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whi ch net hods are effected by nmeans of rock-engaging hard inserts of sone
kind that are

INSERT FOR AN ATTACK TOOL, METHOD FOR MAKING SAME AND
TOOLS INCORPORATING SAME

FIELD

The invention relates to super-hard capped inserts for use in attack tools and
cutters, a method for making same and tools incorporating same, particulalrly
tools such as picks, percussive drilling bits and rotary drilling bits, as may be
used in the mining, tunnelling, road construction and oil and gas drilling
industries to process or degrade pavements or rock formations, or to bore into
the earth.

BACKGROUND

Boring into the earth is an important activity in many industries, such as
mining, oil and gas drilling, prospecting and tunnel construction. A wide
variety of methods and various different types of bits are available for this
purpose. Earth boring typically requires rock to be broken in either or both of
two principal modes, namely shear cutting or crushing, both of which methods
are effected by means of rock-engaging hard inserts of some kind that are



mounted onto drill bit. Shear culling involves inserts renoving rock
material by cutting into it and shearing off material. Crushing involves
inserts repeatedly inpacting on the rock and crushing it, Percussion
drilling is an exanple of the latter and is widely used in mning and
construction, to drill bore holes and blast holes, for exanple. . In soft
rock m ning and pavenent degradation,” pick-1like attack tools or picks nmay
be used to break rock, concrete or asphalt. Polycrystalline dianond (PCD)
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for cutting, machining, drilling or degrading hard or abrasive materials such as
rock, metal, ceramics, composites and wood-containing materials. For
example, PCD inserts are widely used within drill bits used for boring into the
earth in the oil and gas driiling industry.

Delwiche et al. (Petroleum Division, v 40, and Dirilling Technology 1992, 1992,
p 51-60, American Society of Mechanical Engineers) disclose PCD inserts for
oil and gas drilling, wherein a PCD layer is secured to a substrate comprising
a diamond-impregnated, or “impreg”, back-up component. It is apparent from
the diagrams and photographs that the diamond grains are coarse and

sparsely distributed.



United States patent nunber 5,304,342 discusses that for a given
application, it is desirable to provide the stiffest possible W Co
cenent ed carbide substrate, that is, one with a high nodulus of elasticity,
t hereby m nimzing the deflection of the PCD | ayers and reducing the

i kel i hood of PCD failure. However, if the nodulus of elasticity is too

hi gh, the inserts are prone to break o3f during drilling. United States
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United States patent number 5,304,342 discusses that for a given application,
it is desirable to provide the stiffest possible WC-Co cemented carbide
substrate, that is, one with a high modulus of elasticity, thereby minimizing the
deflection of the PCD layers and reducing the likelihood of PCD failure.
However, if the modulus of elasticity is too high, the inserts are prone to break

off during drilling.

United States patent number 6,258,139 discloses a PDC (polycrystalline
diamond compact) with an internal diamond core in the substrate, to provide
additional diamond for exposure when the substrate is sufficiently eroded.
Also disclosed is a PDC with an internal carbide core, which is entirely
enclosed by the diamond region of the PDC cutter, to avoid high tensile

stresses in the diamond region.

There is a need to minimise the thickness of super-hard material in attack tool
inserts and consequently their costs while achieving high impact resistance.
This is especially important for rock or pavement degradation or drilling

applications.



In some enbodi ments, the reinforcing bolster portion may have an aggregate
volunme that is at |least a factor of three tines greater, preferably five
times greater, and nore preferably ten tines greater than that of the
super-hard cap. In sone enbodinents, the reinforcing bolster portion may
have an average Young's nodulus of at, |east 60%that of the super-hard cap,
nore preferably 70% yet even nore pfbferably 80% and yet nore preferably
90% 1In one enbodi nent, the average Young's nodul us of the reinforcing

bol ster p%ﬁl‘@%ﬁ? in the range of about 60%to 80%that of the super-hard
cap. In one odi ment, the reinforcing bolster portion may conprise
super-hard material, typically in granular or particulate form Preferably,
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interface.

In some embodiments, the reinforcing bolster portion may have an aggregate
volume that is at least a factor of three times greater, preferably five times
greater, and more preferably ten times greater than that of the super-hard

cap.

In some embodiments, the reinforcing bolster portion may have an average
Young's modulus of at least 60% that of the super-hard cap, more preferably
70%, yet even more preferably 80% and yet more preferably 90%. In one
embediment, the average Young's modulus of the reinforcing bolster portion
is in the range of about 60% to 80% that of the super-hard cap.

In one embodiment, the reinforcing bolster portion may comprise super-hard
material, typically in granular or particulate form. Preferably, the reinforcing
bolster portion comprises diamond or cBN, and more preferably it comprises
diamond. In one embodiment, the reinforcing bolster portion may comprise
PCD.

In one embodiment, the reinforcing bolster portion may comprise tungsten

carbide, or it may comprise tungsten carbide and diamond.



The size distribution of unbonded or free-flow ng dianond grains is
measured by neans of a laser diffraction nmethod, wherein the grains are
suspended in a fluid nediumand an optical diffraction pattern is obtained
by directing a | aser beam at the suspension. The diffraction pattern is
interpreted by conputer software and the size distribution is expressed in
terns of equivalent circle dianeter. 1D effect, the grains are treated as
bei ng spherical and the size distribution is expressed in terns of a

di stribution of equival ent dianmeters of spheres. A MastersizerTM appar at us
from Mal vern Instrunents Ltd, United Kingdom may be used for his purpose.
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diameter. In effect, the grains are treated as being spherical and the size
distribution is expressed in terms of a distribution of equivalent diameters of
spheres. A Mastersizer™ apparatus from Malvern Instruments Ltd, United

Kingdom, may be used for his purpose.

A multi-modal size distribution of a mass of grains is understood to mean that
the grains have a size distribution that is formed of more than one peak, each
peak corresponding to a respective “mode”. Multimodal polycrystalline bodies
are typically made by providing more than one source of a plurality of grains,
each source comprising grains having a substantially different mean size, and

blending together the grains from the sources. Measurement of the size



I n one enbodi nent, the reinforcing bolster portion conprises netal or netal
all oy-cenented netal carbide and dianond in granular or particulate form
whereas the support portion of, if present, is substantially devoid of
dianond. 7 In other words, the bol ster conprises di anond-enhanced car bi de
(DEC) material. Preferably the dianond grains are di spersed substantially
honogeneousl y t hroughout the reinforéing bol ster portion. The di anond
grains within the reinforcing bolster portion may have an average size of

may bo i nasUBREPmar & S oprdtore ey TeleAbr PR Fela Ty "
enbedded wbirbspbridig) s ERtiING Bodes. When the grains are sintered together to

form the polycrystalline body, their size distribution is further altered as the

grains are compacted against one another and fractured, resulting in the

overall decrease in the sizes of the grains. Nevertheless, the multimodality of

the grains is usually still clearly evident from image analysis of the sintered

article.

In order to obtain a measure of the sizes of diamond grains within PCD, a
method known as "equivalent circle diameter" is used. In this method, a
scanning electron micrograph (SEM) image of a polished surface of the PCD
material is used. The magnification and contrast should be sufficient for at
least several hundred diamond grains to be identified within the image. The
diamond grains can be distinguished from metallic phases in the image a
circle equivalent in size for each individual diamond grain can be determined
by means of conventional image analysis software. The collected diétribution
of these circles is then evaluated statistically. Wherever diamond mean grain
size within PCD material is referred to herein, it is understood that this refers

to the mean equivalent circle diameter.

In one embodiment of this aspect to the invention, the super-hard cap may be
bonded to the reinforcing bolster portion at a first interface, the substrate
comprising a reinforcing bolster portion at one end and support portion at an
opposing end, the reinforcing bolster portion being bonded to the support
portion at a second interface. Preferably the first interface is non-planar.
Preferably the second interface is substantially planar. Where a support
portion is present, the assembly of the support portion and the reinforcing
bolster portion is referred to as the substrate portion of the insert. Where
there is no support portion, the substrate may consist of the reinforcing bolster

portion alone.

In one embodiment, the reinforcing bolster portion comprises metal or metal
alloy-cemented metal carbide and diamond in granular or particulate form,

whereas the support portion of, if present, is substantially devoid of diamond.



Preferably the super-hard cap, reinforcing bolster portion and the rest of
the substrate (i.e. the support portion) are integrally fornmed and bonded
at conditions under which dianond is thernodynanmically stable. Preferably

t he average Young's nodul us of the super-hard cap is greater than 1000 GPa.
Preferably, The super-hard cap conprises polycrystalline dianmond (POD). In
one enbodi nent, the super-hard cap conprises PCD, at |east one portion of
whi ch nmay be substantially free of solvent / catalyst material for dianond.
Preferably the at | east one portion is adjacent a working surface of the
super har d” dapothed wasdet &ie rb@ﬁﬁt@héoﬁnﬁf'%@?r éi!@‘“@kﬁ“i"ﬁnhwegu%fbﬂ%ﬁ dDEQ one

enbodi nent , at | ne.e gk y 0 Sdi r gy i cations,
such as earr?é;gﬁ%l'ri né:‘?%%}arlg%kt%r ?‘?'?‘ﬁc}’g& gﬁﬂgeéngéédqls én}tsggnggb%}ﬁﬁﬁl\ye t he
t her mal st dbmdgeneaunsly ttheoyghotib tmareiafartinghkolstes epartion.n Sbeediemondi nent s,

650 Pa. or CaR gt s bl ehdhaapRlsta Sl Al Y Bhi e b I “noL s

of the rei daBteDOgnib@Nst er portion is at nost about 900 GPa or at nost
about 850 GPa. In sone enbodi nents, the Young's nodul us of the reinforcing
bol ster portion is in the range from about 650 GPa to about 900 GPa, or in

the range fif JRe2BRBbdIRENt GRR rlothfeeMét b&isfer @dRtion fhay be in the form of a

frustum or a core that is fully or partially embedded within the substrate.

Preferably the super-hard cap, reinforcing bolster portion and the rest of the
substrate (i.e. the support portion) are integrally formed and bonded at
conditions under which diamond is thermodynamically stable.

Preferably the average Young's modulus of the super-hard cap is greater than
1000 GPa.

Preferably, the super-hard cap comprises polycrystalline diamond (PCD).

In one embodiment, the super-hard cap comprises PCD, at least one portion
of which may be substantially free of solvent / catalyst material for diamond.
Preferably the at least one portion is adjacent a working surface of the super-
hard cap and remote from the interface with the substrate. In one
embodiment, the at least one region may be porous. In certain applications,
such aé earth boring or rock drilling, such embodiments may improve the
thermal stability and the performance of the insert.

In some embodiments, the Young’s modulus of the reinforcing bolster portion
is at least about 650 GPa or at least about 675 GPa. In some embodiments,
the Young's modulus of the reinforcing bolster portion is at most about 900
GPa or at most about 850 GPa. In some embodiments, the Young's modulus
of the reinforcing bolster portion is in the range from about 650 GPa to about
900 GPa, or in the range from about 675 GPa to about 850 GPa.



I n enbodi nents where the super-hard cap has average Young' s nodul us of
greater than about 1,000 GPa, it may be beneficial for the reinforcing

bol ster portion to 'conprise a super-hard nmaterial of another type, grade
and Young's nodulus, such as PCD or PCBN,. Preferably the reinforcing

bol ster portion conprises refractory nmetal carbide grains, the netal being
selected fromW Ti, Ta, Nb, Mo, Cr, 84, Zr, and Si nore preferably the
nmet al bfei ngb_selject ed flromW Si or Ti, the grains being held together by
means of a bi nder tal or alloy, which preferabl onpr.i .« Preferabl
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content may be at nost 10 % at nost 8 % or even at nobst evvt% In

sonme enbo8idents the cobalt content in a cenented carbide bol ster portion
may be at least 3wt %or at |east Preferably the reinforcing bolster portion
conprises refractory netal carbide grains, the netal being selected fromWw
Ti, Ta, NFrefemablyrthe Hieinfarcingaelsgr portion comprises an iron group metal

selected from Co, Fe, Mn and Ni, more preferably Co. When the super-hard
cap comprises diamond, most preferably a portion of the reinforcing bolster

portion proximate the first interface with the cap comprises Co.

Preferably both the reinforcing bolster portion and the support portion
comprise metal carbide grains, the metal being selected from W, Ti, Ta, Nb,
Mo, Cr, Hf, Zr, Si more preferably the metal being selected from W, Si or Ti,
the grains being held together by means of a binder metal or allby, which
preferably comprises Co. The reinforcing bolster portion may comprise more
than one type of carbide. Preferably the average mass percentage of Co
within the reinforcing bolster portion is lower than that within the support

portion.

In some embodiments the bolster portion may be substantially devoid of
diamond or it may contain diamond and the cobalt content may be at most 10
wi%, at most 8 wt%, or even at most 6wt%. In some embodiments the cobalt
content in a cemented carbide bolster portion may be at least 3wt% or at least
4wt%.

Preferably the reinforcing bolster portion comprises refractory metal carbide
grains, the metal being selected from W, Ti, Ta, Nb, Mo, Cr, Hf, Zr, and Si

more preferably the metal being selected from W, Si and Ti, and a super-hard



nore preferably the netal being selected fromW Si and Ti, and a
super-hard 9 material, preferably dianond, typically in particulate or
granular form the grains being held together by neans of a binder netal or
al oy, whichpreferably conprises Co. The reinforcing bolster portion may
conprise nore than one type of carbide. In sone enbodi nents the reinforcing
bol ster portion nay conprise one or noge than one different types of
materials or conposites. Mire specifically, it may conprise nore than one

| ayer of different types of materials or conposites, the interfaces between
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enbodi ment, the reinforcing bolster portion extends throughout

substanti aI |y the whol e volume of the substrate,
In some embodiments the reinforcing bolster portion may comprise one or

more than one different types of materials or composites. More specifically, it
may comprise more than one layer of different types of materials or
composites, the interfaces between the layers being sharp or diffuse, and
typically having a portion that may be generally conformal with the interface

between the reinforcing bolster portion and the super-hard tip or cap.

In one embodiment, the reinforcing bolster portion is more abrasion resistant
than the support portion of the substrate and has an exposed surface, which
may function as a wear resistant surface which reduces the rate of wear of the

insert.

In one embodiment, the reinforcing bolster portion extends throughout

substantially the whole volume of the substrate.

In some embodiments, the reinforcing bolster portion may comprise one or
more than one different type of material or composite and there may be a
distinct interface between the reinforcing bolster portion and the support
portion, or it may be indiscernible, graded or diffuse.

This aspect of the invention may be advantageous for use in tools used to
degrade or break materials, especially rock, concrete, asphalt and the like, by
means involving repeated impact, such as may be the case for pick tool
inserts and percussion drilling inserts, but may also provide significant
benefits for tools using shear-type cutters and rotary drilling bits.

The invention may be of particular benefit where the super-hard cap
comprises PCD with Young's modulus greater than about 960, or greater than
1,000 GPa, as may typically be used in the degradation, drilling, processing or



In sone enbodi nents, the reinforcing bolster portion may conprise one or
nore than one different type of material or conposite and there may be a
distinct interface between the reinforcing bolster portion and the support
portion, or it may be indiscernible, graded or diffuse. This aspect of the
i nventi on may be advantageous for use in tools used to degrade or break
materials, especially rock, concretelOasphalt and the like, by neans

invol ving repeated inpact, such as may be the case for pick tool inserts
and percussion drilling inser
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insert is caused to inpact a hard body or formation in use, such as in
percussive drilling, mning pick assenblies and road planing, degradation

or recycl ilmgombr‘erﬁbtbﬂimﬁtmdlhérenpa'-harbe:a@mahammﬁe:capr hlastesl coucaled or
of the,super-hard

blunted conical formw th an axi al t.hi knes

cap at t h&THpWEN 58;aRgX; qwl?ﬁig@@as&o 14 Fupey-fiar #ber@ SteF8Pably 1,4
to 2,3 My ki $4HGe 6RO fRRIS mnkh hﬁlo?dlp@éfefdblyﬁhn@wzcﬁ nithe Sugenehard cap
at the apex may be at |east about | east about 0,2 mm at | east
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t hi ckness neasured from't e Interface, ali gned wth central axis of the
insert. least1 mm. In some embodiments the thlckness may be at most 2.4 mm, or
even at most 2.3 mm. Axial thickness refers to the thickness measured from

the interface, aligned with central axis of the insert.

In some embodiments, the apex may have a radius of curvature of at least 0.5
mm or at least 1.3 mm. In some embodiments, the apex may have a radius of
curvature of at most 4 mm. Preferably the apex has a radius of curvature in

the range of 0.5 to 4 mm, more preferably 1.3 to 4 mm.

According to a second aspect of the invention there is provided a method for
manufacturing an insert for an attack tool, the method including providing a
pre-form for a reinforcing bolster portion, a pre-form for a support portion and
a pre-form for a PCD cap, assembling and contacting the pre-forms in a
desired configuration to form a pre-form assembly and subjecting the pre-form
assembly to ultra-high pressure and temperature conditions at which diamond

is thermodynamically stable.

Preferably, the method of making the reinforcing bolster portion pre-form of
includes the steps of:

« introducing diamond grains into the starting powders of a hard-metal,

which typically includes grains of refractory metal carbide, to form a

starting powder blend;



In sonme enbodi nents, the apex may have a radius of curvature of at |east
0.5 mMmor at least 1.3 nmm |In sone enbodi nents, the apex may have a radi us
of curvature of at nost 4 mm Preferably the apex has a radius of curvature
in the range of 0.5 to 4 nm nore preferably 1.3 to 4 mm According to a
second aspect of the invention there is provided a nethod for nanufacturing
an insert for an attack tool, the netHdd including providing a pre-formfor
a reinforcing bolster portion, a pre-formfor a support portion and a
pre-formfor a PCD cap, assenbling and contacting the pre-forns in a

desi ][ed conf i gufartingtheostadingpawsies bfendrbyageans by campactian ie & malg tehe
pre-form assenb to ultra-high pressure and tenperature conditions at

whi ch di anmond ii&%gp%edyﬁom%% |y stable. Preferably, the nethod of making
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conpaction in a nold to forma green conpact;
reinforcing bolster portion pre-form.

When this method is used, it has unexpectedly been observed that the
Young's modulus of the reinforcing bolster portion depends not only on the
absolute content of incorporated diamond grains as one might expect from the
formulae known in the art, but also on the average size of the diamond grains
blended into the powder and consequently incorporated within the bolster
green body. In particular, it has been observed that the Young’s modulus
may tend to be higher where the diamond grains are larger. For example,
diamond-enhanced carbide with 7.5 wt% dispersed diamond grains of
average size approximately 70 microns had a Young's modulus of about 660
GPa compared to about 580 GPa for a similar article comprising the same
diamond content, but wherein the average size of the diamond grains was

about 2 microns.

According to a third aspect of the invention there is provided a method for
using an insert according to the first aspect of the invention to degrade or
break bodies, articles or formations comprising hard materials selected from
the group comprising rock, concrete and asphalt, the method including a step
of causing the super-hard cap to impact the body, article or formation

DRAWING CAPTIONS

Embodiments will be described by way of non-limiting examples, and with

reference to the accompanying drawings in which:



a sintering the green conpact at a tenperature of greater than about 1,000
deg.C, nore preferably greater than 1,200 deg.0 and at an applied pressure
of | ess than about 1 GPa in order produce the reinforcing bolster portion
pmform Wen this nmethod is used, it has unexpectedly been observed that
t he Young's nodul us of the reinforciﬂ% bol ster portion depends not only on
the absolute content of incorporated dianmnd grains as one m ght expect
fromthe formul ae known in the art, but also on the average size of the
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di sposed kpbsifaredi ate the cap and the support portion. The working portion
of the insert, the outnost portion of which is the super-hard tip, has a

bl unted conical formw th an apex. The reinforcing bolster portion at one
end is boeﬁi@ﬂ 0 f éﬂé%%%pd@ #in "6MaPbraBskettifrek@ce that is
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Cross-s body of the substrate. The working porticn of the insert, the outmost portion

thereof is the super-hard tip, has a blunted conical form with an apex.

Figure 3 shows a drawing of an attack tool insert, shown partially in cross-
section. This embodiment comprises a super-hard cap, a support po'rtion and
a reinforcing bolster portion disposed intermediate the cap and the support
portion. The working portion of the insert, the outmost portion of which is the
super-hard tip, has a blunted conical form with an apex. The reinforcing
bolster portion at one end is bended to the underside of the cap at a non-
planar interface that is generally conformal with the working surface of the
cap, and to the support portion at a substantially planar interface at an

opposing end.

Figure 4 shows a graph indicating range of suitable average Young's
modulus values for a reinforcing bolster portion as a function of that of the
super-hard cap between 750 and 1,100 GPa. The range of Young's moduli of
PCD grades typically used in oil and gas drilling, i.e. about 960 GPa to about
1,050, is pointed out. The ranges of Young's moduli of Co-cemented

tungsten carbide grades typically used as substrates for PCD inserts and low-



di fferent shaped attack tool inserts. This enbodi mrent conprises a
super-hard cap, a support portion and a reinforcing bolster portion
enbedded within the body of the substrate. The working portion of the
insert, the outnost portion thereof is the super-hard tip, has a blunted
conical formw th an apex. Figure 3 shows a drawi ng of an attack tool
insert, shown partially in cross-sectii@n. This enbodi nent conprises a
super-hard cap, a support portion and a reinforcing bolster portion

di sposed internediate the cap and the support portion, The_morkin% portion
of the i nsepbaltgredesitasowell @6rheosrereduinkdes orasaantph camide 9fadss has a
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WC gains and partially reconverted diamond grains, bonded by means of
cobalt binder. The diamond grains comprise diamond cores (black)
surrounded by graphite (dark grey) that formed during a heat treatment
process as the outer portions of the original, larger diamond grains converted
to graphite. The size of the diamond grains is of the order of 100 to 200
microns. The white portion of the micrograph is the hard metal matrix (i.e.
WC grains cemented with Co metallic binder)

Figure 6(b) shows a scanning electron micrograph (SEM) of a sample of a
preferred reinforcing bolster portion embodiment. The sample was prepared
by subjecting the pre-form of figure 6(a) to ultra-high pressure and
temperature conditions at which diamond is thermodynamically stable. The
diamond grain cores (black) visible in the pre-form are still apparent, but the
graphite that surrounded the cores in the pre-form has reconverted to
diamond (black). A major portion of the reconverted diamond in the
micrographs has a general appearance of halos of finer grains surrounding
the cores. The average size of the diamond cores is at least an order of

magnitude greater than that of the diamond grains arising from reconversion.



Figure 6(a) shows a scanning el ectron mcrograph (SEM of a sanple of a
pre-formof a preferred reinforcing bolster portion enbodi nent, conprising
WC gains and partially reconverted di anond grains, bonded by neans of
cobalt binder. The dianond grains conprise dianond cores (black) surrounded
by graphite (dark grey) that fornmed during a heat treatnment process as the
outer portions of the original, |arghkt dianond grains converted to
graphite. The size of the dianond grains is of the order of 100 to 200

m crons. The white rti f the mcrograph is the hard nmetal matrix (i.e.
WC gr ai nsSBE%Pe'aE%&ﬁlF’%@)'ﬁet allic binder) Figure 6(b) shows a scanning

el ectron mcrograph (SEM of a sanple of a preferred reinforcing bol ster

portion enbodi nent. The sanple was prepared by subjecting the pre-form of
figure 6(&he terrru‘lsupat-hargihﬂg%é@b @S@S&H&%@ﬁﬂﬁeﬁﬁ@n#‘é "&‘%ﬁwmgt%'ﬁ@ ‘g'ﬁh whi ch
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term "super-hard material™ as used herein is taken to nean materials with
Vi ckers hgpdngss EBRL 85 JsBamepdf i 1aRBFRE meacoly@y stailink sublkediarde di anond,

cubic boron nitride, boron sub-oxide, boron carbide, polycrystalline
di anond ( PUBe, Witeh bpieslly CoOMRESRLBIaN Y SRIGRTPD ”@@é@l‘#rﬁd"”&'?i con

car bi de. baed dagRRgnEReRl mdlihc Pl BSRicphassed herein | s taken to

mean pol yc I'ne cubi oron nitride, which typically conprises grains
of cubic boron nitride dispersed within a binder phase conprising netallic

and / or TRe e p‘kléﬁesas used herein is taken to mean materials comprising
sintered diamond in particulate or granular form, there being substantial direct

bonding between the diamond particles.

The term “diamond-enhanced carbide’, or DEC, as used herein is taken to
mean compacts comprising diamond and a carbide phase, typically in
particulate or granular form, typically dispersed within a cementing or binding

phase.

The term “attack tool” is understood to mean a tool or tool insert that is used
to degrade or break material, such as rock, concrete, asphalt and the like,
which may be typically used in milling, mining, earth boring, degradation and
excavation applications. Attack tools are typically designed to be as wear-
resistant and impact-resistant as possible, although the respective relative
importance of these properties would depend on the application. Attack tools
include picks, cutters, percussion drilling tools and rotary drilling tools.

The term “pick tool” is understood to mean an attack tool that is adapted to
break or degrade a body by a major mechanism involving a degree of
penetration into the body, or at least fracture and chipping of the body. The
working ends of pick tools are typically pointed or chisel-shaped.



The term "PCD' as used herein is taken to nmean materials conprising
sintered dianond in particulate or granular form there being substanti al
di rect bondi ng between the dianond particles. The term "di anond- enhanced
carbide", or DEC, as used herein is taken to nmean conpacts conpri sing

di anond and a carbi de phase, typically in particulate or granular form
typically dispersed within a cenentingsor binding phase. The term "attack
tool" is understood to nean a tool or tool insert that is used to degrade
or break material, such as rock, concrete, asphalt and the |ike, which may
be typi cal [Theusert i “toaki insemg,asnuaedgheretar ish taken rig, meagr adaeinpaneiid

excavation applications, .Att to .ar ypical i as
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t he body. The working ends of pick tools are typically pointed or
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conponent conprising a worki'ng portion, I's provided as a discrete unit
that is adapatedalttbabeoropisescatdenst aneant¢tetians has Aeneiptie, samiometgliicora t ool or

oL e e et Beeh s A SRRl er By ST erf Pt ot
recess.

The term “cap” as in “super-hard cap” shall be taken to include a substantially

rigid at ambient conditions (i.e. non-compliant or stiff) outer layer or tip

attached or bonded to a body, typically at one end of a tool insert in order, for

example, to protect it frofn wear or to function as the principal working portion

of the tool insert. A cap need not be homogeneous in structure and

composition, and may, for example, comprise layers of structurally different

materials.

A preferred embodiment of an attack tool insert, 10, of the invention shown in
FIG 1 comprises a super-hard cap, 11, having a volume and bonded to a
substrate, 12, at an interface, 13, the substrate characterised in that it
comprises a first reinforcing bolster portion, 14, as a means for increasing the
average stiffness of a region of the substrate proximate the interface, at least
part of the reinforcing bolster portion being disposed proximate at least a
portion of the interface and having a contiguous volume that is greater than
that of the super-hard cap and an average Young's modulus at least 80% that
of the super-hard cap. In the embodiment illustrated in FIG 1, the reinforcing
bolster portion is a single contiguous region extending substantially from a
first interface proximate the PCD cap to a second interface with a second
supporting portion, 15, of the substrate, which together with the reinforcing
bolster portion forms the whole substrate, the second interface being
substantially remote from the first interface and an outer surface of the

reinforcing bolster portion being exposed at a peripheral outer surface of the



The term"netallic alloy", or nore sinply "alloy", is understood to nean a
material that conprises at | east one netal and has a netallic,

sem -netallic or inter-netallic character. It may additionally conprise a
ceram c conponent. The term "cap" as in "super-hard cap"” shall be taken to
i nclude a substantially rigid at anbient conditions (i.e. non-conpliant or
stiff) outer layer or tip attached of6bonded to a body, typically at one
end of a tool insert in order, for exanple, to protect it fromwear or to
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t he reinf Iment of an attack tool

i nsert, 2@onseyquntlydise Youmg's maduuPd thevstpershard wag reatetalul us greater than
that of the support portion of the substrate, 25, that material being
enbedded within the substrate body. The volunme of the reinforcing bolster

portion, 2dis cdeestidlehatnies esiaferdihy belsienpotnviidshhigh atiffredsst waicaribadded

material. The volune of the rei Bf%&in bol[ ster portion i,s c(?Algul ated as
the great @densbleuneParty that dapendsmet PAVLR Hig elgalc BE YOHRY 5LRPUNRh that the

B of or 2l S B R B B O e Rl 5oL Let ot o8 haw one. may
sel ect a dovendibhds rdigtinguishef pver ise-gallpd  Biteiriayensopfsther PRSr a1t o tiipendi ng on
?TQ? e? ?/gf KRR AN VRN ST domprlde graitR%iScdibial! atf @hnidna soneeE- hard cap

together by a metallic matrix, are relatively thin layers disposed intermediate

an ultra-hard cap and the underlying cemented carbide substrate. The inter-

layers are believed to reduce stress at the interface between the cap and the

substrate, especially thermally-induced stress that may occur on cooling the

insert product after hphT sintering. While known inter-layers may have

relatively high Young’s modulus, their volume is typically too small to provide

sufficient stiffness and support for the ultra-hard cap in use. The volume of

the reinforcing bolster portion of this invention should be at least fwo,

preferably three and preferably more than three times that of the ultra-hard

cap. It must also have an average Young's modulus at least 80% that of the

ultra-hard cap, preferably more than 80%.



It is essential that the reinforcing bolster portion has high stiffness,
which is an extensive property that depends not only on the elastic or
Young's nodul us, but also on its volunme and shape. The reinforcing bol ster
portion of the invention is distinguished over so-called "inter-|ayers of
the prior art in that inter-layers, which typically conprise grains of
carbi de and di anond bonded together by7a netallic matrix, are relatively
thin |l ayers disposed internediate an ultra-hard cap and the underlying
cenment ed carbi de substrate, The inter-layers are believed to reduce stress
at the int &r fuilk bebappresiatach ghat aip careinforng belsterapartionsmayi gamprise a

thermal | y-i nduc t o) uct after
hphT si nt elsPﬂar'ﬁ%ﬂi fng?eirﬁaév\ogﬁérn{ﬂ%?‘n @Sﬁﬁ]g il Bé’ﬁﬂaé\ygﬂir Ee)rgﬁ ve ybl:n gI%}Young S
modul us, t Baper-Naidunaterial.t ypical ly too snal I to provide sufficient
stiffness and support for the ultra-hard cap in use. The volunme of the
reinforcing bolster portion of this invention should be at |east two,
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interface an reinforcing bolster portion, s bonded to the support
portion, 3%ondeddoshe SuPPPH R 35, &t Fopesand 'Bfe"fﬂ‘\"P B refohel Whkdk antial 1y

pl anar. f portion conprises dianmond-enhanced carbide
(DEC) . TheﬁB gbgsﬁmgt'aﬂﬁ?, léﬁ "DEC materials and many net hods of naking

themthat are well known |n the art and can be used, either as taught or
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pat ent nuniigat 8r94‘6!§" fbgwnt'ﬂéh%ha%%g getednett raq é:oé)tf’gater t han
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patent number 5,786,075 that describes the synthesis of DEC for heat sink

applications. US patent number 7,033,408 similarly relies on hphT sintering

of DEC synthesis, but also teaches that wear resistance may be further

improved by including a second metal within the binder, where the second

metal is a stronger carbide former than the primary binder metal. US patent

number 5,158,148 teaches an approach in which excess non-diamond carbon

is added to a carbide powder such that the overall carbon content of the final

powder mix is above the stochiometric level of the carbide powder. The



18 m xture of powders, in the presence of a netallic binder phase, is
subjected to a conventional carbide sintering process, and the resulting
sintered article contains aggl onerates of non-di anond carbon material. This
sintered article is subsequently subjected to a second sintering cycle,
under hphT conditions, which results in the conversion of the non-di anond
carbon into dianond. The final produtd conprises carbide and di anond
particles cenented by a nmetallic binder, and little or no non-di anond

carbon phases. US patent nunber 6,214, 07 eaches the cheni.cal ,infiltration
of a car bBWAEERIPOYAIErs. iR NLPIESRRES el ”Wgﬁlﬁ%aipaﬁg?h%bﬁﬂ@%%ﬁgﬁ%i chis
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crystalline or polycrystalline form. grains, of tuyngsten carbi .and a
metal lic Bih@epvargion Sg a@@_ﬁﬁl &'_.""m?ﬁg] @?%i%'%?mpﬂﬁggﬁ?rbﬂnta th’_eﬁ?’rﬁy be
pre-sint ?E?&besgfof SidtheiEdedradafidiis EHoWme hdraceasmitsd Bp thé prdsenbe t he PCD
cap is sintered. The super-hard grains preferably 19 conprise di anond,

al t hough oheyetaiaytypieslly weed e dindere wviibin HECc pNteialpcene styatedy e 40 of
super car bi dy;: : i f } Asfifdel S pat ent
nunber o 5 casMECuapRg Ericlhe WM’ 4 DR BEer et ioRa6l RRRes g, P2
r ef er encesrennf aiontatt thetweem . thSupianoad udfaces anantifeabindee dneial 4fopr ocess
t hat incl udes ep .of, subjecti P&y f - hi ure and
t enper atureéa'E'B%dﬁt%i ﬁq{gntdgum ?'b%‘@?é%hgﬁﬂs %ﬁﬁ%ﬁ%ﬁ%"%ﬁﬂ"ﬂ éﬁ%ﬁl e.
Super car bigtsy3,435)c Ahbthehapproastilis tanst a biytdrimgemetimat #aat rafuireatbe - har d
material than does PCD or PCBN, and typically |ess, than about .1Q to 18
W % and desTRhuERN o s b8 weffatdon LemidRtreS o R AR Y un han i n
PCD. SUpersﬁaﬁgJegdehfePew Qi BhaswvdrSioh hThiglest begishisved dsirgn PCD
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sintering (for example US patent number 6,315,066).

In one version of the first preferred embodiment, the reinforcing bolster portion
comprises what may be described generically as “supercarbide”, which
comprises super-hard grains or particles in crystalline or polycrystalline form,
grains of tungsten carbide and a metallic binder such as cobalt. The grains of
tungsten carbide may be pre-sintered, or sintered in situ, during the same
step in which the PCD cap is sintered. The super-hard grains preferably



In a second preferred enbodi nent, the reinforcing bolster portion may
conprise a cenented carbide, preferably a cobalt-cenented tungsten carbi de,
with a low content of netallic binder, preferably |less than 8 wt.% nore
preferably less than 6 wt.% netallic binder, which may be substantially
devoid of super-hard grains. This is preferably used in conbination with
preferred features of the first preferii®ed enbodi nent. |In one enbodi nent

met hod of manufacturing a product according to the invention, the
super-hard cap is forned integrally with the reinforcing bolster portion

and the supporrispodianmduraléought theyhmghl |sise seiigferablyd coppee 38N Of( hphT)
condi tions yehl Koawnin 01t Qﬁﬁéirrctarﬁ(ﬁe Rl Mettd BN ﬁ'fab]ﬁhfé% ctft8 &kt ack tool
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coherently 5‘3 Hﬁ%yﬁﬁaségmﬁ%@ﬁ% b%% agut%eag)ra gﬁfr %é'%gwﬁ]ag '?df/%l @tasl ly be
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pr obess. Oa“'t?‘?ﬁ(?keb’% 9“?%%%?“@5& éinvention may be used in pavenent
degr adati on druns, percussion drilling bits, shear-type rotary drilling
bits used in the oil and gas industry and cutting, sawing or mlling tools
for exanpl dn Fheeepemprefedad embafigientnéhe deinforsipon bolsiass PARIONaM3Y t he sane
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it would genera be necess unt the 1nserts onto t t ool
hol der s subsitrarat Icw lopntint f afr evetdlljc bivaler,c prefenablyoless thapeB -Whied morsert s,

al t hough saone, a ati f Nt . . ptimse
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of super-hard grains. This is preferably used in combination with preferred

features of the first preferred embodiment.

In one embodiment method of manufacturing a product according to the
invention, the super-hard cap is formed integrally with the reinforcing bolster
portion and the support portion under ultra-high pressure and temperature
(hphT) conditions well known in the art of PCD or PCBN manufacture. An
attack tool insert pre-form comprising three sections is prepared, the first
section being the support portion of the substrate, the second being a pre-
form of the reinforcing bolster portion and the third being a pre-form of the
PCD cap. The support and reinforcing bolster portions of the substrate are
preferably pre-sintered by conventional carbide sintering means, either as
separate entities or integrally. Where they are pre-sintered as separate
articles, they may be bonded together during the hphT sintering step during
which the PCD cap is formed by the sintering of diamond grains. The
average size of the diamond grains within the PCD pre form is typically in the



Exanpl e A set of seven pick tool inserts according to the design shown in
FIG 4 was made. The super-hard cap, 31, was PCD and was bonded directly to
and integrally with the reinforcing bolster portion, 34, of the substrate
32. The reinforcing bolster portion conprised di anond-enhanced car bi de and
the support portion, 35, of the substrate, 32, was cobalt-cenented tungsten
carbi de. The PCD cap conprised si nt e#&d di anond grai ns having an average
size distribution in the rangeto 20 mcrons and having a nulti-nodal size

g: :Eﬂr :)ggfjll'aor%'f (Igltg é(y Rﬁcrggls.P n o%reaéjrﬁbg&}%eﬁt & Q\(/)éjra]gc;g rsizrcrealéi 88 thlod S
microns. embodiment the portion of the substrate most proximate the
interface with the PCD pre-form comprises cobalt or other iron-group metal,
which is capable of infiltrating the PCD pre-form when molten under hphT
conditions and catalyse the direct bonding of the diamond grains to form a
coherently bonded PCD mass. The encapsulated pre-form would typically be
subject to heat treatment to burn off binder and impurities, and introduced into
a capsule assembly suitable for use in an hphT sintering apparatus and
process.

The attack tool insert of the invention may be used in pavement degradation
drums, percussion drilling bits, shear-type rotary drilling bits used in the oil
and gas industry and cutting, sawing or milling tools for example. The
geométrical form of the tool may be substantially the same as those of
conventional super-hard inserts used in these applications and it would
generally not be necessary to mount the inserts onto the tool holders
substantially differently than conventional super-hard inserts, although some
adaptation of the mounting process may be found to optimise performance in

SoIme cases.

EXAMPLES

Example 1

A set of seven pick tool inserts according to the design shown in FIG 4 was
made. The super-hard cap, 31, was PCD and was bonded directly to and
integrally with the reinforcing bolster portion, 34, of the substrate 32. The
reinforcing bolster portion comprised diamond-enhanced carbide and the
support portion, 35, of the substrate, 32, was cobalt-cemented tungsten

carbide.

The PCD cap comprised sintered diamond grains having an average size
distribution in the range 1 to 20 microns and having a multi-modal size

distribution. This type of PCD grade and a method for making it is disclosed



in US. patent applications 10/503, 323 and 11/712,067, using technol ogy and
nmet hods well known in the art. The Young' s nodulus of the PCD was found to
be within the range of 1030 to 1055 GPa. The thickness, 37, of the PCD cap
at the apex or crest, 36, was about 2.2mm and the radius of curvature of

t he rounded apex was about 2.0nm The reinforcing bolster portion conprised
9 wt.%dianond grains, 5A w.% Co binddr and 85.6 w.% WC grains, the WC
grai ns having an average size in the range 1 to 3 mcrons. The di anond

grai ns were substanti al I?/ hormgeneousl y dis ﬁer sed_t hroughout the
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as a stiff rei nforC| ng support for the cap. The reinforcing bolster portion
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the sintered article, shown schematically in FIG 3.



The POD cap pre-form conprised di anond grains bonded together by nmeans of
an organi c binder. Various types of PCD pre-forns and net hods of preparing
them are known in the art, and the skilled person would know how to use and
adapt these to put this invention into effect, 23 A conposite pre-form
conprising the PCD pre-form disposed in contact with the bolster pre-form
at the pointed non-planar surface, a®d the reinforcing bolster portion was
di sposed in contact with the support portion. Thus assenbl ed and nount ed,
the pre-formwas subjected to a presfgure great er t@aend bout 5.5 GPa and a
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t he cobal{ e pre-form conponents, the sintering of the PCD and its

i nt egr al | gnBaidisingeriia et lgeeereibetiprizy meass| ot er cpprantional hardmetdane tine,
the reinforei er e ' o i F&d with the
support pgp@?rﬁﬁ_ p‘%ﬁﬁ’n&@%@%ﬁ?@f%ﬁ@%ﬁ%@b{g%ébp tﬂiﬁa@%ﬁﬁlgﬁfpgr oundi ng

t he di amoamnesridegraimst Wit atdragb izt iarthe randecamout €06rie 250emicrensowidh anond,

albeit in different formthan,.that.of. the di | pt.r t he
powder s. ﬁ:@ graipd HiE Ve ﬁ'?rﬁrﬁjést%‘g'qnﬂnéﬁ%ﬁ%?§pgﬁ%?dn# 1t @gyéﬁ%f)hgsi zes
bei ng subghanidbalt! pvao%‘i?oftthéﬂyfé\ahd afratié ehatomas typicallygea esatlliy the

i sotropically dispersed aroun

t he cores ange({ orggg%d%l lc<in of _concentric
spheri cal PR¥der malivgyoMdselY ol sfakgr SpRENES FaE! girials) t 8% n t he
vol ume of LAgchifd BIAIids JolihBhdPVE i O81ahdoe dsrechidayt BoauY:, 0% 1t s
inportant to take this shri nkqlg%fl nt o account whegdggeparl ng the

rei nf or ci 8§.Goltsh endpdrt wbbe. pr pewslersoveleablende iMemeghgp® and size of

the reinf %l@{iﬂ%ﬁ@@ﬁfu%%@%@fﬁdb%@iWﬁ‘d (m?ﬂg e BhAi gh product.

The exten une's age cou be est’l mat y cal cul ation, but
a series ofgatppréssalg ditniad intnodueed oito tise blendwad dreembody was| thena nor e

accurate prediction, since it.is t j: dvance

ahat poti Serrsd by BN EhBRGegsir ot Be MR PSRN Sheipt IS | e

convent i onglFIgi Btardraliest @homiftémpeishaehpiile gredrebodygvasepatdtein acket ed

insert was renoved fromthe czéasul e.and th miggagket was removed i mrer si on
ards

C b
i n st rong fawiege angusbiecirta ALanNgRiQn SITUANAY, PFIGRSP: \M“Hﬁsh and
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hours in a vacuum. The sintered green body was removed from the furnace
(after cooling). Examination of the body revealed that the outer portions of the
diamond grains had converted to graphitic carbon, but that the inner portions
or cores thereof had remained as diamond. The sintered green body was

used as the bolster pre-form.

The support portion of the substrate was cobalt-cemented tungsten carbide
comprising 90 wt.% WC grains and 10 wt.% Co binder, the WC grains having
an average size in the range of 1 to 3 microns. The support portion was
manufactured using a conventional method as is well known in the hard-metal
art and in the art of preparing substrates for PCD inserts, such as earth boring

inserts for the oil and gas industry.

The PCD cap pre-form comprised diamond grains bonded together by means
of an organic binder. Various types of PCD pre-forms and methods of
preparing them are known in the art, and the skilled person would know how

to use and adapt these to put this invention into effect.



24 working lives in asphalt degradation applications than PCD inserts of
the prior art. Exanple 2 Exanple 1 was repeated, except that the di anond
grains introduced into the powders of the reinforcing bolster portion had
an average size in the range fromabout 10 to 50 microns. Exam nation of
the sintered reinforcing bolster portion green body alter it was renoved
fromthe furnace (after cooling) revedded that substantially all of the
di amﬁndbglrai ns had ]E:onverted to graphite. The sintered green body was used
as the bolster pre-form Exanple 3 In this exanple, shear cutter- e
PCD- capped A ge@ppsiteverafosmeamiaiision the E@%P'?eaftogg,d'wg Ip r@"iﬂﬁ’gl"‘@é‘gg t he

Substrat e ftlliﬁcﬁdlﬁgﬁﬁﬁégﬁ)rﬁn BOWH BointaRYLAGISRE ARERSSANY tHeUBGifercifRdul us and

stiffness. e wor surfaces of these PCD inserts were substantially
pl anar. Thebalstampodicen easc disposdd tin atardactewih niig esupiony PPRENet HBE

described in _ex e dy - rei ' ster
portion, mﬁﬁ?em%%ﬁa&éﬁ‘frﬁ%&b@%@eﬁlﬁ ro ucg@?ﬁg gq?ha:bgsgpﬁ ﬁ%ag%v\der S.
g2e4r eSpoe/ctthgﬁGatvoop@rs GRS aafl alitempeciturdGfaattb Lol 406wdey. Ontar eabmioib 0 71 wt . %
4 Ww.%and 6.5 Wt.% T di anond grai ns,.had an average,grai. ize in

the range fE&HolPCHD PR W@F"’oﬁg& g?qrpé%fgﬂ?(gav%yﬁgnﬁ/ﬁ?ﬁ'@mgi@ster si zer
(RTM . The Jh@eDRAuRMYARthe TRSItING ST HeeoBHHIt B the Prodorei cOMpBREnta4he270.

sintering of the PCD and its integrally bonding with the reinforcing bolster

portion. At the same time; the reinforcing bolster portion was integrally bonded

and sintered with the support portion.

During the hPhT sintering step, the graphite surrounding the diamond cores
within the bolster pre-form reconverted into diamond, albeit in a different form
than that of the diamond introduced to the powders. The reconverted
diamond was in granular form, the grain sizes being substantially less than
that of the cores, and generally isotropically dispersed around the cores and
forming a kind of concentric spherical halo. The reconversion of graphite to
diamond resulted in the volume of the reinforcing bolster portion being
reduced by about 30%. It is important to take this shrinkage into account
when preparing the reinforcing bolster portion pre-form, so that the desired
shape and size of the reinforcing bolster portion may be achieved within the
finish product. The extent of this volume shrinkage could be estimated by
calculation, but a series of empirical “trial and error” steps was found to allow
a more accurate prediction, since it is not easy to know accurately in advance
what potion of the diamond grain volume will convert to graphite during the

conventional sintering step.

After the hphT sintering step the jacketed insert was removed from the
capsule and the jacket was removed by immersion in strong acid liquor, and
the insert was processed to final finish and tolerances, as is known in the art.

Initial indications from field testing are that the inserts made according to this

example may have significantly higher impact resistance and effective



The substrates were manufactured by a process including the follow ng

steps: 1. 62g of dianmond powder, 56g of Co powder and 750g 13 wt % Co WC
powder, which was supplied with --2vit% PEG was poured into a vessel of
vol ume approxi mately 500nml; 2. Sufficient nethanol to forma slurry was

added; 3. The slurry was m xed; 4. sz slurry was dri ed andand broken down
to soft aggl onerates with nortar and %estle

working lives in asphalt degradation applications than PCD inserts of the prior
art.

Example 2
Example 1 was repeated, except that the diamond grains introduced into the
powders of the reinforcing bolster portion had an average size in the range

from about 10 to 50 microns.

Examination of the sintered reinforcing bolster portion green body after:it was
removed from the furnace (after cooling) revealed that substantially all of the
diamond grains had converted to graphite. The sintered green body was
used as the bolster pre-form.

Example 3

In this example, shear cutter-type PCD-capped inserts were sintered onto
substrates, where the whole of the substrate functioned as a bolster, having
the necessary Young's modulus and stiffness. The working surfaces of these
PCD inserts were substantially planar. The diamond-enhanced substrates
were made using the method described in example 1 to make the diamond-
enhanced reinforcing bolster portion, with diamond grains being introduced
into the starting powders. The respective proportions of diamond, WC and Co
powder were about 7.1 wt.%, 86.4 wt.% and 6.5 wt.%. The diamond grains
had an average grain size in the range from about 60 to 80 microns, as
measured by a Malvern Mastersizer (RTM). The diamond powder used was
Element Six product PDA878 240/270.

The substrates were manufactured by a process including the following steps:

1. 62g of diamond powder, 56g of Co powder and 750g 13 wt% Co WC
powder, which was supplied with ~2wt% PEG, was poured into a vessel of
volume approximately 500ml;

2. Sufficient methanol to form a slurry was added,

3. The slurry was mixed;

4. The slurry was dried andand broken down to soft agglomerates with

mortar and pestle;



5. The dried powder was placed into a die and conpacted to forma green
body. 6. The green body was sintered in a conventional carbide sintering
apparatus and pressure-tenperature. After sintering, the substrates had a
dul | grey appearance due to the presence of graphite (by this stage, at

| east some of the dianond in the di anond-containing sanples and conpletely
converted into graphite); and 7. The sbstrate, which was substantially
cylindrical in form was then ground to the sanme outer dianeter and hei ght.
The enhanced substrate pre-forns were substituted for conventional,

Co- cement edP-caNBi HiedspMHEderavas plaged Hﬁt%@lﬁé"eéﬂaﬁpm@ﬁtﬁdaﬁ 0 JPERD
inserts. A PCD, gyer was integrally sintered onto each enhanced substrate
using a conventional hphT approach. As is known in the art, this process

i nvol ved diGpdsemgeeh bodnhwaPshiened-in araanveniismias cargids sinterind §paaiedisont o one
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and t he capsubgpeavanee dut-tgdbes pdesesica@f graplitedipy dhisradegs satubastsomeai r was
evacuated fromthem .  which .were subsequentl]y.seal ed., The ca l.es,were
subj ected to g}st?'ﬁngw HT 6t ?Wﬂ@é’f%ﬁa 'rﬁ%es@r?%eﬁaﬂﬁa‘%srﬁ‘?lg%yw cutter
inserts for reskvetdd ihio\gaphitd)t eadii ons (i.e. at a pressure above about 5
GPa and a tenperature greater than aboﬁ 14000) . .Dfri ng/ytht?l hphT cycl e,
subst ant i al -y Thp|subtratke WRISH-WASSRRiARIRIK sHindRcaHR e Wasihes d¢ rted

i nto di anond, (ad &bk BT GiaknetBXaPheight. A shaped cutter insert with DEC
bol ster portion having a geonetry as pér FIG 3 was constructed. A di anond

table (PCD) was conpacted fromgranules wth organic processing aids that
o on e bgl ST el AR LpySfugl cgpess and
cemented carbide substrates in the subsequent manufacture of PCD inserts.
A PCD layer was integrally sintered onto each enhanced substrate using a
conventional hphT approach. As is known in the art, this process involved
disposing diamond PCD pre-form comprising diamond grains onto one end of
the substrate to form a composite pre-form. The pre-forms were assembled
into conventional PCD .insert capsules used for hphT sintering, and the
capsules were out-gassed using a standard process wherein air was
evacuated from them, which were subsequently sealed. The capsules were
subjected to a standard hphT sintering cycle used to manufacture PCD cutter
inserts for rock drilling applications (i.e. at a pressure above about 5 GPa and
a temperature greater than about 1400°C). During the hphT cycle,
substantially all of the non-diamond carbon in the substrates converted into

diamond, as in example 1.
Example 4

A shaped cutter insert with DEC bolster portion having a geometry as per FIG
3 was constructed. A diamond table (PCD) was compacted from granules
with organic processing aids that were burned off prior to sintering. The
diamond table layer thickness and shape was defined by compacting with

appropriately shaped tooling.



The di anond conpact was conprised of a dianond m x wherein the di anond
particle size distribution was a broad nmultinodal with peaks in the range
fromabout iliumto 45um The total particle size range was from-2umto
S0urn. The di anobnd conpact contained Co as admi x but was primarily
infiltrated with Co fromthe substrate and bol ster portion to achieve
sintering. The bol ster portion was c%@rpri sed of an adm x of 1-6um WC
particles with -22um di anond particles and cobalt. Volune ratios of

WC: di anon ied b 3 Aoyl us is
expect ed ﬂp%'\ﬁainqn &g é%q qrﬁ%ﬁs(?%an&mnd ;l]m d%?%ergﬁg‘ﬁ?. on conpacts were
gorrgagt 1g'ed ér@i@l%’;]shﬁ di@trlrbulﬂgn furarsad baieaigealtmfodaswempiegks n 'emsange drooonpl et e

ond between the two |la o_.ensured go on prior to
removal ofbQuyfell é‘f‘b@rﬁ%‘% -@'@s@r §|°ﬁ°ss'2%fﬁ519§n% \p?l'per Log%gtrate was

pl aced at the base of the bol ster portlon This pre-sintered V\C/Co

conposite acted as a firm base during gh pressure sinterin al so
provi ded Abelidianoend cappadcontingd ‘Paﬁscﬁﬁi"aﬁBUbW%@F'”@"M'B?Ifrﬁﬁ%df” oth the

bol st er @r L tﬁ@ds aaRnghd %Pls?er ﬁrﬁucwgch@@e fspfiem. ngheesdistept i on of

consol i dated super har mat er | tion met hods, and various
appl i cat i pogioaf w‘ahemnmmret%il of ranpdepeif1-6um WWeseareleal ithot22881 const r ued

as limti thes e 0 resent invention, but nmerely as providing
illustrat B%H% &r@s 3&% E%IFy enbodi nment s. Si mlarly, other enbodinents

of the :chﬁntl on may be devised which do not depart fromthe spirit or
scope of the present | tion., The sco t he i.ny I I erefore,
i ndi cat edVaktMe |r5f‘HqSeB‘! % '%P"tdh\é!e%ﬁéf @Yeﬁnﬁ% 1a?|c8t3 Pp%[%‘%g

equi val entrgyngatrhedulidRexpecledsyifror.egaiic1g descrl ption. Al additions,

del etions, and nodifications to the invention, as disclosed herein, which

fall wnthln the nmeani ng and scope of the clains are to be enbraced.
Both the diamond and bolster portion compacts were compacted together

during final stages of assembly to ensure a complete bond between the two
layers. This also ensured good densification prior to removal of the organic

processing aids.

A planar interface substrate was placed at the base of the bolster portion.
This pre-sintered WC/Co compaosite acted as a firm base during high pressure
sintering and also provided additional Co for infiltration and proper sintering of

both the bolster portion and diamond table.

Although the foregoing description of consolidated superhard materials,
production methods, and various applications of them contain many specifics,
these should not be construed as limiting the scope of the present invention,
but merely as providing illustrations of some exemplary embodiments.
Similarly, other embodiments of the invention may be devised which do not
depart from the spirit or scope of the present invention. The scope of the
invention is, therefore, indicated and limited only by the appended claims and
their legal equivalents, rather than by the foregoing description. All additions,
deletions, and modifications to the invention, as disclosed herein, which fall
within the meaning and scope of the claims are to be embraced.



27 CLAIM5S 1. An insert (10) for an attack tool, the insert conprising a
super-hard cap (11) having a volune ang, 6 bonded to a substrate (12) at an
interface (13), the super-hard cap (117" having an average Young's nodul us
of greater than 900 GPa and the substrate (12) conprising a reinforcing
bolsteréﬁPr ion (14) having an average Young's nodulus at |east 60%that of
the sup M cap (11); characterised in that the reinforcing bol ster
portion (14) is arranged to be a neans of stiffening a region of the

substrate {.12n ipsax(10nfo? aha&ackod!, traciasdrldmpridig 4 supHroaed cup (10) Bawig a

portion (14) vaﬁmwg}ﬂm@gaﬁﬂ@&@s%@é g%’ ﬁ intdrfac@{13) SRR Subdh Rl AR At T TeS
reater than that of the per har p . 2. nSert actor di ng t)o
O e h8 b D o Do 6in S0 BB e S8 e
interface. 3.comprisingarreintacaiog bolstgr portioh &14nhaving eneiveragh & ousg'ahodolusgt

bol ster port gt bess that A& R@ai-AaidapT®1) BRaractered|if #vdt tﬁélfélhﬂ‘oﬁcirges
greater than bbﬁﬂ%r p%EtiobR%)%gBﬁgﬁﬂa‘%[tg b%aa“’mégﬁ’s %‘”&tiﬁmﬁgg‘?e%@ﬁ‘@ﬂmé sUp Hhys of
at least 70%that o e ‘super-hard cap., .4.” An 1 nsert_according to any one
of clains 1 (WRPreABRE the fierfacsi(hfloteirRipiieing belstepppitics h 1D diayine £s

super - har d mageregale. volumeAthal issé idashivoosrdnorg tiresamgatentban that beihesuert o 3
wherein the haidéy@hng bol ster portion conprises grains of a super-hard

mat eri al dispersed within a binder netal, such as cobalt, wherein the
average size of the super-hard grains is greater than 50 m crons.

2. Aninsert according to claim 1 wherein the reinforcing bolster portion is disposed
proximate the interface.

3. An insert according to claim 1 wherein the reinforcing bolster portion has an
aggregate volume that is at least three times greater than that of the super-hard cap
and an average Young's modulus of at least 70% that of the super-hard cap.

4. Aninsert according to any one of claims 1 to 3 wherein the reinforcing bolster portion
comprises super-hard material.

5. Aninsert according to any one of claims 1 to 3 wherein the reinforcing bolster portion
comprises grains of a super-hard material dispersed within a binder metal, such as
cobalt, wherein the average size of the super-hard grains is greater than 50 microns.

6. An insert according to any one of claims 4 or 5 wherein the super-hard material
comprises diamond.

7. Aninsert according to any one of claims 1 to 3 wherein the super-hard cap is bonded
to the reinforcing bolster portion at a first interface and the reinforcing bolster portion
is bonded to a support portion at a second interface, the support portion comprising a
hard-metal.



6. An insert according to any one of clains 4 or 5 wherein the super-hard
mat eri al conprises dianond. 7. An insgrt according to any one of clains 1
to 3 wherein the super-hard cap is bonded to the reinforcing bol ster
portion at a first interface and the reinforcing bolster portion is bonded
to a support portion at a second interface, the support portion conprising
a hard-netal. 28 8. An insert according to any one of clains 1 to 7
wherein the super-hard cap has a rounded, converging or pointed formand an
apex t hat8.has issarizaticoglingf tocany wae of elaints t hve7 wange ke sbpdr-hayd4apims 8. An

insert accorglindgd! @nedyir@? peiniéd Rr®ind ahQpéx MM NH8S B rhdies stRpvathand cap has
a rounded, onver |ﬂg4gr olel nted formand an apex, the thickness of the
super-hard P 0P Phé ?)éx Bei ng in the range from1.4 to 2.4 mm 10. An
insert according to any one of the preceding clains wherein the average
Young's nodul us of the super-hard cap is greater than 960 GPa.

9. Aninsert according to any one of claims 1 to 7 wherein the super-hard cap has a
rounded, converging or pointed form and an apex, the thickness of the super-hard
cap at the apex being in the range from 1.4 to 2.4 mm.

10. An insert according to any one of the preceding claims wherein the average Young's
modulus of the super-hard cap is greater than 960 GPa.

11. An insert according to any one of the preceding claims wherein the average Young's
modulus of the reinforcing bolster portion is in the range from 650 to 900 GPa.

12. An insert according to any one of claims 1 to 9 wherein the average Young's
modulus of the super-hard cap is greater than 960 GPa and that of the reinforcing
bolster portion is in the range from 650 to 900 GPa.

13. An insert according to any one of the preceding claims wherein the super- hard cap
comprises PCD and the reinforcing bolster portion comprises metal carbide grains,
the metal being selected from W, Ti, Ta, Nb, Mo, Cr, Hf, Zr, Si, and further
comprising a binder comprising a transition metal, and diamond in granular or
particulate form, the super-hard cap bonded directly to the reinforcing bolster portion.

14. A method of manufacturing an insert according to any one of the preceding claims,
the method including providing a pre-form for a reinforcing bolster portion, a pre-form
for a support portion and a pre-form for a PCD cap, assembling and contacting the
pre-forms in a desired configuration to form a pre-form assembly and subjecting the
pre-form assembly to ultra-high pressure and temperature conditions at which
diamond is thermodynamically stable.



11. An insert according to any one of the preceding clains wherein the
average Young's nodul us of the reinforgéng bol ster portion is in the range
from650 to 900 GPa. 12. An insert accbrding to any one of clains 1 to 9
wherein the average Young's nodulus of the super-hard cap is greater than
960 GPa and that of the reinforcing bolster portion is in the range from
650 to 9001&@ymetyd OAHs'naéemse&@&s?raimgmaayaﬁ?alm?é 9 13 teedegrasiecdibiRpkc| ai s
wherei n the swogdes; arhelesiocbpnamqsraomlsﬁglbamltﬂatehalsrselelcfedrfmmngwetmblm er

portion CO”prdoﬁf?:ﬁsﬂEtr@dk Eé\{c,*?été%n%ébﬁb‘h tH-ehﬁetﬁB& el rwst%B'oPEéL%ﬂw th@m W
Ti, Ta, Nb, conprising a bi nd er

conpri si ng astupsqiqrg cg?l %Equﬁtt Sﬁagﬁlaﬁfg‘?’narﬁ zE'nuI ar or particulate form
t he super-hard cap bonded directly to the relnforC|ng bol ster portion, 14.
A met hod of manufacturing an insert according to any one of the preceding
clainms, the nethod including providing a pre-formfor a reinforcing bolster
portion, a pre-formfor a support portion and a pre-formfor a POD cap,
assenbling and contacting the pre-fornms in a desired configuration to form
a pre-forrn assenbly and subjecting the pre.-formassenbly to ultra-high
pressure and tenperature conditions at which dianond is thernodynamcally
stable. 29 15. A nethod of using an insert according to any of clains Ito
13 to degrade or break bodies, articles or formations conprising hard

mat erials selected fromthe group conprising rock, concrete and asphalt,
the nethod including a step of causing the super-hard cap to inpact the
body, article or formation.





