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5 1. Field of the Invention The invention relates to superhard
polycrystalline material elenents for wear, cutting, draw ng, .and_other
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known, for the purposes of this specification, as PCD el enents. PCD
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catal yzi terial J their .for ion,. the residue fromwhich, often
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el eoent whhkfctufns tevd.ce. A wel | known, nmanufactured formof PCD el enent is
a two-layer or nulti-layer PCD 25 elenent where a facing table of

pol ycrystalline dianond is integrally bonded to a substrate of |ess hard
material, s . rbide. The PCD el enent may be in the formof a
ci rcul arz'or pa?rﬁj-%{:oﬁlrcu ga%}{a let, or may be forned into other shapes,
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may be braze
: type of polycrystalline diamond-like material is known as carboaitride (CN) described in U.S

Patent No. 5,776,615. Another, more commonly used form of PCD is described in more detail
below. In general, PCD elements are formed from a mix of materials processed under high-
temperature and high-pressure into a polycrystalline matrix of inter-bonded superhard carbon
20 based crystals. A common trait of PCD elements is the use of catalyzing materials during their
formation, the residue from which, often imposes a limit upon the maximum useful operating

temperature of the element while in service.

A well known, manufactured form of PCD element is a two-layer or multi-layer PCD

25 element where a facing table of polycrystalline diamond is integrally bonded to a substrate of
less hard material, such as tungsten carbide. The PCD element may be in the form of a
circular or part-circular tablet, or may be formed into other shapes, suitable for applications

such as hollow dies, heat sinks, friction bearings, valve surfaces, indentors, too! mandrels, etc.

PCD clements of this type may be used in almost any application where a hard wear and

30 erosion resistant material is required. The substrate of the PCD element may be brazed to a

carrier, often also of cemented tungsten catbide. This is a common configuration for PCD’s



carrier, often also of cenented tungsten carbide. This is a commp
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i o | a1 ST SR dr bR R e T T8k 56 s 3333 S heeoineomporsred by
di anond- tFerdhe o all iR diRhseand al so causing the dianond [ayer to bond to
the substrate. 25 The conpl eted PCD el enent has at |east one matrix of

di anond crystals bonded to each other with many interstices containing a
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material . _In addition
of forming this polycrystalline diamond is disclosed in U.S. Patent No. 3,141,746 herein

incorporated by reference for all it discloses. In one common process for manufacturing PCD
elements, diamond powder is applied to the surface of a preformed tungsten carbide substrate
20 incorporating cobalt. The assembly is then subjected to very high temperature and pressure in
a press. During this process, cobalt migrates from the substrate into the diamond layer and
acts as a binder-catalyzing material, causing the diamond particles to bond to one another with

diamond-to-diamond bonding, and also causing the diamond layer to bond to the substrate.

25 The completed PCD element has at least one matrix of diamond crystals bonded to each
other with many interstices containing a binder-catalyzing material metal as described above.
The diamond crystals comprise a first continuous matrix of diamond, and the interstices form a
second continuous matrix of interstices containing the binder-catalyzing material. In addition,
there are necessarily a relatively few areas where the diamond to diamond groﬁvth has

30 encapsulated some of the binder-catalyzing material. These ‘islands’ are not part of the

continuous interstitial matrix of binder-catalyzing material.
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substrate or other bondable surface, there are severe difficulties in
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element, including cobalt, nickel, iron, and alloys thereof, may be employed.

To reduce thermal degradation, so-called "thermally stable" polycrystalline diamond

components have been produced as preform PCD elements for cufting and/or wear resistant

20 elements, as disclosed in U.S. Patent No, 4,224,380 herein incorporated by reference for all it
discloses. In one type of thermally stable PCD element the cobalt or other binder-catalyzing
material in conventional polycrystalline diamond is leached out from the continuous interstitial

matrix after formation. While this may increase the temperature resistance of the diamond to

about 1200 degrees C, the leaching process also removes the cemented carbide substrate. In

25 addition, because there is no integral substrate or other bondable surface, there are severe

difficulties in mounting such material for use in operation.

The fabrication methods for this ‘thermally stable’ PCD element typically produce
relatively low diamond densities, of the order of 80% or less. This low diamond density
30 enables a thorough leaching process, but the resulting finished part is typically relatively weak

in impact strength.
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the case with conventional and thermally stable polycrystalline diamond. One result of this is

that the bodies of polycrystalline diamond produced by this method are smaller than

€.

conventional polycrystaliine diamond elements. Again, thermal degradation may still occur
due to the residual binder-catalyzing material remaining in the interstices. Again, because
20 there is no integral substrate or other bondable surface, there are difficulties in mounting this

material to a working surface.

Efforts to combine thermally stable PCD’s with mounting systems to put their improved
temperature stability to use have not been as successful as hoped due to their low impact
25 strength. For example, various ways of mounting multiple PCD elements are shown in U.S.
Patent Nos. 4,726,718, 5,199,832, 5,025,684; 5,238,074; 6,009,963 herein incorporated by
reference for all they disclose. Although many of these designs have had commercial success,
the designs have not been particularly successful in combining high wear and/or abrasion
resistance while maintaining the level of toughness attainable in non-thermally stable PCD.
30



Patent Nos. 4,726,718; 5,199, 832; 5,025,684; 5,238,074; 6,009, 963 herein
‘incorporated by reference for all they disclose. Although many of EH&ESR&ZQUJ,
desi gns have had commrercial success, the designs have not been

particul arly successful in conbining high wear and/or abrasion  resistance
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vapor deposition (PVD) and/ or chem cal A vapor deposition (CVD) processes
are usedardfongigmend fike gpaiingh areghown anplied on Jusfaessder wear and/opystondesivmice.

di anond coating processes are well known and are described for exanple in
U S. Patent Nos. 5,439,492; 4,707,384; 4,645,977; 4,504,519; 4, 486, 286 al
herein incdnpoamy of thy abefeapplivatiorsVPhyaid! eapde\dRppsitiee (PVD)t Mhdfd?adhemical
surfaces with, dianond or dianond |ike coatings, may 15 be used, for
exanpl e, VEROTflegositin ACYIDYJupsesssare ysesbto applvthe diamend yor sHiamends dike opating s

of @i ano .

A B e e S T

packed, Uh®r Patent ndlosi gnd¥d,48nt 43003, cf645078n0hd04,6191 adRac2860rdli rigrein

bet ween aq%ace%t ﬁrgfﬁl al s, making themquite weak overall, and subject to

fract ur e RERPTHPY RY EHESPCS oads are applied. The result is that although

t hese 20 coatings have very high dianond densities, they tend to be

mechani cal | y weak, causing very poor inpact toughness and abrasion

resi stance WhdA andled GVD piaghgses tocadeshriaged wWithdiaomadswslinnzend liliet dpatingst i

el nts i L ce . €l ts I es, -S0 atte s _have been
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diamond or other superhard crystals on a surface. Although these materials have very high

diamond densities because they are so closely packed, there is no significant amount of

diamond to diamond bonding between adjacent crystals, making them quite weak overall, and
subject to fracture when high shear loads are applied. The result is that although these
20 coatings have very high diamond densities, they tend to be mechanically weak, causing very
poor impact toughness and abrasion resistance when used in highly loaded applications such as

with cutting elements, bearing devices, wear elements, and dies.

Some attempts have been made to improve the toughness and wear resistance of these

25 diamond or diamond like coatings by application to a tungsten carbide substrate and
subsequently processing in a high-pressure, high-temperature environment as described in US

Patent Nos. 5,264,283; 5,496,638; 5,624,068 herein incorporated by reference for all they
contain. Although this type of processing may improve the wear resistance of the diamond

layer, the abrupt transition between the high-density diamond layer and the substrate make the

30 diamond layer susceptible to wholesale fracture at the interface at very low strains. This

translates to very poor toughness and impact resistance in service.
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speci fi C'Hherémre tthmsieletenous effects of the binder-catalyzing material remain, and thermal

degradation of the diamond layer due to the presence of the catalyzing material still occurs.

BRIEF SUMMARY OF THE INVENTION

20 The present invention provides a superhard polycrystalline diamond or diamond-like
element with greatly improved resistance to thermal degradation without loss of impact
strength. Collectively called PCD elements for the purposes of this specification, these
clements are formed with a binder-catalyzing material in a high-temperature, high-pressure
process. The PCD element has a plurality of partially bonded diamond or diamond-like

25 crystals forming at least one continuous diamond matrix, and the interstices among the
diamond crystals forming at least one continuous interstitial matrix containing a catalyzing
material. The element has a working surface and a body, where a portion of the interstitial
matrix in the body adjacent to the working surface is substantially free of the catalyzing
material, and the remaining interstitial matrix contains the catalyzing material.

30
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surfaces. In another enbodi nent, the catalyzing material is cobalt or other
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may remarn Im the :

met hod, a materi Interstices anong the di anond
crystals, but that material no |longer acts as a catalyzing material -

ethgetively o & ter %rBodiantt® the' LatalySing® nibteral 19 slBacquerdly réoved from the
working surface of a PCD element by combining it chemically with another material such that
it no longer acts as a catalyzing material. In this method, a material may remain in the
interstices among the diamond crystals, but that material no longer acts as a catalyzing

material — effectively removing or depleting the catalyzing material.

20

In still another embodiment, the catalyzing material is removed by causing it to transform
into a material that no longer acts as a catalyzing material. This may be accomplished by a
crystal structure change, mechanical ‘working’, thermal treatment or other treatment methods.
This method may apply to non-metallic or non-reactive catalyzing materials. Again, a material
25 may remain in the interstices among the superhard material crystals, but that material no

longer acts as a catalyzing material — effectively removing or depleting the catalyzing material.

Disclosed is an element comprising a plurality of partially bonded diamond crystals, a
catalyzing material, an interstitial matrix, and a body with a working surface. The interstitial
30 matrix in the body adjacent to the working surface is substantially free of the catalyzing

material, and the remaining interstitial matrix contains the catalyzing material.

-7 -



In still another enbodinent, the catalyzing material is renoved by causing
it to transform into a material that no longer acts as a catal yZ QgSEP 2004
material. This nmay be acconplished by a crystal structure change,

mechani cal "working', thermal treatnent or other treatnment nethods. This
met hod may apply to non-netallic or non-reactive catal yzi ng ntgsfEpNigek etal
Again, a material 25 may remain in the interstices anong the sup&-REHCT
material crystals, but that material no |onger acts as a catal yzing
material - effectively renoving or depleting the catalyzing nmaterial.

Di scl osed i g; eNBRH L Sh: | i . riially. | .anond
crystals, a%l@g%lﬁ’ym ng en%?%? ?SZ 1?&%%“?1%? %1 sdt(}#%lgﬁfmé)ra a{regrf)%i,, aér%‘%%%qﬁ%dg&\%xt h a
wor ki ng adrd boedy. withe workisgstifhdeal ThizGntepstitinkmatnixtib ¢hedadly aafticameotthd @otkig

wor ki ng surface is subﬁt nt iO}I |y ftréfe, of the catal ?{zi ng . material, and, the
remai ni nY1IRE &t Syhstantip Vedieriof the seiabming matcsah Ang Aho, gerpaitisg iglerstifiabmytrgep
2004 Gi%;nirt]ﬂnsmie%!al o @hterifi8- 1081-PCT Simlarly, a PCD elenent is

di scl ose aving a (,yat yzing material, an interstitial matrix, and a body
with a working surface. The interstitial matrix in the body adjacent to the

wor ki n surface js.sybstantial ee of the .catalyzing material, and the
ormi ning | S PEPCHERERNE Rcloted iGnge RaSAoSRTSIRG! Favel aicis o
PCD el en@gieriaBarli $6b®p ®éth RaNbMEhedsuptabé. ald this Qémsmps Eﬁh?drﬂ?r OF YISt @y §talsdn the

catalyzing material "and a body wth a working surface. Tn this elenent, a

rrrB].j ori tibaﬂ‘y withing ayhsau 8 0h mmﬁdep@bd;ﬂnw;hmmrbinglsga%@e ha*cel. la am;fﬁaqfeml?cff f]som
t ' i ch i's, 10 tant i
catQl'yz i BT e R 1By RN Flial dol i SerfpiiRecRy il oty cpofite 1A

cat al yzi qigalpzihg idabdrial Fur t hermore, a PCD el ement is disclosed having a body

with a working surface. Afirst volunme of the body renobte fromthe working
surface contains a catalyzing material, and a 15 second vol une of the body

adj acent to g{gﬁerwrgi mgy%@&g i jISaH tlﬁmdgaxi i)é/dylfo ‘Iﬁrﬁf? a%oﬁ;ﬁ'xg fsuﬁ‘?i‘ée"?‘! Xlzf}r)E/'lg

mat eri al . , an €l enen i sclosed having a“pluralit partia
bonded dvdumeddfchy body semate fomm ahey wiorgngratudadeatontamda @atabydingwinbierial, wad ki ng

SUbS  anireEprd, VRIRE oF e, Bt lasEit § BRtosug amilee 1 ytkirniily, Tedngl the

catalyzing material.

Also, an element is disclosed having a plurality of partially bonded diamond crystals, a
catalyzing material, and a body with a working surface. The volume of the body adjacent the
20 working surface has a substantially higher diamond density than elsewhere in the body, and

the volume is substantially free of the catalyzing material.

Also, a PCD element is disclosed having a body with a working surface. The volume of
the body adjacent to the working surface has a diamond density substantially higher than

25 elsewhere in the body, and the volume is substantially free of a catalyzing material.

In addition, a preform cutting element is disclosed. The element has a facing table of a
superhard polycrystalline material having a plurality of partially bonded superhard crystals, a
plurality of interstitial regions among the superhard crystals and a catalyzing material. The

30 facing table has a cutting surface and a body. The interstitial regions in at least a portion of the



the volune is substantially free of the catalyzing material. Also, a PCD

el ement is disclosed having a body with a working surface. The volZifeSEP 2004
t he body adjacent to the working surface has a di anond density ‘
substantially higher than 25 el sewhere in the body, and the volune is
substantially free of a catalyzing material. In addition, a pF ‘#zﬁ& i ng
el enment is disclosed. The elenent has a facing table of a super G-

pol ycrystal.line material, having a plurality of partially bonded superhard
eryat al SCutns Ach Are, Sehstanally dtéet otaiher cadiurne serinl v G rermindar o yibe ol s

and a Cahﬁér)!ﬁﬂ-idlgeglgﬁﬁdn?dinth-ghﬁtamirfgxﬁ-t@ﬂalt, able has a cutting surface and a
oSy ! )

body. The interstitial regions i'n east a portion of the 8 2 9 SEP 2004

Giffin, Nigel, et al 78.1081-PCT cutting surface are substantially free
of the catalyzi terial.and the .remai nder of t interstitial regions
cont ai n_t ho HEVATD TG ar S PR arese Sen ar Bt gor pRe: EHEDETe Mo AR on
may sbe ugsg@r iplicu@es witdié EngdMiberdll BihoRd sidfides fre AbORE. ZPBLifi6 appIRAGoNGE Bs
engi neer ed di anond surfaces _are needed. Specific applications are as

cutting euttpsglements ipgetary dal bits opbeth the fined putter éyreisaddhe taltieg cutjasdypends t he

rollin [y: . | es, i n friction bearings, | ve
surf ;cgsﬁ&?&rﬁghetg’gfr?@? S?%(SJ’I ﬁ%ﬁ@ﬁgﬂq&ﬁié{a@? ea%%rgdceéasiegfog tlﬂ‘?‘ %?nﬁﬁllé’ %P'esiﬁ? '
i nvent i oRCDeglerthentus eitt prosemainvemionabsae wed wo acickine abratise wbed podsctsfettous

nonferrous materials and al so very hard or, ahrasive engineering materials
such as dtbpenferrousmateralsmadialsonvery herd pk abragirg ergingesioRimaterals epchrpsestone

DRAWY NGS, £ andthb§ik@ typical PCD el ement of the present invention. 15
Fi gure 1%14:%s9g£lt?ypl (IzlglilkgCD of the present invention shown as a cutting

element. Figure 2 is a side view of a fixed cutter rotary drill bit using a
PCD el enent of the pres ' ' 0. FEl ' erspective view of
a rolling cutter rot aryﬁmﬁﬂﬁg{}%ﬁlmﬁé)gg%ﬁi’ﬁéW§spt he present

i nvent i opigufel DAlisa fpical PCDRIGREH b MR préseif inlerdion! Nsert used in machine
tools utilizing the PCD el enent of the present invention.

15 Figure 1B is a typical PCD of the present invention shown as a cutting element.

Figure 2 is a side view of a fixed cutter rotary drill bit using a PCD element of the present

invention.

20 Figure 3 is a perspective view of a rolling cutter rotary drill bit using a PCD element of the

present invention.

Figure 4 is a perspective view of an insert used in machine tools utilizing the PCD element of

the present invention.

25
Figure 5 is a perspective view of a dome shaped PCD element suitable for use in both rolling
cutter drill bits and in fixed cutter drill bits.
Figure 6 is a photo-micrograph of the surface of a PCD element of the prior art showing the
30 binder-catalyzing material in the interstitial regions.



25 Figure 5 is a perspective view of a done shaped PCD el ement suitable for
use in both rolling cutter drill bits and in fixed cutter drill »igt §EP 2004
Figure 6 is a photo-m crograph of the surface of a PCD el enment of the prior
art showing the 30 binder-catalyzing material in the interstitial regions.
9 2 9 SEP 2004 Giffin, Nigel, et at 78. 1081-PCT Figure 7 i §riffin, Nigel, et al
phot o- mi crograph of the PCD el enent of the present invention shoifALECT
first portion with a catalyzing material in the interstitial regions and a
second pdtE¥ B Wi M-mlwegra@hrogﬁwmg elgment; off the presprt invensiogtshewirlg a first
regi ons. ' ' ] ruct " [ f a. .el ement
of 't o pPP SO a el gl 8 Rt bORRRAS Bhdh B ot RiRo G

i nt er sti tcatalyzimggnatesaldn dhet interstitigbteglonegr aphi ¢ ori entation of the

i ndi vidual crystals. Figure 9 is a mcro-structural representation of the
PCD el enent of the present invention as 10 shown in Figure 7, indicating

t he sdept IrifQfre BNG aCAlRS YAl RpPEsbAtaridd BF a IRED Abnldnt BF Yepdidt gtrpes(l]() ft‘ﬁf.‘e
of the PCD elenent. Figure 10 i's a graph of the relative ’ﬂ)/vear Pidi ces o
sever al bohdedi diempnd sfystdle vtDthe! istesstitial ofgians eng ribs erystailngrephic amienthfiofriofur e
1l1Ais a fr.ogi Q%Ew otf an encapsul ated PCD enbodi nent of the PCD el enent of
t he pre%léenlf1 i ((le%ﬁl.s' Figure 11B is a section view of another

encapsul at ed PCD enbodi nent of the PCD el ement of 20 the present
invention, Figure 1]C is a section view of still another encapsul ated PCD
embodi nekiguse Stipa micy-sigpciahiepessentaion el thenfCP rolement off thepresing umeentiom af s

pergpect | i \/| i urf.ace for. anpther enbodinent of
Phd? poplfiat i Fiae 7, SUShEne RN GE 5ol RSP he€ b SR do B
per spect swéaceiof\thedCD éentany.st al structure of the enbodi nent of the

Figure 10 is a graph of the relative wear indices of several embodiments of the PCD element

of the present invention.

15
Figure 11A is a front view of an encapsulated PCD embodiment of the PCD element of the
present invention,
Figure 11B is a section view of another encapsulated PCD embodiment of the PCD element of
20 the present invention.

Figure 11C is a section view of still another encapsulated PCD embodiment of the PCD

element of the present invention.

25 Figure 12A is perspective view of a CVD/PVD applied surface for another embodiment of the

PCD element of the present invention.
Figure 12B is an enlarged perspective view of the crystal structure of the embodiment of the

PCD element of the present invention shown in Figure 12A.
30
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PCD el enent of the present invention shown in Figure 12A. 30 -10 2 9 SEP
2004 Giffin, Ngel, et al 78.1081-PCT 5 10 Figure 13 is a sectiozgiw%m
a wre drawing die having a PCD el enment of the present invention. Figure

14 is perspective view of a heat sink having a PCD el enent of the present
invention. Figure 15 is perspective view of a bearing havi ngtufipgizekptahent
of the present invention. Figure 16A and 16B are front views of 7%¥&!Fel i ng
parts of a valve having a PCD el erent of the present invention. Figure 17A
is a siddgyieels d¥ aagectionl ¥ievo of Bavirpglirawmendie| hayingt a JICI tederpens srthe present

i nventi Ollve tLﬂngure 17B is a partial section view of a punch having a PCD

el enent o}”% e present invention. 15 Figure 18 is perspective view of a
measuri ng device having a PCD el enent of the present invention. DETAILED
DESCRI PTI ON QF THE | NVENT| ON AND THE PREFERRED EMBODI MENT 20 The |

pol ycr yskighie kels apmnesitre gtevapimbastisink kaving e SiGIh plempnis)f the pispsnt inveption: he
pregent invention is shown in Figure 1A. The PCD elenent 2 has a plurality
of partially bonded superhard, dianond or dianond-Ilike, crystals 60,

( shown i Figeglhrie pergpentire 9)evaofmbearing haging a@CE elamesidof thepresent imentist i ti al
matrix 68 fornmed by the interstices 62 anong the crystals 60. The el enent
2 al so has one or nore working surfaces 4 and the dianond crystals 60 and

the 25 FiBhRf FIA 666 168 At ORBM NSwY BF tiEm#ting RetsRAYvalvOhavi}Ea PED SleRIERNGS 2-
The working surface 4 is any portion of the PCD body 8 whith, in operation,

may contthepresemfdnvgstiont to be worked. In this specification, when the
WOM(I ng surface 4 is discussed, it is wunderstood that it applies to any
portion of the body 8 which may be exposed and/or used as a 30 working

su (r]I f a]g e. Figuk:’e]'g I7ey 30 side vABw ob @i irideftop havaiy a DCDY dlemerofiklitCpresent Reenttbnl S, 10
ana of Itselrt,

Figure 17B is a partial section view of a punch having a PCD element of the present invention.

15 Figure 18 is perspective view of a measuring device having a PCD element of the present

invention.

DETAILED DESCRIPTION OF THE INVENTION
AND THE PREFERRED EMBODIMENT
20 The polycrystalline diamond or diamond-like material (PCD) element 2 of the present
invention is shown in Figure 1A. The PCD element 2 has a plurality of partially bonded
superhard, diamond or diamond-like, crystals 60, (shown in Figures 7 and 9) a catalyzing
material 64, and an interstitial matrix 68 formed by the interstices 62 among the crystals 60.
The element 2 also has one or more working surfaces 4 and the diamond crystals 60 and the

25 interstices 62 form the volume of the body 8 of the PCD element 2.

The working surface 4 is any portion of the PCD body 8 which, in operation, may contact
the object to be worked. In this specification, when the working surface 4 is discussed, it is
understood that it applies to any portion of the body 8 which may be exposed and/or used as a

30 working surface. Furthermore, any portion of any of the working surface 4 is, in and of itself]

a working surface.
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a-working surface. -1 2 9 SEP 2004 Giffin, N gel, et al 78.1081-PCT
During nmanufacture, under conditions of high-tenperature and higi# grggpuz[m,lr
the interstices 62 anong the crystals 60 fill with the catal yzing materr al
64 just as the bonds anong the crystals 60 are being fornmed. In a further
step of the manufacture, sone of the 5 catalyzing materi al 64Griffin, Nigel, etal
selectively depleted fromsone of the interstices 62. The result 73.803i#H&T a
first volune of the body 8 of the PCD el enent 2 renote fromthe working
surface 4 contains the catalyzing material 64, and a second vol une of the

body 8 adj t to th Ki f 4 bstanti al | f th
oot 2l yzi g ndvind drinifectihe ieS toedtiths ws' GiPdnRadind ol hiefemiyre e o
the cat alntéisficesed afoak 1B cAlfld bolimRkad Ry aEsR nfiferial 84 Thar &f ﬂfeeboanE'ﬁ

interstitial matrix 68 of the body 8 adjacent to at |east a“portion of the
wor ki ng 8wengdke arysiglss(hareabringafarpeds do sofurthpie step toflthe magufaetues, i samecf, thand

the .remai.ni.Ng:.. i . St [ ' e.cat al iZNng.,mat eri.al, 64.
The Spab. Shaiging' BHERS Gl MeBRU dpRIATRIN AP of B8 iRl Becs ol it i Upe?
usual Iy aedirstniohting ofdetbedy 8f lthelPCD ldmeans @ réhot@ fiomd Hervidi®inglsdrfBcd 4 cHRhins

requi red. Because the _bodX adj acent t? t he wor ki n% surface 4 is

subst ant £ qajalyziag matenah o, and 3)speandgolume ef thgbody 8 adipsentdp dhewpeking srfaget s
of the bj ssbabiaty £ teri . Nt

her mal dograRiaty Bpb of (R Gl Pindallin o1 POl dlon o2 WRRICAS Sy
cat al yzi fige ofithercatalyzing mstedélfdcdre uwelioatesll bymvmadralch6. The result is a new PCD
el graent 2 that has the enhanced thermal properties approximating that of
the“so called thermally stable PCD elenents, while maintaining the
toughness, coy&hie® MlinlrstiRN WlAGE 68 Sf tBO BolPRUINLALI bl Mast Y pdlBEn of the
traditional PDC elenents. This translates to higher wear resi stance I n
cutting wepghg cutlaemd, ishjupstentidibyafree rodribe enatabygpeg imageriah Gfe andsihekremaining

appl i cat} .l Cl i 5 L ng., a | gati o | ess syrface
o St or 1 netpiial sk g3 3PMaRRAF bt AR RbA TR RN, Rl oy hoRdd
appl i cat tofnsubistralewbilgssitard Matetial asuallfdenictes urgoeh cHBREY BhiSusedTd siBffate
el enents. Detail s- of specific applications of the new PCD elenent 2 w |

be 18i scu§éepptirpduise

Because the body adjacent to the working surface 4 is substantially free of the catalyzing
material 64, the deleterious effects of the binder-catalyzing material 64 are substantially
decreased, and thermal degradation of the working surface 4 due to the presence of the

20 catalyzing material 64 is effectively eliminated. The result is a new PCD element 2 that has
the enhanced thermal properties approximating that of the so called thermally stable PCD
elements, while maintaining the toughness, convenience of manufacture, and bonding ability
of the traditional PDC elements. This translates to higher wear resistance in cutting
applications, higher heat transfer capacity in heat sink applications, higher load capacity in

25 bearing applications, less surface distortion in valve applications, and has advantages in
numerous other applications including hollow dies, indentors, tool mandrels, and wear
elements. Details of specific applications of the new PCD element 2 will be discussed in more

detail later in the specification,

30 Referring now to the photo-micrograph of a prior art PCD element in Figure 6, and also

the microstructural representation of a PCD element of the prior art in Figure 8, it is well
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detail later in the specification. 30 Referring now to the photo-mn crograph
of a prior art PCD elenent in Figure 6, and also the nicrostrud 8 SEP 2004
representation of a PCD elenment of the prior art in Figure 8, it is well
-12 2 9 SEP 2001 Giffin, Nigel, et at 78.1081-PCT known that there is a
random crystal | ographic orientation of the dianond or di anpondSfigdVigel, etal
crystals 60 as shown by the parallel lines representing the cl ea%@él'g‘lﬁénes
of each crystal 60. As can be seen, adjacent crystals 60 have bonded

t oget her kugw thattherstis o eandepaeasalbmraniim grientaiion 9%8@61@19@0@%@%4@9@@@1:%
P LSRG AL LSRR IhaSehipinE DAL RREE Y A B P

st ruct ur Asahh GeseBCRdjarattetrysthis 60chape bbnded togbther Witk tttestiBall spacksngl among

environments where high inpact |oads are . conmon. In the process of bonding
the crysthems Bepapsp e tleghagsaiprss a1 ¢ ipeenter E‘Hgf‘&g%ﬁ’ﬁ‘é?“ﬁ%%? ipgrat crygtals 60

I nterstifyaad ; : : fihd: ]

bi nder - colea) s IPRERRY B PARMG RN GIIR, Rir SR RPERTRG THCRIMIE fopspop

al | ows t hatdpalsd perfirm fvellnid eltetroe dondandj avernnennwhere kkigh sivplast G@daitare he
rel ativelg | ow pressures and tenperatures present in the press. The prior
art PCD &/"BWEAt has at |east one continuous matrix of crystals 60 bonded to
15 each other with the many interstices 62 containing a binder-catalyzing
material 64, typically cobalt or other group VIII elenment. The crystals 60
conprise a flnthg prosessiaf boadingghe crysigls 6Q:nnamgl@h-,telamiahum higitpresure presg 2hé or m
a cond. _cont.i AUOUS trix of interskices 62, kno s the Jinterstiti

D x GIBCERRUIT SPA R B vt Rl oS Bh o e AT el Earaly P aRbea B,
are necRSSis tatalgzing nitervt oY thatvillawe dise Wiels ¢o bl tortlied TeRsechQudflicaiodisngidwt h
has encapsul ated 20 some of the binder-catalyzing materjal. These "islands’
are not HapalsgO at ghe elativelydow prespyreeanst tempglatyres RTESENt the PIsShder - cat al yzi ng
material 64. Referring nowto Figures 7 and 9, shown is a cross section of
the PCD elenent 2 of the present invention. The PCD el enment 2 nmay be
formed in t(hegaive aneP@Brelasertt thas pt least aret codfinik@B mitarwftcsystids 60iHoadedbove.

48 Cherhidiber YA Hcais,esinss enibB A ter ERDRisscPRGHeLET ddkicaly 70,

cobali or other group VIII element. The crystals 60 comprise a first continuous matrix of

diamond, and the interstices 62 form a second continuous matrix of interstices 62 known as the
interstitial matrix 68, containing the binder-catalyzing material. In addition, there are
necessarily a relatively few areas where the diamond to diamond growth has encapsulated
20 some of the binder-catalyzing material. These ‘islands’ are not part of the continuous

interstitial matrix 68 of binder-catalyzing material 64.

Referring now to Figures 7 and 9, shown is a cross section of the PCD element 2 of the

present invention. The PCD element 2 may be formed in the same manner as the prior art

25 PCD elements described above. In a preferred embodiment, after a preliminary cleanup
operation or at any time thereafter in the process of manufacturing, the working surface 4, 70,

72 of the PCD element 2 is processed in a manner which removes a portion of the binder-
catalyzing material from the adjacent body. The result is that the interstices 62 among the
diamond crystals 60 adjacent to the working surface are substantially free of the catalyzing

30 material 64 indicated by numeral 66. The portion of the working surface 4, 70, 72 that is free
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72 of the PCD elenent 2 is processed in a manner which renoves a portion of
the binder- catalyzing material fromthe adjacent body. The resuptgiStp pgp4
the interstices 62 anong the dianond crystals 60 adjacent to the working
surface are substantially free of the catalyzing 30 material 64 indicated
by numeral 66. The portion of the working surface 4, 70, 72 t%@ffinNge} elaab
-13 2 9 SEP 2004 Griffin, Nigel, et al 78.1081-PCT of the catal {BiORGFCT

material 64 is not subject to the thermal degradation encountered in the
ot her aPlhs caplyeie rpe”feﬂ al,Gdigmet pIschiq thsitlrrmal dogsadatipn encouaterest inghe ether

There arg., h@tﬁﬁg&uf@g iﬁﬁﬂpﬁgkg@t}ghﬁ%?%%#eﬂgﬁéshe catalyzing material 64

fromthe I nterstrces e net e catalyzing nmaterial 64 is
cobalt or other iron group nmaterial, and the nethod of renoving the

catal yzi ng terial 64 is_t each it fro he intersti.ces 62 near the
Wor Ki g o fLReE 96 ey mtheyts L5 Bemosing i eIt il o ek ivh O dirra e ¢ o
a dept h Rferstfc§8b ein bRARAABA Uhe Batdlydiiy rhdterdial 68li$ HARDS bﬁie?irbﬂ%?o@htﬁ;ag&g{;}p()d

of renmoving the catal yzing 'materi alﬂ_ﬁg4 fromnear the surface may b
el ect ri caid thegnéthod)of removdngthe eitdlyzing cudterinl 6dab vatdach itlfiomrthe dntersticeso§?

evaporation.,. | n anothe t far | eting,the catal yzing material 64
¥ om ¢ neheeh it SpRA A8l 792 03 KGR cEmcliPa b 5 S kb B A e or
conbi ni Ngrehder C@NALLAL 102 nEkiCh i8Sl peryibigthayitlicmeel T remdRing thal cafiliiing hat
it no longer acts as a catalyzing material. In this method, a material may

15 r enni Materiak fefrppneasthie sudacermagbe beclgrtang dischargs efjoshe glectsical emgatvanic

matgri al r .as a catalyzing nmaterial 64 - effectively renoving
[ tr.lsl n S?I{a??slsgsgg?ﬁ‘e"?p%@f%bd for depleting the catalyzing material 64 from
the interstices 62, the catalyzing material 64 is renoved by causing it to

transforminto a material_ that no | onger acts 20, as catal yzi ng mater; al .
This may belR@Bhpi methog By dapletigs;the catslyzing a}aéer@ﬂéﬁgf‘éem ﬁ%gﬁerswrﬁ}e,the

mechani calatyRg :i’ﬁdi'&'ial clhg aem&lefl hoHoMMing it Heh§dally’ §3hE fahoggﬁ hods ancﬁ_tiliaﬁ

met hod nay” apply to non-netalliC or non-reactive catalyzin teria
Agai n, amatgtiel sush thatyit merdenger atts asteecatalyzing niatel. 6 n thinmgtholde a dnaenahdnay

g][ E:? : \S/fgfr?;l'iﬁ g{ﬁ@}iw&? iﬁé@i a?%qt%&l;% %%ﬁ({g&?cﬁi%{?_gog@t%ﬁ:}t E%rlléférllarl] %oqgﬁgeerriagés a%4a i

catalyzing material 64 — effectively removing it.

In still another method for depleting the catalyzing material 64 from the interstices 62, the

catalyzing material 64 is removed by causing it to transform into a material that no longer acts

20 as a catalyzing material. This may be accomplished by a crystal structure change, phase
change, mechanical ‘working’, thermal treatment or other treatment methods. This method

may apply to non-metallic or non-reactive catalyzing materials. Again, a material may remain

in the interstices 62 among the diamond crystals, but that material no longer acts as a

catalyzing material 64 — effectively removing the catalyzing material.

25
Once the catalyzing material 64 adjacent to the working surface 4, 70, 72 has been
rendered ineffective, the PCD element 2 of the present invention is no longer susceptible to the
type of thermal degradation known to occur in the prior art PCD elements. As previously
described, there are two modes of thermal degradation known to be caused by the catalyzing
30 material 64. The first mode of thermal degradation begins at temperatures as low as about 400

degrees C and is due to differential thermal expansion between the catalyzing material 64 in
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Once the catalyzing material 64 adjacent to the working surface 4, 70, 72
has been rendered ineffective, the PCD el enent 2 of the present 2| %V&Eﬂ’&ﬂﬂ‘r
is no | onger susceptible to the type of thermal degradation known to occur
in the prior art PCD el enents. As previously described, there are two
nodes of thermal degradation known to be caused by the cat al y&rifi Sigel, et al
material 64. The first node of thernal degradation begins at tenp&l®i&Fés
as |l ow as about 400 degrees C and is due to differential thermal expansion
bet ween ﬁhﬁéllﬁ@tﬁweﬂzﬁ%gﬂd%ﬂieeqﬁb@ﬁls@ i Mponssupti@ersEmpaion thei dinnand-s¢-dismondt
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chi ps may occur. The second node of thermal degradation begins at
tenperatures of about 750 degrees C. .5 This node is caused by the

catal yzi ng abhq secgndmofip el Bneﬁaférdeaadaﬂl%b%nwtt@wqﬁwm qf@hwacﬁor@gf%é C.
crystals mg8d 1sC@a%§écf;gy %tﬁecafaﬁ%’ %%ﬂiﬁh@%ﬁ Be B b&thl@%wg%étﬁ It&t”aﬁﬁﬁchﬁ €

nears 75 egr ees ' e cryst O graphitize y un ergo a
vol une i tler e@gsielsods ahd cavging rthe:cra'sﬂa]srﬁj) toagrdphiﬂ:m dscthel tdmpmathﬂemda:sdiﬁ%egﬁmen a

t hi ckness, of few crons af. th Zi on ,t.he.surfaces
o heC atunan ind. fyels o BapBlizt. Tt fadtied & Mafaobine nerits Sadliva imbrerne 10
I't would aﬁ@afseédﬁaq-‘r&@t@%a Qi @Ev%ﬁ'a@hicﬁ&@§6f e hﬁﬂoﬂsmf&ﬁ@c@ﬂyz;hg%térm 64

maxi mum benefit, the catalyzing nmaterial 64 nust be renoved fromthe

| nterst i oaghesalr&mﬂﬁ thédiaoadrorystalscdQyeancingble chis mede obtherhal degrafisiies of t he
a]ﬁond crystals 60 as well. If the catalyzing material 64 is renoved from
ot the surfaces of the dianond crystals 60 and fromthe interstices 62 15

the onset ofltmmbreﬂﬁebadﬁsreaﬁtea@y thdye skillRIuntheGFMA4IHOE maRinkin bb®Ifit, eI ON
woul d approach 1200 C. This dual degradation node, however, provides sonme

unexpect ééFab’éWéf material-§¢ raysh gl removed beth froah e wirstisas 62t amengqthsi diamoad t o
engi neer rﬁt@é rfaBe kil Eﬂnﬁﬁ{af% 1s 8024 WEL 2fF RS &‘aﬁﬁﬂh % L on.
eaccorrpls yc% nf R

this may anging the tre process suc
areas reqdiis re]gomaabfrcrm iotleihe stdsdes tofl tiee diatmoad «;ajtsmlayﬁﬁ) aod dimiretheahtersices 62

de | ? ;Fg %g&ﬁggp Lna | natél%{lélté Igc(:: 3@56@‘@(21}%5%3%@%“ 0 mctﬁgt r%]:gio%hxgoﬂli %ggrno%ch

1200 C.

This dual degradation mode, however, provides some unexpected benefits. For example,

in many applications it is desirable to engineer the wear rate of the working surface. In the

20 present invention, this may be accomplished by changing the treatment process such that in
areas requiring maximum wear resistance, the catalyzing material is depleted from both the
interstices 62 and the surfaces of the diamond crystals 60. In areas where less wear resistance

" is desired, for example in a self sharpening fool, those areas would be treated so as to deplete

the catalyzing material 64 primarily from the interstices 62, but allowing some, if not all, of

25 the diamond crystals 60 to remain in contact with the catalyzing material.

It should also be apparent, that it is more difficult to remove the catalyzing material 64
from the surfaces of the diamond crystals 60 than from the interstices 62. For this reason,
depending upon the manner in which the catalyzing material is depleted, to be effective in

30 reducing thermal degradation, the depth of depletion of the catalyzing material 64 from the
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is desired, for exanple in a self sharpening tool, those areas woul d _be
treated so as to deplete the catalyzing material 64 primarily frdfh SRE 2004
interstices 62, but allowing sone, if not all, of 25 the dianond crystals
60 to remain in contact with the catalyzing material. It should al so be
apparent, that it is nore difficult to renove the catal yzi ng feffiariiadl e6ad
fromthe surfaces of the dianmpnd crystals 60 than fromthe inter3$i®BESCE2.
For this reason, depending upon the manner in which the catalyzing

mat er i al woskidgpiefaesdd may peryedeberding appm tso methvdcised fohdeplelinglthyr eadalyziog,

t he deptppg%mgﬁgletion of the catalyzing material 64 fromthe -15 2 9 SEP
2004 Gitrin, N'gel, et al 78.1081-PCT working surface 4 may vary
dependi ng upon the nethod used for depleting the catalyzing material 64.

In sone applications, inprovenent of the thermal threshold to above 400 C
but |ess thdh someagplications, impEysment ofithe thesmal thresheld te gkoyer9s utlgssthyni ng
mat ri al i 1.S 1.551.b. u - l.d be
apprec, af el G Ral Fphal, B BRNTolR RE Ihaite oty ls Sl B Efion SrobWF o3
depl et i opemmsditslels Asta cinsapehat, Bevapdpbe eppredatad hhat vierd e duawebusafombinations

catal yzin erial 64 depl.etion requi,red.for ecific application. 10 In
Cp ety P el g Gl o HE e freapt iy g BB gatied 1o Bbiayorthe drvet 58 1 o
catal yzi ez&alyaag%dtfﬂri]aei%ﬁ giggle%ibﬁ_réqﬁir@c{] ﬁ)tr:agsﬁ%ciﬁgap egémt erstitial matrix 68,

or in a vol une of , It shou e understood that many, if not
all, the surfaces of the adjacent dianond crystals 60 may still have a

cogt.i ng of the,catal.\xzin terjpal 64, Likew,.se, when the term .

" oBot ant alPtisrspgeiceh, SR e torh myBHARAND oor o gL TR B etpvaing
sur f acespfaferfa 84 dh AR Rerslides 162l ShbterstkRl e 68RYr ff & Woludee 6RHR! By it
material 64 present in the adjacent interstices 62. Wth the catal yzi ngo

mat eri al sieald berypderstgpd dlaas | reany if retdllnghcorurfasemelnthemgiacent dipraenghprystals

degr adat | I . it f te [

catalyz b0 sBfida0E oORAE o R Saink WIBUE s 1ifiA%:qSRRn R0 Ak Wiy

t he bondfde’cisystdbsfetbigtto ctiyhinng naveyl 6hon2be hadicegefiahatbchdnyd caydtiie roop!

event to bel ow thi degradation t erature of the cgrystals 60 where the

catdl yzi f : ‘tests, heat was
1 HigTmee 4 Lpe alyging material 63 presefdn dheradice tatl%fsaﬁ%?rfgz

input into a PCD elenent 2 configured as a cutting

With the catalyzing material 64 removed or depleted, two major mechanisms for thermal

degradation are no longer present. However, it has been found that the catalyzing material 64

has to be removed at a depth sufficient to allow the bonded crystals 60 to conduct away the

20 heat generated by a thermal event to below the degradation temperature of the crystals 60

where the catalyzing material 64 is present.

In one set of laboratory tests, heat was input into a PCD element 2 configured as a cutting
element 10. Since this test was designed as a standard wear test for these cutting elements, it
25 provided a reasonable comparison of cutting elements 10 with various depths of the catalyzing
material 64 removal. In these tests, care was taken to assure the depletion process removed the
catalyzing material 64 from both the interstices 62 and from the surfaces of the diamond
crystals 60. The test was designed such that a repeatable input of heat was applied to the
cutting edge of the PCD cutting element 10 for a known period of time.
30 ‘
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el ement 10. Since this test was designed as a standard wear test for these
cutting elements, it 25 provided a reasonabl e conparison of cuttifhd SEP 2004
el enents 10 with various depths of the catalyzing material 64 renoval. In
these tests, care was taken to assure the depletion process renoved the
catalyzing material 64 fromboth the interstices 62 and from Giifén $Nigef, aicks
of the dianond crystals 60. The test was designed such that a r&)@a-BBT e
i nput of heat was applied to the cutting edge of the PCD cutting el enent
10 for a kndéwmsephs fesidvas compleie, BEearliadex WasSBRuROSH Thé higher, thélvgal indet, thal
78. 108l - ce the .test was conplete wear index was cal cul ated, The
ni gher 1 PR Vedresiagire Bl FEE reivee RPN tRst & SwBeT sl af onfersesarcar e
of the t@dkx nibéSindRelesRitrdabéd redRtandE fCMeRshl %@adaﬂdﬁdﬁ?{h@%ﬁ&ﬁg hitflicE abes
i ncreased resistance to thermal degradation of the working surface 70, " 72

of the c(r of Hg cattisgelamend105 As can be seen in curve A in the graph of
Figgre 10 there is a dramatic increase in the wear index result for
cutting elements 10 when the catal yzing nmaterial 64 depletion depth

appr oaches @slcanrbe sEbeiretuve A fothetdigph ypEBipued 1MeRie isnpdiantEomdedsd i6Wid | g

el emrents 10,. 0.1 depth is the critical depletion depth fromthe
wor ki ng WEaTt index &?Sulf?ﬁl,gr Pottigg slements 10 ‘zf%ﬁnawzqarfgym gterial 64 deglepionipeth

from bot fho I BESH 1GRS, %e%gﬁef fThd H?S§ ﬁgg%@\;?\rnﬁ;[uﬁfco&%n il lRMH %le?ﬁ%ﬁ%st .S 60

In other tests, on cutting el enents a nore econom cal prdcess
for renof.lngm dépsh catiml gricahdegleteon déptb4ton likee wedkingy surface 4)el), W20fvhen the

depl etion i,s .believe .approxi,npte that. 15 sho i urve B _of Fjgure
OB e CataiSins il 66 1 PRV ohpS: bR inferdes ncid fiim, fhecwriacs PbAE vars
not as efih@ehd ¥ sfaye emovi ng the catalyzing material 64 fromthe surfaces

of the dianond ' crystals 60 as the process of curve W Therefore, it was
not until nost of the catalyzing material 64 was renoved fromthe

E[ E;Sr ;E | gﬁf\I/rg g‘k}:p ?%s,dgrp &Rtn?é elgl?lglli't% 191%adé‘&i’éﬂ‘§‘ &o}ehgcongvr%ﬁ:ral Ir)r%%gss ifgp I[egl\é%gjngt °
the catalyzing material 64, the wear versus depth of depletion is believed to approximate that
15 shown in curve ‘B’ of Figure 10. The catalyzing material 64 depletion process used in these
cutters was not as effective for removing the catalyzing material 64 from the surfaces of the
diamond crystals 60 as the process of curve ‘A’. Therefore, it was not until most of the
catalyzing material 64 was removed from the interstices 62 to a depth of about 0.2 mm that the
wear rate improved fo that of curve ‘A’.
20
It is believed that thermal degradation relating to wear rates as shown in curve °‘C’ of
Figure 10 can be engineered into PCD elements 2 where it is beneficial. For example, it may
be desirable to have edges of curved cutting elements 10 remote from the center of contact to

wear more quickly than the center point. This would tend to preserve the curved shape of the

25 cutting element, rather than having it become a flat surface.

Improved thermal degradation resistance improves wear rates because diamond is an

extremely good thermal conductor. If a friction event at working surface 4, 70, 72 caused a

sudden, extreme heat input, the bonded diamond crystals would conduct the heat in all

30 directions away from the event. This would permit an extremely high temperature gradient

through the material, possibly 1000 C per mm or higher. A gradient this steep would enable
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It is believed that thermal degradation relating to wear rates aérghggﬁ Qﬁ
curve "C of Figure 10 can be engineered into PCD el enents 2 wh i 404
beneficial. For exanple, it may be desirable to have edges of curved
cutting elenents 10 renote fromthe center of contact to wear nore quickly
than the center point. This would tend to preserve the curvedC8faRlshetahe
25 cutting elenent, rather than having it becone a flat surface.7-H5F395d

t her mal aggra ation_resistance ingroves wear rates, because dianond is an

et orel SISO BHTAGS o 0o SPAOPISPOL, (4 gt GHpse pigniicart thevd Resrodsiancd 4,
70, 72 ¢ ' t '

ol & conostoR S HERRe sufitef SEfefifihahd sl AL RIS, e 3R SRRk RS L o
perm t asubskntielie fige bf the chimiyaagahatesalgdadiaatepth dfius OghmtrhBomBhesduate of the
possi bly, 1000 C per nmor higher. A gradient this steep would enable -17 2
9 SEP 200%tGriffi n, Nigel, et al 78.1081-PCT the working surface 4, 70, 72
to geach 950 C, and not cause significant thermal degradation if
interstices 62 and the surfaces of the dianond crystals 62 adjacent to the
wor ki ng sur fihglkoudd be appaventdhatithe fempferaterecgradibm willt wiry deprndingt wpoinahe 64stad a

dept h of .jus mm fr the source of t heat . |t should be apparent
Chat 't neoh ik aPa frerRayb LB BlF-<FAH BGadhe o B usiity s e et o IE o
and t he gyrogurth bbringbits,- emovhiabf botvtintigly HOMBE efie, ctilyFing! flatbB8t 64 Font Uhé i NY
elenents, 10 for earth boring bits, renoval of substantral Iégall of the
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cat al yzi HEeTRiiges G24p aglistancs R ohabout fi2ansy focabeuie®3 mem drom & tenikieg Budiceab JGt

0. 3,nMm t | . - 10 2 produced

dr g?rat [ c?% po(rag%eeér)mdép{sm% Ell{]%gr %@é :ms?gar{ég%lgt\%g q[%hﬁrghcaocr%‘gb n%atzﬁotr)l iy fg% 5'(’9 AHyEase

i Rcr easein rfafe obpenenbtigrenst & ao']/ooimmmbnaeélﬂwweﬁrpfeﬁimﬁm t Thdliygavenh & }iﬁ Rx@aﬁh e.
The i nprovenent ,in wea esi stance indicates that the attrition of the

di anond EEFIFEOSP é“‘%@t?ﬁféattt € aigntignyof g A aysial 60 %Jeéafa!%agrmatenal o4
degr adat jrafcdPehetthA RiokAadliby Wa8 WeRicallyGeldikd. OfhePRREL ﬁéde%tibl{"ﬁ{c‘? gid S
believed to be due tothe ability of the cutter to renai sharper’ 1 onger
due to tbelieved fehe due tol thevabdity of $hesewiter ¢o reFpan ésharperolohger duedsithé encreased

copgtruct Lons .of PCD el enents that benefit from depletion or
wear resistance.

There are other possible constructions of PCD elements that benefit from depletion or
removal of the catalyzing material 64 as described above. As shown in Figures 11A, 11B and
11C another embodiment of the present invention is a compound PCD element 102. The PCD

20 element 102 has a body 108 with a group VI binder-catalyzing material with a second
preformed PCD element 110 embedded within it. The embedded PCD element 110 may be
flush with the working surface 104 of the encapsulating PCD element 120 as shown in Figure
11A, or it may be embedded wholly within the encapsulating PCD element 120 as shown in
Figure 11B. This embedded PCD element 110 is made in a process using powdery carbonates

25 of Mg, Ca, Sr, and Ba as the binder-catalyzing material, and is formed into a compound PCD
element as described in the commonly assigned co-pending U.S. Patent application serial No.

09/390,074 herein incorporated by reference.

In this embodiment, since the embedded preformed PCD element 110 is formed at higher
30 pressures, the diamond density may be made higher than that of the encapsulating PCD
element 120. In this construction since the embedded PCD element 110 has a catalyzing
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renoval of the catalyzing material 64 as described above. As shown in
Figures 11A, 11B and 11C another enbodiment of the present invent) ﬂnSEp 2004
conmpound PCD el enent 102. The PCD 20 el enent 102 has a body 108 with a
group VII1 binder-catalyzing material with a second preformed PCD el enent
110 enbedded within it. The enbedded PCD el enent 110 nmay be $iiffisiNiggl, £t4l t he
wor ki ng surface 104 of the encapsul ating PCD el enent 120 as showf-i%®B¢Gure
1A, or it may_be enbedded wholly within the encapsul ating PCD el enent 120
as shownmpteriabFwighrachighas activation derbpsfaleie, Mopey farpxample] be benetisitd to depletortbeess

usi ng po A t 2 f -Ca, a Ba_ as t.he Dbi r-catalyzing
mat eri al &Q@&%xng ?;l%gﬁﬁleg&iyn?lo&g %%‘%%@’%Depglfee stggtn&ze? @?‘f 1919‘3(5‘“1“?11 ]tyzﬁe
conmon! YF@siseross] 6O eppoddeddPCD Sslehaiterto aap|beCpdsithes ayittdh (N9 encApBdiagey 074
herein incorporated by reference. In this enbodi nent, since the enbedded

pr ef or mebCRcdeBeRinAft _%lol%e iadvaniageeef e highyndmpadepptancrupiotie amheddec PR
dengi ty UB¥ehel IBdmubANGiin I}{%Zﬁg%@% ax%ér %g%ag&&ﬂﬁykﬁsﬁﬁaa@%@gﬁﬁ%ﬂ 120.

In this construction since t enent yZing
-18 2 9 SEP 2004 Giffin, Nigel, et al 78.1081-PCT material with a higher

ti ti t t. , it f | be b ficial t lete th
Sl ool o HSE R i fiyres 8/ T (U BTG Heklemen 1088 otialibnet pretidbD
el enent gefled dFdl'ﬁéﬂlalec!rSYQél@ 60! B@mﬂ%ﬁgqﬁ&eﬁmﬁn@mgm& ma%rﬂiﬁgis&ffg e?

within the encapsulating PCD el énent 120 to take advantage of t
i npact r Wl sthencsdume 14 R of thedwdy edjapa the sloddemsurfae 166 ibs aedbswntihlly higher

i 00 os GHER00 8RR REFGedinate FLERCRERENT 106 3ol s Bl 737 i4 9S8 Seibiee
bonded d&ﬁﬁ@ﬂﬂa@kt{%&ﬁdtérizﬁ%. a catalyzing material 64 and a body 108 with a

wor ki ng surface 4. The volume 112 of the body adjacent the working
surface 104 has a substantially higher 10 di anond density than el sewhere

114 in the [ t| e t
cat al yzi ng %g ef;‘ﬁﬁ&ﬂé‘?@é&%ﬁ%@“&ﬁ%@%ﬁég b%é%%ggéed’jr:i@ﬁp gkﬁ%g‘gd#gyel%rgénérlrﬁ gh%Sed
i n the cshopaund@igirerb@}inkOfannas whedeahebesh ofFbghimpdct Gesistanca andimgroveheesr t he

be of both inBacL re is& ance and inproved wear 15 resistance may be
read i zedresistance may be realized.

It may be desirable to deplete the catalyzing material in the embedded PCD element 110
as well as the catalyzing material of the encapsulating PDC element 120. This combination
would provide an element with the highest possible impact strength combined with the highest

20 possible wear resistance available in diamond elements for commercial use.

In Figures 12A and 12B another embodiment of the PCD element 202 of the present
invention is shown. In this embodiment, the PCD element 202 is first formed in the manner of
the prior art. After a surface has been prepared, a CVD or PVD process is used to provide a
25 closely packed set of epitaxially oriented crystals of diamond 260 deposited upon a future
working surface 204 on a portion 210 of the PCD element 202. The assembly is then
subjected to a high-pressure high-temperature process whereby the deposited diamond crystals
260 form diamond to diamond bonds with each other, and to the diamond crystals in the parent
PCD. This diamond-to-diamond bonding is possible due to the presence of the catalyzing
30 material 64 infusing from the surface of parent PCD element 202.
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It may be desirable to deplete the catalyzing material in the enbedded PCD
elenent 110 as well as the catalyzing material of the encapsul atlz I%gjs 2004
el enent 120. This conbination would provide an elenment with the hi ?n

possi bl e i npact strength conbined with the highest 20 possible wear

resi stance avail able in dianond el enents for commercial use. [Giffig YNigelestali2 A
and 12B anot her embodi ment of the PCD el ement 202 of the present 3i®d%di on

i s shown. hi s enbodi ment, the PCD elenment 202 is first formed in the
manner of t ey fleafupa AtROTlgR af the wenkingcwiriage 20 éntrpated i depleta thwmtelyzm\gD

process i t | d t orlented
crystals n"f‘?téi-gﬁgsrﬁoﬁgﬁé% ggﬁ%‘s"??e p@s}{ecp ﬁr é[sh% i 'p?gd“tscﬁﬁg Oez{ B,
portion M@lngfortehmrﬁ'@oélaeweﬂdlngZﬁtﬁfac&'fﬁﬂtlc’:wmleI&‘O\Irqlums Zlherﬁuclﬁhiyheﬁhﬁdlahibna
hi gh- pressuretgel?ﬂ? ure roce WR rgmy the d osi ted di anond

cryst al s 9eBHY ‘f’ro'3 BCH ¢lgm otrﬁéﬁ regifiti2tbof high
di arpond I aﬁ@‘{%m '@4“)?51!1

posrsgr) bl egfjayu?@o%nhlmy %P%g ékr?g gﬁt!% dfp@e%g?géycgtl L%gt eria §R| @gldﬁéer
fromt he ssniadea@@Omf thaPE? eR@Bnt LoZramty &OQcple_th) of 2heQbiBEER? QMbdlYzify iniftérinl as
Ni gel zit 78.1081-PCT After cleanup, a portion of the working surface
204|stre ed to deplete the catalyzing material 64 fromthe CVD or PVD
deposited |l ayer. The final product is a PCD el enent having one portion of

a working surface 204 with a volune 214 nuch higher in dianond density
than that oflnigeacst therelemants Qs 203shayn indigwmenl bhehidhtl 100 22A Tarids1 2Begiap e 214

f h h I
of 90, SughARIR APeD e SR R ETH B58L 2 o8 v ARG 94, ey
be depl etzed The tdiwndridndiasite aduad:@nz thww@f&tr%rmﬂ?acmm \woltlis subataAaMeF Blghbhhan

el enent s ozﬁ@g in Fig A . 11B, 11 12A, and 12B may be 10
char act ef Siﬁherﬁé“ ggé%ﬁosi Sf@@t‘ﬁl&\?ﬁl}h&G%O%@Hya@b’gmgmewltﬁﬁ a worki ng
surface 104, 204. The di anond den5|ty adj acent the working surface 104, 204
i's substantially higher than elsewhere in the body 108, 208, and is

subst ant i al |gne paticgarly necfobapplipationgfontiteePCRI ekﬁﬂent Qnaf theprdsent! iavdéntionsefas|
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surface ehttihpeldidats 10, 50, 52 may be a top workmg surface 70 and/or a peripheral working

surface 72. The PCD cutting element 10 of Figure 1B is one that may be typically used in

fixed cutter type rotary drill bits 12, or for gauge protection in other types of downhole tools.

The PCD cutting element 50 shown in Figure 5 may be shaped as a dome 39. This type of

20 PCD cutting element 50 has an extended base 51 for insertion into sockets in a rolling cutter
drill bit 38 or in the body of both types of rotary drill bits, 12, 38 as will be described in detail.

The PCD cutting element 52 of Figure 4 is adapted for use in a machining process.

Although the configuration of the cutting element 52 in Figure 4 is rectangular, it would be

25 appreciated by those skilled in the art that this element could be triangular, quadrilateral or
many other shapes suitable for machining highly abrasive products that are difficult to

machine with conventional tools.

The PCD cutting element 10 may be a preform cutting element 10 of a fixed cutter rotary
30 drill bit 12 (as shown in Figure 2). The bit body 14 of the drill bit is formed with a plurality of

blades 16 extending generally outwardly away from the central longitudinal axis of rotation 18
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cutting elenments 10, 50, 52 may be a top working surface 70 and/or. a
peri pheral working surface 72. The PCD cutting el enment 10 of Fi gQr& 3EP i 2004

one that may be typically used in fixed cutter type rotary drill bits 12,
or for gauge protection in other types of downhole tools. The PCD cutting
el ement 50 shown in Figure 5 may be shaped as a done 39. This© iggl. eogd

PCD cutting el enent 50 has an extended base 51 for insertion int 8 LSLRET s
in arolling ter drill bit 38 or in the body of both types of rotary
drill bi Pgaleléﬁf big §Ba%ﬁ|apafbéld%“g§r§ edeng the dradisig facer: Oﬁ:@D}:tglﬂ@@ilﬁ@pM@%nt

52 of Fi %FEH%Fbl?%?ﬁﬂg@le%n{sqroeﬁﬁ%]h@s@% -0l ng process. Al though the

configuration o e cutting igure 4 is rectangular, it

woul d be 25 appreciated by those skilled in the art that this elenment could
be triangul ag, . dri | ral. or. many other shages. suitable for machining
hi ghl y o ek pichiS ot S piliin slemi 10 Ras rtiody g1 ectorh o6 a gt CBF b aA|
toolss. Thgn At Guihg NEb1E130NBNHiaknd B ASmendiRE PPODS Wdbd 6oRIEBNL 1 fipl 2
fixed cutter rot_aryg 30 drill Itajlitan (as SIF]OVIVH ?lrsl F?gure 2). The %i%ﬁ‘t‘%dy
14 of t heregsyre|high-temperatatenprasswict A wbgrase S2i ofy/less hividavheterial swolt an demented

general | twardl.y a fromthe cenfral |qngitudinal axis of rotation 18
9502 o Lumshltte P Bl W MGl %, prefdhdaniad ool Wialally Honged i
Spaced aperdralBi cdindyicali dfriea|3anchitn® dlgairigd fivee cdfer®éd RRAEReDLABRE] & Ray
plurality of the PCD cutting elenments 10 of the present Invention.

Typi cal | $lterngfevebiobe attachedgdiescndat the bladgs The S4P icuttingeelement F has wiorldug ar
t aQlhet hayi in front facing table 30 of dianond or dianond-Iike
(PCD) m?‘ﬁf#gf?og@%té%d in a high pressure high-tenperature press to a
substrate 32 of less hard material such as cenented tungsten carbide. The

cutting elengnt 10,is.prefo d and then typically bonded on a generally
cylindri cal rﬁﬁrcry?igﬁjr‘%aﬁc@m?’éﬁlfgsm%‘?%?ﬁi ‘F’Bﬁ Wﬁ?ﬁ‘@&éﬁ? eq Wf&ﬁ"t‘é’rfe%%!im de,
or may a{ettﬂadaaie.vgﬁevcah%rgwmpﬁqalw B%Efiak%d bR RIAHR solhG. Caé%eaﬁfoh'tﬂg .

el ement 10 has working 10 surfaces 70 and 72. The cylindrical carrier
i s recei {iwefl wnttariduillabit &2 isexpated amdyvpighh apamplisdc Kibis forces dbe sstting elenteatsbl ade

16.,-.Th ' Ape ly b .azed ink.fit i h ket. |
opdat ofii His i beile it e pfifg S50/8 4Bl Bl wei it 1 app i ed.

This forces the cutting elenments 10

The PCD cutting elements 10 may also be applied to the gauge region 36 of the bit 12 to
provide a gauge reaming action as well as protecting the bit 12 from excessive wear in the
gauge region 36. In order to space these cutting elements 10 as closely as possible, it may be

20 desirable to cut the elements into shapes, such as the rectangular shape shown, which more

readily fit into the gauge region 36.

In a second embodiment, the cutting element 50 (as shown in Figure 5) of the present

invention is on a rolling cutter type drill bit 38, shown in Figure 3. A rolling cutter drill bit 38

25 typically has one or more truncated rolling cone cutters 40, 41, 42 assembled on a bearing
| spindle on the leg 44 of the bit body 46. The cutting elements 50 may be mounted as one or

more of a plurality of cutting inserts arranged in rows on rolling cutters 40, 41, 42, or
alternatively the PCD cutting elements 50 may be arranged along the leg 44 of the bit 38. The

PCD cutting element 50 has a body in the form of a facing table 35 of diamond or diamond

30 like material bonded to a less hard substrate 37. The facing table 35 in this embodiment of the

present invention is in the form of a domed surface 39 and has working surfaces 70 and 72.
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15 into the earth being drilled, effecting a cutting and/or drilling
action. The PCD cutting elenments 10 may also be applied.to the ggugeSEreqggp
36 of the bit 12 to provide a gauge reanm ng action as well as protecting
the bit 12 from excessive wear in the gauge region 36. In order to space
these cutting el enents 10 as closely as possible, it may be 2@iffBd¥igehpiat t o
cut the el ements into shapes, such as the rectangul ar shape showf:0%¥

nore readily fit into the gauge region 36. In a second enbodi nent, the

cutt ing Ap@rrdirmgbs@he(rag_res?@wa namperoef garsitiopel lajiers pewssntthe favimntablerd gncb_nl 2
it 328t chfedy BY hhto e el SRR I e By gk Ao ¥

42 asserfkie dnewn o B8 skilled iaphdgtke on the leg 44 of the bit body 46. The
cutting elenents 50 may be nounted as one or nore of a plurality of

cutting inserts arranged in rows on rolling cutters 40, 41, 42, or

alternative . 41 I . ORG:: 44

of The bi t - 3 obduc il 2GR 55 RigHRk 0 FUERTO SRS Bhca: 1

1;] ac :j ng L ah)ﬁm% Bﬁgxgﬁ S(gli_hﬁtﬂl?miwmf e arthng?)ig@(e dutttﬁgs 4@aﬂb,r4§§ihtd3t;tmd%uﬂ:,tﬁnd as thedst t
ard subgsirate acin [ i s odi nent o e presen

i nventi O#FSTOWthth%rqﬁ?gﬁ"ﬂfer%‘l(ggﬁe‘gz %‘UFF&E@‘W %ﬂgn%ﬁ‘én%r ki ng surfaces 70

and 72. -21 2 9 SEP 2004 Giffin, Nigel, et al 78.1081-PCT Accordingly,

there are often a nunber of transitional |ayers between the facing table 35
and the sufstanather 8mbodimeat, therBCD ewtting gledient A2 wiittke presenstineention 15 éméheat ed

during fabrication s is_  well kno to those skilled in the art.. 5 In
optbati ofonf ot et £ OWB: Bael BB Eor“linRouer AR nBpM oo
Thi s f or geshihing opetstibhd) Ui this REibSdiatbnt, Rihd B@tih@vemeht $1Bas Dbddyigl tRORSmCHt er s
40, 41, 42 into the earth, and as the bit 36 is rotated the rolllng .

cutt er s fapinggablefd of gigmond prdiemand hike materiah bondad; torp leps hardguhdrate 56 with

embodi ”%Pﬂciﬁ%@m%ge)s Gt §ddngy e 1¥,531e0$ut%1{§ ef%ﬁfeﬁte 5} Wa?ﬂf[’ %cirnope It idlo the
10 formof ariangular, rectangular or ot shaped material for use as a
cutting plosdity of smatber pieten gyhivherra sitsaguentln atthéledaotaodnseeni§ thhhis mourtiedhm

el epent 52 has body in the formof a. facin abl e 54 of dianpnd or

di Shona e iedielde |awa#a%?jt903 e sl _ -Aemaof Ray beuRekedo tho FHPY
sur f acespdBnanthihégives WRIdAY, lo¥ clahipfngC Uk td M SIs8IBRID fRdshVBHh Ghd ORind8embht

into a
52 in the shape of the insert in a high-temperature high-pressure manufacturing process.

As shown in Figures 13-18, PCD elements 2, 102, 202 of the present invention may also
20 be used for other applications such as hollow dies, shown for example as a wire drawing die,
300 of Figure 13 utilizing a PCD element 302 of the present invention. It may also be
desirable to utilize the excellent heat transfer capabilities of the PCD element 2, 102, 202
along with its electrical insulation properties as a heat sink 310 with a PCD element 312 of the
present invention.
25
Other applications include friction bearings 320 with a PCD bearing element 322 shown
in Figure 15 and the mating parts of a valve 340, 344 with surfaces 342 having a PCD element
342 of the present invention as shown in Figures 16A and 16B. In addition, indentors 360 for
scribes, hardness testers, surface roughening, etc. may have PCD elements 362 of the present
30 invention as shown in Figure 17A. Punches 370 may have either or both dies 372, 374 made

of the PCD material of the present invention, as shown in Figure 17B. Also, tool mandrels
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plurality of smaller pieces which are subsequently attached to an insert 58
that is nounted in 15 the tool holder of a machine tool. The cut2|gu§§P 004
el enent 52 may be attached to the insert by brazing, adhesives é

or clanping. It is also pOSSIb|e to finish formthe cutting elenent 52 |n
the shape of the insert in a high-tenperature high-pressure R %&% E
process. As shown in Figures 13-18, PCD elenents 2, 102, 202 of ent
inventiogjga al so e used for other a pllcatl ns such hol | ow dj es,
shown fof® g B’Qe%o PE ?IﬁwtﬁgofdP@S“ deypiceg; g&r ghoya igy 1$?f5|1§gm%y

el ement 3Qde 6f PEELRMBARNE th@??dﬂéﬂtQHventhith shbS Ry déﬁs%éddatlﬂh@ ﬁgg)syé‘}ég ze
the excellent heat transfer capabilities of the PCD e enen i

al ong wi #gplicstione feeqiatyarpdtalling diaatcnd nwould pentfiteforaghe catahrtzngl mkteﬂélOdch&tbd a

PCD el e 12 qf e resent .nvention. 25 O her applications include
frictiomaﬁ%§%W\ s@é@eﬁﬁgﬁﬁdmﬁﬁﬂ Bearlng el ement 322 shown in Figure 15

andsthe mating parts of a valve 340, 344 with surfaces 342 having a PCD
el ement 342 of the present invention as shown in Figures 16A and 16B. In
addi tion, i Yékereas he Foepenboinversion hps deem dewwnibed in partieylar relatiomalocthe duyhiags ng,

etc. I t { v n a wn

ot IialRIRRIR. B SO ARoRled 05, BSTSIE Rt BEHLROE AL s
PCD matskswalbr sifggeited herele niayibe\neade ivdthin te ssbymvandispiritiod thegrdsélt inférgdn. t ool
mandrels -22 2 9 SEP 2004 Giffin, Nigel, et al 78.1(c)81-PCT 382 and

ot her types of wear elenents for measuring devices 380, shown in Figure 18
nay be made of PCD el enents of the present inventions. It should be
understood that al nost every application for polycrystalline dianond woul d
benefit fromthe catalyzing material depleted PCD elenents of the present
invention. 5 Wiereas the present invention has been described in particular
relation to the drawings attached hereto, it should be understood that

ot her and further nodifications apart fromthose shown or suggested
herein, may be nmade within the scope and spirit of the present invention.
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2 di anond el enent ody o
to a substrate of teria
wherein a first volume of the body renote fromthe working
surface contains a 5 catalysing material, a second volune of the body
adj acent to the working surface is substantially free ofthe catal ysing
material, the remaining catalysing naterial within the second vol une of
t he body continuously decreases with dl? ance fromthe first volune and
adheres to surfaces of the dianond crys wherein the second vol une
extends to a depth of at |east about :éﬁgbnfron1the wor ki ng surface. 10 2.
The pol ycrystalline dianond el ement L. 1, wherein the second vol une
extends to a depth of between about 0 2nn1and about 0.3mmfromthe

rﬁekisggon u\r/](c)?umg %ﬁﬂhﬁ%&ﬁ@é an average \ff%lﬁﬁérﬁd’dﬁ; y 048 ﬁla%(ged

di anmond crystals that is 15 higher than an average vol ume density of the
bonded . di apgstalsbopded te astibstretefiesschar edgteridl, aWerking yarfuse ehithedodyanond
el ement of Claiml, wherein the body conprises an interstitial matrix, and

wherein the part the inters matrix | oc ed i.thin fhe first vol une
cont ai ns r@‘&t%g}%‘ﬂ‘é ofi ‘P ° HGWB&Q £ £ tGORtAmRENDED

SHEET 25 2 9 SEP 2004 matri x Iocat ed within the second volune is

subst amt i FEL ﬂfﬂ:{é
di anon ?ur?& %ﬁ;agnﬁlh?f@ e‘ﬁalp%ﬁt%femé?’éu 'r%lja%g P 3/-3 g‘lv?"ﬁé%{ gggsd
volune renote fromthe first volume have | ess catal ysing

substantially free of the catalysing material, the remaining catalysing material within

the second volume of the body continuously decreases with distance from the first
volume and adheres to surfaces of the diamond crystals; wherein the second volume
e:;tends to a depth of at least. about 0.1Imm from the working surface.

10 2. The polycrystalline diamond element of Claim i, wherein the second volume
extends to a depth of between about 0.2mm and about 0.3mm from the working
surface.

3.  Thepolyorystalline diamond element of Claim 1, wherein the second volume
of the body has an average volume density of the bonded diamond crystals that 1s

15 higher than an average volume density of the bonded diamond crystals of the entire
body.

4. The polycrystalline diamond element of Claim 1, whereinthe body comprises
an interstitial matrix, and wherein the part of the interstitial matrix located within

the first volume contains the catalysing material, and the part of the interstitial
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han the dianond crystals 29t BEP 2004
e olu

ing to their surfa
I ch are adjacent
di anond el enent of :
is cemented tungsten carbide. 7. A PCD elenent as clainmed in Claim1,
conprising a preformcutting elenent 10 having a facing table and a
cutting surface, wherein the working surface conprises a portion of the
cutting surface. 8. A PCD elenment as clained in daim7, wherein the
cutting elenent is nounted upon a cutting face of a fixed cutter type
rotary drill bit. 9. A PCD elenent as clained in aim?7, wherein the
cutting el ' Wi Ve o Of 18,40 ' u LI
Bit. 10, ATRtc] Gtk wilkhIhE selBRT VANIACs Suliiary B bt Ble iRl bk
with a cutting surface adapted for use as a cutting insert in a machining
oper ati on, mdterigl.n t he worki ng surface conprises a portion of the cutting
surface. 11. A PCD'elenent as clainmed in Claim1l, conprising a drawi ng die,
wherei n the AVE D EET 06-20Q2 26 rking surface conprises_a portion of
the drawi n§-di e j22°) diamondselementiofl £ laim plopwhicesia riheadiagnendred
in Caim1l, conprising a heat sink. 13. A PCD elenent as clainmed in Claim

1, conprisj ' | St ] lye.

surface, | SREYRS A thE SpEA CbAfint TEole Brond il irft Pifutle Bdviled ditalfing
device. 10 AMENDED SHEET 2 9 SEP 2004 Giffin, N gel, et al 78.1081 PCT
ABSTRACY CmdtttialidheriogthEheir surfaces than the diamond crystals in the second volume

Oy

which are adjacent to the first volume.
6.  The polycrystalline diamond element of Claim 1, wherein the less hard
material is cemented tungsten carbide.
‘7.. A PCD element as claimed in Claim 1, comprising a preform cutting element
10 having a facing table and a cutting surfaée, wherein thé working surface comprises
a portion of the cutting surface.
8. A PCD clement as claimed in Claim 7, wherein the cutting element is
mounted upon a cutting face of a fixed cutter type rotary drill bit.
9. A PCD element as claimed in Claim 7, wherein the cutting element is
15" mounted upon a body of a rolling cutter type drill bit.
10. A PCD element as claimed in Claim 1, comprising a cutting element with a
" cutting surface adapted for use as a cutting insert in a machining operation, wherein
the working surface comprises a portion of the cutting surface.

11. APCDelement as claimed in Claim 1, comprising a drawing die, wherein the
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5 The present invention provides a superhard polycrystalline di addhdER 2004
ment with greatl —

out | oss of inpact
el ements, these elenents are forned with a binder-catalyzing nmaterial in a
hi gh-t enperature, high-pressure process. The PCD el enent has a plurality of
partially bonded di anond or dianond-like crystals formng at |east one
continuous diranond matrix, and 10 the interstices anong the di anond
crystals formng at | east one continuouszhnterstitial matrix containing a
catalyzing material. The el enent has a working surface and a body, where a

portion of LtGEsLl tial smatrix in t body .adj acent to the working
surface is {3;@ S an'rfi%is‘!f é"“‘ﬁ‘éés Bfeﬁ%aegﬁ%ﬂ @%%gé? EPRIBCL SHRECR- he
remaining interstitial matrix contains the catalyzing material. This

transl ates 12 hi ARCDWemenesd slapfied in Tl 1 E&ngﬁgi%&gﬁn% hi gher heat

transfer 15 capacity in heat sink applications, advaniages in

numer ous ot hermggpl ications including hollow dies, indentors , tool
mandrel s, ahd (D glgmment as claimed in Claim 1, comprising a device selected from the

group consisting of a valve surface, indentor, tool mandrel, and wear element for a

5 measuring device.

10
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