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(57) L’mvention concermne un outil du type pic
comprenant un corps (22) d’outil oblong présentant une
extremite avant (26) axialement et une extrémite arriere
(24) axialement, ains1 qu’une piece rapportee dure (28)
fixée au corps de 1'outil au niveau de 1'extrémité avant
axialement. La piece rapportée dure comprend un
WC-cermet renfernant du carbure de tungstene et
environ 5 a 27 % en poids d’un liant Co-Ni-Fe. Le lant
Co-Ni-Fe est unique en ce que meéme lorsqu’il est soumis
a une deformation plastique, le liant conserve
sensiblement sa structure cristalline cubique a faces
centrees et 1l evite les transtformations induites par efforts
et/ou contraintes.
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(57) A pick-style tool that includes an elongate tool body
(22) with an axially forward end (26) and an axially
rearward end (24), and a hard nsert (28) affixed to the
tool body at the axially forward end 1s disclosed. The
hard insert comprises a WC-cermet comprising tungsten
carbide and about 5 wt.% to 27 wt.% Co-Ni-Fe-binder.
The Co-Ni-Fe-binder 1s unique in that even when
subjected to plastic deformation, the binder sustantially
maintains its face centered cubic (fcc) crystal structure
and avoids stress and/or strain induced transformations.
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(57) Abstract

A pick-style tool that includes an elongate tool body (22) with an axially forward end (26) and an axially rearward end (24), and a
hard insert (28) affixed to the tool body at the axially forward end is disclosed. The hard insert comprises a WC-cermet comprising tungsten
carbide and about 5 wt.% to 27 wt.% Co-Ni~Fe-binder. The Co-Ni~Fe-binder is unique in that even when subjected to plastic deformation,
the binder sustantially maintains its face centered cubic (fcc) crystal structure and avoids stress and/or strain induced transformations.
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A PICK-STYLE TOOL WITH A CERMET INSERT HAVING A
Co-Ni-Fe-BINDER

Background

The present invention pertains to a
pick-style tool such as, for example, a road planing
tool or a point attack mine tool or an open-face
longwall tool, which has a hard insert at the axially
forward end. Such pick-style tools have been typically
used to penetrate the earth strata or other substrates
(e.g., asphalt roadway surfaces) wherein the pick-style
tool 1s carried, either in a rotatable or a non-

rotatable fashion, by a drive member (e.g., drum or

-chalin) .

The typical pick-style tool has a hard insert
affixed at the axially forward end. The hard insert 1is

the part of the pick-style tool that first impinges
upon the earth strata or other substrate. The hard
insert is comprised of a tungsten carbide cermet
(WC-cermet), also known as cobalt cemented tungsten
carplide and WC-Co. Here, a cobalt binder (Co-binder)
cements tungsten carbide particles together. Although
hard inserts made of a WC-cermet having a Co-binder
have achleved successful results, there are some
drawbacks.

One drawback is that up to about 45 percent
of the world’s primary cobalt produétion 1s located in
politically unstable regions (e.g., political regions
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that have experienced'either armed or peaceful
revolutions in the past decade and could still
experience additional revolutions). About 15 percent
of the world’s annual primary cobalt market 1S used in
the manufacture of hard materials including WC-cermets.
About 26 percent of the world’s annual primary cobalt
market is used in the manufacture of superalloys
developed for advanced aircraft turbine engines — a
factor contributing to cobalt being designated a
strategic material. These factors not only contribute
to the high cost of cobalt but also eXxplain cobalt’s
erratic cost fluctuations. Consequently, cobalt has
been relatively expensive, which, in turn, has raised
the cost of the WC-cermet hard insert, as well as the
cost of the overall pick-style tool. Such an increase
1n the cost of the pick-style tool has been an
undesirable consequence of the use of the Co-binder for
the hard insert. Therefore, it would be desirable to
reduce cobalt from the binder of WC-cermet hard
inserts.

Furthermore, because of the principal
locations of the largest cobalt reserves, there remains
the potential that the supply of cobalt could be
interrupted due to any one of a number of causes. The
unavallability of cobalt would, of course, be an
undesirable occurrence.

Pick-style tools operate in environments that
are corrosive. While the WC-cermet hard inserts have
been adequate in such environments, there remailns the
objective to develop a hard insert which has improved
COrrosion resistance while maintaining essentially the
Same wear characteristics of WC~cermet hard inserts.

While the use of WC-cermet hard inserts have
peen successful, there remains a need to provide a hard

insert that does not have the drawbacks, i.e., cost and
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the potential for unavailability, inherent with the use
of cobalt set forth above. There also remains a need
Lo develop a hard insert for use in corrosive
environments which possess lmproved corrosion
resistance while maintaining essentlally the same wear

characteristics of WC-cermets having a Co-binder.

SUMMARY

In one embodiment, the invention is g
pick-style tool which comprises an elongate tool body
that has an axially forward end and an axially rearward
end. A hard insert is affixed to the tool body at the
axially forward end. The composition of the hard
insert comprises about 5 welght percent (wt.$%) to about
27 wt.% binder, and about 73 wt.$% to about 95 wt.%
tungsten carbide (WC). The binder comprises a
cobalt-nickel-iron-binder (Co~Ni-Fe~-binder).

In another embodiment, the invention is a
hard insert for use in a pick-style tool having an
elongate tool body with an axlally forward end. The
nard insert is affixed to the tool body at the axially
forward end. The composition of the hard lnsert
comprises about 5 wt.$% to about 27 wt.% binder, and
about 73 wt.% to about 95 wt.$% tungsten carbide (WC).
The binder comprises a Co-Ni-Fe-binder.

In still another embodiment, the invention is
a rotatable cutting tool comprising an elongate tool
body that has an axially forward end with a hard insert
affixed to the tool body at the axlially forward end.
The composition of the hard insert comprises about .

5 wt.% to about 27 wt.$% binder. The binder comprises
at least about 40 wt.% cobalt but not more than about
90 wt.% cobalt, the remainder consisting of nickel and

lron and, optionally, incidental impurities, with at
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least about 4 wt.$% nickel, and at least about
4 wt.% 1ron. The tungsten carbide has a grain size of
about 1 micrometer (um) to about 30 um.
The 1nvention illustratively disclosed herein
5 may sultably be practiced in the absence of any
element, step, component, or ingredient that is not

specifically disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS
—_— e e e M os VRN LNGO

The following is a brief description of the
10 drawings that form a part of this patent application:
FIG. 1 1s a side view of a rotatable
pick-style tool rotatably held in a block, wherein a
portion of the block has been removed to show the
plck-style tool (e.g., a road planing tool mounted to a
15 road planing drum or a mining tool mounted to a mining
drum) ; and
FIG. 2 1s a slde view of a longwall style
mine tool which is held a non-rotatable fashion, i.e.,
a non-rotatable pick-style mine tool, by a holder

20 mounted to a driven chain or other driven member.
DESCRIPTION

Referring to FIG. 1, there is illustrated a
rotatable pick-style tool generally designated as 20.
A road planing tool as well as a pick-style mine tool
25 are each considered to be a rotatable plick-style tool
20. Pick-style tool 20 has an elongate steel body 22
that has an axially rearward end 24 and an opposite
axlally forward end 26. A hard insert (or CLip) 28 is
affixed in a socket in the axially forward end 26 of
30 the tool body 22. The composition of the material from

which the hard insert 28 is made will be dliscussed in

detail hereinafter.
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The pick-style tool 20 is rotatably carried
by a block 30. Block 30 contains a bore 32 in which

the rearward portion (or shank) of the tool 20 1s
retained by the action of a resilient retainer sleeve
34 such as that described in U.S. Patent No. 4,201,421
to DenBesten et al., which is incorporated by reference
herein. The block 30 may be mounted to a drum 36,
elther road planing or mining, or other drive mechanlsm
Known 1in thé art such as for example a chain. During
operation, the pick-style tool 20 rotates about its
central longitudinal axis A-A. Further description of

the road planing tool 20, and especlally the geometry
of the hard insert 28, is found in U.S. Patent NoO.

5,218,209 to Prizzi et al. entitled ROTATABLE CUTTING
BIT INSERT assigned to Kennametal Inc. of Latrobe,
Pennsylvania, the assignee of the present invention.

U.S. Patent No. 5,219,209 is hereby incorporated by
reference herein.

Referring to FIG. 2, there is illustrated a
non-rotatable longwall style of mine tcol generally

designated as 40. The longwall mine tool 40 is
considered to be a pick-style mine tool. Longwall tool
40 has an elongate steel body 42 with a forward end 44
and a rearward end 46. The body 42 presents a rearward
shank 48 adjacent to the rearward end 46 thereof. The
rearward shank 48 is of a generally rectangular cross-
section. A hard insert 50 is affixed in a socket at the
forward end 44 of the tool body 42. The composition of
the material from which the hard insert 50 is made will

be discussed in detail hereinafter. During operation,

the longwall tool 40 does not rotate about its central
longitudinal axis.

In this regard, the composition of WC-cermet
having a Co-Ni-Fe-binder from which the hard insert 28

for the pick-style tool 20 (useable for road planing or

PCT/IB98/01299
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mining) or the hard insert 50 for the longwall style
mine tool 40 comprises a WC-cermet comprising a
Co-Ni-Fe-binder and tungsten carbide (WC). The
Co-Ni-Fe-binder comprises at least about 40 wt.$% cobalt
but not more than about 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.
Applicants believe that a Co-Ni-Fe-binder comprising
not more than about 36 wt.% Ni and not more than about
36 wt.3 Fe i1s preferred. A preferred composlition of
the Co-Ni-Fe-binder comprises about

40 wt.% to 90 wt.% Co, about 4 wt.% to 36 wt.% Ni,
about 4 wt.% to 36 wt.% Fe, and a Ni:Fe ratio.of about
1.5:1 to 1:1.5. A more preferred composition of the
Co-Ni-Fe-binder comprises about 40 wt.% to 90 wt.% Co
and a Ni:Fe ratio of about 1:1. An even more preferred
composition of the Co-Ni-Fe-binder comprises a
cobalt:nickel:iron ratio of about 1.8:1:1.

The Co-Ni-Fe-binder of the present invention
1s unique in that even when subjected to plastic
deformation, the binder maintains its face centered
cubic (fcc) crystal structure and avoids stress and/or
strain induced transformations. Applicants have
measured strength and fatigue performance in cermets
having Co-Ni-Fe-binders up to as 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
pending at about room temperature). Applicants believe
that substantially no stress and/or strain induced
phase transformations occur in the Co-Ni-Fe-binder up
to those stress and/or strain levels that leads to
superior performance.

The preferred range of the Co-Ni-Fe-binder in
the WC-cermet comprises about 5 wt.% to about 27 wt.$.
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A more preferred range of the Co-Ni-Fe-binder in the
WC-cermet comprises about 5 wt.% to about 19 wt.%. An
even more preferred range of the Co-Ni-~Fe-binder in the
WC-cermet comprises about 5 wt.% to about 13 wt.$.

5 The grain size of the tungsten carbide (WC)
0of the WC-cermet comprises a broadest range of about 1
micrometers (pum) and 30 um. A mediate range for the
graln size of the WC comprises about 1 pm to 25 um.

Applicants contemplate that every increment
10 petween 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 it were
specifically stated. For example, a binder content
15 range of about 5 wt.% to 27 wt.3% encompasses about 1

WEL.% lncrements thereby specifically including about

> wt.®, 6 wt.%, 7 wt.%, ... 25 wt.$%, 26 wt.% and

27 wt.% binder. While for example, for a binder

composition the cobalt content range of about 40 wt.$%
20 to 90 wt.% encompasses about 1 wt.$% increments thereby

specifically including 40 wt.3, 41 wt.%, 42 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.3? increments thereby specifically
25 including 4 wt.%, S wt.3, 6 wt.3, ... 34 wt.%, 35 wt.%,

and 36 wt.3%. Further for example, a Ni:Fe ratio range

of about 1.5:1 to 1:1.5 encompasses about 0.1

increments thereby specifically including 1.5:1, 1.4:1,
1:1, ... 1:1.4, and 1:1.5). Furthermore for

30 example, a hard component grain size range of about

1l pm to about 30 um encompasses about 1 Uum lncrements
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The present 1nventilion is illustrated by the
following. It is provided to demonstrate and clarify
various aspects of the present invention: however, the
following should not be construed as limiting the scope

5 of the claimed invention.

As summarized in Table 1, a WC-cermet having
a Co-Ni-Fe-binder of this invention and a comparative
conventional WC-cermet having a Co-binder were produced
using ceonventional powder technology as described in,

10 for example, “World Directory and Handbook of
HARDMETALS AND HARD MATERIALS” Sixth Edition, by

Kenneth J. A. Brookes, International Carbide DATA
(1996); “PRINCIPLES OF TUNGSTEN CARBIDE ENGINEERING”
Second Edition, by George Schneider, Society of Carbide
15 and Tool Engineers (1988); and “CEMENTED CARBIDES”, by
P. Schwarzkopf & R. Kieffer, The Macmillan Company
(1960) — the subject matter of which is herein
lncorporated by reference in it entirety. In

particular, Table 1 presents a summary of the nominal

20 binder content in weight percent (wt.%), the nominal
binder composition, and the hard component composition
and amount (wt.%) for a WC-cermet of this invention and
a comparative prior art WC-cermet having a Co-binder.
That is, commercially available ingredients that had

25 been obtained for each of the inventive and the
conventional composition as described in Table 1 were
combined in independent attritor mills with hexane for
homogeneous blending over a period of about 4.5 hours.
After each homogeneously blended mixture of ingredients

30 was appropriately dried, green bodies having the form
of plates for properties evaluation were pressed . The

green bodies were densified by vacuum sintering a about

1570°C for about one hour.

e TR
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Table 1: Nominal Composition for Invention and
Compactive Conventional WC-Cermet

Nominal Nominal Binder
Sample Binder Composition (wt.%)

Hard
Component

Content
(Wt . *x)
Iiiiiiiiiiiiiil ‘IIIIIIIIIIIIIIIIIII"IIIIIHHHHHHHHHIIIII'

* starting powder -80+400 mesh (particle size between about 38§ 1m

and 180 um) macrocrystalline tungsten carbide from
Kennametal Inc. Fallon, Nevada

As summarized in Table 2, the density

(g/cm’), the magnetic saturation (0.1 uTm*/kg), the

coercive force (Oe, measured substantially according to
International Standard ISO 3326: Hardmetals —
Determination of (the magnecization) coerclvity), the
nhardness (Hv;,, measured substantially according to
International Standard ISO 3873: Hardmetals — Vickers
hardness test), the transverse rupture strength (MPa,
measured substantially according to International
Standard ISO 3327/Type B: Hardmetals — Determination of
transverse rupture strength) and the porosity (measured
substantially according to International Standard ISO
4505: Hardmetals — Metallographic determination of
porosity and uncombined carbon) of the 1nventive and
the conventional WC-cermets were determined. The
WC-cermet having a Co-Ni-Fe-binder had a comparable

hardness but an improved Cransverse rupture strength

compared to the conventional WC-cermet naving a
Co-binder.
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Table 2: Mechanical and Physical Properties for Invention
and Compactive Conventional WC-Cermet of Table 1

Magnetic Hardness | Porosity
Saturation (HV30)
0.1uTm’/ kg
Invention 14.35 178 18 370 2288 |  A04
Conventional | 14.44 173 | 54 | 960 1899 |  AO6

It can thus been seen that apolicants'
invention provides for a pick-style tool, as well as
the hard insert for the pick-style tocl, which
overcomes certalin drawbacks inherent in the use of
cobalt as a binder in the hard insert. More
specifically, the use of a Co-Ni-Fe-binder instead of a
Co-binder in the hard insert reduces the cost of tne
hard insert, and hence, the cost of the overall
plick-style tool. The use of a Co-Ni-Fe-binder 1nstead
0f a2 Co-binder in the hard insert reduces the potential
that the principal component, i.e., cobalt, of the
binder alloy will be unavailable due to political
instability in those countries which POSSess
significant cobalt reserves. It also becomes apparent
that applicants' invention provides a plck-style tool,
and a hard insert therefor, which possess 1mproved
corrosion resistance without sacrificing wear
properties equivalent to those of a tungsten carbide-
cobalt hard insert.

The patents and other documents identified
herein are hereby incorporated by reference herein.

Other embodiments of the invention will be
apparent to those skilled in the art from a

consideration of the specification or practice of the
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invention disclosed herein. It is intended that the
specification and examples be considered as
l1llustrative only, with the true sCcope and spirit of

the invention being indicated by the following claims.

B T
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KENNAMETAL INC., et al.

OQur reference: K 1599 WO Bi/sc

Claims

1. A pick-style tool comprising:

an elongate tool body having an axially forward end and
an axially rearward end:

a hard insert affixed to the tool body at the axially
forward end thereof; and

the hard insert comprising a WC-cermet comprising
tungsten carbide and about 5 wt.% to 27 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 from about
1.5:1 to 1:1.5 wherein the Co-Ni-Fe-binder comprises a face
centered cubic (fcc) structure that substantially maintains
1ts fcc structure and does not experience stress and strain

induced transformations when subjected to plastic
deformation.

2. The pick-style tool of claim 1 wherein the WC-cermet
comprises about 5 wt.% to 19 wt.% Co-Ni-Fe-binder.

3. The pick-style tool of claim 1 wherein claim 1
wherein the WC-cermet comprises about 5 wt.% to 13 wt.$% Co-
Ni-Fe-binder.

L L L L i ,'f"..".“ ‘
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4. The pick-style tool of claim 1 wherein the Co-Ni-Fe-
binder comprises about 46 wt.% to 57 wt.$% cobalt.

5. The pick-style 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 pick-style mine tool of claim 1 wherein the Co-
Ni-Fe-binder comprises a cobalt:nickel:iron ratio of about
1.8:1:1.

7. The pick-style tool of claim 1 wherein the tungsten
carblde has a grain size comprising about 1 um to about 30

Lm.

3. The pick-style tool of claim 1 wherein the tungsten
carbide has a grain size comprising about 1 um to about 25

Lm.

9. The pick-style tool of claim 1 wherein the Co-Ni-Fe-
binder comprises a solid solution face centered cubic
alloy.

10. The pick-style tool of claim 1 wherein the tool body |
has a central longitudinal axis, and the tool is rotatable
about 1ts central longitudinal axis during use.

l1l1. The pick-style tool of claim 1 wherein the tool body
has a central longitudinal axis, and the tool is non-
rotatable about its central longitudinal axis during use.

l12. A hard insert for use in a pick-style tool having an
elongate tool body with an axially forward end wherein the
hard insert is affixed to the tool body at the axially
forward end thereof, the hard insert comprising a WC-cermet
comprlsing tungsten carbide and about 5 wt.% to 27 wt.% of a
Co-Ni-Fe-binder comprising about 40 wt.% to 90 wt.% cobalt,
the remainder of said binder consisting of nickel and iron

" , - -+Wp g - - -

[1£‘i#‘l— aam 'v'i PR s # ..’ sk T Lo ¢

JTpe—




10

15

20

25

30

35

-”~

CA 02302302 2000-02-25 | | /S % /ﬁﬂﬂ

#
~ 9 |

and, optionally, incidental impurities, with about 4 wt.$% to
J6 wt.% nickel, about 4 wt.% to 36 wt.% iron, and a Ni:Fe
ratio from 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
experlience stress and strain induced transformations when
subjected to plastic deformation.

13. The hard insert of claim'12 wherein the WC-cermet
comprises about 5 wt.% to 19 wt.$% Co-Ni-Fe-binder.

14. The hard insert of claim 12 wherein the WC-cermet
comprises about 5 wt.% to 13 wt.$% Co-Ni-Fe-binder.

15. The hard insert of claim 12 wherein the Co-Ni-Fe-
binder comprises a solid solution face centered cubic
alloy.

16. The hard insert of claim 12 wherein the Co-Ni-Fe-
binder comprises about 46 wt.% to 57 wt.% cobalt.

17. The hard insert of claim 12 wherein the Co-Ni-Fe-
binder comprises about 40 wt.% to 90 wt.$% cobalt and a Ni:Fe
ratio of about 1:1.

18. The hard insert of claim 12 wherein the Co-Ni-Fe-
binder comprises a cobalt:nickel:iron ratio of about
1.8:1:1.

15. The hard insert of claim 12 wherein the tungsten
carbide has a grain size comprising about 1 um to 30 um.

20. The hard insert of claim 12 wherein the tungsten
carbide has a grain size comprising about 1 um to 25 HUm.




CA 02302302 2000-02-25 | ygl%jgg-e

2l. A rotatable cutting tool comprising:
an elongate tool body having an axially forward end;
a hard 1insert affixed to the tool body at the axially
forward end thereof: and
5 the hard insert comprising a WC-cermet consisting
essentially of about 1 uym to 30 um tungsten carbide and
about 5 wt.% to 27 wt.% solid solution face centered cubic
Co-Ni-Fe-binder comprising about 40 wt.% to 90 wt.% cobalt,
the remainder of said binder consisting of nickel and iron
10 and, optionally, incidental impurities, with about 4 wt.$% to
36 wt.% nickel, about 4 wt.% to 36 wt.$% iron, and a Ni:Fe
ratio from about 1.5:1 to 1:1.5 wherein the Co-Ni-Fe-
binder substantially maintains its fcc structure and does
not experience stress and strain induced transformations
15 when subjected to plastic deformation.
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