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Method and composition of materials for making wear
resistant surface coating

The invention relates to a method and a composition of materials for making wear resistant
surface coating and additionally making composition of material suitable for preparing wear
resistant coatings, that can be used principally for increasing the surface hardness of metals
and alloys in order to enhance their wear resistance.

In the state of art there are different methods used for making wear resistant surface
coatings. Also known a method from Hungarian Patent No. HU 196 330 which describes
how to prepare wear-resistant diamond coating to the surface of metals. In the course of this
process an oil-diamond suspension is coated to the surface and the suspension is
incorporated into the surface by using a ram with hard metal slab (e.g. cast-iron slabs). The
incorporation takes place by the high pressure produced by the hard metal slab of the ram
which is kept in a rotation speed of 2-40 s”'. The drawbacks of this method are: the low
productivity and the high cost due to the costly diamond particulate used. This technique
does not permit to coat economically large surfaces, because the incorporation of the
diamond into the surface needs 20-30 minutes.

Another Hungarian Patent No. HU 198 414 presents a method for the incorporation of the
diamond into the surface, where the emery containing diamond particulates is coated to the
surface of the workpiece, then the total surface of the workpiece is pressed by a ram made
of hard metal using 10-50 MPa pressure together with electrical pulses to enhance the
incorporation of the diamond. The energy consumption of this method is high and because
it needs a very expensive, high power ram with large surface and use of high-cost diamond
particulate, this method is extremely expensive.

The diamond particles have a good adhesion to metal surfaces containing carbide forming
elements (Fe, Ni, Si, etc.). The diamond layer, however, easily converts to graphite and
loses its hardness in between 600-700 degrees Celsius in air. In the presence of carbide
forming elements (Fe, Ni) this conversion to graphite can start at already 500 degrees
Celsius. Because of this conversion diamond can not be used for hardening iron-containing
metal surfaces, if they are subjected to extreme temperature and stress. This is the case of
railway rail-wheel interface, where extreme high pressures and high peak temperatures
could occur. On the other hand the high price of the diamond also limits the wide range
application for these kinds of coatings.

The main disadvantages of the known methods are: the low productivity, high costs,
because they apply the expensive diamond particulate for material hardening, and they also
use expensive ram machines and consume valuable amount of energy during the coating.
These methods can be economically used only in special cases. The known methods
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exclude the surface hardening of metals and alloys that are already in use as active parts of
machines, e.g. the surface of laid down rails and the wheel flanges of railway carriages.

The aim of the invention is to eliminate the imperfections of the known methods, that is to
develop such a process for manufacturing surfaces with hard coatings, which is capable to
produce wear-, and corrosion-resistant coatings on such metal surfaces e.g. constructive
parts of functioning machines, or laid-down railway rails, or wheel flanges of railway
carriages, at low cost and high productivity, in order to decrease their wear rates and
deterioration.

It is a further aim of the invention to accomplish the surface hardening and adjust the
surface roughness by the application of less expensive, but still very hard materials oxide,
carbide, boride, nitride or mixture thereof, instead of the expensive diamond particulates.

It is another further aim of the invention to use for surface hardening of metals and alloys
the high pressure that is already present during the production and/or operation of metals
and alloys, instead of the use of expensive ram equipment.

It is another further aim of the invention to apply particulates with decreasing grain sizes
consecutively in order to enhance the incorporation of the hard particles into the surface and
to improve the surface hardness, and to adjust the surface roughness.

It is another further aim of the invention to develop a method for surface hardening that
applies hard particulates of oxide, carbide, boride, nitride or any compound mixture thereof,
which are previously armored by such metals and/or alloys which form alloy with the base-
metal to be coated, using this method after the incorporation of particulates or alloys into
the surface of the base-metal the adhesion of particles armored by metals or alloys is
enhanced considerably, and the hardness and wear resistance of the base-metal is increased.

It is another further aim of the invention to use particulates which are enfolded with hard
carbon based coatings to enhance the adhesion and hardoess thereof and simultaneously to
decrease the friction coefficient of the hard coating after the incorporation to the surface of
the base-metal.

It is another further aim of the invention to apply particulates consisting of different hard
materials with different grain sizes, simultaneously, and by modifying the weight ratio
and/or the grain size of the natural and enfolded particulates the surface hardening, the
roughness and the friction coefficient of the base surface can be adjusted.

It is another further aim of the invention to apply mixture of particulates enfolded in carbon
and/or armored by metals or alloys in the surface hardening method and, by modifying the
weight ratio and/or the grain size of the particulates enfolded in carbon and armored by
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metal and/or alloy, the surface hardening, the roughness and the friction coefficient of the
base surface can be adjusted.

1t is another further aim of the invention to apply water-based emulsion containing mixtures
of original particulates and those armored by metal and/or alloy and/or enfolded in carbon,
with water and at least one surfactant. ;

It is another further aim of the invention to apply oil-based emulsion containing mixtures of
original particulates and those armored by metal and/or alloy and/or enfolded in carbon
mixed with oil and at least one emulsion agent.

It is another further aim of the invention to make mixtures of original particulates and those
armored by metal and/or alloy and/or enfolded in carbon all dispersed in ice as solid carrier
and apply to the surface.

It is another further aim of the invention to make mixtures of original particulates and those
armored by metal and/or alloy and/or enfolded in carbon, all dispersed in solid, inorganic
lubricant as solid carrier and apply to the surface.

It is another further aim of the invention to make mixtures of original particulates and those
armored by metal and/or alloy and/or enfolded in carbon, all dispersed in:solid, organic
lubricant as solid carrier and apply to the surface.

It is another further aim of the invention to make mixtures of original particulates and those
armored by metal and/or alloy and/or enfolded in carbon, all dispersed in solid mixture of
organic and inorganic lubricants as solid carriers and apply to the surface.

It is another further aim of the invention to develop such composition of materials, that can
be advantageously, simply and economically applied for increasing the surface hardness of
metals and alloys and decreasing the friction coefficient and corrosion.

When working out the solution according to the invention we realised that the set tasks can
be easily completed if we replace the expensive diamond particulate by less expensive, but
still very hard particulates of oxide, carbide, boride, nitride or compound mixture thereof,
and apply them for surface hardening such a way that those particulates are dispersed to the
surface to be hardened by dry scattering, or spraying of their emulsions formed in liquids or
anointing their dispersion with greases or solid carriers, and instead of the use of expensive
ram machines for incorporation of the grains we apply the high pressure that is already
present during the production and/or operation of metals and/or alloys.

We realised that it is beneficial if we apply particulates with decreasing grain sizes
consecutively, so we can improve the incorporation of the hard particles into the surface
and increase the surface hardness, and adjust the surface roughness, and in order to enhance
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the adhesion of hard particulates, it is also beneficial to deposit onto the surface of
particulates in advance a layer of metal, or diamond, or Diamond Like Carbon (DLC) the
latter is being a mixture of graphite and amorphous carbon, those layers after alloying with
the base-metal or compounding with it in a carbide form, they can effectively enhance the
adhesion of hard particulates to the surface of the base-metal or alloy, and they do not lose
their hardness at stresses due to high temperature and pressure. Examples for such
particulates are listed in Table 1.

The invention is a method for making wear resistant surface coating, which is characterized
by that,

- incorporation of particulates to the surface of metals

-hard metal oxides, preferably Al(2)O(3), Fe(2)O(3), Fe(3)O(4) or SiO(2),

-carbides, preferably SiC, Fe(3)C vagy B(4)C,

-nitrides, preferably cBN, CN(x) or TiN,

-borides, preferably FeB or TiB(2)

and/or particulates of compound mixtures of said materials, preferably boron-carbo-nitride
or titanium-carbo-nitride or silicon-oxi-nitride and/or particulates of mixtures of said
materials is provided by the incorporation of

-particulates comprising of different hard materials,

-or mixtures of particulates of said hard materials,

-or liquid suspensions of these particulates or mixtures of said particulates ,

-or components of a carrier of gel-like emulsion of these particulates or components of
mixtures of said particulates,

-or dispersed components of a solid carrier comprising of said particulates and mixtures of
said particulates

is attained by application to the frictioning interface of metals and alloys by pressure of
preferably 400-5000 MPa that is available during either the production or the use of these
metals or alloys and in some instances, the procedure is repeated with decreasing grain sizes
consecutively, until the required surface roughness is achieved.

In one of the preferred applications of the method according to the invention the surface of
said hard oxides, carbides, nitrides or borides and mixtures of said materials is coated with
a layer of metal or alloy, which builds alloy with the material of the surface to be coated.

In another preferred application of the method according to the invention on the surface of
the grains of said particulates enfolded with a hard carbon-base coating layer of DLC and/or
amorphous carbon is made by a mechanical, thermal or other method: such as e.g.
pyrolysis, CVD or plasma deposition.

In a further preferred application of the method according to the invention hard grains of
different particle size and materials are used in said particulates in the same time and
surface hardness, roughness and friction coefficient of the metals and alloys is set by
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changing the weight ratio or grain size of natural and/or armored and/or enfolded
particulates.

In a further preferred application of the method according to the invention in said
particulates the carbon-base enfolded particulates are in 3-80 weight percent, the metal or
alloy-base armored particulates are in 20-97 weight percent applied together and the value
of surface hardness, roughness and friction coefficient is set by the weight ratio of carbon-
base enfolded and/or metal or alloy-base armored particulates and/or the weight ratio of
materials of different grain size.

In a further preferred application of the method according to the invention during the
method certain different grain size surface-hardening fractions are applied consecutively, in
given case during several cycles applying decreasing grain sizes and the surface roughness
is set this way.

In a further preferred application of the method according to the invention during the
method several surface hardening materials of different grain size are applied, and they are
embedded in the surface in a single cycle.

In a further preferred application of the method according to the invention said liquid
comprises of water and at least one dispersion agent and it is applied to the surface by
spraying or vaporization.

In a further preferred application of the method according to the invention said liquid
comprises of oil or at least one type of dispersion agent and it is applied to the surface by
spraying or vaporization.

In a further preferred application of the method according to the invention said liquid
comprises of oil, water and at least one type of emulsion agent and dispersion agent and it is
applied to the surface by spraying or vaporization.

In a further preferred application of the method according to the invention the mixture of
hard natural particulates, enfolded and armored particulates is applied to the surface to be
treated by lubrication as gel-like emulsion.

In a further preferred application of the method according to the invention said solid carrier
comprises of ice and is applied to the surface by greasing and/or melting.

In a further preferred application of the method according to the invention the carrier
contains inorganic lubricants, such as e.g. graphite, MoS(2), Cu respectively mixtures of
said materials.
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In a further preferred application of the method according to the invention organic
lubricants, such as e.g. PTFE (polytetrafluorethylene), polyethylene, polyamide, paraffin,
stearin, respectively mixtures of said materials are used as carriers.

In a further preferred application of the method according to the invention solid organic
lubricants, such as e.g. polyethylene, polyamide, paraffin, stearin, and solid inorganic
lubricants, such as e.g. graphite, MoS(2), Cu are used together as carriers.

In a further preferred application of the method according to the invention the carrier
comprises of 1-30 weight percent dispersed particulates, 1-10 weight percent friction
reducer organic and inorganic lubricants and 40-98 weight percent organic lubricant.

The invention is further a composition of materials suitable for making wear resistant
surface coating for application preferably during method according to the present invention,
which is characterized by that, the composition of materials comprises oxides and/or
borides and/or nitrides and/or carbides as surface hardening materials.

In one of the preferred embodiments of the composition according to the invention the
surface hardening material is:
- natural particulates (grains of their own) or mixture of particulates, and/or
- particulates, which are armored with metal or alloy coating and/or
- particulates, which are enfolded with carbon based coatings (DLC —diamond-like
hard carbon coating and mixture of amorphous carbon and graphite) or mixture of
said materials.

In another preferred embodiment of the composition according to the invention the surface
hardening materials, particulates are preferably

- hard particulate oxides, which are the mixtures of metals in columns 4b, 5b, 6b of the
periodic table, as well as compounds of Al, Si and Fe with elements B, C, O, N and
mixtures of said particulates, moreover mixture compounds of said elements and materials
containing in given case solid lubricant, reducing friction.

In a further preferred embodiment of the composition according to the invention the surface
hardening material comprises preferably oxides, such as aluminum oxide (A1(2)O(3)), iron
oxide (1) (Fe(2)O(3)), iron oxide (Fe(3)O(4)), titanium dioxide (TiO(2)),or silicon-dioxide
(8i0(2)), magnesium oxide (MgO), or other hard oxides,

carbides, such as silicon carbide (SiC), iron carbide (Fe(3)C), tungsten carbide (WC), or
boron carbide (B(4)C), or other hard carbides,

nitrides, such as boron nitride (¢BN), or carbo nitride (CN(x)) or titanium nitride (TiN),
silicon nitride (Si(3)N(4)), aluminum nitride (AIN), titanium nitride (TiN), tantalum nitride
(TaN), iron nitride (FeN), molybdenum nitride (MoN), tungsten nitride (WN), or other hard
nitrides,
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borides, such as iron boride (FeB), titanium-diboride (TiB(2), aluminium-diboride
(AIB(2)), chromium boride (CrB(2)), zirconium-boride (ZrB(2), or other hard borides,

or mixtures of these materials, such as boron carbo nitride (cBC(2)N), titanium carbonitride
(TiCN) or silicon oxi-nitride (SiON), aluminium titanium oxide (Al(x)Ti(y)O(z)), or other
hard mixtures of compounds, respectively and mixtures of these materials.

In a further preferred embodiment of the composition according to the invention the grain
size of the particulates in the material applied for surface hardening is in 1 mm-2nm range.

In a further preferred embodiment of the composition according to the invention the hard
particulate is dispersed in liquid suspension, said liquid suspension carrier comprises of
- preferably water and surfactant and dispersing agent,
- mineral-, and/or vegetable-, and or synthetic-oil and emulsion agent, or
- water, and/or mineral, and/or vegetable-, and/or animal- and/or synthetic-oil and
emulsion agent,
furthermore in given case anticorrosion agent.

In a further preferred embodiment of the composition according to the invention in a
preferred embodiment the composition of materials comprises of 1-30 weight percent hard
particulates dispersed in liquid, 55-98 weight percent liquid carrier, 1-10 weight percent
solid friction reducing lubricant and 0.1-5 weight percent corrosion inhibitor.

In a further preferred embodiment of the composition according to the invention the surface
hardening material consisting of hard particulates is dispersed in a gel-like material, which
carrier in given case consists of

-vegetable and/or animal-, and/or mineral, and/or synthetic oil, or

-palmitic and stearic acid mixture, or

-mixture of oil and solid paraffin, or

-mixture of solid paraffin, stearic acid and oil, furthermore in given case corrosion inhibitor.

In a further preferred embodiment of the composition according to the invention in a
preferred embodiment the gel-like material consists of 1-30 weight percent hard particulate
dispersed in grease, 55-98 weight percent grease carrier, 1-10 weight percent solid friction
reducing lubricant as well as 0.1-5 weight percent corrosion inhibitor.

In a further preferred embodiment of the composition according to the invention the surface
hardening material comprising of hard particulates is dispersed in a solid carrier, and said
solid carrier consists of:

- ice,or

- paraffin, stearic acid and mixture thereof and surfactant, or

- plastics, such as polyamide (Nylon), polyethylene (PE), polytetrafluorethylene

(PTFE) or other plastics with low friction coefficient,

furthermore in given case friction reducer and/or corrosion inhibitor.
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In a further preferred embodiment of the composition according to the invention (in a
preferred embodiment) the composition consists of hard particulate dispersed in solid
carrier by 1-30 weight percent, solid carrier by 55-98 weight percent, solid friction reducing
lubricant by 1-10 weight percent, furthermore corrosion inhibitor by 0.1-5 weight percent.

In a further preferred embodiment of the composition according to the invention the
composition consists of hard particulates that have previously been enfolded in hard carbon
coating (DLC, mixture of graphite and amorphous carbon) to reduce friction, furthermore
solid lubricants (graphite, PTFE, iron oxides, MoS(2), TiO(2), hexagonal boron nitride) are
added to further decrease friction coefficient.

Preferred applications of the method according to the invention are set forth by the
following description as follows:

In a preferred application of the method according to the invention, the abovementioned set
tasks were solved according to the invention so, that we replaced the expensive diamond
particulates by less expensive, but still very hard particulates of oxides, such as Al(2)O(3),
Fe(2)0(3), Fe(3)O(4) or SiO(2), carbides, such as SiC, Fe(3)C or B(4)C, nitrides such as
¢BN, CN(x) or TiN, borides such as TiB(2) or compound mixtures thereof, such as
titanium carbo-nitride or silicon oxi-nitride and applied them for surface hardening such a
way that those particulates were dispersed to the surface to be hardened by dry scattering, or
spraying of their emulsions formed in liquids or anointing their dispersion with greases or
solid carriers, and instead of using expensive ram machines for incorporation of the grains
we applied the high pressure (400-5000 GPa) already present during the production and/or
use of metals and/or alloys and we repeated the process applying particulates with
decreasing grain sizes consecutively, until the required surface roughness was achieved.

This technique is more economical to use, due to application of less expensive, hard
particulates as well as exploitation of the extreme high pressure of 400-5000 GPa available
during production or use of metals than known methods in the art. Hardness of surfaces
treated such a way increases considerably, surface roughness decreases, so it becomes more
wear resistant. Particulates in the coating resist well chemical affects, such as oxidation, so
the coating decreases corrosion of the base-metal as well.

Embedding of particulates into the metal surface results in surface hardening due to various
effects:

The primary cause of hardening is the high temperature and high pressure resulting from the
high pressure used during incorporation when metal melts locally and reacts with the grains
of the particulates and produces a metal-ceramic composite having characteristics of both
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metals and alloys as well as ceramics, i.e. ductility and excellent wear- and corrosion
resistance.

The secondary cause of hardening is the fact, that penetrating particulates compact the
original crystal grains of the metal and create a high compressive mechanical stress on the
surface. |

The tertiary cause of hardening is, that during incorporation of particulates the formation of
number of crystal defects, dislocations occur resulting in increase of hardness similarly to
forging (microforging).

The highest proportion of increase of hardness is due to creation of composites. Hardness of

the hard layer in case of a one-component particulate can be calculated approximately as
follows:

HR= HV(1) x (1-K)+ HV(2) x K

where is:
HR - Vickers hardness of the coating
HV() - Vickers hardness of the base-metal
HV(2) - Vickers hardness of the hard particulate :
K - volume proportion of the hard particulate in the layer

The method according to the invention from this respect is the mixture of making a metal-
ceramic composite in-situ and that of a micro-forging process. The composite made at low
temperature, and the surface coating compacted by micro-forging, possessing compressive
stress as well as the crystal dislocations in the base-metal, all considerably increase the wear
and corrosion resistance of the metal and at the same time the metal retains its ductility as
well.

In a further preferred application of the method according to the invention, hardening of the
surface can be further enhanced if such very hard oxides as Al(2)O(3) ), Fe(2)O(3),
Fe(3)O(4) or SiO(2), carbides as SiC, Fe(3)C or B(4)C, nitrides as ¢cBN, CN(x) or TiN,
borides as TiB(2) or compound mixtures thereof such as titanium carbo nitride or silicon
oxi nitride are used, which are previously armored by such metals and/or alloys which form
alloy with the base-metal to be coated, using physical, chemical, electrochemical or plasma
methods such as e.g. metal spraying or electroplating, or CVD plasma deposition, and the
grains of the mentioned particulates or the mixtures thereof are incorporated into the surface
of the base-metal using the high surface pressure available during either the production or
in he course of the use of these metals.

In such a way, that the abovementioned armored particulates or mixtures thereof are
embedded in the surface by scattering, or spraying the liquid base suspension of these
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particulates and/or their mixtures, by smearing the solid carrier dispersed by these
particulates and/or their mixture to the frictioning interface of metal surfaces, and the grains
of the mentioned particulates are incorporated into the surface of metals and alloys applying
high pressure, that is available during either the production or the use of these metals and
alloys and the procedure is repeated with decreasing grain sizes consecutively, until the
required surface roughness is achieved.

In this way the coating of the metal can be carried out at a considerably lower 250-1500
MPa surface pressure as well. The metal used for armoring particulate is capable of
building alloy with the base-metal during embedding particulates due to the increase in
temperature caused by friction, as well as due to its high solubility in the base metal, and it
is capable of forming an alloy with the base-metal at lower pressures and so it joins hard
particulate and the base-metal by strong metallic bond. With the use of armored hard
particulates, which has metal coating on the surface that easily alloy with the base-metal
even at low temperature and pressure, the resulting hard coating has especially good
bonding strength, great hardness, wear-, and corrosion resistance properties in case of lower
embedding pressure as well.

In a further preferred application of the method according to the invention, where suitable
hard surface coating is made by applying such grains of very hard oxides as Al(2)O(3) ),
Fe(2)0(3), Fe(3)O(4) or SiO(2), carbides as SiC, Fe(3)C or B(4)C, nitrides as ¢cBN, CN(x)
or TiN, borides as TiB(2) or mixtures thereof such as titanium carbo-nitride or silicon oxi-
nitride which are previously enfolded by hard carbon based coating using physical,
chemical, electrochemical or plasma methods such as e.g. metal spraying or electroplating,
or CVD plasma deposition, and the grains of the mentioned particulates or the mixtures
thereof are incorporated into the surface of the base metal using the high surface pressure
available during either the production or the use of these metals, such a way that those
carbon enfolded particulates or mixtures thereof are dispersed to the surface by dry
scattering, or spraying of their suspensions formed in liquids or anointing their dispersion
with greases or solid carriers, to the frictioning interface of metal surfaces and the high
pressure already present during the production and/or use of metals and/or alloys is applied
to incorporate them and the process applying particulates with decreasing grain sizes is
repeated consecutively, until the required surface roughness is achieved.

Very hard carbon-base coating layers can be made by mechanical, thermal or chemical
(CVD) methods on the surface of the hard particulates. These carbon-based layers mostly
consist of diamond-like carbon called DLC and amorphous carbon. These grains are of
extraordinary hardness, low friction coefficient, therefore their wear resistance is excellent.
Particulates, which are enfolded with carbon based coatings can be very easily embedded in
metals and alloys at quite low pressure as well. Due to their extraordinary hardness and low
friction coefficient wear resistance of metals and alloys treated by them is enhanced to a
great extent.
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Particulates, which are enfolded with carbon based coatings can be very easily embedded in
metals and alloys particularly to the surface of carbide forming elements and alloys, such as
base-metals and alloys with e.g. iron, nickel, cobalt, titanium and molybdenum content. The
friction coefficient of such embedded surfaces is considerably lower, than that of natural
particulates, therefore the friction coefficient of the treated surfaces can be adjusted in a
wide range by changing the weight ratio of enfolded and natural particulates.

The speed of forming hard coating on basis of the method according to the invention, has
considerably increased compared to methods in the state of art, whereas the costs of
forming the coating has considerably decreased resulting from the application of less
expensive hard oxides, carbides, nitrides, borides or mixtures thereof. The abovementioned
particulates have good corrosion resistance protecting thereby the metal below from
corrosion. As embedding of particulates into the surface takes place continuously during
production and/or use of metals and alloys, productivity of forming hard surface coating has
been increased by 100-1000 times compared to the method in the state of art.

In a further preferred application of the method according to the invention, it is beneficial to
use such a metal-hardening method, which applies such mixture of oxides, for making hard
coating on metal surfaces as aluminum oxide (AL(2)O(3), (Fe(2)O(3), (Fe(3)O(4), or
(Si0(2), or carbides, such as (SiC), (Fe(3)C), or (B(4)C), or nitrides, such as (cBN), (CN(x)
or borides, such as (TiB(2), or compound mixtures of these materials, such as titanium
carbo-nitride or silicon oxi-nitride representing hard grains of different particle size and
different materials used in the particulates in the same time and the required friction
coefficient is set by the weight ratio of natural particulates and metal armored and/or carbon
enfolded particulates, whereas grain size of natural and enfolded and/or armored
particulates regulates surface roughness.

Particulate mixture is applied by dry scattering, or spraying of their suspension formed in
liquids or anointing their dispersion with greases or solid carriers, to the frictioning
interface of metal surfaces, and the grains of the mentioned particulates are incorporated
into the surface of metals or alloys applying high pressure, that is available during either the
production or the use of these metals or alloys.

A hard coating formed this way ensures, that an extremely hard, still elastic layer is formed
on the surface of metals and alloys resulting in significant decrease of wear and
improvement of corrosion resistance of metals and alloys, and surface hardness, and friction
coefficient between metals and alloys can be set by changing the weight ratio of natural
and/or enfolded and/or armored particulates whereas surface roughness can be
independently adjusted in a wide range by choosing the grain size of natural and enfolded or
armored particulates. Grain size to be applied is preferably in range of 1 mm- 2 nm. In case
of steel grain size is preferably within the range of 20 micrometer —2 nm.
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Physical properties of certain particulates can be calculated by the method of effective-
medium approximation, i.e. by weighting of their volume proportion to realize changing of
physical properties.

In a further preferred application of the method according to the invention, with mixing the
grains of the particulates and previously enfolded particulates of the abovementioned hard
oxide or carbide or nitride or boride or mixture thereof in such a way, that 3-80% of carbon
enfolded particulates, 20-97% of metal or alloy armored particulates are applied together
and the required surface hardness, friction coefficient and surface roughness can be
achieved by adjusting the weight ratio and grain size of the particulates.

Particulate mixture is applied by dry scattering, or spraying of their suspension formed in
liquids or anointing their dispersion with greases or solid carriers, and applying them to the
frictioning interface of metal surfaces, and the grains of the mentioned particulates are
incorporated into the surface of metals or alloys applying high surface pressure, that is
available during either the production or the use of these metals or alloys.

Surface coating formed this way has extremely good bonding strength, great hardness,
whereas surface roughness is low, resulting in a dramatic decrease of surface wear and
considerable improvement of corrosion resistance and simultaneously the friction between
metals and alloys can be adjusted to the required value.

In a further preferred application of the method according to the invention, it is beneficial to
apply the mixture of hard natural and enfolded and/or armored particulates to the surface in
such a way, that with the help of dispersion agent or agents and with water a dispersion is
made and it is sprayed onto the metal surface. Water dispersion is preferable, because it
does not involve environmental pollution. After incorporation of hard particulates water can
ensure cooling and lubricating of the surface as well.

In a further preferred application of the method according to the invention, it is preferable
using such a method for hardening the metal and alloy surfaces which provides embedding
of hard particulates or mixtures thereof into the surface by using their a suspension with
dispersion agent and oil. This suspension is applied onto the surface of the frictioning
interface of metal surfaces, and the grains are incorporated into the surface of metals or
alloys applying high surface pressure, that is available during either the production or the
use of these metals or alloys. After incorporation of hard particulates the oil film left on the
metal surface would decrease friction. Therefore this suspension can ensure good wear
resistance for the hardened surface metal.

In a further preferred application of the method according to the invention, it is preferable
using such a method for hardening the metal and alloy surfaces which provides embedding
of hard particulates or mixtures thereof into the surface by using their dispersion in
emulsion of water and oil. This emulsion is applied onto the surface of the frictioning
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interface of metal surfaces, and the grains are incorporated into the surface of metals or
alloys applying high surface pressure, that is available during either the production or the
use of these metals or alloys. Embedding takes place in a way, that the abovementioned
liquid consists of oil, water and at least one type of emulsion agent and dispersion additive.

Hard particulates can be produced on basis of the periodic table by CRC Handbook of
Chemistry 48th Edition, compounds of elements of columns 4b, 5b, 6b i.e. aluminium,
silicon, iron with elements appearing in columns 3a, 4a, 5a.

In a further preferred application of the method according to the invention, it is preferable
using such a solution for hardening the metal and alloy surfaces which provides embedding
of hard particulates or mixtures thereof into the surface by using a gel-like emulsion of
water, emulsion agent viscosity enhancer and dispersion agent which is applied onto the
surface of the frictioning interface of metal surfaces, by greasing. Application of a gel-like
(semi-rigid) paste-like material is preferable, as it does not involve environmental pollution
and it can be applied locally as greasing material e.g. as lubricating grease. After
incorporation of hard particulates onto the surface lubricant can ensure cooling and greasing
of the surface, moreover it decreases friction as well.

In a further preferred application of the method according to the invention, with applying
the grains of the particulate and previously enfolded and/or armored particulates of the
abovementioned hard oxide or carbide or nitride or boride or mixture thereof in a solid
carrier dispersed in ice. The solid lubricant is applied onto the surface of the frictioning
interface of metal surfaces by greasing, and the grains are incorporated into the surface of
metals or alloys applying high surface pressure, that is available during either the
production or the use of these metals or alloys.

This way the particulates applied to the surface with ice, as a lubricant, can be incorporated
in the metal or alloy surfaces with especially strong bond resulting from expansion of ice
after warming up during embedding. Ice as a lubricant has very low friction coefficient
resulting in continuous greasing without significant energy loss. Ice as carrier is preferable
as well, since it does not cause any environmental harm as lubricant after melting.

In a further preferred application of the method according to the invention, it is preferable
using such a solution for hardening the metal and alloy surfaces which provides embedding
of hard particulates or mixtures thereof into the surface by using hard particulates or
mixture thereof dispersed in a solid carrier comprising inorganic solid lubricants, such as
e.g. graphite, MoS(2), Cu, respectively mixtures thereof. This solid carrier with dispersed
grains is applied onto the surface of the frictioning interface of metal surfaces, and the
grains are incorporated into the surface of metals or alloys applying high surface pressure,
that is available during either the production or the use of these metals or alloys.
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On the hardened surface produced this way the solid carrier left on the surface after the
incorporation of grains provides very good friction reducing effect. The metal surface
treated this way has excellent wear resistance properties resulting from metal hardening and
decrease of friction even in case of enormous surface pressure.

In a further preferred application of the method according to the invention, it is preferable
using such a solution for hardening the metal and alloy surfaces which provides embedding
of hard particulates or mixtures thereof into the surface dispersed in a solid carrier. The
solid carrier comprises organic-base solid lubricants, such as e.g. PTFE
(polytetrafluorethylene), polyethylene, polyamide, paraffin, stearin, respectively mixtures of
said materials. This solid carrier with dispersed grains is applied onto the surface of the
frictioning interface of metal surfaces, and the grains are incorporated into the surface of
metals or alloys applying high surface pressure, that is available during either the
production or the use of these metals or alloys. After incorporation of hard particulates onto
the surface the solid lubricant can ensure reducing friction as well. A great advantage of
organic lubricants is that due to their low melting point solid dispersion can be easily
prepared.

In a further preferred application of the method according to the invention, it is preferable
using such a solution for hardening the metal and alloy surfaces which provides embedding
of hard particulates or mixtures thereof into the surface by using hard particulates or
mixture thereof dispersed in a solid carrier. The solid carrier comprises organic-base solid
lubricants, such as e.g.

polyethylene, polyamide, paraffin, stearin, and inorganic-base solid lubricants, such as
graphite, MoS(2), Cu together. This solid carrier with dispersed grains is applied onto the
surface of the frictioning interface of metal surfaces, and the grains are incorporated into the
surface of metals or alloys applying high surface pressure, that is available during either the
production or the use of these metals or alloys. After incorporation of hard particulates onto
the surface the solid lubricant left on the surface can ensure for a long time a low friction
coefficient reducing wear of carrier metal to a great extent.

In a further preferred application of the method according to the invention, with applying
the metal armored and/or carbon enfolded particulates of the abovementioned hard oxide or
carbide or nitride or boride or mixture thereof in a solid carrier with low friction coefficient
in dispersed form as solid lubricant by greasing onto the surface of the frictioning interface
of metal surfaces by greasing, and the grains are incorporated into the surface of metals or
alloys applying high surface pressure, that is available during either the production or the
use of these metals or alloys. The hard particulate mixture dispersed in solid carrier
consisting of 1-20 weight percent of hard natural and/or enfolded and/or armored
particulate mixture and 80-99 weight percent of friction reducing solid carrier has lasting
effect.
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Possible variations of composition of materials according to the invention is set forth in
Table I attached.

The solution according to the invention is described as set forth in the examples below.

Coatings combining ductility of metals and alloys as well as stiffness and wear resistance
respectively corrosion resistance of ceramics are possible to produce by the method
according to the invention.

Example 1

Natural SiC particulates were scattered to harden the surface of a material of 228 HV
hardness. The particulates were embedded into the surface by 1.25 GPa pressure. The
hardness of the composite can be calculated by effective-medium approximation from the
hardness values of component. In this example components are taken into consideration
with weight corresponding to their volume concentration.

The hardness of steel was 228 HV before hardening and it increased to 268 HV after the
process. Hardness of SiC was 2500 HV.

228 x (1-K) + 2500K=268 solution of equation K=0.0175.
1.75% SiC embedding into the steel caused 17.5% surface hardening.

Example 2

High-speed steel needles of 2 mm diameter were hardened with SiC of 1000 fineness,
Al(2)O(3) of 3 micron particle size armored with iron, SiC particulates of 1000 fineness
armored with Al and Cu applying 2 GPa pressure. Friction coefficient was measured on
hardened steel with 450 g load (1.43 MPa) on a Pin on Disk equipment.

Original | 1000 SiC | Al(2)O(3)+ Fe | 1000 SiC +Al | 1000 SiC+Cu
steel coating | Armored Armored Armored
coating coating coating
Friction 0,15 0,25 0,2 0,25 0,12
coeffi-cient
t=450g
Friction 0,15 0,30 0,45 0,38 0,15
coeffi-cient
t=450g
After 5 min.

The initial friction coefficient of the hardened metal was increased by 66% in case of 1000
SiC respectively (1000 SiC+Al) as well. After initial wear friction coefficient increased by
nearly 100% in case of most armored samples. In case of (1000 SiC+Al) and (A1(2)O(3)*+
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Fe) of 3 micrometer grain size the friction coefficient increased by 2.5 — 3 times. In case of
SiC particulate armored by Cu initial friction coefficient decreased by 20%, then after wear
of the layer it got back to the original value.

Friction coefficient could be set in a wide range with mixing of various particulates. In
order to set the desired friction coefficient effective-medium approximation could be used,
likewise when calculating hardness.

Example 3

Natural dry 1000 SiC particulate was scattered on a stainless steel plate of 0.5 mm thickness
and by dropping a body of 0.6 kg from 20 cm the particulates were embedded into a surface
of 3.5 mm diameter, repeating the process 60 times. The total hardened surface was 6 cm>.
After embedding the sample was cleaned by ultrasonic shaking in distilled water, then dried
and the imperfectly embedded particulates were removed by Scotch-tape breaking test.

Mass of sample after hardening 5.06350 g
Original mass -5.06315¢g
0.00035 g excess weight

Well-bonded particulates of 4-8um could be noticed on the surface in microscope by 500
magnification.
3.5 10" g=3.27 g/em® x 0.0000178cm x 6 cm’?,

which corresponded with a SiC coating of 0.178 pm average thickness.
Hardness of stainless steel before coating was: 34 HV, after coating it increased to 80 HV.

According to equation 34 x (1-K) + 2500K=80 K= 0.018, so 1.8% SiC content was
embedded in the layer. The thickness of the hardened layer was 10 pm from the depth of
indentation used at measuring hardening according to Vickers. SiC content of 1.8%
calculated from hardness equation and that of 1.78% of weight measurement are quite close
values. After hardening the steel hardness increased to more than 2.5 times to the original
value, which also corresponds quite well with the hardness determined by weight measuring
of the composite.

Example 4

The surface of 1000 SiC (5-7) pm grain size was armored with nickel. (SiC+Ni) particulate
was scattered on a stainless steel plate of 0.5 mm thickness and by dropping a body of 0.6
kg from 10 cm the particulates were embedded into a surface of 3.5 mm diameter, repeating
the process 60 times. In case of N5 sample of the same steel the body of 0.6 kg was dropped
from 20 cm and the particulates were embedded into a surface of 3.5 mm diameter
repeating the process 60 times. The total hardened surface was 6 cm”. After embedding the
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sample was cleaned by ultrasonic shaking in distilled water, then dried and the imperfectly
embedded particulates were removed by Scotch-tape breaking test. The original hardness of
the steel was 34 HV.

Sample denomination N4 N5

Mass after hardening (g) 5.53485 5.33825
Mass before hardening (g) 5.53475 5.33785
Extra mass (g) 0.00010 0.00040

4x10™* g= 6.6 g/em® x 0.00001 cm x 6 cm’® measured in case of sample N5 corresponds to a
SiC coating of 0.1 um of average thickness, which corresponds with a SiC concentration of
nearly 2% in case of particulates of 5 pm grain size.

Taking the hardness of SiC (Ni) also 2500 HV, the expected hardness after surface treating
is:
34 x (1-0.02) + 0.02 x 2500=83.3.

So the calculated hardness was 83.3 corresponding well with the actual value of hardness
measured: 86 HV, if we take the density of composite 6.6 g/em® obvious from the density
of SiC (3.27 c/em®) and the density (8.9 g/em®) of Ni film armored particulates.

Example 5

One of the driving surface of the two parallel rails of 300 m length running on a curved
passage was greased altogether ten times every three days with a gel-like, grease-like
mixture of 10% of 1000 SiC particulate and 10% of Fe(2)O(3) of 1-2 pm grain size
dispersed in solid organic carrier.

Trains containing 6600 pairs of shafts ran daily on each rail embedding hard particulates
onto the driving surface of the greased passage of the rail by an axle load of 0.5-2.5 GPa.
Both at the beginning and at the end of the month the hardness of the pair of rails. was
measured at 16 measuring spots and average wear was calculated as shown in the Table
below.

length (m) |No.of shafts |No.of greases | wear (mm) |Hardness
(HB)
Treated rail 300 6600 10 0.111 320
Reference rail {300 6600 - 0.259 262

Due to lubrication the surface hardness of the treated rail increased by 22%, whereas the
wear compared to that of the reference rail decreased to its 0.43 times. So the useful life
expectancy of the rail increased by 2.3 times due to surface hardening and lubrication. As
on the surface of the rail-wheel the particulates were embedded as well due to the high
pressure, a similar increase of their useful life can be forecast.
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Applications described in the invention show only examples of possibilities of application
of the invention. It does not mean however the limitation of the invention to the examples
shown hereby. The invention keeps the right of applications not shown here, which can be
realized by combining the methods described in the invention.

The advantages of the method according to the invention:

The hard surface on the surface of metals and alloys is produced by the high pressure
available during their production or use. During the method a wear-resistant coating of
carbide, oxide, nitride, boride or the mixture thereof e.g. carbo nitride or oxinitride can be
formed on the surface of metals and alloys.

According to the method described in the invention it is especially advantageous to apply
such particulates of hard material for hardening of metal surfaces, the surface of which was
previously armored with a layer of metal and/or alloy and/or enfolded with carbon, which
build alloy with the base metal to be treated at a low temperature.

The method according to the invention can be mainly applied to protect metal surfaces from
wear and corrosion. Most part of hard particulates embedded into the surface resist
chemical effects as well so it can be used successfully against chemical-mechanical kind of
wear and corrosion.
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1 ard materials

Knoop hardness (Vickers:HYV)

[iron Oxide (FeO) 430
llron Oxide (Fe(3)0(4)) 560
Iron Oxide (Fe(2)O(3)) (700)
Quartz (Silicon Dioxide) )(SiO(2)) 820
Cementite (Iron Carbide) (Fe(3)C) 1025
Zirconia (ZrO(2)) 1160
Iron nitride (FeN) (1200)
Zirconium Boride (ZrB(2)) 1550
{Chromium Carbide (Cr(3)C(2)) 1735
liChromium Boride (CrB(2)) (1800)
Isiaton (1800)
IChromium Nitride (CrN) (2500)
ITitanium Aluminum Nitride (TiAIN) (2600)
IMolybdenum Carbide (MoC) 1800
Zirconium Nitride (2800)
Titanium Nitride (TiN) 1800 (2900)
Tungsten Carbide (WC) 1880
Tantalum Carbide (TaC) 2000
Alumina (A1(2)O(3)) 2100
Zirconium Carbide (ZrC) 2100
Titanium Carbide (TiC) 2470
Silicon Carbide (SiC) 2480 (2500)
Aluminum Boride (AIB(2)) 2500
‘Chromium Oxide (CrO(2)) (3000)
Tron Boride (FeB) (3000)
Tungsten nitride (WN) (3250)
Diamond Like Carbon (DLC) (3500-4000)
Titanium Carbonitride (TiCN) (4000)
'Vanadium Carbide (VC) 2660
Boron Carbide B(4)C 2750
Silicon Nitride (Si(3)N(4)) 3500
Titanium Diboride (TiB(2)) 4400 (3000)
iICubic Boron Nitride (cBN) 4600
Boron Carbonitride (¢cBC(2)N) (7500)

Diamond

7000 (10000)
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CLAIMS

1.Method of making wear resistant surface coating, characterized by that,

- incorporation of particulates to the surface of metals

-hard metal oxides, preferably Al(2)O(3), Fe(2)O(3), Fe(3)O(4) or SiO(2),
-carbides, preferably SiC, Fe(3)C vagy B(4)C,

-nitrides, preferably cBN, CN(x) or TiN,

-borides, preferably FeB or TiB(2)

and/or particulates of compound mixtures of said materials, preferably boron-carbo-nitride
or titanium-carbo-nitride or silicon-oxi-nitride and/or particulates of mixtures of said
materials is provided by the incorporation of

-particulates comprising of different hard materials,

-or mixtures of particulates of said hard materials,

-or liquid suspensions of these particulates or mixtures of said particulates ,

-or components of a carrier of gel-like emulsion of these particulates or components of
mixtures of said particulates,

-or dispersed components of a solid carrier comprising of said particulates and mixtures of
said particulates

is attained by application to the frictioning interface of metals and alloys by pressure of
preferably 400-5000 MPa that is available during either the production or the use of these
metals or alloys and in some instances, the procedure is repeated with decreasing grain sizes
consecutively, until the required surface roughness is achieved.

2. Method according to claim 1 characterized by that, the surface of said hard oxides,
carbides, nitrides or borides and mixtures of said materials is coated with a layer of metal or
alloy, which builds alloy with the material of the surface to be coated.

3. Method according to claim 1 or 2 characterized by that, on the surface of the grains of
said particulates enfolded with a hard carbon-base layer of DLC and/or amorphous carbon
is made by a mechanical, thermal or other method: such as e.g. pyrolysis, CVD or plasma
deposition.

4. Method according to any of claims 1 to 3 characterized by that, hard grains of different
particle size and materials are used in said particulates in the same time and surface
hardness, roughness and friction coefficient of the metals and alloys is set by changing the
weight ratio or grain size of natural and/or armored and/or enfolded particulates.

5. Method according to claim 4 characterized by that, in said particulates the carbon-base
enfolded particulates are in 3-80 weight percent, the metal or alloy-base armored
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particulates are in 20-97 weight percent applied together and the value of surface hardness,
roughness and friction coefficient is set by the weight ratio of carbon-base enfolded and/or
metal or alloy-base armored particulates and/or the weight ratio of materials of different
grain size.

6. Method according to any of claims 1 to 5 characterized by that, during the method certain
different grain size surface-hardening fractions are applied consecutively, in given case
during several cycles applying decreasing grain sizes and the surface roughness is set this
way.

7. Method according to any of claims 1 to 5 characterized by that, during the method
several surface hardening materials of different grain size are applied, and they are
embedded in the surface in a single cycle.

8. Method according to any of claims 1 to 7 characterized by that, said liquid comprises of
water and at least one dispersion agent and it is applied to the surface by spraying or
vaporization.

9. Method according to any of claims 1 to 7 characterized by that, said liquid comprises of
oil or at least one type of dispersion agent and it is applied to the surface by spraying or
vaporization.

10. Method according to any of claims 1 to 7 characterized by that, said liquid comprises of
oil, water and at least one type of emulsion agent and dispersion agent and it is applied to
the surface by spraying or vaporization.

11. Method according to any of claims 1 to 7 characterized by that, the mixture of hard
natural particulates, enfolded and armored particulates is applied to the surface to be treated
by lubrication as gel-like emulsion.

12. Method according to aﬁy of claims 1 to 7 characterized by that, said solid carrier
comprises of ice and is applied to the surface by greasing and/or melting.

13. Method according to any of claims 1 to 12 characterized by that, the carrier contains
inorganic lubricants, such as e.g. graphite, MoS(2), Cu respectively mixtures of said
materials.

14. Method according to any of claims 1 to 12 characterized by that, organic lubricants,
such as e.g. PTFE (polytetrafluorethylene), polyethylene, polyamide, paraffin, stearin,
respectively mixtures of said materials are used as carriers.



WO 2005/121402 PCT/HU2005/000061

22

15. Method according to any of claims 1 to 12 characterized by that, solid organic
lubricants, such as e.g. polyethylene, polyamide, paraffin, stearin, and solid inorganic
lubricants, such as e.g. graphite, MoS(2), Cu are used together as carriers.

16. Method according to any of claims 1 to 15 characterized by that, that the carrier
comprises of 1-30 weight percent dispersed particulates, 1-10 weight percent friction
reducer organic and inorganic lubricants and 40-98 weight percent organic lubricant.

17. Composition of materials suitable for making wear resistant surface coating for
application preferably during method according to claims 1 to 16, characterized by that, the
composition of materials comprises oxides and/or borides and/or nitrides and/or carbides as
surface hardening materials.

18. Composition of materials according to claim 17 characterized by that, the surface
hardening material is:
- natura] particulates (grains of their own) or mixture of particulates, and/or
- particulates, which are armored with metal or alloy coating and/or
- particulates, which are enfolded with carbon based coatings (DLC —diamond-like
hard carbon coating and mixture of amorphous carbon and graphite) or mixture of
said materials.

19. Composition of materials according to any of claims 17-18, characterized by that, the
surface hardening materials, particulates are preferably

- hard particulate oxides, which are the mixtures of metals in columns 4b, 5b, 6b of the
periodic table, as well as compounds of Al, Si and Fe with elements B, C, O, N and
mixtures of said particulates, moreover mixture compounds of said elements and materials
containing in given case solid lubricant, reducing friction.

20. Composition of materials according to claim 19, characterized by that, the surface
hardening material comprises preferably oxides, such as aluminum oxide (Al(2)O(3)), iron
oxide (II) (Fe(2)0O(3)), iron oxide (Fe(3)O(4)), titanium dioxide (TiO(2)),or silicon-dioxide
(SiO(2)), magnesium oxide (MgO), or other hard oxides,

carbides, such as silicon carbide (SiC), iron carbide (Fe(3)C), tungsten carbide (WC), or
boron carbide (B(4)C), or other hard carbides,

nitrides, such as boron nitride (cBN), or carbo nitride (CN(x)) or titanium nitride (TiN),
silicon nitride (Si(3)N(4)), aluminum nitride (AIN), titanium nitride (TiN), tantalum nitride
(TaN), iron nitride (FeN), molybdenum nitride (MoN), tungsten nitride (WN), or other hard
nitrides,

borides, such as iron boride (FeB), titanium-diboride (TiB(2), aluminium-diboride
(AIB(2)), chromium boride (CtB(2)), zirconium-boride (ZrB(2), or other hard borides,

or mixtures of these materials, such as boron carbo nitride (¢BC(2)N), titanium carbonitride
(TiCN) or silicon oxi-nitride (SiON), aluminium titanium oxide (Al(x)Ti(y)O(z)), or other
hard mixtures of compounds, respectively and mixtures of these materials.
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21. Composition of materials according to any of claims 17 to 20, characterized by that, the
grain size of the particulates in the material applied for surface hardening is in 1 mm-2nm
range.

22. Composition of materials according to any of claims 17 to 21, characterized by that, the
hard particulate is dispersed in liquid suspension, said liquid suspension carrier comprises
of

- preferably water and surfactant and dispersing agent,

- mineral-, and/or vegetable-, and or synthetic-oil and emulsion agent, or

- water, and/or mineral, and/or vegetable-, and/or animal- and/or synthetic-oil and

emulsion agent,

furthermore in given case anticorrosion agent.

23. Composition of materials according to claim 22, characterized by that, in a preferred
embodiment the composition of materials comprises of 1-30 weight percent hard
particulates dispersed in liquid, 55-98 weight percent liquid carrier, 1-10 weight percent
solid friction reducing lubricant and 0.1-5 weight percent corrosion inhibitor.

24. Composition of materials according to any of claims 17 to 21, characterized by that, the
surface hardening material consisting of hard particulates is dispersed in a gel-like material,
which carrier in given case consists of

-vegetable and/or animal-, and/or mineral, and/or synthetic oil, or

-palmitic and stearic acid mixture, or

-mixture of oil and solid paraffin, or

-mixture of solid paraffin, stearic acid and oil, furthermore in given case corrosion inhibitor.

25. Composition of materials according to claim 24, characterized by that, in a preferred
embodiment the gel-like material consists of 1-30 weight percent hard particulate dispersed
in grease, 55-98 weight percent grease carrier, 1-10 weight percent solid friction reducing
lubricant as well as 0.1-5 weight percent corrosion inhibitor.

26. Composition of materials according to claims 17 to 21, characterized by that, the
surface hardening material comprising of hard particulates is dispersed in a solid carrier,
and said solid carrier consists of:

- ice, or

- paraffin, stearic acid and mixture thereof and surfactant, or

- plastics, such as polyamide (Nylon), polyethylene (PE), polytetrafluorethylene

(PTFE) or other plastics with low friction coefficient,

furthermore in given case friction reducer and/or corrosion inhibitor.
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27. Composition of materials according to claim 26, characterized by that, in a preferred
embodiment the composition consists of hard particulate dispersed in solid carrier by 1-30
weight percent, solid carrier by 55-98 weight percent, solid friction reducing lubricant by 1-
10 weight percent, furthermore corrosion inhibitor by 0.1-5 weight percent.

28. Composition of materials according to claims 17 to 27, characterized by that, the
composition consists of hard particulates that have previously been enfolded in hard carbon
coating (DLC, mixture of graphite and amorphous carbon) to reduce friction, furthermore
solid lubricants (graphite, PTFE, iron oxides, MoS(2), TiO(2), hexagonal boron nitride) are
added to further decrease friction coefficient.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 21(

Continuation of Box II.Z

Claims Nos.: 1 (partially), 17 (partially), 18 (partially), 19
(partially), 20 (partially)

Present claims 1 and 17 - 20 refer to "particulates" comprising an
extremely large number of possible compounds. Support and disclosure in
the sense of Article 6 and 5 PCT is to be found, however, for only a
very small proportion of the compounds claimed, see examples 1 - 5 in
the description. The non-compliance with the substantive provisions is
to such an extent, that the search was performed taking into
consideration the non—-compliance in determining the extent of the search
of claims 1 and 17 - 20 (PCT Guidelines 9.19 and 9.23).

The search of claims 1 and 17 - 20 was restricted to those claimed
compounds which appear to be supported, namely those disclosed in
Examples 1 - 5, in particular, SiC and A1203.

The applicant’s attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried -
out during examination before the EPO (see EPO Guideline C-VI, 8.5),
should the problems which led to the Article 17(2) declaration be
overcome,
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Box Il Observations where certain claims were found unsearchable (Contindation of item 2 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful international Search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

3. D Claims Nos.:
bacause they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 8.4(a).

Box Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found muitipie inventions in this international application, as follows:

1. As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. D As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004)
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EP 1015180 Al 05-07-2000
JP 2000512219 T 19-09-2000
Ik 394723 B 21-06-2000
Us 6159286 A 12-12-2000
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EP 0081697 A2 22-06-1983
IL 67236 A 29-11-1985
JP 58126019 A 27-07-1983
ZA 8208619 A 28-09-1983
WO 9425641 A 10-11~-1994 AU 6574594 A 21-11-1994
FR 1021094 A 13-02-1953  NONE |
JP 62083480 A 16-04-1987 JP 1021874 B 24-04-1989
EP 0642889 A 15-03-1995  BR 9403458 A 16-05-1995
CA 2130136 Al 14-03-1995
CN 1111558 A 15-11-1995
DE 69426225 D1 07-12-2000
DE 69426225 T2 01-03~-2001
JP 3584062 B2 04-11-2004
JP 7164330 A 27-06~1995
JP 2004249460 A 09~-09-2004
us 5489235 A 06-02-1996
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