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1
CARBON CONTAINING LAYER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion: matter printed in italics indicates the additions made
by reissue.

This Is a continuation of application Ser. No. 338,438,
Siled Apr. 13, 1989, now abandoned. which was in turn a
continuarion of Ser. No. 051.989 filed May 19, 1987, now
abandoncd which was an application to reissue U.S. Pat.
No. 4.525.417 issued Jun. 25. 1985 from Ser. No. 469.363
Sfiled Feb. 24. 1983,

This invention relates 1o a carbon-containing sliding
layer or coating between surfaces moving against each
other or on each other (sliding surfaces) as well as to
methods of manufacturing such layers.

In order to reduce the frictional resistance of fixed
sliding surfaces, lubricants are used which reduce detri-
tion of material and energy consumption.

In the friction of fixed sliding surfaces the frictional
force or 1angennal force K depends on the coefficient of
shding fnction p of the sliding surfaces and the load P
with which the sliding surfaces rub on each other or
against cach other:

K=puP

A shding surface 1s to be understood 10 mean a sur-
face of a workpiece which slides on an opposing surface
of another workpiece under a given pressure force.

The coefficient of sliding friction p depends on the
roughness of the rubbing surfaces, in the case of smooth

surfaces., however, on the combination of materials, -

thus on the materials of the sliding surfaces. as well as
on the ambient atmosphere.

It is known to vary the coefficient of sliding friction
of dry friction by coating the sliding surfaces with dif-
ferent substances so as 1o reduce the friction and to
reduce the detrition of the rubbing surfaces.

On the basis of their material properties, the known
solid lubricants used for this purpose form different
groups:

1. Substances which on the basis of a layered crystal
structure have good shiding friction properties, for
example. graphite or the chalcogenides of metals
such as molybdenum. tungsten and niobium;

2. Ductile metals. for example. gold, silver, lead or
tin;

3. Materials of greater hardness. for example, borides,
silicides, nitrides or, carbides.

Such materials may be provided loose between the
sliding surfaces or be fixed on the sliding surfaces in the
form of thin layers by means of methods commonly
used in thin layer technology, for example, vapour de-
position in a vacuum or cathode sputtering.

All these solid lubricants have their special advan-
tages and their disadvantages.

A particular disadvantage of graphite as a solid lubri-
cant is that although under normal atmospheric condi-
tions it has a low coefficient of sliding friction (u=0.1
to 0.2). which is desired, in a dry atmosphere it shows a
considerably increased coefficient of sliding friction
{1t =0.8). The result is that the detrition of the rubbing
surfaces in a dry atmosphere is great. since graphite is a
very soft material, i.e. is little wear-resistant, and more-
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over the friction is increased by the increased coeffici-
ent of sliding friction of graphite.

Friction problems at temperatures which are not very
high can readily be solved by the use of chalcogenides
of the indicated kind. but the use of these materials
presents problems at higher temperatures. MoSa2decom-
poses in air at temperatures above 400° C. Such chemi-
cal instability hence restricts the use of materials which
in principle would readily be suitable as solid lubricants.
Moreover, MoS;, in contrast with graphite, has a very
low coefficient of shiding friction (u=0.04) in a dry
atmosphere. but under normal atmosphere conditions
the coefficient of sliding friction p increases 1o approxi-
mately 0.2

A general disadvantage of materials having a layered
structure—which apphes to both graphite and to MoS-
>—is moreover their insufficient wear resistance as well
as their low hardness.

Ductile metals, for example, gold, silver, lead and tin,
are good sohd lubricants since these materials have
comparatively low coefficients of sliding friction
(1 =02 to 0.4). However, since these metals are very
soft—which property on the other hand gives them
their good sliding properties—they. too, have a low
wear resistance.

In order to obtain layers of higher wear resistance,
materials of greater hardness. for example, silicides,
borides. nitrides and carbides, have been used on sliding
surfaces.

It has been found that, although with these materials
of greater hardness a good wear resistance can be
achieved, the coefficients of sliding friction have values
(1 =0.3 10 0.7) considerably above the values of the
materials which can readily be used as solid lubricants
due to their low coefficients of sliding friction, graphite
(u=0.1 1o 02) or molybdenum sulphide MoS;
(u=004).

Of particularly great technical importance are fric-
tionally engaged combinations in which steel parts slide
on each other without or with insufficient hydrody-
namic lubrication. With such friction combinations
there is desired as a rule a very long life, i.e. low detri-
tion. as well as a small friction which is independent of
ambient conditions.

A carbon layer having a diamond-like crystal struc-
ture as a friction member against steel is known from
published European application 22,285, which under
vacuum or inert gas conditions has a particularly low
coefficient of sliding friction p and at the same time a
high wear resistance and hardness; however, these car-
bon layers have the disadvantage that they do not have
a low coefficient of sliding friction which is substan-
tially independent of the relative air humidity.

It is therefore the object of the present invention to
improve a carbon-containing sliding layer which has
the function of a solid lubricant in such manner that it
exhibits a low coefficient of sliding friction which is
independent of the relative air humidity and moreover
maintains the favourable properties of the known car-
bon layer, namely readily adheres in particular to steel,
is wear resistant and hard and has a low coefficient of
sliding friction against steel.

According to the invention this object is achieved in
that the sliding layer comprises 50.1 to 99.9 at % of
elemental carbon and 0.1 to 49.9 at % of at least one
metallic element in a ratio which does not correspond to
the stoichiometric ratio of a carbide.
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According to advantageous modified embodiments
of the invention the sliding layer comprises 60 to 97 in
particutar 8010 95 at % of elemental carbon and 3 10 40,
in particular § 10 20 at % of at leust one metallic ele-
ment.

According to advantageous modified embodiments
of the invention the metallic element is an element of
group b, IIb, Illa, IV, Vb, VIb, VIIb or VIII of the
periodic table. Included are copper (Cu), silver (Ag),
gold (Au), zinc (Zn), cadmium (Cd), boron (B), alumini-
um (A, gallium (Ga), indium (In), thallium (T1), silicon
(Si). titanium (Ti), germanium (Ge), zirconium (Zr), tin
(Sn). hafnium (HF), lead (Pb), vanadium (V), niobium
{Nb), tantalum (Ta), chromium (Cr), molybdenum (Mo},
tungsten (W), manganese (Mn), rhenium (Re). iron (Fe).
ruthenium (Ru). osmium (QOs). cobalt (Co), rhodium
{Rh). iridium (Ir), nickel (Ni), palladium (Pd) and plati-
num (P1).

According to a further particularly advantageous
embodiment of the invention the metallic element is
tantalum, ruthenium. tungsten, iron or silicon.

A method of manufacturing said sliding layer is char-
acterized in that it is deposited by chemical or physical
vapour deposition on a substrate to be coated, in which
in particular carbon and the selected metallic element(s)
are deposited by means of cathode sputtering in an inert
gas atmosphere.

Carbon and the selected metallic element(s) are de-

posited in particular by sputtering of a target formed

from the selected metallic element(s) in an atmosphere
of an inert gas and a hydrocarbon gas.

According 10 a particularly favourable embodiment
of the method the deposition process is first started in an
atmosphere which contains only an inert gas and the
deposition process is then continued under an atmo-
sphere of an inert gas—hydrocarbon gas. The advan-
tage is that first a layer is deposited which consists only
of the selected metallic element(s) which layer im-
proves the adhesion and the actual sliding layer which
comprises carbon in addition 10 the metallic elements is
then deposited.

The invention is based on the recognition of the fact
that the properties of the known carbon layer having a
diamond-like structure which is good in itself as regards
the friction ratio and adhesion to steel. in particular can
still be improved when the carbon forming the layer is
deposited or dispersed in elemental form in a matrix of
metallic elements.

This matrix improves the hardness and decisively s

improves the adhesion of the carbon layer to the sub-
strate. Within the scope of the invention a variety of
metallic elements may be used for constructing a metal
matrix in which the carbon is quasi incorporated. pro-
vided they can be applied to a substrate by means of
chemical or physical vapour deposition. It is not neces-
sary ai all that the metallic element should be a known
ducule metal described above for solid lubrication pur-
poses.

Carbon alone shows comparatively different values
for the shiding friction coefTicient, for example, against
steel in accordance with the relative humidity of the
ambient atmosphere. The specific humidity-independ-
ent friction ratio of the layers according to the invention
with respect to a friction member is determined in par-
ticular by the choice of the matallic element from the
indicated groups of the periodic table as a matrix for the
carbon.
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Moreover this is decisive as to the adhesion of the
layers 10 the required substrate. which is very essential
for the use of mechanically stressed layers.

It is to be emphasized that the portion of the metallic
element in the layer may at any rate not be greater than
499 a1 €% since otherwise the desired properties of the
sliding layer deteriorate decisively.

It has been found that substantially all metallic ele-
ments are suitable for use as a matrix in which the car-
bon of the sliding layer is incorporated in elemental
form. ‘

It is surprising that the metal matrix in combination
with the carbon produces such excellent shding layers
of low coefficient of sliding friction.

On the basis of the material properties of the individ-
ual components of said layer compositions said effect
would not be expected at all in each case; the coeffici-
ents of sliding friction of steel members, including, for
example, iron, are in the range from p=0.61t0 =lina
normal atmosphere. Iron would hence be a completely
unsuitable material 10 form a lubricating layer against
steel.

However, in combination with carbon preferably
lower coefficients of sliding friction are produced with
p=0.14 in a normal atmosphere (50% relative air hu-
midity).

The advantages which can be obtained by means of
the invention consist in particular in that the sliding
layers according 10 the invention are not only hard and
wear-resistant and readily adhere to the substrate, but
they also have a low sliding friction coefficient against
steel which is substantially independent of the relative
air humidity. A further advantage 10 be considered is
that the sliding layers according to the invention can
also reduce the detrition of tool surfaces due to their
wear-resistance, so that they may be used as coating
layers particularly for steel tools.

A particular advantage of the method of manufactur-
ing the sliding lavers according to the invention is to be
considered in that. in a particularly simple manner and
without interrupting the process, first a layer favouring
the adhesion of the sliding layer can be deposited from
the metallic element forming the matrix; just with re-
spect to steel substrates, a very readily adhering opti-
mum intermediate layer of a metallic element is ob-
tained in this manner between the steel substrate and the
actual shiding layer consisting of elemental carbon and
at least one metallic element.

Within the scope of the invention, metallic elements
are to be understood in a narrower sense to be those
chemical elements which are light-impervious only in
the solid state, show lustre as a result of a high light
reflection power, are good current and heat conductors,
can be plastically deformed by rolling. drawing, press-
ing. cutting and the like, and have atomic lattices. In a
broader sense, however, the metallic elements are to be
understood to include also the chemical elements which
are not nonmetals and have pronounced metallic char-
acteristics, for example, the elements sometimes re-
ferred to as semimetals and sometimes as metals such as
silicon (compare, for example, Lueger, Lexikon der
Technik. Deutsche Verlagsanstalt Stuttgart, 4th Edi-
tion 1961, Vol. 3, p. 636).

It is important to point out that the claimed layers do
not relate to thermodynamically stable carbides, for
example TiC or WC; the described layers are as a rule
X-ray amorphous and can be manufactured in any de-
sired composition. The carbon portion required for low
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friction values lies considerably above the stoichiomet-
rically exact composition required for a chemical com-
pound—very low coefficients of sliding friction are
often achieved only with 80-95 at %¢. Moreover, many
of the claimed layer compositions are known as stable
carbides (for example, Ru-C). The stable carbides (for
example, Ti€C. WC) show coefficients of sliding friction
against steel as a friction member of p=0.2 10 04.
which are considerably above the values which the
claimed layers show. For W-C layers manufactured
within the scope of the invention and having 91 at %
carbon and 9 at ¢7 tungsten a coefficient of sliding fric-
tion p = 0.14 was measured at a relative air humidity of
50% with steel as a friction member, and a [cofficient]
cocfficient of sliding friction u =~ 0.06 as measured with a
second W-C layer of the same composition as a friction
member.

Thus, the layers according to the invention are of

great importance as lubricating the protective layers, ,

for example. for sliding bearings and oscillating friction
combinations (for example, shaving heads of electrical
shaving apparatuses) or knives. for example, for cutting
metal plates.

Brief Description of the Drawing

The invention will now be described with reference
to the accompanying drawing. in which the FIGURE is
a sectional view of a shding layer provided on a sub-
strate with an intermediate layer promoting its adhesion
to the substrate.

1. Manufacture of iron-carbon layers

The FIGURE is a sectional view of a substrate 1, for
example, of chromium-nickel stecl. having an adhesion-
promoting intermediate layer 3 of pure iron and a slid-
tng laver § of iron and carbon. These layers can be
obtained. for example, as follows: lavers having a thick-
ness of 0.9 um and a micro hardness of 15 > 108 N/mm?
were manufactured by cathode sputtering of a pure iron
target in an atmosphere of an inert gas at a pressure of
20 mbar, for example argon. and a hydrocarbon gas at a
pressure of 0.2 mbar. for example, acetylene. Flat rings
of 100 Cré6 steel served as a substrate. The layers com-
prising approximately 20 at % iron, 78 at $¢ carbon and
the remainder unknown impurities (it is assumed
that the latter derives from the atmosphere of the cath-
ode sputtering process), have an excellent adhesion to
their substrate, which is due inter alia 10 the fact that

during the first minutes of the coating process the cath- «

ode sputtering process was carried out in a pure inert
gas atmosphere so that first a pure iron layer was depos-
ited. The further coating then occurred in the above-
mentioned atmosphere. The layers thus manufactured
have a sliding friction coefficient in a dry atmosphere
(<0.1% relative humidity) of u=0.06 and in a moist
atmosphere (= 80 relative humidity) of u=0.15.
Layers which were manufactured by sputtering of an
iron target and an iron carbon target, respectively, in an
inert gas-hydrocarbon gas atmosphere, have a hardness
in the range from 15x10% to 30x 10' N/mm? (Knoop
hardness). The sliding friction coefficients against steel
as a friction member as a rule are in the range from
# =0.05 to 0.3 depending on the coating conditions. For
example, for a layer which contains <49.9 at % iron as
well as >50.1 at % carbon a coefficient of sliding
friction which is far less dependent on the relative air
humidity can be achieved than is the case for pure car-
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bon layers. For pure carbon the values for the coeffici-
ent of sliding friction u against steel with a relative air
humidity of <0.1% are u=0.02 and with a relative air
humidity of 95¢ n=0.2.

An iron-carbon layer of a different composition,
namely 84 at §¢ carbon and 16 at % iron, was manufac-
tured under the same conditions and with a relative air
humidity of 50% had sliding friction coefficients
1 =0.14 both against steel and also against a laver of the
same composition as a friction member (compare Table
4).

In principle the compositions of the layers with re-
spect to the quantities of carbon and metallic element(s)
can be controlled by the target composition and by the
amount of the hydrocarbon gas, respectively, in the
sputtering atmosphere, for example in the sense that,
when the concentration of the carbon in the layer is to
be higher, the amount of the hydrocarbon gas in the
sputtering atmosphere is increased accordingly. The
exact ratios can be determined by simple experiments.

Table 1 illustrates how the coefficient of sliding fric-
tion p for iron-carbon layers containing 3.7 at 9 iron,
95.5 at % carbon and 0.8 at % residual gas with a fric-
tion member in the form of a layer of the same composi-
tion as well as with steel as a friction member is influ-
enced by different relative air humidities.

TABLE 1
Relative air

Shding laver humidity (%) Hi M2
37a1 7% Fe 90 0.15 0.1

-+ 50 0.14 0.12
95.5ar ¢ C 10 0.13 0.11

- 1 0.07 007

0.8 a1 < revdual gas <04 0.04 0.04

w1 = cocfficient of fnetion with a fictuon member 1n the form of a layer of the same
compontion as the shding layer
u; = coeflicient of frictson against steel as a friction member.

Further compositions in the range from 65.2 to 95.5 at
% carbon and 32.9 to 2.3 at % iron with the remainder,
consisting of gases incorporated in the resulting layer in
the cathode sputtering process were tested for their
friction behaviour (compare table 2). The layers were
manufactured under the same parameters as indicated
for the above-described iron-carbon layer. Coefficients
of sliding friction p from =0.10 to =0.17 in an atmo-
sphere with 507 relative air humidity with steel as a
friction member and values for u from =0.13 to =0.22
against a layer of the same composition as a friction
member were measured. The layer compositions and
the associated coefficients of sliding friction are set
forth in Table 2.

TABLE 2
Residual gases
Fe (a1 %) C (at %) (a1 %) [ M2
2.3 93 4.7 0.16 0.16
37 95.5 08 0.14 012
148 781 71 0.14 0.17
203 787 1.0 on 0.15
29 65.2 19 0.22 0.10

p, = coefficient of fnction with 507% relative air humidily and a fnction member in
the form of a laver of 1the same composition as the shding layer.
p: = coefficient of fiction with 8077 relatin e air humidiny and sieel as a fnction

member
2. Manufacture of a tantalum-carbon layer

As in the example of the iron-carbon layer, layers
having a thickness of 0.9 um were manufactured by
cathode sputtering of a pure tantalum target in an atmo-
sphere of an inert gas at a pressure of 20 mbar, for exam-
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ple. argon. and a hydrocarbon gas at a pressure of 0.2 1o
1.0 mbar. for example, acetylene. As a substrate there
were used steel mings or silicon monocrystatline disks

The lavers with 65 at ¢ carbon and § at €¢ tantalum
in an atmosphere of a relative air humidity of 50 have
a cocfficient of sliding friction against steel of yu =0.08
and against a laver of the same composition as a friction
member of p=0.03 (compare Table 4).

3. Manufacture of a ruthenium-carbon layer

Lavers having a thickness of 0.9 um were manufac-
tured by cathode sputtering of a pure ruthenium target
in an atmasphere of an inert gas at a pressure of 20 mbar,
for example argon, and a hydrocarbon gas at a pressure
of 0.2 10 1.0 mbar, for example, acetylene. As substrates
there were used steel rings or silicon monocrystalline
disks.

A laver which comprises 18 at G ruthenium at 82 at
¢; carbon has a sliding friction coefficient in an atmo-
sphere with 5077 relative air humidity of p=0.05 with
steel as a friction member and of u = 0.03 with a layer of
the same composition as a friction partner (compare
Table 4).

4. Munufacture of tungsten-carbon layers

Lavers having a thickness of 0.9 um and a micro
hardness of 2} - 107 N/mm? were manufactured by
cathodce sputtering of a pure tungsten target in an atmo-
sphere of an inert gas at a pressure of 20 mbar. for exam-
ple. argon and a hydrocarbon gas at a pessure of 0.2 to
1.0 mbar, for example. acetylene. As substrates there
were used steel rings or silicon monocrystalline discs.

A laver containing 9 at % tungsten and 91 at % car-
bon has a sliding friction coefficient in an atmosphere
with $07¢ relative air humidity of p=0.14 with sieel as
a friction member and of u=0.06 with a layer of the
same composition as a {riction member (compare Table
4

Further compositions in the range of 66.21096.5 at %
carbon and 30.6 10 1.6 at <¢ tungsten with the remainder
consisting of gases incarporated in the resulting layer
during the cathode sputtering process were tested for
thesr friction behaviour (compare Table 3). The lavers
were manufactured under the same parameters as de-
scribed above for the iron-carbon layers, tantalum-car-
bon lavers and ruthenium-carbon layers. Coefficients of
shiding friction p from =0.10 to 26 0.17 in an atmo-
sphere with 507 relative air humidity with steel as a
friction member were measured. The layer composi-
tions and the associated coefficients of sliding friction
are set forth in Table 3.

Table 3 also includes a layer composition having 59.3
at % tungsten, 36.7 at % carbon and 4.0 at % residual
gas from the cathode sputtering atmosphere; said layer
composition is bevond the claimed range of composi-
tions. It had a poor adhesion to the substrate, a high
detrition in friction tests and coefficient of sliding fric-
tion u =0.4 with steel as a friction member in an atmo-
sphere with 509 relative air humidity.

The tungsten-carbon layers set forth in Table 3 illus-
trate that the coefficient of sliding friction of the sliding
layers decreases with increasing carbon portion.

TABLE 3
W Residual gaves
(a1 %y Cat ) (at ) ™ Remarks
16 048 i 017
18 9.5 0.7 0.10

20

fph
<

4

(=)

50

8
TABLE 3-continued

W Readual gaves
fat o1 Cotat Tt (at 7o) TS Remarke

49 95 0.1 0.13

53 929 1R O.le

§9 90.3 0.8 0.14

e 662 32 0.14 hardness

30 - 10" N/mm?
59.2 367 40 ~04 very high
detrition

p: o= coeffiaent of frcten wath S0 relative air humidity wnd seel as a fricnon
membet

5. Manufacture of a silicon-carbon layer

Lavers having a thickness of 0.9 um were manufac-
tured by cathode sputtering of a pure silicon target in an
atmosphere of an inert gas at a pressure of 20 mbar, for
example, argon, and a hydrocarbon gas a1 a pressure of
0.2 10 1.0 mbar, for example, acetylene. Steel rings or
silicon monocrystalline discs also served as substrates.

The layers comprising 20 to 5 at % silicon and 80 to
95 at G+ carbon have a sliding friction coefficient against
steel in an atmosphere with 5057 relative air humidity of
1 =0.07 (Compare Table 4).

TABLE 4

Shding laver  Carbon Mectalhe element

(compostiion) (at ) a1 ) Mi u:
S$i1—C 80-95 20-5 — 0.07
Ta—C 95 s 0.03 0.08
W—C 91 9 0.06 0.14
Ru—C 82 18 0.03 0.08
Fe—C B 16 0.14 0.14

Wy = woefficient of frction at 807 relatine air humidity and a fiiction member in the
form of a laver of the same composibon as the shding laver

wr = voefficient of fiction at 307 relatne air humidity and steel as a friction
member

Table 5 below indicates how the coefficient of sliding
friction u for a tungsten-carbon layer containing 1.6 at
¢ tungsten 94.5 at & carbon and 3.9 at % residual gas
with a friction member in the form of a layer of the same
composition as well as with steel as a friction member is
influenced by different relative air humidites.

TABLE §

Shding laver Relative air
(composttion) humidity (%) [ T3]
1.6 at & W 90 0.10 0.16
+ S0 0.08 0.12
94 5 ar % C 10 0.06 0.07
+ 1 0.02 0.05
3.9 at % residual gas <04 0.0 0.02

p1 = coefficient af ficuon with a friction member in the form of the same compos-
non as the shiding layer
p: = coeMcient of fricuan aganst steel as a friction member

What is claimed is:
1. A workpiece comprising a substrate having a slid-
ing surface provided with a friction-reducing coating;
said coating consisting essentially of elemental carbon
dispersed in a matrix formed of at least one metallic
element in the proportions of 50.1 to 99.9 at % of
the elemental carbon and 0.1 to 49.9 at % of the
metallic element, the ratio of the metallic element
to the elemental carbon differing from the stoichio-
metric ratio of a carbide.
2. A workpiece according to claim 1, in which the
substrate is metallic.
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3. A workpiece according to claim 1. in which the
coating consists essentially of 60 to 97 at ©¢ of elemental
carbon and 40 to 3 a1 % of at least one metallic element.

4. A workpiece according to claim 3, in which the
coating consists essentially of 80 to 95 a1 ¢ of elemental
carbon and 20 10 $ a1 5% of at least one metallic element.

S. A workpiece according to claim 1. in which the
metallic element is an element of group Ib. IIb. 1lla, IV,
Vb, Vb, VIIb or VIII of the periodic table.

6. A workpiece according to claim 5, in which the
metallic element is silicon. tantalum, tungsten. ruthe-
nium or iron.

7. A method of making a workpiece according to
claim 1, which includes coating the sliding surface of
the substrate by chemical or physical vapour deposition
of the elemental carbon and the metallic element.

8 A method according to claim 7, which includes
depositing the elemental carbon and the metallic ele-
ment by cathode sputtering of a target formed from
carbon and the metallic element.

9. A method according to claim 7, which includes
depositing the elemental carbon and the metallic ele-
ment by cathode sputtering of a target formed from the
mutallic element in an atmosphere of an inert gas and a
hydrocarbon gas.

10. A mcthod according to claim 9, which includes
starting the deposition in an atmosphere containing only
the inert gas and then continuing the deposition under
an inert gas-hydrocarbon gas atmosphere.

11. A method according to claim 9, in which the inert
gas Comprises argon.

12. A method according to claim 9, in which the
hydrocarbon gas comprises acetylene.

13. 4 workpiece comprising:

a substrate having a surface: and a friction-reducing
coating on the surface of the substrate having a coeffi-
cient of sliding friction;

characterized in that the friction-reducing coating con-
sists essentially of elemental carbon dispersed in a
matrix formed by at least one metallic element, the
ratio of carbon 1o the metallic efement ranging from

<
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50.1/49.9 10 99.9/0.1. said ratio differing from the
stoichiometric ratio of a carbidc.

14, A workpicee as claimed in claim 13, characterized in

thai the friction-reducing coating s X-ray amorphous.

15. A workpiece comprising:

a substrate having a surface; and

a friction-reducing coating on the surface of the sub-
strate. said friction-reducing coating having a coeffici-
ent of sliding friction;

characterized in that the friction-reducing coating con-
sists essentially of clemental carbon dispersed in a
mairix formed by at least one metallic element, the
ratio of carbon to the metallic element ranging from
50.1/49.9 10 99.9/0.1 said ratio differing from the
stoichiometric ratio of a carbide, said coating further
comtaining impurities in amounts which do not mate-
rially increase the coefficient of sliding friction of the
coating as compared 1o such a coating without such
impurities.

16. A workpiece as claimed in claim 15. characterized in

that the friction-reducing coating is X-ray amorphous.

17. A system comprising:

a first workpiece having a surface:

a second workpiece having a surface. the surface of the
first workpiece bearing ugainst and sliding with re-
spect 1o the surface of the second workpiece: and

a friction-reducing coating on the surface of the first
workpiece;

characterized in that the friction-reducing coating con-
sists essentially of elemenial carbon dispersed in a
matrix formed by at least one metallic element. the
ratio of carbon 1o the merallic element ranging from
50.1/749.9 10 99.9/0.1 said ratio differing from the
stoichiometric ratio of a carbide.

18. A system as claimed in claim 17, characterized in

that the friction-reducing coating is X-ray amorphous.

19. A system as claimed in claim 18. further comprising

a friction-reducing coating on the surface of the second
workpiece.
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