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TITLE
COMPOSITE ARTICLES

TECHNICAL FIELD AND INDUSTRIAL APPLICABILITY OF THE INVENTION

[0001] The present invention is generally directed to composite articles, such
as, for example, tool blanks, cutting tool inserts, spade drill inserts, and ballnose

endmills, having a composite construction including regions of differing composite

materials.
[0002]) Certain non-limiting embodiments of a composite article according to

the present disclosure comprise at least a first composite material and a second
composite material, wherein each of the first and second composite materials
individually comprises hard particles in a binder, and wherein the concentration of

ruthenium in the binder of the first composite material is different from the concentration
of ruthenium in the binder of the second composite material. Also, in certain non-
limiting embodiments of a composite article according to the present disclosure, one of
the first and second composite materials comprises ruthenium in the binder and the
other of the first and second composite materials lacks ruthenium or comprises no more
than an incidental concentration of ruthenium in the binder. Examples of composite

articles according to the present disclosure include, but are not limited to, cemented
carbide tools used in material removal operations such as, for example, turning, milling,

threading, grooving, drilling, reaming, countersinking, counterboring, and end milling.

BACKGROUND OF THE INVENTION

[0003] Cutting tool inserts employed for machining of metals and metallic (i.e.,
metal-contairing) alloys are commonly fabricated from composite materials. Composite
materials provide an attractive combination of mechanical properties, such as strength,
toughness, and wear resistance, compared to certain other tool materials, such as tool
steels and ceramics. Conventional cutting tool inserts made from a composite material,
such as cemented carbide, are based on a “monolithic” construction, which means that

they are fabricated from a single grade of cemented carbide. As such, conventional
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monolithic cutting tools have substantially the same mechanical and chemical properties

at all locations throughout the tool.

[0004] Cemented carbide materials or, more simply, “carbide materials” or

‘carbides”, comprise at least two phases: at least one hard particulate ceramic
component; and a softer matrix of metallic binder. The hard ceramic component may

be, for example, carbides of any carbide-forming element, such as, for example,

titanium, chromium, vanadium, zirconium, hafnium, molybdenum, tantalum, tungsten,
and niobium. A common, non-limiting example is tungsten carbide. The binder may be

a metal or metallic alloy, typically cobalt, nickel, iron, or alloys of any of these metals.

The binder “cements” the ceramic component within a continuous matrix interconnected
In three dimensions. As is known in the art, cemented carbides may be fabricated by

consolidating a powder including at least one powdered ceramic component and at

least one powdered metallic binder material.

[0005] The physical and chemical properties of cemented carbides depend in
part on the individual components of the metallurgical powders used to produce the
materials. The properties of a particular cemented carbide are determined by, for
example, the chemical composition of the ceramic component, the particle size of the
ceramic component, the chemical composition of the binder, and the weight or volume
ratio of binder to ceramic component. By varying the ingredients of the metallurgical
powder, cutting tools, such as cutting tool inserts, including indexable inserts, drills and

end mills can be produced with unique properties matched to specific cutting

applications.

[0006] In applications involving the machining of modern metallic materials.
enriched grades of carbide are often utilized to achieve the desired quality and
productivity requirements. However, cutting tool inserts having a monolithic carbide
construction composed of higher grades of cemented carbides are expensive to
fabricate, primarily due to high material costs. In addition. it is difficult to optimize the
composition of conventional monolithic indexable cutting inserts composed of single

grades of carbide material to meet the differing demands placed on the various regions

of the inserts.
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[0007] Composite rotary tools made of two or more different carbide materials
or grades are described in United States Patent No. 6,51 1,265. At this time, composite
carbide cutting tool inserts are more difficult to manufacture than rotary cutting tools.
For example, cutting inserts are, typically, much smaller than rotary cutting tools. Also,
the geometries, in particular, cutting edges and chip breaker configurations, of current
cutting tool inserts are complex in nature. With cutting tool inserts, the final product is

produced by a pressing and sintering process, and the process also may include

subsequent grinding operations.

[0008] United States Patent No. 4,389,952, which issued In 1983, describes an
innovative method of making composite cemented carbide tools by first manufacturing a
slurry containing a mixture of carbide powder and a liquid vehicle, and then painting or
spraying a surface layer of the mixture onto a green compact of a different carbide. A
composite carbide tool made in this way has distinct mechanical properties differing
between the core region and the surface layer. The described applications of this
method include fabricating rock drilling tools, mining tools and indexable cutting tool
inserts for metal machining. However, the slurry-based method described in the '952
patent can only be applied to making indexable cutting inserts without chip breaker
geometries or, at best, with very simple chip breaker geometries. This Is because a
thick layer of slurry will alter the insert’s chip breaker geometry. Widely used indexable
cutting inserts, in particular, must have intricate chip breaker geometries In order to
meet the ever-increasing demands for machining a variety of work materials. In
addition, performing the slurry-based method of producing composite tools and inserts

requires a substantially greater investment in specialized manufacturing operations and

production equipment.

[0009] Ruthenium (Ru) is a member of the platinum group and Is a hard,
lustrous, white metal that has a melting point of approximately 2,500 °C. Ruthenium

does not tarnish at room temperatures, and may be used as an effective hardener,
creating alloys that are extremely wear resistant. It has been found that including
ruthenium in a cobalt binder in cemented carbide used in cutting tools or cutting tool
inserts improves resistance to thermal cracking and significantly reduces crack

propagation along the edges and into the body of the cutting tool or cutting tool insert.

3



CA 02680473 2009-09-09
WO 2008/115703 | PCT/US2008/055999

Typical commercially available cutting tools and cutting tool inserts may include a
cemented carbide substrate having a binder phase including approximately 3% to 30%

ruthenium. A significant disadvantage of adding ruthenium, however, is that itis a

relatively expensive alloying ingredient.

[0010] A cutting tool insert including a cemented carbide substrate may
comprise one or more coaiing layers on the substrate surface to enhance cutting
performance. Methods for coating cemented carbide cutting tools include chemical
vapor deposition (CVD), physical vapor deposition (PVD) and diamond coating.

[0011] There is a need to develop improved efficient, low cost cutting tool

inserts for metal and metallic alloy machining applications.

SUMMARY OF INVENTION

[0012] According to one aspect of the present disclosure, a composite article i1s
provided including a first composite material and a second composite material. The first

composite material and the second composite material individually comprise hard
particles in a binder, and a concentration of ruthenium in the binder of the first

composite material is different from a concentration of ruthenium in the binder of the

second composite material.

[0013] In certain non-limiting embodiments of a composite article according to
the present disclosure, the binder of the first composite material includes 1 to 30 weight
percent, 3 to 25 weight percent, or 8 to 20 weight percent ruthenium. Also, in certain
non-limiting embodiments of a composite article according to the present disclosure, the
binder of the second composite material lacks ruthenium or includes only an incidental
concentration of ruthenium. In addition, according to certain non-limiting embodiments
of a composite article according to the present disclosure, the concentration of
ruthenium in the binder of the first composite material and the concentration of
ruthenium in the binder of the second composite material differ by at least 1 weight

percent, at least 5 weight percent, or at least 10 weight percent.

[0014] In certain non-limiting embodiments, the composite article according to

the present disclosure is one of a cutting tool and a cutting tool insert. For example,
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embodiments of the composite article according to the present disclosure may be
selected from a ballnose end mill, a ballnose cutting insert, a milling cutting insert, a

spade drill insert, a drilling insert, a turning cutting insert, a grooving insert, a threading

insert, a cut-off insert, and a boring insert.

[0015] Unless otherwise indicated, all numbers expressing quantities of
ingredients, time, temperatures, and so forth used in the present specification and

claims are to be understood as being modified in all instances by the term “about.” At

the very least, and not as an attempt to limit the application of the doctrine of
equivalents to the scope of the claims, each numerical parameter should at least be

construed in light of the number of reported significant digits and by applying ordinary

rounding techniques.

[0016] Notwithstanding that the numerical ranges and parameters setting forth

the broad scope of the invention are approximations, the numerical values set forth in

the specific examples are reported as precisely as possible. Any numerical value,

however, may inherently contain certain errors necessarily resulting from the standard

deviation found in their respective testing measurements.

[0017] The reader will appreciate the foregoing details and ad\)antages of the
present invention, as well as others, upon consideration of the following detailed

description of certain non-limiting embodiments of the invention. The reader also may
comprehend such additional details and advantages of the present invention upon

making and/or using embodiments within the present invention.

BRIEF DESCRIPTION OF THE FIGURES

[0018] Figures 1a through 1d depict an embodiment of a square indexable

cutting tool insert according to the present disclosure, comprising three regions of

composite materials.

[0019] Figures 2a through 2c depict an embodiment of a square indexable

cutting tool insert according to the present disclosure, comprising two regions of

composite materials.
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[0020] Figures 3a through 3c depict an embodiment of a diamond-shaped

Indexable cutting tool insert according to the present disclosure, comprising three

regions of composite materials.

[0021] Figures 4a through 4c depict an embodiment of a square indexable

cutting tool insert according to the present disclosure, comprising two regions of

composite materials.

[0022] Figures 5a through 5d depict an embodiment of a diamond-shaped

indexable cutting tool insert according to the present disclosure, comprising five regions

of composite materials.

[0023] Figures 6a through 6¢ depict an embodiment of an indexable cutting

tool insert according to the present disclosure, comprising two regions of composite

materials.

[0024] Figures 7a through 7c¢ depict an embodiment of a round-shaped

indexable cutting insert according to the present disclosure, comprising two regions of

composite materials.

[0025] Figures 8a through 8c depict an embodiment of a round-shaped

indexable cutting tool insert according to the present disclosure, comprising two regions

of composite materials.

[0026] Figures 9a through 9c depict an embodiment of a groove or cut-off

cutting insert according to the present disclosure, comprising three regions of composite

materials.

[0027] Figures 10a through 10c depict an embodiment of a spade drill insert

according to the present disclosure, comprising two regions of composite materials.

[0028] Figures 11a through 11c depict an embodiment of a spade drill insert

having the design depicted in Figure 10a, but having a different composite construction

comprising two regions of composite materials.

[0029] Figure 12 is a picture of a manufactured sample spade drill insert having
the composite: construction of Figures 11a through 11c.
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[0030] Figures 13a through 13c depict an embodiment of a ballnose cutting

tool insert according to the present disclosure, comprising two regions of composite

materials.

[0031] Figure 14 is a picture of a manufactured sample ball nose cutting insert

having the composite construction of Figures 13a through 13c.

[0032] Figures 15a and 15b depict an embodiment of a milling cutting insert

according to the present disclosure, having a square shape and four rounded corners,

and comprising two regions of composite materials.

[0033] Figures 16a and 16b, respectively, are a picture and a sectioned view of
a sample composite cutting tool insert having the composite structure in Figure 15, and
Including a ruthenium featured carbide with X44 substrate in a top region and a non-

ruthenium featured carbide with H91 substrate in a bottom region.

DESCRIPTION OF CERTAIN NON-LIMITING EMBODIMENTS

[0034] The present disclosure describes unique composite articles such as, for
example, conposite cutting tool inserts, rotary cutting tool inserts, drilling inserts, milling
Inserts, spade drills, spade drill inserts, and ballnose inserts. Embodiments of the
composite articles according to the present disclosure include a first composite material
and a second composite material. In certain embodiments according to the present
disclosure, each composite material individually comprises hard particles in a binder,
and the concentration of ruthenium in the binder of the first composite material is
difterent from the concentration of ruthenium in the binder of the second composite
material. In certain non-limiting embodiments, composite articles according to the
present disclosure comprise a first composite material including ruthenium in the binder,
and a second composite material including a binder that either does not comprise

ruthenium or comnrises no more than an incidental concentration of ruthenium in the

binder.

[0035] The composite articles according to the present disclosure present may
be contrasted with the subject matter of U.S. Patent No. 6,511.265, which issued in

January 2003 and relates to composite carbide rotary tools, and pending U.S. patent
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application Serial No. 11/206,368, which relates to methods for manufacturing
composite carbide cutting inserts. Certain composite articles according to the present
disclosure differ from the subject matter of the ‘265 patent and ‘368 application for at
least the reason that the present disclosure describes unique composite structures
Including at least a first and second composite materials, wherein each composite
material individually comprises hard particles in a binder and the concentration of

ruthenium in the binder of the first composite material is different from the concentration

of ruthenium in the binder of the second composite material.

[0036] Including ruthenium in the binder phase of cemented carbides has been

found to provide improved resistance to thermal cracking in cutting tools and cutting tool
Inserts during machining operations, reduced propagation of cracks along and beyond
the cutting edges, reduced propagation of cracks into the substrate, as well as other
benefits. Cemented hard particles in a binder wherein the binder comprises ruthenium
are referred to herein as “ruthenium featured carbides”. Ruthenium may be present in

any quantity effective to have a beneficial effect on the properties of the cutting tool,

cutting tool insert, or other article. Examples of useful concentrations of ruthenium in
the binder include, for example, from 1% to 30%, by weight based on the total weight of
the binder. In certain embodiments, the concentration of ruthenium in the binder may

be from 3% to 25% by weight; or from 8% to 20% by weight, all based on the total
weight of the binder.

[0037] Although adding ruthenium can provide significant benefits, as noted
above, it is an expensive alloying constituent. In that regard, certain non-limiting
embodiments of composite articles, such as, for example, cutting tools and cutting tool
inserts, according to the present disclosure may include ruthenium in the binder of only
those regions of the article that can benefit from the advantages that the presence of
ruthenium provides in cutting operations. The concentration of ruthenium in other
regions of the article, regions that would not significantly benefit from the presence of
ruthenium in the binder of those regions, may be zero, or may be reduced relative to
other regions. Accordingly, for example, the present disclosure comprehends a
composite article including different regions of cemented carbides having varying levels

of ruthenium in the regions’ binders. Ruthenium preferably is included in relatively high

8
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concentrations in the binder of regions of the article that will benefit from the improved

properties afforded by the presence of ruthenium in such regions. Ruthenium

preferably is absent, is present only in incidental amounts, or is present in relatively low

concentrations in the binder of regions of the article that will not significantly benefit from

the improved properties afforded by the presence of ruthenium in such regions.

[0038] In certain non-limiting embodiments of the composite articles according
to the present disclosure, the ruthenium concentration of the binder of the first
composite material and the ruthenium concentration of the binder of the second
composite material differ by at least 1 weight percent, at least 5 weight percent, or at
least 10 weight percent, wherein such differences are determined by subtracting the
lower ruthenium concentration from the higher ruthenium concentration. Certain
embodiments of composite cutting tools and cutting tool inserts fabricated with regions
having varying binder concentrations of ruthenium, for example, can reduce the usage
of ruthenium by 40% to 90% (by weight) relative to monolithic articles, wherein the
concentration of ruthenium is uniform throughout the article. Thus, constructing
composite articles, such as cutting tools and cutting tool inserts, according to the

present disclosure can significantly reduce the cost to produce such articles, and

without sacrificing desired cutting properties.

[0039] Embodiments of composite articles according to the present disclosure,
for example, composite incerts, may include chip forming geometries on one or both of
the articles’ top and bottom surfaces. The chip forming geometry of the composite
article may be, for example, a complex chip forming geometry. A complex chip forming
geometry may be any geometry that has various configurations on the tool rake face,

such as lumps, bumps, ridges, grooves, lands, backwalls, or combinations of two or

more such features.

[0040] As used herein, “composite article” or “composite cutting tool” refers to
an article or cutting tool having discrete regions of composite materials differing in one
or more characteristics selected from physical properties, chemical properties, chemical
composition, and microstructure. For purposes of this definition, a coating applied to an

article, cutting tool, or cutting tool insert is not considered to alone constitute a ‘region”.
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Also, as used herein, a “composite material” is a material that includes two or more
substantially homogenously distributed phases. An example of a composite material is
a cemented carbide, which includes a particulate ceramic material in a binder. In
certain embodiments according to the present disclosure, a first region of composite

material includes ruthenium in the binder (a “ruthenium featured composite material”);

and a second region of composite material does not comprise ruthenium (a “non-
ruthenium featured composite material”). In certain embodiments of composite articles

according to the present disclosure, the characteristic that differs between the discrete

regions Is at least one of hardness, tensile strength, wear resistance, fracture

toughness, modulus of elasticity, corrosion resistance, coefficient of thermal expansion,

and coefficient of thermal conductivity.

[0041] Composite inserts that may be constructed as provided in the present
disclosure include, for example, inserts for turning, threading, grooving, milling, slot
milling, end milling, face milling, drilling, reaming, countersinking, counterboring, and
tapping of materials. There may be boundaries between the regions of such articles
that differ in one or more characteristics. The boundaries between the regions,
however, typically are not clear, discrete, planar boundaries due to the nature of the
manufacturing process and the powdered metals. During powder addition into a die or
mold in certain methods that may be used to form composite articles according to the
present disclosure, for example, there may be some mixing of the powdered metal
grades near the regions of interface between the grades. Therefore, as used herein,
reference to "boundaries” or a “boundary” between two regions of composite materials
refers to a general boundary region between the two regions, wherein the two regions
constitute predominantly one or the other composite material. Further, during sintering

of pre-sintered compacts comprising two or more regions, there may be some diffusion

of materials between the regions.

[0042] Certain non-limiting embodiments according to the present disclosure
are directed to composite articles, such as, for example, composite cutting tool inserts,
Including at least one cutting edge and at least two regions of composite materials that
differ with respect to at least one characteristic. Certain embodiments of composite

Inserts according to the present disclosure may be indexable and/or comprise chip

10
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forming geometries. The differing characteristics of the two or more regions of
composite material result from at least a difference in ruthenium concentration in binder
phases included in the two regions, but also may be a result of variation in other
characteristics of the regions such as variations in chemical composition (in addition to
ruthenium concentration) and microstructure. The chemical composition of a particular
region is a function of, for example, the chemical composition of the ceramic component

and/or binder of the region, and the carbide-to-binder ratio of the region.

[0043] Composite articles according to the present disclosure may be
produced by any known method of producing composite materials. Examples of such
methods include the method of producing a composite article described in U.S. Patent

Application No. 11/206,368, which is hereby incorporated herein by reference in its

entirety.

[0044] Examples of the first and second composite materials included in
articles according to the present disclosure may individually comprise hard particles in a
binder. The hard particles in each of the composite materials may independently

comprise, for example, at least one of a carbide, a nitride, a boride, a silicide, an oxide,
and a solid solution of two more of these, and the binder material may comprise, for
example, at least one of cobalt, nickel, iron, and alloys of these metals. In certain non-
limiting embodiments, the hard particles may comprise a metal carbide, wherein the
metal of the metal carbide is selected from any carbide forming element, such as, for
example, titanium, chromium, vanadium, zirconium, hafnium, molybdenum, tantalum,
tungsten, and niobium. Also, in certain non-limiting embodiments, the metal carbide of
the first composite material differs from the metal carbide of the second composite
material in at ieast one of chemical composition and average grain size. The binder
material of the first composite material and the binder of the second composite material
may each individually comprise, for example, one or more of cobalt, cobalt alloy, nickel,
nickel alloy, iron, and iron alloy. In certain embodiments, the first composite material
and the second composite material may individually comprise from 2 to 40 weight
percent of the binder and from 60 to 98 weight percent of a metal carbide, based on the
total weight of the material. The binder of the first carbide grade and the binder of the

second carbide grade may differ in the concentration of ruthenium in the binder and

11
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may also differ in other aspects, such as chemical composition, weight percentage of
binder in the carbide material, metal grade, or both. In some embodiments, the first
material includes ruthenium in a concentration that is from 1 to 10, or from 5 to 20,
weight percent more than the concentration of ruthenium in the second material. The
two of more powdered cemented carbide grades in a particular article according to the
present disclosure may comprise ruthenium in the binder, but in embodiments
comprising multiple regions of ruthenium featured composite materials, the
concentration of ruthenium in the binder of one region may be different from the

ruthenium concentration in a different region, but may be substantiélly similar to the

concentration of ruthenium in any other region.

[0045] A necessarily limited number of examples of composite articles

according to the present disclosure are provided below. It will be apparent to one

skilled in the art that the following discussion of embodiments according to the present
disclosure may be adapted to the fabrication of composite inserts having complex
geometries and/or more than two regions of composite materials. For example, certain
embodiments of the composite articles according to the present disclosure may have 3,
4, 5, 6, or more regions of composite material, wherein each region differs from at least
one other region in the article in at least one characteristic. The following discussion of

certain embodiments is not intended to restrict the invention, but merely to illustrate

certain possible embodiments.

[0046] Embodiments of composite articles according to the present disclosure,
such as embodiments of cutting tool inserts, may be produced at lower cost than
conventional articles. Cost savings may be obtained by providing ruthenium in regions
of the article that will benefit from the presence of ruthenium when the article is in use,
while eliminating or limiting the concentration of ruthenium in other regions wherein the
benefits of ruthenium may not be exploited to significant advantage when the article is in
use. Another advantage of certain embodiments of composite articles, such as certain
composite cutting tool inserts, according to the present disclosure is the flexibility
avallable to the tool designer to tailor characteristics of different regions of the
composite articles to adapt the articles to specific cutting applications. For example, the

size, location, thickness, gcometry, and/or physical properties of an individual cemented

12
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carbide material in one region of a cutting insert according to the present disclosure

may be selected to suit a specific machining application.

[0047] As used herein, a “core region” of a composite article in the form of a

cutting tool insert refers to a portion of the insert generally including the center of the

iInsert. As used herein, a “core region” of a composite article in the form of a drill insert
refers to a core portion including the cutting edge subjected to the lowest cutting
speeds, which typically is the cutting edge that is closest to the axis of rotation. As used
herein, a "surface region” of a cutting tool insert includes all or a portion of the surface of
the insert. As used herein, a “surface region” of a drill insert includes the surface of the

cutting edge subjected to the higher cutting speeds, which typically is a cutting edge
that is relatively far from the axis of rotation. In certain insert embodiments, the core

region includes a portion of the surface of the insert.

[0048] Certain non-limiting embodiments of composite inserts according to the
present disclosure may have a surface region of a carbide material comprising
ruthenium in the binder to provide the surface region with improved wear resistance,
and a core region of a relatively tougher carbide material to increase shock or impact
resistance of the core region. In such embodiments, the core regions may or may not
include a binder comprising ruthenium, and if ruthenium is present in the core region the
concentration of ruthenium in the binder of the core region is different from the
concentration of ruthenium in the surface region. In this way, characteristics of different
regions of an insert according to the present disclosure may be optimized to address
the conditions to which the regions are subjected during use of the insert to machine
materials. Therefore, for example, composite indexable carbide cutting tool inserts
made according to the present disclosure may be designed to achieve the objectives of
reduced manufacturing cost (through a reduction in overall ruthenium content relative to

monolithic inserts) and improved machining performance (by tailoring one or more

characteristics of core and surface regions, for example).

[0049] Certain embodiments of cutting tools and cutting tool inserts according

to the present disclosure may comprise a coating applied by, for example, PVD and/or

CVD methods. Embodiments of coatings may include, for example, at least one of a
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metal carbide, a metal nitride, a metal boride, and a metal oxide of a metal selected
from groups IlIA, IVB, VB, and VIB of the periodic table. More specific non-limiting
examples of coatings that may be included on, for example, cutting tools and cutting
tool inserts according to the present disclosure include hafnium carbon nitride and, for
example, may also comprise one or more of titanium nitride (TiN), titanium carbonitride
(TICN), titanium carbide (TiC), titanium aluminum nitride (TiAIN), titanium aluminum
nitride plus carbon (TiAIN+C), aluminum titanium nitride (AITiN), aluminum titanium
nitride plus carbon (AITiIN+C), titanium aluminum nitride plus tungsten carbide/carbon
(TIAIN+WC/C), aluminum titanium nitride (AITiN), aluminum titanium nitride plus carbon
(AITIN+C), aluminum titanium nitride plus tungsten carbide/carbon (AITiIN+WC/C),
aluminum oxide (Al2O3), a-alumina oxide, titanium diboride (TiB,), tungsten carbide
carbon (WC/C), chromium nitride (CrN), aluminum chromium nitride (AICrN), hafnium

carbon nitride (HfCN), zirconium nitride (ZrN), zirconium carbon nitride (ZrCN), boron

nitride (BN), and boron carbon nitride (BCN).

[0050] An example of one embodiment of a cutting tool insert according to the
present disclosure is shown in Figures 1a through 1d. Cutting tool insert 1 has eight
Indexable positions (four on each side). Figure 1a is a three-dimensional view of an

embodiment of a cutting tool insert 1. The top region 2 and the bottom region 3
individually comprise cemented carbides including ruthenium in the binder of each

region. The cemented carbides of regions 2 and 3 may be the same or different. The
middle region 4 is a cemented carbide material that is a different grade than the
cemented carbide material in top region 2 and bottom region 3 and includes binder
either lacking or including a relatively low concentration of ruthenium. The cutting tool
Insert 1 has a built-in or pressed-in chip breakzr geometry 5 that may be designed to
improve machining of a specific group of materials under certain cutting conditions.
Figure 1b is a front view of cutting tool insert 1; Figure 1c is a top view of cutting tool
insert 1; and Figure 1d is a cross-sectional view of cutting tool insert 1. Cutting tool
insert 1 is a type of insert having a straight side wall 6 and a center hole 7. The center
hole 7 may be used to fix the cutting tool insert 1 in a cutting tool holder. Regions 2, 3,
and 4 are shown to have boundaries 8 and 9 that are generally perpendicular to the

center axis A of center hole 7. However, such regions may have any geometry desired
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by the cutting tool designer. In producing cutting tool insert 1, the top and bottom

punches of a carbide pressing apparatus may move together in a direction substantially

parallel to center axis A.

[0051] Figures 2a through 2c illustrate a composite indexable cutting tool insert
11 according to the present disclosure having a square shape with built-in chip breakers
12 on the top side, four cutting edges 13, four round cutting edges 14, and a center hole
15. The cutting insert 11 may be indexed four times. Figure 2a is a three-dimensional
view of cutting tool insert 11 in which top region 18 includes a first carbide grade,
bottom region 19 includes a second carbide grade, and wherein the first carbide grade
and the second carbide grade differ in concentration of ruthenium in their respective
binders. The built-in or pressed-in chip breaker geometry 12 is designed to improve
machining for a specific group of materials under certain cutting conditions. Figure 2b is
a cross-sectional view of cutting tool insert 11, and Figure 2c is a top view of cutting tool
insert 11. Such cutting tool inserts may have an angled side wall 17. Regions 18 and
19 are shown to have a common boundary 10 that is generally perpendicular to the

central axis A of center hole 15. However, such regions may have any geometry

desired by the cutting tool designer.

[0052] Embodiments of composite carbide indexable cutting tool inserts are not

limited to cutting tool inserts 1 and 11 shown in Figures 1a-d and 2a-c. In the following

Figures 3a through 5d, additional non-limiting examples of possible composite

cemented caibide cutting inserts according to the present disclosure are shown. Any of

the embodiments according to the present disclosure shown herein may comprise

different composite materials in different regions.

[0053] Figures 3a through 3c depict aspects of a composite indexable cutting
tool insert 21 with built-in chip breakers 25 on both the top and bottom sides. The
cutting tool insert 21 has a diamond shape and can be indexed four times (two times on
each side). Figure 3a is a perspective view of insert 21 wherein one entire corner
region 22 and another entire corner region 23 comprises a cemented carbide material

Including ruthenium in the binder, and a center region 24 comprises a second cemented

carbide material having no ruthenium or a substantially lower concentration of
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ruthenium in the binder. Cutting tool insert 21 has a built-in or pressed-in chip breaker

geometry 25 that is designed to machine a specific group of metallic materials under

certain cutting conditions. Figure 3b is the cross-sectional view of cutting insert 21; and
Figure 3c is a top view of cutting insert 21. This type of cutting insert has a straight side
wall 26 and a center hole 27. There are two boundaries 28 and 29, which may be

described as substantially parallel to axial line A of the center hole 27, between center

region 24 and corner regions 23 and 25.

[0054] A further embodiment of a cutting tool insert according to the present
disclosure is shown in Figures 4a through 4c. Composite indexable cutting insert 31

does not have a center hole, but does include built-in chip breakers 32 on a top surface

thereof. The cutting tool insert 31 may be indexed four times. Figure 4ais a
perspective view of cutting insert 31. The partial top region 33 near the periphery
comprises a first composite material comprising ruthenium in the binder. The

remainder of the cutting insert body region 34 (from the top center portion to entire

bottom region) contains a second composite material without ruthenium in the binder.
Figure 4b is a front view of the cutting tool insert 31, and Figure 4c is a top view of the
cutting tool insert 31. This type of cutting insert may have an angled side wall 35. The

boundary 36 ‘'n this embodiment is substantially perpendicular to axial line 38, and the

boundary 37 is substantially parallel to axial line 38.

[00585] Figures 5a through 5d depict a further embodiment of a composite
Indexable cutting tool insert according to the present disclosure, with built-in chip
breakers on both top and bottom sides. The cutting insert 41 has a diamond shape and
may be indexed four times (two times on each side). As shown in Figure 5a, the cutting
insert may include a‘substantially iIdentical ruthenium featured carbide composite
material at cutting portions at the four corner regions 42, 43, 44 and 45, and a second
carbide composite material having a different concentration of ruthenium in the binder in
the body region 46. The cutting tool insert 41 has a built-in or pressed-in chip breaker
geometry 47 *that inay be designed to machine a specific group of materials under
certain cutting conditions. Figure 5b is a front view of cutting insert 41; Figure 5c is a
top view of cutting tool insert 41; and Figure 5d is a cross-sectional view of cutting tool

insert 41. Cutting tool insert 41 has a straight side wall 48 and a center hole 49.
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[0056] It should be emphasized that the shape of indexable cutting tool inserts

according to the present disclosure may be any positive or negative geometrical style
known to those of ordinary skill, and optionally may include any desired chip forming
geometry. Figures 6a through 9c provide further non-limiting examples of different

geometric shapes of cutting tool inserts that may be produced according to the present

disclosure.

[0057] Figures 6a through 6¢ show an irregular-shaped milling insert 51
according to the present disclosure including two different composite materials: a

ruthenium featured carbide material 52, and a non-ruthenium featured carbide material

03. The cutting tool insert 51 has a built-in or pressed-in chip breaker geometry 54.

The boundary 55 between the ruthenium featured carbide material 52 and the non-
ruthenium featured carbide material 53 is generally perpendicular to the axis 56 of

pressing of the powder grades when forming the insert 51.

[0058] Figures 7a through 7c illustrate a round shape general purpose cutting
tool insert 61 with two different carbide materials 67 and 68. The cutting insert 61 has a
flat top surface 62. Figure 7b is a cross-sectional view of cutting insert 61 taken at
section E-E of the top view shown in Figure 7c. Cutting insert 61 additionally comprises

a bottom face 65 and angled side wall 66. The general boundary 69 is between the

ruthenium featured carbide material 67 and the non-ruthenium featured carbide material
68. The consistency of the boundary 69 is dependent on the manufacturing process

and Is not critical to the invention. However, the boundary 69 is generally perpendicular

to the axis A of pressing of the powdered materials during fabrication of the insert 61 by

press-and-sinter techniques.

[0059] Figures 8a through 8c show a round shape general purpose cutting tool
insert 71 according to the present disclosure, with two regions 77 and 78. The cutting
insert 71 has a built-in or pressed-in chip breaker geometry 72, cutting edge 73, center

hole 74, bottom face 75, and angled wall 76. Region 77 comprises a ruthenium

featured carbide material, and region 78 comprises a non-ruthenium featured carbide

material. Boundary 79 is shown perpendicular to axial line A. it will be understood,
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however, there may not be a clear and consistent boundary between regions 77 and 78

due to, for example, mixing and/or diffusion at boundary 79.

[0060] Figures 9a through 9c show a composite grooving or cut-off cutting tool
insert 81 according to the present disclosure including a ruthenium featured carbide 82
and a non-ruthenium featured carbide 83. The cutting tool insert 81 has a built-in or
pressed-in chip breaker geometry 84. Boundary 85 is between the ruthenium featured
carbide and non-ruthenium featured carbide material. In this embodiment, the boundary

85 is in the same direction as the movement of the top and bottom punches used in a

carbide power pressing technique.

[0061] Embodiments of composite constructions according to the present
disclosure may include relatively complex composite constructions comprising multiple
boundaries between regions of different cemented carbide materials. Certain of the

boundaries may be substantially perpendicular to the axial line of pressing of the article,

while other boundaries may be substantially parallel to the pressing axial line.

[0062] Figures 10a through 10c show an embodiment of a composite spade

drill insert 90 according to the present disclosure. Insert 90 has a composite
construction of ruthenium featured carbide materials at regions 92 and 93 and a
different ruthenium featured carbide material or a non-ruthenium featured carbide
material in region 91. The composite cutting tool insert 90 has the shape and geometry
of a drilling insert that is usually referred to as a spade drill insert. The composite
drilling insert shown In the perspective view of Figure 10a is double-sided, with built-in
chip breakers 95 on each side, and two locating holes 94. The boundaries 96 and 97,
shown in the top view of Figure 10b and the sectional view of Figure 10c, are
boundaries between regions 91 and 92, and between regions 91 and 93, respectively.

As shown in Figure 10c, boundaries 96 and 97 are substantially parallel to the powder

pressing direction 98.
[0063] A composite drilling insert may be constructed in different ways
depending on the specific drilling applications. Shown in Figures 11a through 11c is an

embodiment of a drilling insert 100 according to the present disclosure that differs from

the embodiment of Figures 10a through 10c. The spade drill insert 100 has two locating
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holes 101 and built-in chip breakers 104 on both sides. As compared with that the
embodiment of Figures 10a-c, the composite construction of insert 100 has only one

boundary 105 that separates the tool tip region 102, comprising a ruthenium featured

carbide material, and the region 103, comprising a non-ruthenium featured carbide
material. The boundary 105, as shown in the cross-section of Figure 11c, is
substantially parallel to the powder pressing direction 106. Figure 12 is a photo of a

manufactured sample spade drill having the composite construction shown generally in

Figures 11a-c.

[0064] Figures 13a through 13c depict an embodiment of a ball nose cutting

Insert according to the present disclosure, comprising two regions of composite
materials. The ballnose cutting insert 110 includes a region 113 comprising a ruthenium
featured carbide, and a region 114 comprising a non-ruthenium featured carbide. The
ballnose insert 110 includes a center hole 112 and a chip breaker 111. The boundary
115 separates the region 113 and the region 114 and may be described as substantially

parallel to the axial line A of the center hole 112. Figure 14 is a photo of a

manufactured sample ball nose cutting insert having the composite construction shown

generally in Figures 13a-c.

[0065] Figures 15a and 15b depict an embodiment of a milling cutting insert

according to the present disclosure with a square shape comprising two regions of
differing composite materials. The cutting tool insert 121 has four round corners 122,
an angled wall 127, and built-in chip breakers 128. Boundary 125 separates the top
region 123, containing a ruthenium featured carbide with X44 substrate, and the bottom

region 124, containing a non-ruthenium featured carbide with H91 substrate. The
boundary 125, as demonstrated in the cross-section of Figure 15b, may be described as
substantially perpendicular to the powder pressing direction 126. Figure 16a is a photo
and Figure 16b Is a section of a sample composite cutting tool insert having the
composite construction shown generally in Figures 15a-c. As indicated in the sectioned
view of Figure 16b, the insert includes a ruthenium featured carbide with X44 substrate

in a top portion, and a non-ruthenium featured carbide with H91 substrate in a bottom

portion. The following example provides details of the manufacturing of the composite

cutting tool insert shown generally in Figure 15a-c and 16a-b.
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EXAMPLE

[0066] According to ISO standards for the substrate grade of carbide cutting
tool materials. X44 is close to a tough grade between P25 to P50. Powder ingredients
(in weight percentages of total powder weight) for X44 are shown in Table 1. The major
ingredients include WC, TiC, TaC, NbC, Co and Ru. Certain typical mechanical

properties for the sintered X44 tungsten carbides are also listed in Table 1.

Table 1 — Ruthenium Featured Carbide X44

Chemical Compositions (weight %) Average | Transverse Densi’;y Hardness
. Grain Size Rupture (g/cm”) (HV)
WC TiC Ta(Nb)C CrsC, Co Ru (um) Strength
| (N/m-m°)
67.2 10 g 0 12 1.80 1 -2 2300 11.70 1500

[0067] The non-ruthenium featured carbide H91 is a tough milling grade.
Powder ingredients for H91 are shown in Table 2. H91 s a carbide substrate without

ruthenium. Certain mechanical properties for the sintered H91 tungsten carbides are

also listed in Table 2.

Table 2 — Non-Ruthenium Featured Carbide H91

A

Chemical Compositions (weight %) Average | Transverse Densigy Hardness
. Grain Size Rupture (g/cm”) (HV)
WC TiC Ta(Nb)C CriC, Co Ru (um) Strength
(N/m-m°)
87.8 0.4 0.5 0 11 0 3-5 2850 14.30 1350

[0068] A composite cutting tool insert may be produced combining the
ruthenium featured carbide X44 and the non-ruthenium featured carbide H91 according
to the composite construction illustrated in Figures 15a and 15b, wherein a top portion
of the insert contains X44 substrate and a bottom portion contains H91 substrate. A
carbide powder for H91 material is first introduced into a portion of the cavity in a die,
and then carbide powder for X44 material is introduced into the cavity to fill up the

remainder of the die cavity. The two portions of powdered carbide substrate may then

be consolidated to form a composite green compact through either a powder pressing
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process or a powder injection process. Sintering the compact will form a metallurgically

bonded composite article having a top region comprising ruthenium featured carbide

X44 and a bottom region comprising non-ruthenium featured carbide H91. The distinct

regions of differing carbide materials have differing characteristics, which may be

selected based on the intended application for the insert.

[0069] Itis to be understood that the present description illustrates those
aspects of the invention relevant to a clear understanding of the invention. Certain
aspects of the invention that would be apparent to those of ordinary skill in the art and
that, therefore, would not facilitate a better understanding of the invention have not been
presented in order to simplify the present description. Although only a limited number of
embodiments of the present invention necessarily are described herein, one of ordinary
skill in the art will, upon considering the foregoing description, recognize that many
modifications and variations of the invention may be employed. All such variations and

modifications of the invention are intended to be covered by the foregoing description

and the following claims.

21



CA 02680473 2009-09-09
WO 2008/115703 PCT/US2008/055999

CLAIMS

We claim:

1. A composite article, comprising:

a first composite material; and

a second composite material,
wherein the first composite material and the second composite material individually
comprise hard particles in a binder, and wherein a concentration of ruthenium in the
binder of the first composite material is different from a concentration of ruthenium in the

binder of the second composite material.

2. The composite article of claim 1, wherein the binder of the first composite

material comprises from 1 weight percent to 30 weight percent ruthenium.

3. The composite article of claim 1, wherein the binder of the first composite

material comprises from 3 weight percent to 25 weight percent ruthenium.

4. The composite article of claim 1, wherein the binder of the first composite

material comprises from 8 weight percent to 20 weight percent ruthenium.

5. The composite article of claim 1, wherein a concentration of ruthenium in
the binder of the first composite material and a concentration of ruthenium in the binder

of the second composite material differ by at least 1 weight percent.

6. The composite article of claim 1, wherein a concentration of ruthenium in
the binder of the first composite material and a concentration of ruthenium in the binder

of the second composite material differ by at least 5 weight percent.

7. The composite article of claim 1, wherein a concentration of ruthenium in
the binder of the first composite material and a concentration of ruthenium in the binder

of the second composite material differ by at least 10 weight percent.
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8. The composite article of claim 1, wherein the binder of the second

composite material either lacks ruthenium or comprises an incidental amount of

ruthenium.

9. The composite article of claim 1, wherein the hard particles in each of the

first composite material and the second composite material independently comprise at
least one of a carbide. a nitride, a boride, a silicide, an oxide, and solid solutions
thereof. and wherein the binder of the first composite material and the second

composite materials independently comprise at least one of cobalt, nickel, iron,

ruthenium, palladium, and alloys thereot.

10. The composite article of claim 1, wherein the first composite material and
the second composite material differ in at least one characteristic selected from the
group consisting of composition, grain size, modulus of elasticity, hardness, wear

resistance, fracture toughness, tensile strength, corrosion resistance, coefticient of

thermal expansion, and coefficient of thermal conductivity.

11.  The composite article of claim 1, wherein the hard particles of the first
composite material and the hard particles of the second composite material are
individually selected from titanium carbides, chromium carbides, vanadium carbides,

irconium carbides. hafnium carbides, molybdenum carbides, tantalum carbides,

tungsten carbides, and niobium carbides.

12.  The composi:e article of claim 1, wherein the binder of the first composite
material and the binder of the second composite material each individually comprise at

least one metal selected from the group consisting of cobalt, nickel, ruthenium,

palladium, and iron.
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13.  The composite article of claim 1. wherein the composite article is selected

from the group consisting of a ballnose end mill, a balinose cutting insert, a milling
cutting insert, a spade drill insert, a drilling insert, a turning cutting insert, a grooving

insert, a threading insert, a cut-off insert, and a boring insert.

14.  The composite article of claim 13, wherein the composite article is one of

an indexable cutting tool insert and a non-indexable cutting tool insert.

15.  The composite article of claim 1, wherein the composite article further

comprises a boundary between the first composite material and the second composite

material.

16.  The composite article of claim 15, wherein the composite article comprises
a boundary between the first composite material and the second composite material

that includes at least one of a generally vertical boundary, a generally horizontal

boundary, and a curved boundary.

17. The composite article of claim 1, wherein the composite article comprises

more than one region of at least one of the first composite material and the said second

composite material.

18.  The composite article of claim 1, wherein the composite article is
uncoated.

19.  The composite article of claim 1, wherein at least a region of a surface of
the composite article is coated with at least one coating selected from the group

consisting of a CVD coating, a PVD coating, a diamond coating, a laser-based coating,

and a nanotechnology-based coating.
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20. The composite article of claim 19, wherein the at ieast one coating
comprises at least one material selected from the group consisting of a metal carbide, a

metal nitride, a metal silicide, and a metal oxide. wherein the metal is selected from

groups llIA, IVB, VB, and VIB of the periodic table.

21.  The composite article of claim 19, wherein the at least one coating
comprises a material selected from the group consisting of titanium nitride (TiN),
titanium carbon (TiC), titanium carbonitride (TiCN), titanium aluminum nitride (TIAIN),
titanium aluminum nitride plus carbon (TIAIN+C), aluminum titanium nitride (AITIN),
aluminum titanium nitride plus carbon (AITiN+C), titanium aluminum nitride plus
tungsten carbide/carbon (TIAIN+WC/C), aluminum titanium nitride (AITiIN), aluminum
titanium nitride plus carbon (AITiIN+C), aluminum titanium nitride plus tungsten
carbide/carbon (AITIN+WC/C), aluminum oxide (Al2O3), alpha alumina oxide (aAl2O3),
titanium diboride (TiB,), tungsten carbide carbon (WC/C), chromium nitride (CrN),
hafnium carbonitride (HfCN), zirconium nitride (ZrN), zirconium carbon nitride (ZrCN),

boron nitride (BN), boron carbon nitride (BCN), and aluminum chromium nitride (AICrN).

22 The composite article of claim 19, wherein the at least one coating

comprises multipla layers.

23. The composite article of claim 19, wherein the at least one coating

comprises at least three layers and wherein at least one layer has a composition that

differs from at least one other layer.
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