100) comprises a gas compressor (110), gas heater (120), powder
feeder (130), and nozzle for spray (140).

Compressed gas of about 5 to 20 kgf/cm2 provided by the gas compressor (110)
coats powders provided by the powder feeder (130) by ejecting them at a rate of about
300 ~ 1200 m/s through the nozzle for spray (140). For the nozzle for spray (140) as
shown in FIG. 1, to generate the flow of subsonic or supersonic speed, convergence-
divergence nozzle (de Laval-Type) is used and supersonic flow can be generated by
such convergence and divergence process.

The gas heater (120) on the route to feed the compressed gas is an additional one
for heating the compressed gas to increase its spray speed at the nozzle for spray by
increasing kinetic energy thereof and it is not necessarily necessary. Also, as shown in
the figure, to enhance the powder supply to the nozzle of spray (140), a portion of the
compressed gas in the gas compressor (110) can be provided to the powder feeder
(130).

For the compressed gas in the apparatus, common gas, for example, helium,
nitrogen, argon and air can be used and it can be suitably selected in consideration of
spray speed at the nozzle for spray (140) and costs.

For the detailed description about the operation and structure of the apparatus
shown herein, see US Patent No. 5,302,414 by Alkhimov et al.

In the cold spray coating using such an apparatus, the first step is to provide a base
material. The base material (S) can be various kinds of known materials requiring wear
resistance. Particularly, the base material can be aluminum, aluminum alloys,
especially, Al-Si or Al-Mg aluminum alloy, iron alloys such as cast iron, or semi-
conductive materials such as silicone which are widely used as thermal, mechanical
member. Preferably, the base material is aluminum or aluminum alloy because their
poor wear resistance is greatly improved by the coating layer formation of the
invention.

The metal, alloy or mixture particle thereof used in the invention can be selected
from the group consisting of iron, nickel, aluminum, molybdenum, titanium and
combination thereof. Further, the metal can be selected from the group consisting of
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iron alloy, nickel alloy, cupper alloy, aluminum alloy, molybdenum alloy, titanium
alloy and combination thereof and for example, it can be aluminum, aluminum alloy,
mixture of aluminum and aluminum alloy, mixture of aluminum and titanium, mixture
of aluminum and titanium alloy and mixture of aluminum alloy and titanium alloy. In
particular, it can be aluminum alloy or titanium alloy that can be often used as ordinary
thermal, mechanical members. Preferably, the metal or alloy is aluminum or aluminum
alloy because they are homogeneous with aluminum or aluminum alloy base materials
which exhibit improved wear resistance by the coating layer formation of the
invention.

The ceramic or mixture thereof in the invention can be various kinds of known
ceramic and mixture thereof having excellent wear resistance and it can be oxides,
carbides, or nitrides. Particularly, for the ceramic, there can be used metal oxides,
metal carbides or metal nitrides and more particularly, oxides such as silicone oxide,
zirconia, alumina, nitrides such as TiN and Si3N4, and carbides such as TiC and SiC
can be used. It is preferable to use alumina or SiC to enhance wear resistance.

The ceramic particles to be mixed for the mixture powder in the invention can be
provided in the form of agglomerated powders. The agglomerated powders are easy to
be pulverized into fine particles and thus become fine particles when the powder
particles collide with substrates in the coating process. Accordingly, it is advantageous
in that the coating layer where fine ceramic particles are uniformly dispersed is
formed.

The metal, alloy or mixture particle thereof and the ceramic or mixture particle
thereof to be mixed for the mixture powder have average diameters in the ranges of 50
to 100 um and 25 to 50 um respectively to maximize micro Vickers hardness value,
which is a relative index of wear resistance, and are mixed in a ratio of 1:1 to 3:1 of
metal:ceramic by volume. For example, when aluminum and SiC were mixed under
the conditions that the particle size of aluminum varied from 100 mesh (average
diameter: about 140 um), 200 mesh (average diameter: about 77 um), to 325 mesh
(average Siameter: about 44 um), the particle size of SiC varied from 150 mesh
(average diameter: about 106 um), 400 mesh (average diameter: about 35 um), 1000
mesh (average diameter: about 13 um), to 2000 mesh (average diameter: about 6 um),
and the mixing ratio varied from 10%, 25%, to 50% of SiC of the total mixture powder
by volume, micro Vickers hardness values were measured after cold spray and they are
shown in FIG. 2 (100 mesh aluminum used), FIG. 3 (200 mesh aluminum used) and
FIG. 4 (325 mesh aluminum used). From the figures, it can be seen that when 200
mesh aluminum and 400 mesh SiC were mixed in a ratio of 25 to 50% by volume, high
hardness value of not less than 80 Hv was obtained.

The above results can be deduced from morphology change according to the size
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and amount of SiC against the aluminum powder having the equal average diameter.
The fine structures of the coating layers where the amount of SiC is 25 % by volume
and 50 % by volume respectively are shown in FIG. 5 (200 mesh aluminum + 150
mesh SiC used), FIG. 6 (200 mesh aluminum + 400 mesh SiC used), FIG. 7 (200 mesh
aluminum + 1000 mesh SiC used) and FIG. 8 (200 mesh aluminum + 2000 mesh SiC
used). When the size of SiC is too big, the dispersion of SiC in the metal matrix
composite is not performed properly and when the size is too small, it has texture type
morphology due to the attraction between SiC particles as shown in FIG. 7 and FIG. 8
and thus dispersion effects decrease.

Furthermore, when the size of particles is too small, the weight of the particles is
less and thus impulse becomes much less in spite of their fast speed when they collide
with coating layers and as a result, processed hardening such as shot peening is less
generated. On the other hand, when the size of particles is too big, although impulse is
strong, the frequency and area of collision are less and thus processed hardening is also
less generated. Thus, optimal medium size ranges exist to maximize the processed
hardening.

Further, wear resistance according to the size and mixing ratio of the particles was
evaluated. The abrasion amounts measured were shown in FIG. 9 (200 mesh aluminum
+ SiC 25 vol. % used), FIG. 10 (200 mesh aluminum + SiC 50 vol. % used), FIG. 11
(325 mesh aluminum + SiC 25 vol. % used) and FIG. 12 (325 mesh aluminum + SiC
50 vol. % used) and they refer to abrasion amounts against the mesh size of SiC used.
According to the results, it can be seen that abrasion performance was excellent when
200 mesh aluminum was mixed with SiC in a ratio of 25 to 50 % by volume and par-
ticularly, when 200 mesh aluminum was mixed with 400 mesh SiC in a ratio of 50 %
by volume, excellent abrasion performance was obtained.

Therefore, according to abrasion amount, morphology and hardness test results, to
use a mixture powder comprising a metal, alloy or mixture particle thereof having an
average diameter of 50 to 100 um and a ceramic or mixture particle thereof having an
average diameter of 25 to 50 um in a ratio of 1:1 to 3:1 by volume is advantageous to
form an excellent wear-resistant coating layer and preferably, to use a mixture powder
comprising an aluminum particle having an average diameter of 50 to 100 um and a
SiC particle having an average diameter of 25 to 50 um in a ratio of 1:1 to 3:1 by
volume is more advantageous.

The mixture powder of the ceramic or mixture particle thereof and the metal, alloy
or mixture particle thereof can be prepared by conventional methods. As a simple
method, the ceramic particles and metal particles can be dry mixed by v-mill. Dry
mixed powders can be used in the powder feeder without further processing. Of the
mixtures, the mixing ratio of the ceramic powder and the metal powder can be suitably
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adjusted according to its usage, but for the optimization of wear resistance, they are
mixed within the ranges described above. For instance, when the volume ratio of the
ceramic particles exceeds 50 %, the coating layer may not be increased over a certain
thickness.

Generally, convergence-divergence nozzles are used for the nozzle in the invention,
and in case of having a common structure, a compressed gas of about 5 ~ 20 kgf/cm” is
supplied to the mixture powder. For the compressed gas, helium, nitrogen, argon or air
can be used. The gas is supplied, being compressed to about 5 ~ 20 kgf/cm2 by a gas
compressor. If necessary, the compressed gas can be supplied in the state of being
heated to the temperature of about 200 ~ 500 °C by heating means such as gas heater
(120) in FIG. 1.

The cold spray process has various control parameters such as compression pressure
against powder, flow rate of transportation gas and temperature of transportation gas
but for the improvement of wear resistance, it is preferable that at most 50 % of the
powders sprayed from the nozzle participate in substantial coating process and the
others fall apart after collision to contribute to processed hardening such as shot
peening on the coating surface than that all of the sprayed powders are used for coating
in respect to the improvement of hardness according to the processed hardening of
coating layers and the increase of wear resistance. More preferably, the range of the
coating efficiency is 10 to 20 % in respect to the improvement of hardness and the
increase of wear resistance.

Accordingly, if the above coating efficiency is maintained, it is preferable to keep
the speed of the mixture powders relatively low when they are collided. As the speed is
approximately in proportion to the square root of the temperature of the transportation
gas, the temperature of the transportation gas supplied to the nozzle may be maintained
relatively low when the mixture powders are coated through the nozzle. Preferably, the
temperature of the transportation gas is 280 + 5 °C. More preferably, this transportation
gas temperature is advantageous for the mixture powder of aluminum metal and
ceramic because it shows appropriate coating efficiency.

Also, in case that the metal is aluminum or aluminum alloy, if the speed of the
powder to be coated on the base material is maintained at 300 to 500 m/s, the
processed hardening effects of the coating layer as described above can be obtained ir-
relevantly to the types of the ceramic particles and accordingly, wear resistance can be
maximized.

For the nozzle of the cold spray apparatus, besides ordinary convergence-
divergence nozzles of de Laval-Type as described above, there can be used
convergence-divergence nozzles or convergence-straight nozzles with throat as
depicted in FIG. 13 to 16. The injection of the mixture powders can be carried out in
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the divergence or straight section of the nozzle via an injection tube located through a
throat. As the injection of the mixture powders is carried in the divergence or straight
section at a relatively low pressure, the pressure for the injection of the mixture powder
can be maintained low and it is thus possible to design a cold spray apparatus with low
cost and further, as the powders are injected in the divergence or straight section, it is
possible to prevent the powders from being coated inside the nozzle, especially, throat
and accordingly, long time operation is possible.

Accordingly, in the case that the nozzle and injection tube as described above are
used, it is preferred that the pressure when the mixture powders are injected into the
nozzle is as low as 90 to 120 psi, which is much lower than the ordinary pressure.

More preferably, in the case that the nozzle and injection tube of the above forms
are used, the pressure when the mixture powders are injected into the nozzle is 90 to
120 psi and the temperature of the transportation gas is 280 + 5 °C in respect to the
formation of coating layers with excellent wear resistance and, in particular, the metal
is aluminum and the ceramic is SiC.

Furthermore, in the coating stage, before the mixture powder comprising the metal,
alloy or mixture particle thereof and the ceramic or mixture particle thereof in a ratio
of 1:1 to 3:1 by volume, a mixture powder containing a ceramic or mixture particle in a
ratio lower than the said ratio can be coated in advance. In other words, one or more
layers having low ceramic contents can be included. Also, alternatively, before the
mixture powder comprising the metal, alloy or mixture particle thereof and the ceramic
or mixture particle thereof in a ratio of 1:1 to 3:1 by volume, a mixture powder
containing a ceramic or mixture particle thereof in a ratio lower than the said ratio can
be coated and then the ratio is increased to contain the ceramic or mixture particle
thereof in a higher rate until the final volume reaches the ratio of 1:1 to 3:1 as the
mixture powder is coated from the surface of the base material to the surface of the
coating layer. In other words, the coating can be carried out so that the concentration
gradient of the ceramic particles can be generated according to the thickness of from
the base material to the coating layer edge.

The formation of such additional layers can minimize the heat stress which is
generated by thermal expansion coefficients between the base material and the coating
layer and also activate heat transfer thereby minimizing peeling, residual stress, etc.
which might be generated by heat cycling.

For the formation of such additional intermediate layers, it is preferred that the
metal is aluminum and the ceramic is SiC in that difference in the thermal expansion
coefficients of aluminum and SiC can be overcome.

Further, after such coating process is carried out, the invention can further comprise
a thermal treatment step where thermal annealing treatment is carried out at an anneal
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temperature of the metal, alloy or mixture thereof. In other words, the coating layer
formed by the aforementioned processes can be subject to suitable post-treatments, if
necessary. For example, the post-treatments may include mechanical processing for
surface illumination control or thermal treatment for the improvement of the adhesion
of the coating layer.

Also, the invention provides a wear-resistant coating layer comprising metal matrix
composite prepared by the aforementioned method. The thickness of the coating layer
is preferably 10 um to 1 mm. If it is too thin, wear resistance is decreased and if it is
thick, it will be expensive to prepare a coating layer, and peeling or heat stress may be
generated by thermal expansion.

More preferably, the metal is aluminum and the ceramic is SiC and the hardness of
the coating layer thus prepared is at least 80 Hv in terms of micro Vickers hardness.

The wear-resistant coating layer comprising metal matrix composite prepared by
the method of the invention enhances the characteristics of the base material or the
coating itself.

First, the wear resistance of the member can be improved by containing ceramic
particles of high hardness in the coating layer.

Second, the coating layer prepared by the invention enhances the fatigue properties
of the parts coated thereon. Thus, strong binding between the coating layer and the
base material inhibits crack from being generated and as the coating layer possesses
the characteristics of metal matrix composite, its fine structure reduces the generation
of crack and its propagation rate and therefore, fatigue properties are enhanced. In
addition, it helps the parts have high resistance against thermal fatigue destruction. One
of the main causes of the generation and propagation of crack in the parts used in heat
resistant engines such as gas turbines is heat stress due to local temperature difference.
Also, in engine blocks, a portion close to the cylinder has high temperature and a
portion far from the cylinder has low temperature due to combustion of the engine.
Such temperature difference generates heat stress, which causes crack on the engine
block surfaces. In particular, where periodical combustion and cooling occur, for e
xample, in engines, it is very important to control heat fatigue destruction properties by
periodical heat stress. The thermal conductivity properties of the member can be
enhanced by preparing a coating layer using particles having high thermal conductivity
such as aluminum or aluminum alloy as a metal and SiC as a ceramic in the invention.
The improvement of the thermal conductivity properties reduces temperature
difference existing in the member thereby resulting in improvement in the heat fatigue
destruction properties of the member. Further, as the formation of the composite can
reduce difference in thermal expansion coefficient from the base material, heat stress
occurring during heating can be reduced and thus, the peeling and crack generation of
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the coating layers can be minimized.

The invention is not restricted by the detailed description of the invention and the
drawings, and it will be obvious to those skilled in the art that various changes and
modifications may be made therein without departing from the scope of the invention
as defined by the appended claims.

Industrial Applicability

According to the method of preparing a wear-resistant coating layer comprising
metal matrix composite and the coating layer prepared using the same in the invention,
a coating layer having optimum wear resistance and excellent resistance against fatigue
crack can be obtained and in addition, its heat fatigue properties can be improved. The
coating layer prepared can be used as a surface coating of mechanical parts used in
abrasive environments or engine parts operated under periodical heat stress en-
vironments. It improves wear resistance properties and fatigue properties by inhibiting
crack generation and propagation and additionally, it can minimize the peeling
between the coating layer and the base material or the crack of the coating layer by
controlling thermal expansion coefficients and improving heat conductivity properties,
thereby improving resistance against heat fatigue crack.

In addition, the coating layer can be prepared by using relatively low pressure for
injection of the mixture powders and low transportation gas temperature and thus, it
has the merit in that it can be manufactured with low costs.

In particular, optimum wear resistance properties can be obtained in the process of
forming a coating layer comprising metal matrix composite on a base material, using a
cold spray process with aluminum metal particles and SiC ceramic particles.

Furthermore, the method of the invention forms a coating layer by kinetic energy of
coating particles, not by thermal energy. Therefore, there is no possibility of applying
heat shock to the base material or generating heat strain and also, there is no possibility
of forming a new phase which has bad effects on the characteristics of the base

material by reaction with the base material.
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Claims

A method of preparing a wear-resistant coating layer comprising metal matrix
composite, the method comprising the steps of:

providing a base material,

preparing a mixture powder comprising a metal, alloy or mixture particle thereof
having an average diameter of 50 to 100 um and a ceramic or mixture particle
thereof having an average diameter of 25 to 50 um in a ratio of 1:1 to 3:1 by
volume;

injecting the mixture powder into a spray nozzle for coating; and

coating the mixture powder on the surface of the base material by accelerating
the mixture powder in the state of non-fusion at a rate of 300 to 1,200 m/s by the
flow of transportation gas flowing in the nozzle.

The method of claim 1 wherein the metal is selected from the group consisting of
iron, nickel, aluminum, molybdenum, titanium and combination thereof.

The method of claim 1 wherein the metal is selected from the group iron alloy,
nickel alloy, copper alloy, aluminum alloy, molybdenum alloy, titanium alloy
and combination thereof.

The method of claim 1 wherein the ceramic is oxide, carbide or nitride.

The method of claim 4 wherein the metal is aluminum or aluminum alloy, and
the ceramic is alumina or SiC.

The method of claim 4 wherein the ceramic particle is provided in the form of
agglomerated powders.

The method of claim 4 wherein the base material is aluminum, aluminum alloy
or cast iron.

The method of claim 1 wherein in the coating step, coating efficiency is
maintained at most 50 %.

The method of claim 1 wherein the metal is aluminum or aluminum alloy and the
rate of the powder to be coated on the base material is 300 to 500 m/s.

The method of claim 1 wherein the nozzle is a convergence-divergence nozzle or
convergence-straight nozzle and the injection of the mixture powder is carried
out in the divergence or straight section of the nozzle via an injection tube
located through a throat.

The method of claim 10 wherein when the mixture powder is injected into the
nozzle, the pressure is 90 to 120 psi.

The method of claim 1 wherein when the mixture powder is coated through the

nozzle, the temperature of the transportation gas provided in the nozzle is 280 +
5°C.
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The method of claim 1 wherein before the mixture powder comprising the metal,
alloy or mixture particle thereof and the ceramic or mixture particle thereof in a
ratio of 1:1 to 3:1 by volume is coated, i) a mixture powder containing ceramic
or mixture particle thereof in a ratio lower than the said ratio is coated, or ii) a
mixture powder containing ceramic or mixture particle thereof in a ratio lower
than the said ratio is coated and then the ratio is increased to contain the ceramic
or mixture particle thereof in a higher rate until the final volume reaches the ratio
of 1:1 to 3:1 as the mixture powder is coated from the surface of the base
material to the surface of the coating layer.

The method of claim 1 wherein after the coating process, it further comprises a
thermal treatment step where thermal annealing treatment is carried out at an
anneal temperature of the metal, alloy or mixture thereof.

A wear-resistant coating layer comprising metal matrix composite prepared by
the method of any one of claims 1 to 14.

The wear-resistant coating layer comprising metal matrix composite of claim 15
wherein the thickness of the coating layer is 10 um to 1 mm.

The wear-resistant coating layer comprising metal matrix composite of claim 15
wherein the metal is aluminum and the ceramic is SiC, and the hardness of the

coating layer is at least 80 Hv.
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