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(57) An eclongate rotary tool including at least one
cutting edge (4, 6) that 1s useful in the machining of
workpiece materials 1s disclosed. The elongate rotary
tool comprises a cermet comprising at least one hard
component and about 0.2 wt.% to 19 wt.% Co-Ni-Fe-
binder. The Co-Ni-Fe-binder 1s unique 1n that even when
subjected to plastic deformation, the binder substantially
maintains its face centered cubic (fcc) crystal structure
and avoids stress and/or strain induced transformations.
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(§7) Abstract

An elongate rotary tool including at least one cutting edge (4, 6) that is useful in the
machining of workpiece materials is disclosed. The elongate rotary tool comprises a cermet
comprising at least one hard component and about 0.2 wt.% to 19 wt.% Co-Ni-Fe-binder.
The Co—-Ni—Fe-binder is unique in that even when subjected to plastic deformation, the binder

substantially maintains its face centered cubic (fcc) crystal structure and avoids stress and/or
strain induced transformations.
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BACKGROUND

The present invention pertains to an elongate
rotary tool such as, for example, a drill, an endmill,
a tap, a burr, a countersink, a hob, or a reamer,
comprilsing at one end a shank adopted to be secured
(e.g., by a chuck) to a machine tool and at another end
a elongated body, which is optionally fluted. The
elongated body may be comprised of multiple cutting
edges, such as for example, a first cutting edge at the
juncture of a first flank and a face, which optionally
defines and transitions to at least a portion of a
flute, and a second cutting edge at the juncture of a
second flank and the face, which transitions from the
first cutting edge at a common corner. The elongate
rotary tool is for the machining of workpiece
materials. For example and in the case of 3 drill,
such an elongate rotary tool has been Lypically used to
drill both through and blind holes in workpiece
materials. For example and in the case of an end mill,
such an elongate rotary tool has been typically used to
mill workpiece materials.

For the most part when made from a cermet,

elongate rotary tools are comprised of tungsten carbide
cermets (WC-cermets), also known as cobalt cemented
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tungsten carbide or WC~-Co . Here, a cobalt binder

(Co-bilnder) cements tungsten carbide particles
together. Although WC-cermets have achieved successful

results as elongate rotary tools, there are some
5 drawbacks.

One drawback is that up to about 45 percent
of the world’s primary cobalt production is located in
politically unstable regions (e.g., political regions
that have experienced either armed or peaceful

10 revolutions in the past decade and could still
experience additional revolutions). About 15 percent
of the world’s annual primary cobalt market is used in
the manufacture of hard materials lncluding WC-cermets.
About 26 percent of the world’s annual primary cobalt

15 market is used in the manufacture of superalloys
developed for advanced aircraft turbine engines — a
factor contributing to cobalt being designated a
Strateglc material. These factors not only contribute
Lo the high cost of cobalt but also explain cobalt’s

20 erratic cost fluctuations. Consequently, cobalt has
been relatively expensive, which, in turn, has raised
the cost of WC-cermet elongate rotary tools. Such an
increase in the cost of elongate rotary tools has been
an undesirable consequence of the use of a Co-binder

25 for elongate rotary tools. Therefore, it would be
desirable to reduce cobalt from the binder of cermets.

Furthermore, because of the principal
locations of the largest cobalt reserves, there remains
the potential that the supply of cobalt could be

30 lnterrupted due to any one of a number of causes. The
unavallability of cobalt would, of course, be an

undesirable occurrence.

Elongate rotary tools may operate in

environments that are corrosive. While WC-cermets

35 having a Co-binder have been adequate in such corrosive
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environmenté, the development of elongate rotary tools
that have improved corrosion resistance without losing
any of the machining performance remains an objective.
While the use of WC-cermets having a

5 Co-binder for elongate rotary tools has been
successful, there remains a need to provide an elongate
rotary tool that does not have the drawbacks, i.e.,
cost and the potential for unavailability, inherent
with the use of cobalt set forth above. There also

10 remalns a need to develop an elongate rotary tool for
use 1n corrosive environments that possess improved
corrosion resistance without losing any of the cutting

performance characteristics of WC-cermets having a

Co-binder.

15 SUMMARY

An improved cermet comprising a
cobalt-nickel-iron binder (Co-Ni-Fe-binder) having
unexpected mechanical and physical properties over the
prior art has been discovered. The discovery is

20 surprising in that the Co-Ni-Fe-binder comprlises a
composition that is contrary to the teaching of the
prior art. More particularly, the inventive cermet for

elongate rotary tools comprises about 0.2 welght

percent (wt.3) to about 19 wt.% Co-Ni-Fe-binder (a more

25 typlcal range comprises about 5 wt.% to about 16 wt.$
and a narrower typical range comprises about 8 wt.$% to
about 12 wt.%) and about 81 wt.% to about 99.8 wt.%
hard component. The hard component comprises at least
one of borides, carbides, nitrides, carbonitrides,

30 oxides, silicides, their mixtures, their solid
solutions, and combinations of the preceding.
Preferably, the hard component comprises at least one
of carbides and carbonitrides, for example, such as
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tungsten carbide and/or titanium carbonitride
optionally with other carbides (e.g., TaC, NbC, TicC,
VC, MoyC, Cri3Cs) present as simple carbides and/or in

solid solution.

Elongate rotary tools for the machining of
materials, such as woods, metals, polymers, ceramics,
and composites comprising one or more o metals,
polymers, and ceramics, are composed of the foregoing
compositions. The elongate rotary tools in accordance
with the present invention comprise a face and,
optionally, a flute over which chips, formed during
machining, flow. At a juncture Of the face and a firsrc
flank, a first cutting edge is formed while at the
juncture of the face and a second flank, a second
cutting edge is formed. The first and second cutting
edges are for cutting into a workpliece material as the
elongate body of the tool is in rotational contact with
the workpiece material. Depending upon the type of
elongate rotary tool (e.g., drill vs. endmill) the
first cutting edge may perform the majority of the
material machining while the second cutting edge
performs material machining to a lesser extent and
visa-a-versa.

The 1nvention illustratively disclosed herein
may sultably be practiced in the absence of any
element, step, component, or ingredient which is not
specifically disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS
—_— S AT TS

These and other features, aspects, and
advantages of the present invention will become better
understood with reference to the following description,

appended claims, and accompanying drawings where:
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FIG. 1 is a side view of a drill, a
particular embodiment of an elongate rotary tool;

FIG. 2 is a top view of the drill of Fig. 1;

FIG. 3 is a side view of an endmill, a
particular embodiment of an elongate rotary tool; and

FIG. 4 is a top view of the endmil] of Figqg.
3.

DESCRIPTION

In accordance with the present invention,
FIGS. 1, 2, 3, and 4 show embodiments of elongate
rotary tools composed of a cermet having a
Co-Ni1-Fe-binder. The elongate rotary tools may be used
in the machining (e.g. drilling, milling, reaming, and
tapping) of workpiece materials including woods,
metals, polymers, ceramics, and composites thereof.
Thls invention is preferably used in the machining of
metallic workpiece materials, and are particularly

useful in drilling and/or milling of these workpiece

' materials where a combination of high toughness and

high wear resistance is required.

As shown in FIGS. 1 and 2, when the elongate
rotary tool comprises a drill 2, it has at one end an
elongate body 16 and at a second end a shank 18. The
elongate body 16 and the shank 18 share a common axis
14. The shank 18 is adapted to be secured, e.g., in a
chuck, in a machine tool. The elongate body 16 has a
face 20 over which chips, formed during drilling of
workpiece materials, flow. The face 20 may define or

material. Joined to the face 20 are first flank 8 and
second flank 10. At the juncture of the face 20 and
the first flank 8 is a first cutting edge 4 for cutting
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into workpiece materials. At the juncture of the
face 20 and the second flank 10 is a second cutting

edge 6 also for cutting into workpiece materials.

Second flank 10 optionally may be followed by a

recessed surface 12. The first cutting edge 4
transitions to the second cutting edge 6 at a

corner 22. The second cutting edge 6 may take the form
cf a helix and continue for a preselected distance
along the length of the elongate body 16. In the case
of a drill, first cutting edge 4 performs a majority of
the cutting into the workpiece materials.

As shown in FIGS. 3 and 4, when the elongate
rotary tool comprises an endmill 32, it has at one end
an elongate body 46 and at a second end a shank 48,

The elongate body 46 and the shank 48 share a common
axls 44. The shank 48 is adapted to be secured, e.q.,
1n a chuck, in a machine tool. The elongate body 46
has a face 50 over which chips, formed during milling
of workpiece materials, flow. The face 50 may define
or transition into a groove or flute 54 and 5S4’ for
Cransporting chips away from the cut surface of
workpiece materials. Joined to the face 50 are first
flank 38 and second flank 40. At the juncture of the
face 50 and the first flank 38 is a first cutting edge
34 for cutting into workpiece materials. First flank
38 optionally may be followed by additional recessed
surfaces 56 and 62. At the juncture of the face 50
and/or the groove or flute 54 and the second flank 40
1s a second cutting edge 36 also for cutting into
workpliece materials. Second flank 40 optionally may be
followed by recessed surfaces 42 and 60. The first
cutting edge 34 transitions to the second cutting edge
36 at a corner 52. The second cutting edge 36 may take
the form of a helix and continue for a preselected
dlistance along the length of the elongate body 46. 1In
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the case of.an endmill 32, either the first cutting
edge 34 and/or the second cutting edge 36 may perform a
majority of the cutting into workpiece materials.

The elongate rotary tool may be any of the
style or sizes of drills, endmills, taps, burs,
countersinks, hobs, and reamers used in the lndustry.
For example, if the elongate rotary tool comprises a
drill, it may be made in standard shapes and sizes (for
example, two-fluted style of drill without Or with
coolant channels). The typical types of workpiece
materials that a two-fluted coolant channel style of
drill cuts includes carbon, alloy and cast steel; nigh
alloy steel, malleable cast lron, gray cast iron,
nodular iron, yellow brass and copper alloys.

It should also be appreciated that various
styles of drills and endmills are within the scope of
this invention. In this regard, other styles of drills
include without limitation a triple fluted style of
drill and a two-fluted style ¢f drill that does or does
not have coolant channels. The triple fluted style of
drill typically cuts gray cast iron, nodular iron,
titanium and its alloys, copper alloys, magnesium
alloys, wrought aluminum alloys, aluminum alloys with
greater than 10 wt.$% silicon, and aluminum alloys with
less than 10 wt.% silicon. The two fluted without
coolant channels style of drill typically cuts carbon
steel, alloy and cast steel, high alloy steel,
malleable cast iron, gray cast 1ron, nodular iron,
yellow brass and copper alloys. In addition to the
metallic materials méntioned above, the drills, end

mills, hobs, and reamers may be used to cut other

metallic materials, polymeric materlials, and ceramic

thereof (e.g., laminates, macrocomposites and the
like), and composites thereof such as, for example,
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metal-matrix composites, polymer-matrix composites, and
ceramic-matrix composites.

The cermet from which the elongate rotary
‘tool of FIGS. 1, 2, 3, and 4 is made comprises a

Co-Ni-Fe-binder and at least one hard cocmponent. The

Co-Ni-Fe-binder is unique in that even when subjected

Co plastic deformation, the binder maintains its face

centered cubic (fcc) crystal structure and avoids

much as about 2400 megapascal (MPa) for bending
Strength and up to as much as about 1550 MPa for cyclic
fatigue (200,000 cycles in bending at about room

Cemperature). Applicants believe that substantially no

occur 1in the Co-Ni-Fe-binder Up CO those stress and/or
strain levels that leads to superior performance.
According to the present lnvention, the
Co-Ni-Fe-binder comprises at least about 40 wt.% cobalt
but not more than 90 wt.$% cobalt, the remainder
consisting of nickel and iron and, optionally,
incidental impurities, with at least about
4 wt.% nickel, and at least about 4 wt.% iron.
Applicant believes that the Co=-Ni-Fe~-binder comprising
not more than about 36 wt.% Ni and not more than about
36 wt.% Fe is preferred. A preferred Co-Ni~-Fe-binder
comprises about 40 wt.$% to about 90 wt.% Co, the
remainder consisting of nickel and lron and,
optionally, incidental lmpurities, with about 4 wt.$% to
about 36 wt.% Ni, about 4 WC.% to about 36 wt.% Fe, and
a N1:Fe ratio of about 1.5:1 to 1:1.5. A more
preferred Co-Ni-Fe-binder comprises about 40 wt.% to
about 90 wt.% Co and a Ni:Fe ratio of about 1:1. An
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other more preferred Co-Ni-Fe-binder comprises a

cobalt:nickel:iron ratio of about 1.8:1:1.

The range of the Co-Ni-Fe-binder in the
Ccérmet comprises about 0.2 wt.$% to about 19 wt.g,.

A
preferred range of the Co-Ni-Fe

-binder in the cermet
comprises, about 5 wt.$% to about 16 wt.%.

A more
preferred range of Co-Ni~Fe-binder in

the cermet
comprises, about 8 wt.% to about 12 wt.%.

The hard component of the cermet of the

present invention may comprise borides(s), carbide(s),

nitride(s), oxlide(s), silicide(s), their mixtures,

their solid solutions (e.qg., carbonitride (s)
borocarbide (s)

4

s OXynitride(s), borocarbonitride (s)

etc.), or any combination of the preceding. The metal

of these may comprise one or more metals from
International Union of Pure and Applied Chemistry

(IUPAC) groups 2, 3 (including lanthanides and

actinides), 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, and 14 of

the Periodic Table. Preferably the hard component
comprises one or more of carbide (s)
carbonitride (s)

solution (s)

,» nltride(s),
, their mixture(s), their solid

 OL any combination of the preceding.
metal of the carbide(s), nitride(s)
carbonitrides(

The
, and

(lncluding lanthanides and actinides)
S, and 6; preferably, one or more of Ti,
Nb, Ta, Cr, Mo, and W;

of Ti, Ta, Nb, and W.

In this context, the inventive cermets may be

referred to by the composition making up a majority of

the hard component. For example, if a majority of the

hard component comprises a carbide,

the cermet may be
designated a carbide-cermet.

If a majority of the hard
component comprises tungsten carbide (WC),

the cermet
may be designated

a tungsten carbide cermet or

PCT/IB98/01297
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WC-cermet. In a like manner, when a majority of the
hard component comprises a carbonitride, the cermet may
also be designated a carbonitride-cermet. ' For example,
when a majority of the hard component comprises
titanium carbonitride, the cermet may be designated a
Citanium carbonitride-cermet or TiCN-cermet .

A broadest range for the grain size of the
hard component comprises about 0.1 micrometers (um) to
12 pym. A mediate range for the grailn size of the hard
component comprises about 8 um and smaller. Another
mediate range for the grain size of the hard component
comprises about 6 .um and smaller. A narrower range for
the grain size of the hard component comprises about
Ll pym and smaller. Applicants believe that the above
ranges of hard component grain size are particularly
applicable to WC-cermets having a Co-Ni-Fe-binder.

Applicants contemplate that every increment
between the endpoints of ranges disclosed herein, for
example, binder content, binder composition, Ni:Fe
ratio, hard component grain size, hard component
content, ... etc. is encompassed herein as if 1t were
specifically stated. For example, a binder content

range of about 0.2 wt.% to 19 wt.$% encompasses about 1

0.2 wt.%, 1 wt.%, 2 wt.%,3 wt.%, ... 17 wt.%, 18 wt.$%
and 19 wt.% binder. While for example, for a binder

composition the cobalt content range of about 40 wt.$%

88 wt.%, 89 wt.%, and 90 wt.&% while the nickel and iron
content ranges of about 4 wt.% to 36 wt.$% each
encompass about 1 wt.% increments thereby specifically
including 4 wt.%, 5 wt.%, 6 wt.%, ... 34 wt.%, 35 wt.$%,
and 36 wt.%. Further for example, a Ni:Fe ratio range
of about 1.5:1 to 1:1.5 encompasses about 0.1
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increments thereby specifically including 1.5:1, 1.4:1,

1:1, ... 1:1.4, and 1:1.5). Furthermore for
example, a hard component graln size range of about

0.1 um to about 12 HIl encompasses about 1 um increments

Cthereby specifically including about 0.1 um, 1 pm,
2 um, 3 um, ... 10 M, 11 pum, and 12 um.

A cermet elongate rotary tool of the present
invention may be used either with Or without a coating.
If the elongate rotary Cool 1s to be used with a
coating, then the elongate rotary tool is coated with a
coating that exhibits suitable properties such as, for
example, lubricity, wear resistance, satisfactory
adherence to the cermet, chemical lnertness with
workpiece materials at material removal temperatures,
and a coefficient of thermal eXpansion that is
compatible with that of the cermet (1.e., compatible
thermo-physical properties). The coating may be
applied via CVD and/or PVD techniques.

ExXamples of the coating material, which may
comprise one Or more layeré'of one or more different
Components, may be selected from the following, which
1s not intended to be all-inclusive: alumina,

zirconia, aluminum oxynitride, silicon oxynitride,

groups 4, 5, and 6, including titanium carbonitride,
the nitrides of the elements from IUPAC groups 4, 5,

and 6 including titanium nitride, the carbides of the
elements from IUPAC groups 4, 5, and 6 including

titanium carbide, cubic boron nitride, silicon nitride,

carbon nitride, aluminum nitride, diamond, diamond like
carbon, and titanium aluminum nitride.

The significant advantages of the present
invention are further indicated by the following
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examples which are intended to be purely illustrative
of the present invention.
As summarized in Table 1, a WC-cermet having
a Co-Ni-Fe-binder of this invention and a comparative
5 '¢onventional WC-cermet having a Co-binder were produced
using conventional powder technology as described in,
for example, “World Directory and Handbook of
HARDMETALS AND HARD MATERIALS” Sixth Edition, by
Kenneth J. A. Brookes, International Carbide DATA
10 (1996) ; “PRINCIPLES OF TUNGSTEN CARBIDE ENGINEERING”
Second Edition, by George Schneider, Society of Carbide
and Tool Engineers (1989); "Cermet-Handbook”, Hertel
AG, Werkzeuge + Hartstoffe, Fuerth, Bavaria, Germany
(1293); and “CEMENTED CARBIDES”, by P. Schwarzkopf & R.
15 Kieffer, The Macmillan Company (1960) — the subject
matter of which is herein incorporated by reference in
1t entirety. 1In particular, Table 1 presents a summary
of the nominal binder content in welght percent (wt.$%),
the nominal binder composition, and the hard
20 constituent composition and amount (wt.3) for a cermet
of this invention and a comparative prior art WC-cermet
having a Co-binder. That is, commerclally available
ingredients are obtained for each of the inventive and
the conventional composition as described in Table 1
25 and combined in independent attritor mills with hexane
for homogeneous blending over a period of about 12
hours. After each homogeneously blended mixture of

ingredients is approprlately dried, green bodies are

pressed. The green bodies are densified by pressure-

30 sintering (also known as sinter-HIP) at about 1420°C

for about 1.5 hours (during the last 10 minutes at

about 1420°C the furnace pressure 1s raised to about 4
MPa) .
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Table 1: Nominal Composition for Invention &
Comparative Conventional WC-Cermet

Nominal Binder Hard Component
Nominal Composition Composition and
Sample Binder (Wt . &) amount (wt.%)

Content
(Wt . %) Co Ni Ee T1CN ’I'a(Nb)C

As summarized in Table 2, a TiCN-cermet

‘having a Co-Ni-Fe-binder of this invention and a
comparative conventional TiCN-cermet having a Co-binder
5 are produced using conventional powder technology as

described in, for example, “World Directory and
Handbook of HARDMETALS AND HARD MATERIALS”; “PRINCIPLES
OF TUNGSTEN CARBIDE ENGINEERING” Second Edition; and
“"CEMENTED CARBIDES”. In particular, Table 2 presents a

10 summary of the nominal binder content in welght percent
(WE.%), the nominal binder composition, and the hard
constituent composition and amount (WE.%) for a cermet
of this invention and a comparative prior art
TiCN-cermet having a Co-binder. That is, commercially

15 avallable ingredients are obtained for each of the
inventive and the conventional composition as described
1n Table 2 and combined in independent attritor mills
With hexane for homogeneous blending over a period of
about 14 hours. After each homogeneously blended

20 mixture of ingredients is appropriately dried, green
bodies are pressed. The green bodies are densified by

pressure-sintering (also known as sinter-HIP) at about

1440°C for about 1.5 hours (during the last 10 minutes

at about 1440°C the furnace pressure 1s raised to about
25 4 MPa) .
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Table 2: Nominal Composition for Invention &

Comparative Conventional TiCN-Cermet
. Sample
. . WC
Co Ni Fe | TiCN ! Ta{Nb)C .
| M02C
16 | | 4 | 2 43

The patents and other documents identified
herein, including United States patent application
5 entitled “A CERMET HAVING A BINDER WITH IMPROVED

PLASTICITY” by Hans-Wilm Helnrich, Manfred Wolf, Dieter

- Nominal Binder Hard Component
Composition Composition and
(Wwt. %) amount (wt. %)

Schmidt, and Uwe Schleinkofer (the applicants of the
present patent application) which was filed on the same

date as the present patent application and assigned to

10 Kennametal Inc. (the same assignee as the assignee of

the present patent application), are hereby
incorporated by reference herein.

15 consideration of the specification or practice of the

invention disclosed herein. It is intended that the
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Claims

1. An elongate rotary tool for machining materials, the
rotary tool comprising:
an elongate body at a first end:

at least one face on the elongate body at an end
opposite the shank, wherein the at least one face defines a
corresponding flute extending along the elongate body toward
the shank;

at least one flank on an end of the elongate body at an
end opposite the shank:

a cutting edge at a juncture of the at least one face
and the at least one flank; and

consisting of nickel and iron and, optionally, incidental
impurities, with about 4 wt.% to 36 wt.% nickel, about 4
Wwt.% to 36 wt.% iron, and a Ni:Fe ratio of about 1.5:1 to
1:1.5 wherein the Co-Ni-Fe-binder comprises a face centered
cubic (fcc) structure that substantially maintains its fcc
Structure and does not experience stress and strain induced
transformations when subjected to plastic deformation.
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2. The elongate rotary tool of claim 1 wherein the
cermet comprises about 5 wt.% to 16 wt.% binder.

3. The elongate rotary tool of claim 1 wherein the
cermet comprises about 8 wt.% to 12 wt.% binder.

4. The elongate rotary tool of c¢claim 1 wherein the Co-
Ni-Fe-binder comprises about 46 wt.% to 57 wt.% cobalt.

5. The elongate rotary tool of claim 1 wherein the Co-
Ni-Fe-binder comprises about 40 wt.% to 90 wt.% cobalt and a

Ni:Fe ratio of about 1:1.

6. The elongate rotary tool of claim 1 wherein the Co-
Ni-Fe-binder comprises a cobalt:nickel:iron ratio comprising
about 1.8:1:1.

7. The elongate rotary tool of claim 1 wherein the at

least one hard component has a grain size comprising about
0.1 micrometer (um) to 12 um.

8. The elongate rotary tool of claim 1 wherein the at

least one hard component has a grain size comprising about 8
um and smaller. '

9. The elongate rotary tool of claim 1 wherein the at

least one hard component has a grain size comprising about 6
um and smaller.

10. The elongate rotary tool of claim 1 wherein the
cermet comprises a carbide cermet.

11. The elongate rotary tool of claim 1 wherein the
cermet comprises a carboriitride cermet.

AMENDED SHEET
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l2. An elongate rotary tool for machining materials, the
rotary tool comprising:

an elongate body at a first end:

a shank at a second and opposite end, the elongate body
and the shank sharing a common axis:

at least one face on the elongate body at an end
opposite the shank, wherein the at least one face defines a
corresponding flute extending along the elongate body toward
the shank:

at least one flank on an end of the elongate body at an
end opposite the shank;

a cuttling edge at a juncture of the at least one face
and the at least one flank:; and

a WC-cermet comprising tungsten carbide and about 0.2
wt.% to 19 wt.% Co-Ni-Fe-binder comprising about 40 wt.$% to
90 wt.% cobalt, the remainder of said binder consisting of
nickel and iron and, optionally, incidental impurities, with
about 4 wt.% to 36 wt.% nickel, about 4 wt.% to 36 wt.$%
iron, and a Ni:Fe ratio of about 1.5:1 to 1:1.5 wherein the
Co-Ni-Fe-binder comprises a face centered cubic (fcc)
structure that substantially maintains its fcc structure and
does not experience stress and strain induced
transformations when subjected to plastic deformation.

13. The elongate rotary tool of claim 12 wherein the WC-
cermet comprises about 5 wt.% to 16 wt.% binder.

l14. The elongate rotary tool of claim 12 wherein the WC-
cermet comprises about 8 wt.% to 12 wt.$% binder.

15. The elongate rotary tool of claim 12 wherein the Co-
Ni-Fe-binder comprises about 46 wt.% to 57 wt.$% cobalt.

l6. The elongate rotary tool of claim 12 wherein the Co-
Ni-Fe-binder comprises about 40 wt.% to 90 wt.% cobalt and a
Ni1:Fe ratio of about 1:1.
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17. The elongate rotary tool of claim 12 wherein the Co-
Ni-Fe-binder comprises a cobalt:nickel:iron ratio comprising

about 1.8:1:1.

18. The elongate rotary tool of claim 12 wherein the
tungsten carbide has a grain size comprising about 0.1 um to

12 um.

19. The elongate rotary tool of claim 12 wherein the
tungsten carbide has a grain size comprising about 8 um and

smaller.

20. The elongate rotary tool of claim 12 wherein the
tungsten carbide has a grain size comprising about 6 um and
smaller.

21. The elongate rotary tool of claim 12 wherein the WC-
cermet further comprises at least one of carbides, nitrides,

and solid solution thereof.

22. The elongate rotary tool of claim 12 wherein the WC-
cermet further comprises at least one of TaC, NbC, TiC, VC,

‘Mo2C, Cr3C2, and solid solution thereof.

23. An elongate rotary tool for machining materials, the
rotary tool comprising:

an elongate body at a first end;

a shank at a second and opposite end, the elongate body
and the shank sharing a common axis;

at least one face on the elongate body at an end
opposlte the shank, wherein the at least one face defines a
corresponding flute extending along the elongate body toward
the shank; |

at least one flank on an end of the elongate body at an
end opposite the shank;

a cutting edge at a'juncture of the at least one face
and the at least one flank; and
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a TiCN-cermet comprising titanium carbonitride and about
0.2 wt.% to 19 wt.% Co-Ni-Fe-binder comprising about 40 wt.%
to 90 wr.% cobalt, the remainder of said binder consisting
of nickel and i1ron and, Optionally; incidental impurities,
with about 4 wt.% to 36 wt.% nickel, about 4 wt.% to 36 wt.%
iron, and a Ni:Fe ratio of about 1.5:1 to 1:1.5 wherein the
Co-Ni-Fe-binder comprises a face centered cubic (fcc)
structure that substantially maintains its fcc structure and
does not experience stress and strain 1induced
transformations when subjected to plastic deformation.

24. The elongate rotary tool of claim 23 wherein the
TiCN-cermet comprises about 5 wt.% to 16 wt.% binder.

25. The elongate rotary tool of claim 23 wherein the
TiCN-cermet comprises about 8 wt.% to 12 wt.% binder.

26. The elongate rotary tool of claim 23 wherein the Co-
Ni-Fe-binder comprises about 46 wt.% to 57 wt.% cobalt.

27. The elongate rotary tool of claim 23 wherein the Co-
Ni-Fe-binder comprises about 40 wt.% to 90 wt.% cobalt and a

Ni:Fe ratio of about 1l:1.

28. The elongate rotary tool of claim 23 wherein the Co-
Ni-Fe-binder comprises a cobalt:nickel:iron ratio comprising
about 1.8:1:1.

29. The elongate rotary tool of claim 23 wherein the
titanium carbonitride has a grain size comprising about 0.1
um to 12 um.

30. The elongate rotary tool of claim 23 wherein the
titanium carbonitride has a grain size comprising about 8 um
and smaller.
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31. The elongate rotary tool of claim 23 wherein the

titanium carbonitride has a grain size comprising about 6 um
and smaller.

5 32. The elongate rotary tool of claim 23 wherein the
TiCN-cermet further comprises at least one of carbides,
nitrides, and solid solution thereof.

33. The elongate rotary tool of claim 23 wherein the WC-
10 cermet further comprises at least one of TaC, NbC, TiC, VC,
Mo?2C, Cri3Cz2, WC, and solid solution thereof.
15
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