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Wear-resistant titanium nitride coatings onto cast iron and other carbon-containing materials (18) is enhanced by means of
a new surface preparation and deposition process. The conventional pre-deposition surface cleaning by Ar+ jon bombardment
is replaced by a hydrogen-ion bombardment process which cleans the substrate surface (16) by chemical reaction with mini-
mal sputtering and simultaneously removes graphite present on the cast iron surface. Removal of the graphite significantly
improves the wear resistance of titanium nitride, since the presence of graphite causes initiation of wear at those sites. Hy-
drogen ion bombardment or electron bombardment may be used to heat the substrate to a chosen temperature. Finally, tita-
nium nitride is deposited by reactive sputtering with simultaneous bombardment of high-flux Ar+ ions from an independ-
ently generated dense plasma (10"). The resulting titanium nitride coating on cast iron evidences superior wear properties
and adhesion compared to conventional reactive evaporation deposition techniques for titanium nitride.
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SURFACE PREPARATION AND DEPOSITION METHOD FOR
TITANIUM NITRIDE ONTO CARBONACEOUS MATERIALS

CROSS-REFERENCE TO RELATED APPLICATION
The present application is related to application Se-
rial Number 07/ , filed on even date herewith, and en-

titled "Plasma-Enhanced Magnetron-Sputtered Deposition of
Materials" [PD-92425].

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present application relates to the deposition of

a layer of material onto carbonaceous substrates, and, more
particularly, to the deposition of titanium nitride onto

cast iron.

2. Description of Related Art

Titanium nitride coatings on substrates are used to
provide improved wear properties to the substrate materi-
als. For example, cast iron foundry tools are exposed to
sand abrasion, and it is desired to resist the wear result-
ing from such sand abrasion. Titanium nitride overcoatings
could provide such wear resistance.

The deposition of titanium nitride onto substrates is
disclosed in, for example, U.S. Patent 4,197,175, using a
reactive evaporation (RE) process. The deposition method
comprises evaporating titanium in a vacuum evaporator. The
evaporated titanium atoms deposit onto a substrate that is
simultaneously bombarded with argon ions to grow a hard
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coating of titanium nitride using nitrogen gas that is in-
troduced into the process chamber.

Prior to depositing titanium nitride onto the sub-
strate surface, the substrate is bombarded using an argon-
ion plasma. The Ar-ion bombardment accomplishes the task
of sputter-cleaning the substrate surface. This physical
sputtering cleans the substrate surface of foreign atoms
and atom-species such as oxides that may be present, as
well as surface hydrocarbons. The sputtering also removes
a small amount of the substrate material itself, but this
can be controlled to be minimal.

Chemically-reactive gases or chemically-reactive plas-
mas are not used to clean the surface of oxides and other
surface contaminants. Instead, surface cleaning is accom-
plished by physical sputtering. This is disadvantageous
for substrate materials which are sputter-sensitive, such
as with carbonaceous materials like cast iron.

Once the surface is sputter-cleaned, heating of the
substrate is accomplished by bombarding the substrate with
electrons. Titanium nitride is then grown at the desired
temperature with simultaneous argon ion bombardment of the
film.

With the RE process, it has been observed that the
deposition of titanium nitride on the surfaces of high car-
bon-containing materials, such as cast iron, does not pro-
vide good wear properties. The principal reason for this
is the graphite that is in cast iron.

Cast iron contains free graphite, which is added to
aid in machinability and improved wear properties due to
its lubricating ability. Without subscribing to any par-
ticular theory, it appears that the physical sputter-
cleaning step used in the above-described RE process re-
sults in the preferential sputtering of cast iron relative
to the free graphite, due to the much lower sputter yield
of graphite compared to that of iron. The result of this
is that graphite is left on the surface of the cast iron
prior to the deposition of the titanium nitride coating.
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Since graphite itself is brittle, the titanium nitride
coating that is deposited onto the cast iron surface has
poor adhesion and poor wear properties.

The use of neutral hydrogen is known to remove carbon
from the surface of carbon-containing steels at tempera-
tures higher than 700°C through the following reaction:

C + 48 » CH,.

However, this technique is ill-suited for preparing a sur-
face prior to the deposition of titanium nitride. At a
temperature of 700°C, carbon atoms in the cast iron are mo-
bile. Once the carbon atoms on the cast iron surface are
removed by hydrogen, the carbon atoms underneath the sur-
face can diffuse to the surface, driven by the carbon con-
centration gradient, and then be removed from the surface
by the neutral hydrogen gas. This high temperature process
generates a decarburized and soft purface layer. This is
described in the Metals Handbook, 9th Edition, Vol. 1,

"Properties and Selection", American Society for Metals,
1978, pp. 66,301, 673-674, and 705. This soft substrate is
ill-suited for supporting a hard coating of titanium ni-
tride and would result in poor wear properties of the coat-
ing. Furthermore, this cleaning procedure is not applica-
ble for temperature-sensitive substrates, since high tem-
perature (>700°C) is required.

The use of hydrogen plasma is well-known to remove
surface contaminants, such as oxides and hydrocarbons, from
substrates at room temperature. This is described by M.J.
Vasile et al, "Mass Spectroscopy of Plasmas", in Plasma
Diagnostics, Vol. I, Discharge Parameters and Chemistry,
Edited by 0. BRuciello and D. Flamm, Academic Press, 1989,

Bowever, these techniques do not teach the proper

preparation of the surface for the subsequent deposition of
hard films of titanium nitride that adhere to the surface
nor substrate heating to the desired temperature for the

film deposition.
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Thus, a process is needed that provides improved ad-
hesion and wear properties of titanium nitride deposited

. onto the surfaces of materials containing carbon, such as

cast iron.

SUMMARY OF THE INVENTION

In accordance with the invention, a process is provid-
ed for improving the adhesion of titanium nitride onto cast
iron and other carbon-containing materials to improve their
wear properties. The new surface preparation and deposi-
tion process for titanium nitride makes use of separate and
distinct hydrogen-ion and electron bombardment processes
that are different from that used in conventional deposi-
tion techniques. Prior to the deposition of titanium ni-
tride, a hydrogen plasma is created that surrounds the sub-
strate. The substrate is biased negative with respect to
the plasma to bombard the surface with positive hydrogen
ions, instead of argon ions as in the prior art RE process.
This hydrogen-ion bombardment process is used to clean the
surface of oxides and other contaminants by chemical reac-
tion, instead of sputtering, and to simultaneously remove
graphite present on the cast iron surface prior to the dep-
osition of titanium nitride. The same bydrogen plasma can
be used to simultaneously heat the substrate to the desired
temperature prior to deposition, using the hydrogen-ion
bombardment. Alternatively, by biasing the substrate posi-
tive with respect to the hydrogen plasma, electrons can be
used to heat the substrate to the desired temperature.

This surface preparation process is considered to be
novel for depositing titanium nitride onto cast iron and
other metals containing a significant amount of carbon,
that is, greater than about 1 wt%, and is not taught by the
prior art RE process. Removal of the graphite from cast
iron aids in the adhesion and wear properties of the ti-
tanium nitride coating. Compared to the prior art RE pro-
cess, the resulting titanium nitride coating on cast iron
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treated in the manner described demonstrates improved
tribological (friction and wear) properties.

Though specifically developed for application to cast
iron, the surface preparation process can be used prior to
the deposition of titanium nitride onto other carbon-con-
taining materials, such as high-carbon-content steels, or
onto materials which are sensitive to sputter-cleaning.

It should be noted that the surface preparation pro-
cess for depositing a hard titanium nitride coating onto
carbonaceous metals (>1% C) is what is considered to be new
and useful. The heart of this is the novel use of hydrogen
plasma to clean the substrate surface and simultaneously
remove graphite from the substrate surface.

The present invention is distinct and different from
the prior art decarburizing process that employs neutral
hydrogen gas in that a hydrogen plasma is used to remove
carbon. In decarburizing, carbon is removed to a depth of
a few mils beneath the surface, which softens the cast iron
surface. In contrast to this, the present invention re-
moves only the carbon directly exposed to the hydrogen
plasma; no carbon out-diffusion is involved. The process
of the invention does not soften the surface, as in decar-
burizing; however, it does provide enough graphite removal
to improve the adhesion and wear properties of a coating of
titanium nitride. Furthermore, because a hydrogen plasma
is used, carbon removal can be conducted at room tempera-
ture. There is no requirement to use a high substrate tem-
perature of 700°C which can cause hydrogen absorption into
the metal and subsequent embrittlement.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of the reactive evapora-
tion (RE) process of the prior art;

FIG. 2 is a scanning electron microscope photograph
(1000X) showing the surface features of a cast iron sample
coated with titanium nitride by the prior art RE process;
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FIGS. 3A-C depict the process of the invention, com-
prising removal of graphite (FIG. 3A), substrate heating
(FIG. 3B), and titanium nitride deposition (FIG. 3C);

FIG. 4 is a schematic diagram representative of the
apparatus used in the practice of the invention;

FIGS. S5A and 5B are scanning electron microscope pho-
tographs comparing the surface features of cast iron sam-
ples coated with titanium nitride by the process of the
invention, but using Ar* bombardment with no hydrogen plasma
treatment (FIG. SA, 1000X), and by the process of the
invention (FIG. 5B, 1200X);

FIG. 6 is a comparative plot of the total number of
locations having measurable wear of greater than or equal
to 1 mil (0.0025 cm) for cast iron samples provided with a
titanium nitride coating using the surface treatment pro-
cess of the invention (removal of graphite) and for cast
iron samples devoid of such coating and process; and

FIG. 7, on coordinates of amount of coating removed
and cumulative cycles, is a plot of the amount of wear (re-
moval of titanium nitride coating) as a function of the
number of abrasion cycles for cast iron samples treated in
accordance with the invention compared with cast iron
samples treated by the prior art RE process.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1 depicts the generic process of the prior art,
using an argon-ion plasma 10 maintained in a grounded cham-
ber 12 to create argon ions 14 for (1) sputter-cleaning the
surface 16 of a substrate 18, (2) maintaining the substrate
surface temperature during deposition, and (3) influencing
the microstructure of the deposited film (not shown).

A cast iron block 18' was coated by the above-de-
scribed process. Wear tests indicated that the prior art
process was not as effective in reducing wear compared to.

the process of the invention.

SUBSTITUTE SHEET



WO 94/04716 PCT/US93/07564

10

15

20

25

30

35

7

FIG. 2 is a photograph of a magnified region of the
prior art coating on the cast iron block. The presence of
free graphite protrusions caused by argon bombardment of
cast iron is clearly shown. The presence of such graphite
protrusions prevents good adhesion of the titanium nitride
coating to the surface of the cast iron. These protrusions
break off easily during the early stage of the wear test
and initiate the failure of the protective coating.

A surface preparation and deposition process is pro-
vided in accordance with the invention that is distinct and
different from the prior art process described above that
results in improved tribological properties for cast iron
samples coated with titanium nitride. The process is shown
schematically in FIGS. 3A-C. The sputter targets are not
shown in FIGS. 3A-C, but are depicted in FIG. 4, which
shows the relationship of the substrate 18, plasma, and
sputtering targets. The apparatus is described in greater
detail in copending application Serial No. 07/, filed
concurrently “herewith [PD-92425].

As shown in FIG. 3A, a hydrogen-ion plasma 22 is pro-
duced that surrounds the substrate 18. The substrate 18 is
then biased negative with respect to the plasma 22 to bom-
bard the substrate surface 16 with hydrogen ions 24. The
energy of the hydrogen ions 24 ranges from about 50 to 200
volts. An energy of less than about 50 volts does not pro-
vide enough hydrogen ions to the surface to clean it, while
an energy of greater than about 200 volts results in unde-
sired sputtering of the surface.

The hydrogen-ion plasma density is about 1010 to 1012
hydrogen ions/cm®. The time of cleaning is dependent on the
plasma density; the higher the density, the less time re-
quired. At a plasma density of 10! hydrogen ions/cm?®, the
treatment time required is about 1 hour.

The hydrogen ions 24 are used to clean off oxides and
hydrocarbon contaminants on the surface 16 and also remove
the "free" graphite in the cast iron matrix described
above. Graphite flakes often extend into the substrate;
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the removal of graphite by the hydrogen plasma follows the
graphite and goes below the surface. The depth of the
graphite removal depends on the process conditions. As an
example, at 101° hydrogen ions/cm®, 100 V, and 1 hour, about
1 to 2 um of the graphite was removed.

The hydrogen ions react with graphite to produce meth-
ane and with oxide to produce water. While the most pre-
ferred embodiment of the invention employs a hydrogen ion
plasma, other ions that may be used for cleaning purposes
include fluorine and chlorine ions; these may generated,
for example, by using CF, and CCl, plasmas, respectively.

The use of hydrogen plasma for cleaning with minimum
sputtering is considered to be novel, and is useful for
removing carbonaceous material (e.g., graphite) and oxides
from the surfaces of substrates. This step is equally
applicable to any deposition process as a pre-deposition
surface preparation process, providing that a way to gen-
erate the plasma is available. In the case of metals con-
taining carbon, this cleaning process is especially effica-
cious for substrates containing at least about 1 wt% car-
bon, such as cast iron.

Heating of the substrate can be accomplished simulta-
neously with the cleaning process by using hydrogen ion
bombardment at 100 to 200 V. Alternatively, following the
cleaning process, electron bombardment may be used to heat
the sample. The electrons can either be attracted from
hydrogen plasma 22 or the plasma 22 can be turned OFF, and
an argon-ion plasma 10' may be created that surrounds the
substrate 18, as shown in FIG. 3B. The substrate 18 is bi-
ased positive with respect to the plasma 10' to bombard the
substrate surface 16 with electrons 26 which heat the sub-
strate surface to a desired temperature.

The voltage employed depends on the shape of the sam-
ple 18. Sharp corners get overheated under high voltage,
and accordingly, some experimentation must be done to op-
timize the voltage to be applied to a particular shaped
substrate 18. The voltage and current ranges to provide
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sufficient power density of the order of 0.5 to 3 W/cm? are
20 to 100 VvV, and 5 to 60 A, respectively. These values
will vary, depending on the substrate surface area.

Any inert gas may be used as a supply of electrons;
examples include argon, nitrogen, neon, etc. Argon is pre-
ferred, as it is relatively inexpensive and easy to use.

The substrate is heated to a temperature in the range
of about 300° to 600°C. Low substrate temperature is de-
sired for minimizing thermal distortions, softening of the
substrate, and reducing stress generated by thermal expan-
sion mis-match. Further, there are the considerations of
energy consumption and time to heat to a given temperature
that tend to dictate the chosen temperature.

If the temperature of the substrate 18 is less than
about 300°C, then the subsequently-deposited TiN film is
not hard enough to provide the desired wear characteris-
tics. If the temperature of the substrate is greater than
about 600°C, then undesirable stress cracking of the sub-
sequently-deposited TiN film may occur during cooling of
the substrate, accdmpanied by substrate softening and dis-
tortion. For the cast iron samples treated in accordance
with the invention, a temperature of about 400°C has been
found to be adequate.

‘The substrate 18 is bombarded with low energy elec-
trons only for a time sufficient to reach the desired tem-
perature. For example, it takes about 10 to 30 minutes to
heat the cast iron sample to 400°C.

Once the substrate 18 has reached the selected temper-
ature, it is then biased negative with respect to the plas-
ma 10' to bombard the surface with ions 14 during the dep-
osition of titanium nitride, as shown in FIG. 3C. The ions
may be generated from any inert gas source, such as argon,
xenon, neon, etc. Again, for the reasons given with re-
spect to its use in the substrate heating portion of the
process, argon is preferred.

The voltage range employed is about 60 to 150 volts.
A voltage less than about 60 volts results in a soft TiN
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film. At a voltage greater than about 150 volts, argon
tends to get trapped in the TiN film, making grain bound-
aries brittle and again resulting in a soft TiN film.
Operating within the above voltage range results in a dense
TiN, a smooth surface (less than 50 A roughness), and a
grain size of about 100 A, which is considered optimum for
wear resistance.

The Ar-ion bombardment is used to maintain the sub-
strate temperature at a value selected for deposition, and
to aid in influencing the titanium nitride structure for
wear resistance. The temperature range is that given above
for heating the substrate 18; once the substrate is heated
to the chosen temperature, it is maintained at that temper-
ature during TiN deposition.

The TiN deposition is done by conventional sputtering
of a titanium target by a nitrogen-containing plasma. Un-
der the foregoing conditions, TiN deposits at a rate of
about 5 uym/hr. For TiN films used in wear-resistant ap-
plications, a deposition time of about 0.5 to 5 hours is
sufficient. For example, for cutting tools, a TiN thick-
ness of about 3 ym is sufficient, while for foundry wear,
the thickness of the TiN film should be at least about 10
pm.

FIG. 4 depicts a schematic diagram of the PMD appara-
tus 30 suitably employed in the practice of the invention.
The apparatus 30 comprises a chamber 32 defined by walls
12, showing the plasma 10', 22 and metal source targets 34
for sputtering titanium. As described above, plasma 10'
comprises a mixture of argon and nitrogen ions, while plas-
ma 22 comprises hydrogen ions. During use of the latter
plasma, the titanium source targets 34 would not be acti-
vated.

As shown in FIG. 4, use is made of multiple planar
magnetron sputter target sources 34 to produce energetic
(several eV) titanium atoms. For depositing on smaller
substrates 18, one target 34 may be used; however, prefera-
bly, at least two such targets are employed where deposi-
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‘tion is done on larger substrates. Use is also made of a

plasma 10', rather than an ion-beam source, to allow large-
scale, conformal treatment of three-dimensional irregularly
shaped objects 18.

The following description is presented in terms of de-
positing thin films of titanium nitride onto surfaces 16 of
substrates 18. The sputter targets 34 are energized by bi-
as means 36, which are controlled by means (not shown).
Also, the sputter targets 34 are movable, by means (not
shown); in order to permit orientation of the targets with
respect to the substrate 18.

The substrate 18 is supported on a substrate support
38, which is isolated from the walls 12 by insulating feed-
through 40, which provides electrical insulation of the
substrate from the walls. The substrate 18 can be biased
by bias means 20 to any polarity and to any voltage, in-
dependent of these three processes. Biasing of the sub-
strate 18 can be accomplished using either DC, for continu-
ous and uniform film deposition, or using pulses for tai-
lored thin film deposition.

The plasma-enhanced magnetron-sputtered deposition ap-
paratus 30 of the invention is a closed system, comprising
the chamber 32 defined by.walls 12 which surround the plas-
ma 10', 22, the sputter targets 34, and the substrate 18.
Inlet means 42 are provided for introducing an inert gas,
which forms a component of the plasma 10'. Inlet means 44
are also provided for introducing a gas, e.g., hydrogen,
that is used in the cleaning of the production of the sub-
strate 18 by the plasma 22 and for introducing nitrogen,
which forms another component of the plasma 10', used in
the deposition of titanium nitride. Outlet means 46 are
used to evacuate the chamber 32.

The inert gas employed in the plasma 10' may comprise
any of the inert gases, such as argon, neon, and xenon.
Preferably, argon is employed in the practice of the in-

vention.
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The pressure of the inert gas, e.g., argon, ranges
from about 5x10-4 to 5x10~° Torr, and typically is about
2x1073 Torr. The vapor pressure of nitrogen, ranges from
about 2x10-% to 2x10~° Torr, and typically is about 8x10~4
Torr.

Magnets 48 are accordingly placed around the perimeter
of the walls 12 of the vacuum chamber 14 to aid in confin-
ing the plasma 10', 22 and in improving the efficiency of
operation of the plasma at low pressure.

A filament 50 provides electrons for creating the
plasma 10', 22. A discharge power supply 52 is used to
create the plasma. The plasma 10', 22 can be created ei-
ther by a filament 50 inside the deposition chamber 32, or
it can be created by operating a remote plasma source, or
sources. The use of remote plasma sources is'described in
patent applications Serial No. 07/758,405, filed August 30,
1992, and Serial No. 07/749,013, filed August 23, 1992, and
assigned to the same assignee as the present application.

The substrate 18, titanium sputter targets 34, and
plasma 10', 22 are all electrically decoupled from each
other and from the walls 12 of the deposition chamber, so
as to provide independent electrical control of each com-
ponenf. The substrate 18 is isolated from the plasma 10°',
22 and from the chamber walls 12 by using an insulated
feedthrough 40 for supporting the substrate. The plasma
10', 22 is isolated from the vacuum chamber wall 12 by
using an anode liner 54 as shown in FIG. 4. This allows
the plasma 10', 22 as a whole to be biased positive or neg-
ative with respect to the other elements of the system.

The preferred titanium nitride deposition process of
the invention may be summarized as a novel process consist-
ing of a hydrogen-ion cleaning and graphite removal, used
for high (>1 wt% carbon) carbonaceous-containing sub-
strates. Substrate heating can be achieved using the hy-
drogen-ion bombardment or using electron bombardment of the
substrate. An Ar-ion bombardment process is then used to
maintain the substrate temperature during the titanium ni-
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tride deposition, and to control the titanium nitride mi-
crostructure for the formation of hard coatings.

The process of the invention is distinct and different
from the conventional prior art process in that the new
process includes the additional novel step of cleaning the
substrate and simultaneously removing surface graphite us-
ing a hydrogen plasma. This aids in improving the adhesion
of titanium nitride deposited in the manner described here-
in, or using any conventional, generic, deposition process
for titanium nitride involving the use of argon-ion bom-
bardment from a plasma for substrate heating during deposi-
tion and for microstructure control. Additionally, elec-
trons can be used for initial substrate heating.

FIGS. S5A and 5B show scanning electron microscope
(SEM) photographs comparing the surface features of two
cast iron samples coated with titanium nitride. The sample
shown in FIG. 5B has been coated with titanium nitride us-
ing the surface preparation and deposition treatment de-
scribed in accordance with the invention, while the sample
shown in FIG. 5A has been coated with titanium nitride by
the same deposition process, but without the surface prep-
aration.

FIG. 5A clearly shows the presence of lamellar, graph-
ite flakes. FIG. 5B is devoid of graphite flakes.

EXAMPLES

Example 1.
The process of the invention was successful in reduc-

ing the wear of untreated cast iron blocks subjected to
sand-abrasion wear in the manufacturing environment of a
foundry plant. A total of five cast iron blocks were
treated with various processes for comparison with five
untreated blocks. One of the blocks was treated in accor-
dance with the process of the invention and used in compar-
ison with four untreated blocks. In the treatment in ac-
cordance with the invention, the following steps were done:
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(a) the surface of the cast iron substrate was
cleaned with hydrogen ions in a hydrogen plasma at a
density of 101% hydrogen ions/cm® for 1 hour; the en-
ergy of the hydrogen ions was 100 volts;

(b) the substrate was then heated to a tempera-
ture of about 400°C with electrons generated from an
argon-ion plasma by biasing the substrate positive
with respect to the plasma; the enerqgy of the argon
ions was 40 volts; and

(c) a titanium nitride film was deposited in the
presence of an argon-ion plasma over the course of 1
hour; the energy of the argon ions was 100 volts.

To conduct the sand-abrasion wear experiment, the
blocks were mounted onto a crankshaft pattern. A similar
crankshaft pattern was used to mount four untreated cast
iron blocks for wear comparison.

A total of 4,000 cycles was accumulated by the foundry
plant to provide a preliminary evaluation of the wear re-
sistance of the titanium nitride-treated cast iron blocks.
At the completion of the 4,000 cycles, the amount of wear
of each block (treated and untreated) was determined on the
basis of dimensional measurements at various locations of
the surface of each block. The coordinate measuring ma-
chine (CMM) used to measure the amount of wear at each
point had an accuracy of %1 mil ($0.0025 cm). Therefore,
wear measurements of each block could only be made if more
than 1 mil of wear was experienced.

FIG. 6 compares the total number of locations having
measurable wear, that is, wear greater than or equal to 1
mil. For each untreated block, there were between 10 and
30 locations having this measurable wear. For the cast
iron block treated in accordance with the invention, there

was no measurable wear.
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Example 2.
Comparison was next made between a cast iron block

coated with titanium nitride in accordance with the inven-
tion and a cast iron block coated with titanium nitride
coated by the process disclosed in U.S. Patent 4,197,175,
supra, also called the RE process. For the block cocated by
the RE process, measurable wear was recorded for 2 loca-
tions at the completion of the wear test. This is in con-
trast to the process of the invention, which resulted in no
measurable wear for any location.

In addition to wear determined by dimensional change,
color change is an additional indicator. When the gray-
colored base metal shows through, this is an indication
that the gold-colored titanium nitride coating has been
worn through. This type of visual monitor of the wear
process was verified during the wear test.

FIG. 7 shows a comparison of the wear of cast iron
blocks treated in accordance with the invention (Curve 56)
and the RE process (Curve 58), based on visual observation
of the coating color during the wear test. The top of the
graph represents a virgin coating, prior to beginning the
wear test. The bottom of the graph represents total re-
moval of the coating.

The data shown in FIG. 7 indicates that the block
treated in accordance with the invention was about two
times better in wear resistance than the REB process.

Thus, there has been disclosed a process for providing
improved adhesion of titanium nitride onto the surface of
carbon-containing materials, such as cast iron, comprising
simultaneous cleaning of the surface and removal of carbon
from the surface. Several changes and modifications of an
obvious nature may be made, which will be readily apparent
to those skilled in this art, and all such changes and mod-
ifications are considered to fall within the scope of the

invention, as defined by the appended claims.
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CLAIMS

What Is Claimed Is:

1. A process for depositing a coating of titanium ni-
tride onto a surface (16) of a substrate (18) comprising
either a carbonaceous material or a sputter-sensitive ma-
terial, comprising the steps of:

(a) cleaning said surface (16) and simultaneously
removing at least one of carbon and oxides from said sur-
face (16);

(b) heating said substrate (18) with ions or
electrons to a chosen temperature; and

(c) depositing said coating of said titanium ni-
tride onto said surface (16) of said substrate (18) in the
presence of ions provided by a plasma (10') while maintain-
ing the temperature of said substrate (18) at said chosen

temperature.

2. The process of Claim 1 wherein said surface (16) is
cleaned and simultaneously exhausted of at least one of
surface carbon and oxides by exposure thereof to a plasma
(22) comprised of ions selected from the group consisting
of hydrogen, fluorine, and chlorine.

3. The process of Claim 2 wherein said substrate (18)
is biased negative with respect to said plasma (22).

4. The process of Claim 3 wherein the voltage of said
negative bias (20) ranges from about 50 to 200 volts and
wherein said plasma (10') has a density of about 10!° to

1012 jons/cm3. .

5. The process of Claim 1 wherein said substrate (18)
is heated with ions by creating a plasma (22) surrounding
said substrate (18) and biasing said substrate (18) nega-
tive with respect to said plasma (22).
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6. The process of Claim 5 wherein said plasma (22) is
generated from hydrogen gas, said plasma (22) providing a
power density ranging from about 0.5 to 3 W/cm? in order to
heat said substrate (18) to a temperature ranging from
about 300° to 600°C.

7. The process of Claim 1 wherein said substrate (18)
is heated with electrons by creating a plasma (10', 22)
surrounding said substrate (18) and biasing said substrate
(18) positive with respect to said plasma (10', 22).

8. The process of Claim 7 wherein said plasma (10°',
22) is generated from a source selected from the group
consisting of argon, hydrogen, nitrogen, and neon, said
plasma (10', 22) providing a power density ranging from
about 0.5 to 3 W/cm® in order to heat said substrate (18)
to a temperature ranging from about 300° to 600°C.

9. The process of Claim 1 wherein said substrate (18)
is biased negative with respect to said plasma (10'}).

10. The process of Claim 9 wherein the voltage of said
negative bias (20) ranges from about 60 to 150 volts.
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