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carbide Is comprised of more than 70 percent by weight tungsten carbide
cobalt enriched stratified surface. The process comprises chemically vapor

and has a matrix binder comprising cobalt with a
depositing a layer of titanium carbonitride on said

cemented carbide substrate by heating gaseous reactants comprising titanium chloride, methane, hydrogen, and nitrogen with

an optimum methane/nitrogen ratio, under suitable conditions to form a titan

lum carbonitride coated insert having an eta phase

In the cemented carbide substrate adjacent said titanium carbonitride coatin

d. The eta phase comprises chemical compounds
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BSTRACT

A process for forming a titanium carbonitride coated

stratified cobalt enriched cemented carbide cutting insert, said
cemented carbide is comprised of more than 70 percent by weight
tungsten carbide and has a matrix binder conprising cobalt with
a cobalt enriched stratified surface. The process comprises
chemically vapor depositing a layer of titanium carbonitride on
said cemented carbide substrate by heating gaseous reactants
comprising titanium chloride, methane, hydrogen, and nitrogen
with an optimum methane/nitrogen ratio, under suitable conditions
to form a titanium carbonitride coated insert having an eta phase
in the cemented carbide substrate adjacent said titanium
carbonitride coating. The eta phase comprises chemical compounds
consisting essentially of cobalt, tungsten and carbon, and the
titanium carbonitride surface 1s contacted with a carburizing gas
for a sufficient time and at a sufficient temperature to convert
substantially all of said eta phase to elemental cobalt and

tungsten carbide.
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IMPROVED TITANIUM CARBONITRIDE
COATED STRATIFIED SUBSTRATE
AND CUTTING INSERTS MADE FROM THE SAME

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to stratified cobalt enriched
cemented carbide cutting tools having adherent coatings of
titanium carbonitride and process for deposition of those
coatings.

2. Description of the Related Art

Cemented carbide cutting tools are widely used in metal
cutting applications owing to their unique properties of high
hardness, toughness, strength, and wear resistance of cemented
carbide materials can be further improved by applying a thin
layer of a coating of a refractory compound such as titanium
carbide, titanium nitride, aluminum oxide, and combinations
thereof. Such coatings have widened the application range of
cemented carbide tools.

Advances in metal working equipment manufacture and econonmic
necessities of higher productivity have combined to put greater
demands of improved performance on the cutting tool materials.

Tungsten carbide based sintered alloys are used as substrate
material for the coated cutting tools because of the high
mechanical strength, hardness and good wear resistance. As a

substrate material, the tungsten carbide based alloy has higher
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toughness than other materials such as titanium carbide
based sintered alloys, titanium nitride based sintered
alloys and alumina-based ceramics. However, when the
tungsten carbide based substrates are coated with titanium
carbide by chemical vapor deposition techniques, a brittle
layer of a complex carbide, known as the eta phase, tends
to form around the tungsten carbide grains. The brittle
layer acts as a site initiating the propagation of cracks
so that the cutting inserts with this deleterious complex
exhibit a marked reduction in strength.

The deleterious effect of eta phase is described in
the papers by Bhat, Cho and Woerner (Relationship between
metal-cutting performance and material properties of
TiC-coated cemented carbide cutting tools, Surface and
Coatings Technology, Vol. 29, 1986, pp. 239-246; the role
of interface development during chemical vapor deposition
in the performance of TiC-coated cemented carbide cutting
tools, Journal of Vacuum Science and Technology, Vol
A4(6), 1986, pp. 2713-2716).

Another problem encountered during vapor ©phase
deposition is the diffusion of cobalt to the surface and
into the TiCN coatings. One technique to avoid these
problems 1s not to use titanium carbide. Several

practitioners of the art resort to depositing a film of
TiN on the surface first.
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SUMMARY

Conventional coatings of TiCN on stratified cobalt surfaces
using CVD techniques assume that the substrate surface is uniform
and normalized. However, this 1is not the case. Stratified
cobalt surfaces must undergo an electropolishing treatment, or
other cobalt removal treatments to remove cobalt cap from the
surface, and make it amenable for coating of Titanium compounds.
This treatment presents an irregular surface to the coating with
the cubic carbides at the surface presenting a random
distribution, and the orientation of WC crystals, presenting
crests and troughs at the surface, due to the varying removal
rates of cobalt caps, at regions of high and low cobalt
concentrations.

As per prior art, conventional CVD deposition of TiCN
coating on carbide substrates, presents a problem due to the
carbon contribution from the substrate. This is a reason why
practitioners of this art deposit a normalizing layer initially
consisting of TiC or TiN to stop the substrate contribution of
carbon toward the TiCN layer deposition. The present invention
allows the deposition of TiCN directly on a stratified' cobalt
enriched substrate without going through techniques of prior art.

The technique proposed here is the controlled deposition of
a TiCN layer, with an optimum C/N ratio in the gas phase,
followed by carbon correction treatment as in US Patent No.

an 3 o
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4,830,886. This controlled treatment results in a
normalized surface, with the rearrangement of the cubic
carbides at the surface, in a reqular uniform fashion at
the coating and substrate interface. (Reference -
Fig. [1]). As a result of this normalized surface, the
coating deposition is uniform, thereby promoting adhesion
and other related properties of TiCN which 1is an
improvement on TiC coating. The presence of the TiCN
layer also minimizes the diffusion of cobalt into the
coating due to the presence of a tightly packed 1lattice,
comprising of nitrogen and carbon, in a solid solution.
Thus the presence of a controlled TiCN layer, with a
normalized and regular substrate surface, coupled with

optimum properties of TiCN, results in a SUperior wear
resistant coated tool.

The present invention relates to a process for
forming a titanium carbonitride layer directly on the
cemented carbide substrate without the presence of a
deleterious eta phase. It 1s an object of the present
invention to eliminate or reduce the presence of the eta
phase from the coating/substrate interface region, and to
eliminate porosity in the coating layer which is
associated with the surface condition of the substrate.

It is a further object to achieve the above without
sacrificing the advantageous properties of a titanium
carbonitride coating for metal cutting applications.
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Further, it is an object of the present invention to enhance
one or some of the desirable properties, such as the adhesion of
the coating. The present invention makes it possible to form a
more uniform interface so that the final coating is uniform,
thereby enhancing that life. Hence, the present invention is
directed to an improved process for obtaining a coated substrate
which obviates one or more disadvantages of pnrior processes.

In accordance with the present invention, there is provided
process for making a cemented carbide cutting insert of the type
comprising a substrate of tungsten carbide grains in a cobalt
rich matrix having a layer of titanium carbonitride directly
adjacent said substrate. The substrate directly adjacent said
coating comprises tungsten carbide, and cubic carbides of the
type (W, Ti) [C] in a form chemically unreacted with cobalt. More
particularly, the substrate directly adjacent the coating is
characterized by the absence of eta phase.

In accordance with the process of the present invention,

the undesirable eta phase formed during the vapor phase
deposition of TiCN or during the manufacture of the substrate is
removed by a carbon correction cycle, which also leads to
titanium carbonitride layer composition optimization.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a photomicrograph of the titanium carbonitride
coated stratified substrate of the present invention.

e
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The structure of the cemented metal carbide substrate of the
present invention is illustrated in the photomicrograph of
Figure 1. Figure 1 depicts the relatively uniform alignment of
cubic carbides of the stratified substrate. The uniform
alignment of the cubic carbides presents a uniform surface upon
which a titanium carbo-nitride layer may be deposited. The
uppermost layer is the titanium nitride layer.

The cemented metal carbide substrate consists essentially of
metal carbide particles in an amount from about 70 to about 97
percent by welight dispersed throughout a matrix of binder
material which is present in an amount from about 3 to 30 percent
by weight. Typical metal carbides are of tungsten, molybdenum,
chromium, dolumbium, tantalum, titanium, zirconium, vanadium, and
hafniunm. In‘the tungsten carbide based cement cutting inserts of
the present invention, the hard refractory metal carbide employed
comprises at least a major portion by weight tungsten carbide.
Preferably, tungsten carbide 1s employed in an amount greater
than 603, more preferably greater than about 70% by weight of the
metal refractory carbide. Due to excellent wettability with
binders, tungsten carbide is preferably used in its hexagonal
form. The most common additional carbides are those of titanium
carbide, (W,Ti)C, and other GROUP IV element carbides with
nitrogen content in 0.02-0.8 weight percent range. A principle

- -



CA 02077205 1999-08-25

purpose of additional carbides is to reduce the mean grain
size of the tungsten carbide grains. The additional
carbides tend to dissolve 1in a cobalt rich binder and
impede the growth tungsten carbide grains during
sintering. Preferably the starting powder of grains of
metal carbide used have a mesh size of less than 200 mesh,
U.S. standard screen size. This results in particle sizes
less than approximately 10 microns.

The matrix binder materials employed for the
substrate are preferably the 1ron group metals comprising
cobalt, nickel, and iron, most preferably cobalt. Cobalt
1s preferred for use with tungsten carbide based alloys of
the present invention due to excellent wettability.
Cobalt preferably comprises greater than about 3% by
weight of the binder in matrix material and preferably
more than 4% by weight. Other materials may be alloyed
with the cobalt matrix binder material provided the
desirable final properties are not unduly affected. In
addition to nickel and iron mentioned above, additional
ingredients include molybdenum, tungsten or other metals.

The apparatus used in the process of the present
invention comprises an enclosed vessel of stainless steel
or other suitable material having a removable top or
bottom cover. The cover 1is attached to the reaction
vessel by suitable means such as bolts, clamps, hinges, or

other means. The vessel 1s provided with an inlet and an
outlet whereby the inlet gaseous mixture flows
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through a reaction zone containing the substrate to be coated and
exits through an outlet. Typically the vessel includes a premix
chamber where the gases utilized are premixed at a temperature
lower than the reaction temperature. Uniformly mixed gases

exiting the premix chamber flow into the inlet to the reaction

zone.
The cemented carbide substrates or inserts are positioned in
the reaction zone by conventional means such as by a rotatable

table, trays, hooks, hangers, or other fixture known in the art.

The vessel includes heating elements typically' in the form of
graphite heating rods. The reaction vessel is loaded with the
inserts to be coated and typically flushed with a suitable insert
gas such as nitrogen, argon, or the 1like prior to the
introduction of the gaseous reactants.

The layer of titanium carbonitride is chemically vapor
deposited on the inserts from a flowing mixture consisting
essentially of gaseous reactants and inert gas. The deposition
reaction is continued until the thickness of TiCN is a least
approximately 3 microns and, more preferably, at least
approximately 6 microns. The reaction proceeds according to the
following formula:

TiCl,+1/2H,»TiC1;+HC1
TiCl,+H,~TiC1,+2HC1

TiC1,+CH,+1/2N,~TiCN+4HC1
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Carbon contained in the substrate may be an additional
source of carbon. The reaction of TiCN with the substrate
can be represented by the following equations:
2T1C14+3WC+N2+3Co0+4H3—~2TiCN+Co3W3C+8HC1 (1)
2T1C13+3WC+N2+3Co+3H2—2TiCN+Co3W3C+6HC1(2)
5TiCl3+6WC+5/2N3+6C0+15/2H~5TiCN+CogWgC+15HC1(3)

The reaction products containing cobalt are eta phase

substrates which cause embrittlement at the
coating/substrate interface. The reactant qgases are
passed over the inserts 1in the reaction =zone. The

temperature of the reaction zone and of the substrate

removed continuously from the reaction zone.

The fine grain size of the coating of the present
invention has a ©porosity-free structure as Oobserved
through an optical microscope. The fine grailn size of the
present 1invention is preferably less than approximately 1
micron. Fine grained coated inserts normally show better
wear resistance than those having a relatively coarse
graln size.

It is known that the decarburization of a cemented
carbide substrate results in the occurrence of brittle
zones of eta phase
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at the coating/substrate interface. The eta phase is a ternary

compound of cobalt, tungsten, and carbon, with a composition of

the type of Co W C where x+y & and/or 12, and x and y have
values 1in the range of 2 to 6.

According to some reports in the literature, this phase is
considered to be advantageous in cemented carbide because of
alleged improvements in adhesion and wear resistance of the
coating. In the present invention it is desirable to remove the
eta phase due to 1its inherent brittle nature and the internal
stresses and porosity caused when this compound is formed. The
eta phase can cause cracks and shrinkage porosity which can
result in premature failure of the insert under cutting
conditions. 1In accordance with the principles of the present
invention, the substrate directly adjacent the layer of titanium
carbonitride comprises tungsten carbide in a form chemically
unreacted with cobalt.

According to the carburizing process, the titanium
carbonitride coated substrate is contacted with a hydrocarbon
carburizing gas under suitable conditions to dissociate the gas,
diffuse carbon formed during the disassociation through the
coating and into the substrate, and react the carbon with eta
phase present 1in the substrate to form tungsten carbide and
cobalt. In addition, the carburizing gas reacts with eta phase

to form elemental tungsten which diffuses into the TiCN coating

-10-
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to form a (W,Ti)C solid solution interlayer. Preferably,
the carburizing process 1is carried out under suitable
conditions so that substantially all of the eta phase
present in the substrate directly adjacent the coating is
decomposed.

The hydrocarbon component of the gas typically has
a chemical formula CpHop42 wherein n is from 1 to 4. The
preferred carburizing gas 1s methane. The concentration
of the carbon correction cycle for TiCN layer optimization
1s preferably maintained sufficiently high to permit
carbon to be available to diffuse through the coating to
react with the eta phase while sufficiently low to reduce
the tendency for free carbon to deposit on the surface.
The carbon correction cycle for TiCN layer composition
optimization may be a mixture of ingredients with inert or
gaseous reducing components mixed with the hydrocarbon
component. When hydrogen is wused as a diluent, the
concentration of the hydrocarbon component is preferably
from about 0.1 to about 2.0 volume percent. The most
preferred concentration is from about 0.2 to about 1
percent. The additional ingredients may aid in pyrolysis
of the hydrocarbon component and act to dilute and
uniformly distribute the carbon flux in the furnace.

Preferably, the carbon correction cycle for TiCN
layer composition optimization is carried out so that
tungsten from the substrate diffuses into the titanium
carbonitride coating to form

- 11 -
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an interfacial region consisting of tungsten, titanium
carbonitride and carbon. The interface forms a portion of the
coating directly adjacent the substrate. It is believed that the
formation of the interface permits the coating to be more
strongly bonded to the substrate. The thickness of this
interface can be controlled by the carbon correction cycle

parameters. Typically, the thickness of the interface is from

about 0.5 to about 6 microns. Preferably the thickness of the
interface is from about 0.8 to about 4 microns, with the most
preferred range being about 1 to about 3 microns.

The temperature during the carbon correction cycle is
preferably sufficiently high to pyrolyze the hydrocarbon
component and diffuse carbon through the coating into the
substrate, and to adjust the carbon composition in the TiCN
layer. The temperature is selected to promote the diffusion of
tungsten but inhibit diffusion of deleterious amounts of cobalt
into the interface. Higher temperatures and 1longer carbon
correction cycle times tend to increase the diffusion and
thickness of the interface. Preferably, the substrate is at a
temperature of from 900 to 1200 degrees centiqrade and more
preferably from 1000 to 1100 degrees centigrade.

The carbon correction cycle treatment should be continued
for a sufficient period of time to permit diffusion of the carbon
through the coating and into the interface region of the

-y
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substrate. For titanium carbonitride coating having a thickness
on the order of about 5 to about 15 microns, typical carbon
correction cycle times vary from 10 to 60 minutes. To achieve
substantially complete decomposition of the eta phase, inserts
having lower magnetic saturation values require longer time for
carbon correction than inserts having higher magnetic éaturation
values. The magnetic saturation value is an indication of carbon
deficiency. Lower magnetic saturation values indicate higher

carbon deficiency. More carbon deficient substrates require

longer carburization times. At magnetic saturation values in the
range of 125 to 145, carbon correction cycle times on the order
of 30 to 60 minutes are sufficient, Higher magnetic saturation
values require less time with times reduced to 10 to 30 minutes
with magnetic saturation values over 145.

The following examples are set forth to illustrate various
aspects of the present invention, and are not intended in any way

to limit the scope of the invention described herein.

Example 1

Cemented carbide inserts were loaded into the furnace. The
furnace was then purged with a gaseous mixture comprising 75%
hydrogen and 25% by weight nitrogen as the furnace was heated to
the operating temperature. When the operating temperature of
1050°C was reached, the gas flow was maintained for 15 minutes
and then adjusted for the deposition reaction. The gaseous

-13-
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mixture for titanium carbonitride deposition contained 90%
by volume hydrogen, 3% by volume methane, 1.0% by volume
TiClgy and 1% volume nitrogen. The gaseous ingredients
were first metered into a premixing chamber which was
maintained at a temperature of 900°C. The mixed gases
then flowed 1into the reaction zone. The coating process
was carried out for 115 minutes, and TiCN coating having a
thickness from approximately 4 to approximately 6 microns
was deposited. The eta phase which was present as a
discontinuous layer had a thickness at the interface up to
2-3 microns. The 1nsert as prepared in the above manner
was carburized by heating the furnace to a temperature of
1150 degrees centigrade, and introducing a hydrogen and
methane gaseous mixture into the reaction chamber. The
mixture contained about 0.75 volume percent methane. The
carburizing treatment was carried out for about 30 minutes.

The titanium carbonitride coated substrate body
produced by the methods of the Example given above may be
coated with additional layers of refractory material by
chemical vapor deposition techniques or physical vapor
deposition techniques known in the art. For example, the
preferred 1intermediate <coatings of titanium nitride,
hafnium nitride, hafnium carbide or hafnium carbonitride
and alumina, or even additional layers of titanium carbide
may be applied by chemical vapor deposition.



CA 02077205 1999-08-25

Other refractory materials may be applied by chemical
vapor deposition. Other refractory materials may be
applied by chemical vapor deposition techniques where such

techniques are applicable, or by physical vapor deposition
techniques such as direct evaporation, sputtering, etc.

Useful characteristics of the chemical vapor

stages of the deposition process which leads to good layer
adherence.

Example 2

Titanium nitride intermediate coating lavers and
outer coating layers were formed on the titanium
carbonitride coated substrate or on the intermediate
coating 1layers of cutting tools of this invention by
Passing a gaseous mixture of titanium tetrachloride, a

Example 3

Titanium carbide intermediate coating 1layers or
outer

- 15 -
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coating layers were formed on the titanium carbonitride coated
substrates or on the intermediate coating layers of cutting tools
of this invention by passing a gaseous mnmixture of titanium
tetrachloride, a gaseous carbon source such as methane, and
hydrogen over the substrate at a temperature of between about
800° C. and 1500° C., preferably at temperatures above 1000° C.
The reaction 1is described by the following equation, although
hydrogen was often added to insure that the reaction takes place
in a reducing environment:

TiC1,+CH ~TiC+4HC1

In the titanium carbonitride coated carbide, control of the
amounts of methane and nitrogen in the gas mixture permitted the
formation of layers in which the ratio of x to y in the formula
(Ti(CxNy) were varied. The preferred values of x and y ranged
between about 0.3 to about 0.6 for x and from about 0.7 to about
0.4 for y resulting in a preferred range of x/y ratio of from
about 0.4 to about 1.5. The most preferred ratio of x to y was
about 0.82, corresponding to values for x and y of about 0.45 to

about 0.55, respectively.

Example 4

Alumina i1ntermediate coating layers or outer coating layers
were formed on the titanium carbonitride coated substrate or
intermediate coating layers of the cutting tools of this
invention by chemical vapor deposition techniques or physical

-16~
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vapor deposition techniques or physical vapor deposition
techniques known 1in the art. In one chemical vapor
deposition technique, more fully described in U.S. Patent
No. 3,914,473, vaporized aluminum chloride or other halide
of aluminum passed over the heated coated substrate
together with water vapor and hydrogen gas.
Alternatively, the aluminum oxide was deposited by
physical vapor deposition techniques such as direct
evaporation or sputtering. The reaction for the chemical
vapor deposition technique is described by the following
equation, although hydrogen was often added to insure that
the reaction takes place in a reducing atmosphere:
2A1C13+3H20~A1,03+6HC1

The substrate or coated substrate piece or pieces were
heated to a temperature between about 800°C to about
1500°C 1in a furnace equipped for gaseous flow. The
aluminum chloride supply was preheated to vaporize the
material, and the aluminum chloride vapor was passed
through the furnace, together with the other gases. The
gas mixture was passed over the heated substrate or coated
substrate until the desired coating thickness was
achieved. Routine experimentation was used to determine
the rate of coating thickness growth at a particular
gaseous flow rate and temperature.

- 17 -~
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Example 5

In another preferred method of coating the titanium
carbonitride coated substrate bodies or the 1intermediate
coatings with one or more adherent alumina coating layers,
aluminum chloride was reacted with carbon dioxide in the

presence of hydrogen gas according to the following
equation:

above could be tailored to enhance the overall tool
performance. This was achieved through the combinations

substrate and the coatings to coatings, and achieved by
the improved structure/property of the coatings such as

hardness, fracture toughness, impact resistance, chemical
inertness, etc.

the present invention, it will bpe appreciated that various
changes and modifications may be made therein without

-~ 18 -



CA 02077205 2000-07-21

The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:—

1. A process for forming a titanium
carbonitride coated stratified cobalt enriched cemented
carbide cutting insert, said cemented carbide comprising
about 70 to 97 percent by weight tungsten carbide and a
matrix binder comprising cobalt with a cobalt enriched
stratified surface, wherein said process comprises
chemically vapor depositing a layer of titanium
carbonitride on said cemented carbide substrate by heating
gaseous reactants comprising titanium chloride, methane,
hydrogen, and nitrogen with an optimum carbon/nitrogen
ratio, to form a titanium carbonitride coated insert
having an eta phase in the cemented carbige substrate
adjacent said titanium carbonitride coating, said eta

and tungsten carbide.

2. The process for forming a coated cemented
carbide cutting insert according to Claim 1 wherein the
thickness of said titanium carbonitride coating 1is from
about 2 microns to about 8 microns.

3. The process for forming a coated cemented
carbide cutting insert according to claim 2 wherein said
deposition reaction proceeds according to the following
formula:

TiClg+CHyg+1/2N>~TiCN+4HC1

-~ 19 -
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Z: The process for forming a titanium
carbonitride coated stratified cobalt substrate according
to claim 3, wherein the carbon to nitrogen ratio of
TiCxNy, 1s controlled for optimum wear resistance in the
TiCN layer, and wherein x is a number from about .3 to .6,
and y is a number from about .7 to .4.

5. The process for forming a titanium
carbonitride coated stratified cobalt substrate according
to claim 4, wherein the said nitrogen partial pressure in
the gas phase distributes the cubic carbides at the
coating/substrate interface in an enhanced distribution
mode, and presents a uniform interface for nucleation and
growth of TiCN layer, thereby promoting adhesion and
uniformity of coating.

6. The process for forming a titanium
carbonitride coated stratified cobalt substrate according
to claim 5, wherein the C/N ratio in the deposited layer
by a carbon correction cycle is controlled to enhance the
wear resistance of coated layer.

7. The process for forming a coated cemented
carbide cutting insert according to claim 6, wherein said
carburizing gas comprises a component having the formula
CHogn+2 wherein n is from 1 to 4.

8. The process for forming a titanium
carbonitride coated stratified cobalt substrate according
to claim 7, wherein the

- 20 -
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concentration of said carburizing gas is maintained at a

concentration of about .6 to about .8 percent by volume to permit
sufficient carbon to be available to diffuse through said
coating.

9. A process for forming a titanium carbonitride stratified
cobalt substrate according to claim 8, wherein said carburizing
gas includes an inert component, said inert component comprising
hydrogen.

10. A process for forming a titanium carbonitride
stratified cobalt substrate according to claim 9, wherein said
carburizing gas is methane.

11. A cutting insert made according to the process of claim

“wl2l=-
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12. A titanium carbonitride coated cemented carbide
article made according to a process comprising chemically
vapor depositing a layer of titanium carbonitride directly
on a cemented carbide substrate, the substrate comprising
tungsten carbide particles dispersed throughout a matrix of
cobalt binder and having a cobalt enriched surface, said
layer deposited by heating gaseous reactants comprising
titanium chloride, methane, hydrogen and nitrogen with an
optimum carbon/nitrogen ratio, under suitable conditions to
form a titanium carbonitridé coated cemented carbide article
having an eta phase in the substrate adjacent said titanium
carbonitride coating, said eta phase comprising chemical
compounds consisting essentially of cobalt, tungsten and
carbon, and contacting said coated article with a
carburizing gas for a sufficient time and at sufficient
temperature to convert substantially all of said eta phase
to elemental cobalt and tungsten carbide, said article
having a normalized and reqular coating/substrate 1interface
and an interfacial region consisting essentially of carbon,
titanium carbonitride and tungsten 1n a form unreacted with
cobalt.

13. The titanium carbonitride coated <cemented
carbide article of c¢laim 12 wherein the cemented carbide
substrate is at least partially stratified.

14. The titanium carbonitride coated cemented
carbide article of claim 12 wherein the ratio of carbon to
nitrogen of TiCy4kNy 1is controlled, and wherein x 1s a number
from about 0.3 to 0.6 and y 1s a number from about 0.7 to
0.4.

15. The titanium carbonitride coated cemented
carbide article of claim 12 wherein distribution of cubic
carbides at the coating/substrate i1nterface 1s controlled.

16. The titanium carbonitride coated cemented
carbide article of claim 12 whereiln said titanium

carbonitride coating has a grain size of 1 pm or less.

— 22 =
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17. The titanium carbonitride coated cemented
carbide article of claim 12 further comprising at least one
additional layer of refractory material deposited on the

titanium carbonitride layer.
18. The titanium carbonitride coated cemented

carbide article of <c¢laim 17 wherein the at 1least one
additional layer of refractory material 1s selected from the
group consisting of TiN, TiC, TiCN, HfN, HfC, HfCN, Al;03
and mixtures thereof.

19. A titanium carbonitride coated cemented carbide
cutting tool made according to a process comprising
chemically vapor depositing a layer of titanium carbonitride
directly on a cemented carbide substrate, the substrate
comprising metal carbide particles, including tungsten
carbide particles, dispersed throughout a matrix of binder
material comprising cobalt, said layer deposited by heating
gaseous reactants comprising titanium chloride, methane,
hydrogen and nitrogen with an optimum carbon/nitrogen ratio,
under suitable conditions to form a titanium carbonitride
coated cemented carbide article having an eta phase 1n the
substrate adjacent said titanium carbonitride coating, said
eta phase comprising chemical compounds consisting
essentially of cobalt, tungsten and carbon, and contacting
said coated article with a carburizing gas for a sufficient
time and at sufficient temperature to convert substantially
all of said eta phase to elemental cobalt and tungsten
carbide, said cutting tool having a uniform, £fine grain,
substantially porosity-free titanium carbonitride coating
immediately adjacent said substrate and an 1nterfacial
region having minimal cobalt and eta phase.

20. The titanium carbonitride coated <cemented
carbide cutting tool of claim 19 wherein the cemented
carbide substrate comprises approximately 70-97 percent by
weight metal carbide and approximately 3-30 percent by

weight of a matrix binder material.
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21. The titanium carbonitride <coated cemented
carbide cutting tool of claim 20 wherein said metal carbide
particles 1nclude metal carbides selected from the group
consisting of carbides of Cr, Mo, V, Nb, Ta, Ti, Zr, Hf and
mixtures thereof.

22. The titanium carbonitride coated cemented
carbide cutting tool of claim 20 wherein said matrix binder
material comprises approximately 3-100% by weight cobalt
with the remainder of the binder material comprising metals
selected from the group consisting of Ni, Fe, Mo, W and
mixtures thereof.

23. The titanium carbonitride coated cemented
carbide cutting tool of c¢laim 19 wherein the cemented
carbide substrate has a cobalt enriched surface.

24, The titanium carbonitride coated cemented
carbide cutting tool of <claim 19 wherein the cemented
carbide substrate 1s at least partially stratified.

25, The titanium carbonitride coated cemented
carbide cutting tool of claim 19 wherein the ratio of carbon
to nitrogen of TiCxNy 1s controlled, and wherein x is a

number from about 0.3 to 0.6 and y 1s a number from about

0.7 to 0.4.
26. The titanium carbonitride coated cemented

carbide cutting tool of claim 19 wherein distribution of
cubic carbides at the coating/substrate interface 1S
controlled.

27. The titanium carbonitride coated cemented
carbide article of claim 19 wherein said titanium
carbonitride coating has a grain size of 1 pm or less.

28. The titanium carbonitride coated cemented
carbide article of c¢laim 19 further comprising an outer
layer of a material selected from the group consisting of
TiN, TiC, and Al5,03.

29, The titanium carbonitride coated cemented

carbide article of claim 28 further comprising at least one
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additional coating layer, 1intermediate the outer layer and
the titanium carbonitride coating adjacent the substrate,
comprised of a material selected from the group consisting
of Al,03, TiN, TiC, TiCN, HfN, HfC, HfCN and mixtures of

said nitrides, carbides and carbonitrides.
30. A wear resistant titanium carbonitride coated

cemented carbide article comprising a cemented carbide
substrate comprising tungsten carbide particles dispersed
throughout a matrix of binder material comprising cobalt,
and. at 1least one 1layer of titanium carbonitride coating
deposited directly on the cemented <carbide substrate,
wherein said cemented carbide substrate comprises a cobalt

enriched stratified surface and the layer of titanium
carbonitride directly adjacent said substrate comprises an

interfacial region consisting essentially of tungsten,
titanium carbonitride and carbon whereby said coating 1s

strongly bonded to the substrate.
3]1. The wear resistant titanium carbonitride coated

cemented carbide article of claim 30 wherein the thickness

of said interfacial region 1s from about 0.5 micron to about

6 micron.

R. WILLIAM WRAY & ASSOCIATES
BOX 2760 - STATION D
OTTAWA, CANADA K1P 5W8
PATENT AGENT FOR THE APPLICANT
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