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5 1. Field of the Invention The invention relates to superhard
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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
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15 materials with exceptionally short inter-atomic distances between neighboring atoms. One

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
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| arger PCD el enent that has a substrate, or, 10 alternately, they may be

f abri cat ed Widihg fBhadf P@)'e@éiﬁént%'a%ﬂ%b’PQB Ql@ﬁ@ﬁtdw%&ﬂ & m’t ANQbstPhte

wel di ng process. A plurality of these PCD el enents may be made Trom a
singl e PEbereas tabie @molmcarstaélxrméua@ond ns Oxedto Faaftoehbr Meab eurgace memwMIMd

4,525, 17 | 15 P
el enent sglzfrggg rs}%gtb()ﬂ?gé%%(%% S§7 I{S(Teifr)]t eF ng gl%rgfrgr B]&ﬁ%ggl X O ?f dgmeng)
bi nder - c pariclez iang pratet ihedughouinthei @émetesThese, PCD Geth @it izt bé PRl ﬁﬁﬁlae@e

DG at Bivchatigatl, 9y mahb SROPHC ﬁ%%%‘&éégé SPE %&%?‘éﬂ%éiai orsubaLer, |
di I I nond
pou efsfélf%f‘aﬂfﬂéﬁ’e?%m REAERES wila B 2%??3 HB6h s SORRENin o AR

20 incor pnmtdmgpmoessl tA pliralitpaf eludse )‘P(IDS elehentsaud)y) b@hﬁde ﬁ@rrvelrgmlglv BOD, as
terrperat re a ressur.e res hi cess, cobalt mgrates
fromt he® {}?ra‘? piq gt E]:]g %qt%{ﬁﬂﬁﬂnsqeé@%“h gﬂbé a‘éfif‘gzgey%ﬁﬁ"e%’éf’g@afaéﬂlw ng
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di anond-t o- di anond bondlng, and al so causing the dianond | ayer to bond to
the substrate. 25 The conpl eted PCD elenent has at | east one natrlx of
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binder-catalyzing material in a high-pressure, high-temperature press. One particular method

of forming this polycrystailine 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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The di anond crystals conprise a first continuous matrix of dianond, and the
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bi nder-catalyzing material. In addition, there are necessarily a

relatively few areas where the dianond to dianond growth has 30 _
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limting the operation tenperature to about 750 degrees C. 15 Although
cobalt is nost commpnly used as the binder-catal yzing material, any group
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bi nder - cRlREMAIE D atitit 250 @derédd cconventional polycrystal line diamond is
| eached out fromthe continuous interstitial matrix after formation. Wile

this may increase the tenperature resistance of the dianond to about 1200
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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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material when sintering the dianmond powder. PCD of this type typically has
great er %l%‘ﬁ?‘ltr@?‘??éﬁ%‘é%dﬁ’gmnaéﬁﬁﬁ‘g ®t han the previous types of PCD

el ggents. However, the material is difficult to 15 produce on a commerci al
scal e since nuch higher pressures are required for sintering than is the
case wth cdhweneicotinla fumidret type wlPCP basclivicemp alvzitablesinaivhich eabboastes) duciOne

result of this i t hat e bodi es ol ycrystal |l i ne di anmond prodyced b
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bi nder-catal yzing material remaining in the interstices. Again, because 20
t her e i shasdndshithay Hie prgpiovsy fxnss of Hgfﬂeqlem@ma&ﬂ@mmf@eepatm@m diffigult to

dijgicul ﬁrl)ﬁﬁcei Sh TRUEEePFatlSAA8 since much higher pressures are required for sintering than is
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
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2,268, 768, PCT Publication No 34,131, and EPC Publications 5 500, 253;

787, 820; awHor diamond jike cepiings prscshiewn eppliedsuy usfoees. for weartradéor pratsiongasistans,
dlanDnd and/ or dianond |ike coatings are shown applied on surfaces for
wear and/or erosion resistance. In many of the above applications physical
vapor deposilhi many BYDhe aboveo applivatidvrzaphysicap espatedspsiitio® (PVOYRBndir OdRESES
are used to apply .the di anond or dianond |ike coat| ng. 10 PVD and CVD

di amond E%imridn?gow%é@é@ RIPEesis| are psedaip apRly dbe @ﬁ@@ﬁ.%éﬁam@md bie gpating n
u. Pat @ |1
nerdin EnGor RpCNEL o Spatind ool n PR o) 28 Hkqtbop Sof BRgentle if
surfacesUASt Patking ndiosl. cfr43ﬂ4£riond GUALIRCE ZR SR mh,3504 $59;bet, 4856286 fallr herein
exanpl e, ovc?]gy 93. cl osely packed set of epitaxially oriented crystals
of di am)}‘P(‘f0 I3p t58%hard crystals on a surface. Although these
materials have very high dianond densities because they are so closely
packed, there is no significant amount of dianond to di anond bondi ng

bet ween adj dMAmrndoy SVAP processks tegcorhsurfages wish disatond\asdzgniondaile coatings may

15 be used, for example, to provide a closely packed set of epitaxially oriented crystals of
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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degradatlon occurs i earl ng e
Therefore the deleterious 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.
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Giffin, N.gel, et al 8,.1081-PCT A portion of the working surface on the
body of E“ﬁé’%&cﬁ’f&f’&%ﬁ@%‘éé“%@ﬂﬁ ¥processed so that the interstices

anong the superhard crystals are substantially free of the catal yzing
material. The working surface that is substantially free of the catalyzing
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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.
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electrical or galvanic process, or by evaporation. 15 In another

enbodi ment, the catalyzing material is subsequently removed fromzReSEP 2004
wor ki ng surface of a PCD el ement by conbining it chemically with another
material such that it no longer acts as a catalyzing material: In this
met hod, a material may remain in the interstices anong the v mfHs Atieel, ot al
crystals, but that material no |onger acts as a catalyzing mat efiQpi-ECT
effectivel y renoving or depleting the catalyzing material. 20 In still
anot her enbodi nent, the catalyzing material is renoved by causing it to
transform | C I e .
Thl s may be 2{1:1{2 1% (gb Cfi’ébménli]?st%gcgg{eﬁr}ﬁg{ aac%a?algz? ﬁmﬁ?&%ﬂ %f {L}Qrsﬁﬁél Iﬁﬁt?i
“wor ki ngand 4 bedynwith arveakinmgsurfade. ofHedntetdticial meinix 1md1ﬁd§' adjabhhistoned h@ﬂm@y

apply to ngn-netallic non-reactiye catalyzjng naterials. Again,

mat er i al SUSECHH Sy 1?1’ .ﬁre@mi i carlringeuashish gne HBe SupunREriateritial mafrix
crystal s, nl?éiﬁsfh@%ﬁt 510 | onger acts as a catalyzing material -
effectlv y renovin etlngthe catalyzing material. Disclosed is an

el enent conprising a pI ur aI i ty of partially bonded di anond crystal s, a

catal yzin teri i nt. er matri nd vvor k|

o vl "9, BHETLPED: dnpilis Slosed heing peblivall) ofrgdted bt g
surface mateﬁubﬁicpmb@& tith far érkatly. dubcd alihyeélBfent MR iRldR ,ofﬁihdcr%tﬁls in the
remai ni ng interstiti al matrix contal ns the catal yzing materi al

2004 G ibadynwithinget leaétt adl1 mng. depgis frear ts mqrblngwurfa@weeaeﬂmeﬁace IWEthh ls
di sgl d.h t | t titial t d bod
w16 o vOPREHGAE, Peg By ulA Bl el B he rgndhint SvadR At Sonalite B o

wor ki ng cmﬁ;ﬁgmat@a:eubst antially free of the catalyzing material, and the
remaining interstitial matrix 5 contains the catalyzing material. Also, a
PCD el enent is disclosed having a plurality of superhard crystals, a
catalyzing pliBh&hAL, AREDAIGRI ivhishoded Wl Wost i & wdrki CAYfHL: 3
majority of e crystals in tﬁx y\%l y Vﬂhmrggté#fea ngOr fg%&é s om
t he wor kvoigne wffthe bodljavmae ﬁmﬁ abaawwt'kmgl surfackOcontainst ahiabizing maeﬁalo fand l»e

ca&g | yz'se Ol vo uln?el o?%‘e ?é%lerrll | fo e Stﬁhgs s%;t‘gcecgsngu sgce:mr:llgll; r%‘r(aée of 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



catalyzing material. Furthernore, a PCD el enent is disclosed having a body
with a working surface. A first volunme of the body renote fromttﬂagwsgplmgM
surface contains a catalyzing material, and a 15 second vol une of the body

adj acent to the working surface is subst ant i ally free of the catal y2| n
material. Al so, an elenent is disclosed having a plurality of G T{%})Fg
bonded di anond crystals, a catalyzing material, and a body vmth ng

surface. The volunme of the hody adj e .20 wor ki ng surface has a

subst ant PYFPg IR AR GEL 5 TG Uy SRR AchbesTpindan @t Bae
vol UMe | fusyhsli b ot B Afanali AakAhyzi ng material . Also, a PCD

el ement 1s disclosed having a bddy wth a working surface. The vol une of

t he body adjacent to the working surface has a di anond density

substanti al | sewher and the volune is
subst ant i al 1her S et tof &8 oSS eGrEion dpa o Nk ok MEfH: clSpbetiiings gt ng
el egent phetisticosan wﬁ@ﬁ@e@ﬁd@éﬂd@%mcﬁsﬁﬂﬁé@ﬂeTn@Me@ @preélﬁc §gﬂﬁ:raﬁ§ﬁsdare as
pol ycrystalline material having EI urality of parti super hard

cryst al scutting glemeatsinyoigry fml brtg pf @talthﬁ» ﬁgecbﬁgteafmwgandﬁée sallieg prattet tmeygs al s
d | f
anc? SehAF g, R ST, micTlE RSNk bABLE: DR bl AlFULLARS T 2

G i ffin, PCDgsémenttof slie prE&nﬂﬁ&éntR(ﬁTm@uw ased 16 ufaleaﬁeamgivéwbaﬂ pﬂidu@ﬂd fén{)ﬁﬁe
of the catal yzing materjal and the renmminder of the jinterstitial regions
cont ai n #Meneuferpys, materiglsiand; algo, very darsicpr abrasren eagipgerippangerale sech a E0E¢ on
maygbe uélﬁ:ﬂ&})ﬂﬁlt he 1f Httl ng, drawing, and 5 other applications where
engl neere ds sur aces are needed. Specific applications are as
cutting elenments in rotary drill bits of both the fixed cutter type and the

rolling cutter type, as I i i j.ction bearings, valve
surfaces, indentors, 8&%@%{!@@{@&%%MWM of the present
'nVent'OFlg[lPeVIzb%@%Qaipcmm&ﬂoﬂﬁfe%és\éﬁnmmﬂrOdUCt5 ferrous and
nonferrous materials and al so very hard or abrasive engineering materials

such as stone 10 and asphalt and the |ike.

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.



BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1A is a typical PCD el ement of
the present invention. 15 Figure 1B is a typical PCD of the preseéhq SEP 2004
i nvention 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 present invention. 20
Figure 3 is a perspective view of a rolling cutter rotary dri [Griffig; Nigglst flg a
PCD el enent of the present invention. Figure 4 is a perspective "$t&P6F an
insert used in machine tools utilizing the PCD el enment of the present

i nvent i oA18W8 7Ps guphwtesmigrogragh of she PCleelomeny offthe persart igveation shoming & fevit
vent| _ B TSP L e et :
sui tabl e tpg)ﬁfoeu&ﬁh Iy g&?;sﬁnag %ﬁ{ehagm UG ki ,lregltogs faid ANed A Oédrg&gg%lﬂév]ug%m

drill bi i gure ot o- m crograph o e surface

of the pratalyzapt mathnaliinghd interstip@l tegivder - cat al yzi ng material in the
interstitial regions. 9 2 9 SEP 2004 Giffin, N gel, et at 78. 1081-PCT

Figure 7 is a photo-nicrograph of the PCD el ement of the present invention
show ng @jdiré 8tis aPRidrd SPudhlal rédr&Bh@tidd bPY PED Sdnfint P tﬁé1§ﬁwre rsﬁ&hrfdgatjhe
regions and a second portion wthout the <catalyzing material I'n fhe

i nt er st i boadedr diginond crystaly, quithett® interditial magtonstand cheicryistailegmphie drizhiation @f a
PCD el engnt. of .1 h rior art, showi ng the bonded dianond crystals, with
i ipfividedf iR t he

the inte s and the crystallographic orientation of

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 dept Higwe PHe acatcer-giricherahespeaseriptign ebthedT1d relenagnstof ihe prgsanh duvegtioh ase

oL 51, PSSk b T RSP B Bl LA i e

surface of the PCD element.

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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15 Figure 11Ais a front view of an encapsul ated PCD enbodi nent of the PCD
el enrent of the present invention. Figure 11B is a section view of zagmsErFerz[]Bj*
encapsul at ed PCD enbodi nent of the PCD el enment of 20 the present
invention. Figure 11C is a section view of still another encapsul ated PCD
enmbodi ment of the PCD elenent of the present invention. 25 FpiffindiggRaal s
perspective view of a CVDIPVD applied surface for another embodidhhtFo¥
the PCD elenment of the present invention. Figure 12B is an enl arged
per spectFigerey1 s 6f secten vigpsohla wire ykewing &ip havingeaP8d? rismensfoft the prexent
el ement iﬁkF‘Mﬁ% 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 section view of a
wire drawing die having a PCD el enent of the present invention. Figure 14
I s perspective view of a heat_sjnk having a PCD el enent of the_ present
i nvent i digureR4ys perspesrtive visay eirehet vigk hrwie 8D plementRy thapiespt {VPRY®| enent
of ¢he present invention. Figure 16A and 16B are front views of the mating
parts of a valve having a PCD el enent of the present invention. Figure 17A
i s a si déiguiechd ispempedtivd eievoof hibearing haviRCD PEILk elemeniodf thédprepene smehtion.
invention. Figure 17Bis a partial section view of a punch having a PCD
el enent of the present invention. 15 Figure 18 is perspective view of a
nmeasur i NEjeGRVI62€ ahd Y61 ArSfrbi ek € BB He MRitideSarR F3eMHive hdWDh iPeD elREN &ED
DESCRI PTI OF THE | NVENTI ON

the present invention.

10

Figure 17A is a side view of an indentor having a PCD element of the present invention.

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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AND THE PREFERRED EMBCDI MENT 20 The pol ycrystalline dianond or di anond-|ike
material (PCD) elenent 2 of the present invention is shown in FizggrngA%ﬂglr
The PCD elenment 2 has a plurality of partially bonded superhard, dianon
or dianond-Ilike, crystals 60, (shown in Figures 7 and 9) a catal yzing
material 64, and an interstitial matrix 68 fornmed by the i ntefGsffincidigel,@Pal
anong the crystals 60. The elenment 2 also has one or nore worki AglBPECECes
4 and the dianond crystals 60 and the 25 interstices 62 formthe vol une of
the body 8 of the PCD el ement 2. The working surface 4 is any portion of
the PCD body.8.which, .in operation,.. cant.act the objegt.to be worked.
In this spec?titatPyifadien I{Hﬁ%f \RB?‘FJH% 503 r#ngﬁ-éergpqrgtuaq &g sg'@&prﬁsuﬁes the
under st ogflerstieds 62 aMBRE ItRS chyRtalNF0 TN {vith r‘th@%aiah%ix@ﬁm‘été?ial’"@ﬂﬁhstni’sytlféebond
exposed and/or used as a 30 ‘working surface. Furthernore, any portion o?
any of tREoRSike pysiais Qe Lping formedadd aofurthesstep of the wanidapiyre wofmacd’ the 11
2 9.SEP WeANe P 087~ ri.ng..manuf act ure, .under
cong it oﬁ%glgffz ﬁ%lrﬁg%&?ael r?gel?g&ltlﬁcrt @Elgﬁdg plr?lzeghf}%rgé%[sgﬁcrgggétnllltggufﬁt rs e(,rgséﬂtéﬁﬂgﬁong
the crysadirst vlurhé bf theibolly 8t tieaPED etdntegt Caémbtedtond thej wisikingSsutfhee Hesslsins
anong the crystals 60 are, being forrre?l. In a further step of the

I

n . .
manuf act Heecatalyriae prtanabod aad aseoendiwlume ef ihgibody 8jadiagentde the wpikingepriace d
from song ;06 yshgnbinf Bsbf A€ i RAS4. Tife fnflticefod | o T
body 8 of lt ue P05 €l enent Z%rae Ztln r%mgﬁjé %%r féﬁ%ucg%‘?%g\fé@h gcsm al (tr?ltsﬂ&the
cat al yzi fige ofithercatalyzing, matedalsodsare omlicatenll bymmnodraltdée body 8 adj acent to the
vvorbi ng surface 4 is substantially free of the catalyzing nmaterial 64. The
i nt!' stices 62 which are substantially free of the catalyzing naterial 64

are i ndi cat eghcRyoRURMRY Rterfifial HatTPeREIARE bogm e.lcf]"e{c%ﬁtsflé bl ﬁastmf %ﬂgéﬁ%ﬁ’ Stﬂé

the body 8 adj acent to at least a portion of” the” working sur |
subst ant werkipg fsugaceot ishabstantidllyz fnag ofethe ratdlyzbag meatetial Het, resduibei regiaining

2"y el bhiER e B8 SRR R IPE b MGRREhBCrRLP TR BuTpioni ARy ool

t ungst entcagibistate doftledstardmarerial) Radallgtcemented tungsten carbide, but use of a substrate

15 6 is not required.

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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15 6 is not required. Because the body adjacent to the working surface 4 is
substantially free of the catalyzing material 64, the deleteri di§ etPelil
of the binder-catalyzing nmaterial 64 are substantially decreased, ‘and

t hermal degradation of the working surface 4 due to the presence of the 20
catalyzing material 64 is effectively elimnated. The result $5ffi NigghebD
el ement 2 that has the enhanced thermal properties approximti n@g'ltoﬁéi?cqéf
the so called thermally stable PCD elenents, while maintaining the

t oughnesknow ithas hersda dofandemugraeelingsaphin grpwaémel s dinmpnd ¢ dipmond-like

traditio t ' I Q. b b St '

cut ti ng. CpalEeaE B G kBl R, bRkl MGl Blanb 5t SNSRI
appl i cat Aeran beisgbgradiaant aagalsicOyhava babdddewptther ajtblinteatitisingpacdses> amung ace
di stortion in_val ve apE)I i cations, and h%}sﬂﬂg&vant ages in nunerous other

appl i cat thsAs Beraperth Fleayrgcortares e onisiehinor Serepbdireciantipe pdjaceph gripedt 60
el egent Stheﬁéeisagehém19fno§§%%hf bfthaamhdb‘f@%dr%ﬁnafd ﬁmuﬂa?vrh?@gﬁ@ggpw@ pip |

be di scussed i'n nore ta ater 1 n the specification. rong now
to the phatenialsi tx penfaph vell m pxtrone JoadifeCondtonments wheri jgh dnpactaivddalaso
the mcrostructural representation of a PCD el enent of the prior art in

Fi gure 8%MOfs || -12 2 9 SEP 2001 Giffin, Nigel, et at 78.1081-PCT
known that there is a random crystall ographic orientation of the dianond or
di anond-li ke crystals 60 as shown by the parallel lines representing the
cl eavage pl dndke processatt bondiwgdhe exystals/) inamhigh-temperatusaljhighepressure presd, $he0

ha bonded together M th interstidti spac 2. n t hem. Becaus he
e 38y agerniraie StEt of eindps e rith PR beR RGP B RO e bl inRr A el <
60 5 theriss tiis gRMgLiak nyatarinl S4rRitGitbwe alidbaidaitd B e nfedbetli-itidshcbitadiinomd
This structure allows PCD materials to performwell jn extrene |oading
envi r onnesials ot hafielptivellaw presguasand tempergiHrePresent e piestess of bondi ng
the crystals 60 in a high-tenperature, high-pressure press, the 10
interstitial spaces 62 anpng the crystals 60 becone filled with a

bi nder - cat alTheiprgpr ragit BEDadlerbent bas at keasthore aatinhoysi mgrinatferystdls 60 Honded to

al Ilgws tfr:]a%hbo(% g'swittl'? tl%em];n%; Hl%grst?c%g\%%ec%n?agﬁigg g Tin elr-%gpaf}ging material 64, typically

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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crystals 60 at the relatively | ow pressures and tenperatures present in the
press. The prior art PCD el ement has at |east one continuous matpig SEP 2004
crystals 60 bonded to 15 each other with the many interstices 62 .
containing a binder-catalyzing material 64, typically cobalt or other group
VIIl elenment. The crystals 60 conprise a first continuous nat@n§Endfsgel etal

di anond, and the interstices 62 forma second continuous matrix Gfl081-PCT
interstices 62 known as the interstitial matrjx 68, .containing the

bi nder - cf e patelyginganalerial 04 is nobahiect tmthe thramal deesadatian gacouptersd ig the other
relative : ' ' rowt h has encapsul at ed
%0 cons afay (AEPERE bR ih MfipddvBlBRtind 2t BAERGEsD Cop

yZI | slands' are not part of
the continuous interstitial matrix 68 of binder-catalyzing material 64.

Referring nQw to Figures nd 9, shown i .cross sect,ion of the PCD
ol enent 3 oftbetscare sienschetodt BibaRvingity doeRiit ShorRmiseinggagtiol §f AR t he

sang NManpeksfts bR IPbALheRbl, Re chdR R RO 64856302 0BRPYEN gfdhg%aterial ,

preferred enbodi ment, after ‘a prelimnary cleanup operation Or at any tine

t her eaf t @d the méthogobeenseving thearnidlycing miaterial s woldach dt Bomf the éntdrstided, 62 72

Che bi nd®r PG WiBeRiofd 27 o A oBHR[ 2 i SR HG T RRoRal 4 4 8oy

the i nt egrahtief Ssanbabod WY ninfelt igiatsdOpshsibley tHatkise Hithad] dGenioving thb eariyAidg
surface are substantially free of the catal ymgg 30 material 64 indicated
by nuner#ptegal 64riemysar the sudacetnay bvbxkelagiristl diggaearge, orpther plectrisat or galvanie

-13,2 9 P | £l Nigel, et al 78.1081-PCT of the catalyzing
ma?(e}ri al ﬁes%g&)ﬁg%%%%deb& to the thermal degradation encountered in the

other areas of the PCD, resulting in inproved thermal characteristics.
There are many t hods for renoving or depleting, the catalyzing material 64
fromthe 5IRap lgﬁwﬁ@dérzf dﬁﬁg%%%we%% ing gt éﬁfﬁqfﬁéLW@Pﬁl%ﬁ Ga thes
cobal t oL AV ARE nliQihl 3494 BefTBEE by HombATifs ﬁmem%ah?,gs&ﬁaﬁ ﬁzlg,gwﬁﬂanot er

catalyzing matérial 64 is to leach it fromthe interstices near the
wor ki ng watefiaksich, that0f nd Jouger ac®ED actatalyzing Materiahn Imthisimethod] agnavered sy t o

h of . b 0..2 1t is al i bl h hod
ot TF ooV T e P o€ o £riif ol BR IS 2bdOtes) e By
el ectri caktalging bataRl 6L cHeb@felPleafdvingial or gal vanic

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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10 process or by evaporation. In another nethod for depleting the
catalyzing material 64 fromthe interstices 62, the catalyzing 2ed 3 f2084
is depleted by conmbining it chem cally, such as alloying, wth another
material such that it no longer acts as a catalyzing material. In this

met hod, a material may 15 remain in the interstices anong t he Geiffani¥iae), ot al
crystals 60, but that material no longer acts as a catalyzing mdt-&¥5lECT64
- effectively renmoving it. In still another method for depleting the

catal yzi ke mierstices| 626and thenerystalsi 6ft e Uponciigent expansioathel giamand-tedisnioal! 64

20 as o cardhy SAYDetpifed o SAREMAL bl Bl TSl 2 by a Crysial

structure change, phase change, mechanical “working' , thermal treatnent or
ot her treatnment nethods. This nethod .na ply to non-netallic or

non-react i vel RatesPys prge ﬁﬁfh@rm%lr@gfédg%mgeganwtt@wwwﬁewf rabpi 150 dograep&.
I ntersti %d@f@&qséd‘g;[ ﬂigz&?ﬁ%;@r Xk @Je tthbEn&eP%tagﬁ%é. rrhétle i1%4 OSHRkinBCt S

as a catalyzing nateri BCt | y renoving catal yzi ng
mat er i al th2&ySalsé0; sl casialzythe crgshaistfélrﬂo@ra;ﬂﬁtimcﬁsathe tmnﬂemtutemeamr'IGOr‘@grees

sur face 0, een rend red neff e, the PCD el ement of. the
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descri bed, there are two nbdes of thernmal degradation known ¥ e caused by

the cat abgthasrfcenefithe damoedm'm@ 60 ¢amtenabld éhip modp of thetmalelggrmdaiioron begi ns
at tenperatures as | ow as about 400 degrees C and is due to differential
t hermal expansi on between the catalyzing material 64 in -14 2 9 SEP 2004

Giffin, N gekwouRtthadeford8e aﬁ;ﬁécla&r bl higose Rkiled in GR%riGRataBE makigmfh Yede Sh0.
Upon suffrcr ent expansion t di anond-t o-di anond, bondi ng may be ruptured

and cr ackatalygingchpssiahfif st e, remepaed betihoppthe Bterstices Hg| amengy theadirmand

begins a tof T ;

t he cat afgg/’[zsr ng a%rhﬁr@)ﬁ/ tﬂ% .ﬁﬁ%& 1 tﬁ%?ﬂgg)th gl% zsrgtrlrS 60 ‘gélfa g&:e{tﬁﬁlgg?rfa ge{:] he

cryst al s 68Qs rensleddisn ibgtlt the sorfyes alff shdGiatmond rcaptuls 6@ end $roith thetiatepsticed 62 e

nealrssl 759!1(9((?1(1;523{a g? thermal degradation for the diamond crystals 60 in that region would approach
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

-15-



C. As the crystals 60 graphitize, they undergo a huge vol une increase
resulting in cracking and dis-bond fromthe body 4. Even a thickh8sSEBf 284
few mcrons of the catalyzing nmaterial 64 on the surfaces of the dianond
crystals 60 can enable this node of thernal. degradation. 10 It woul d
therefore be appreciated by those skilled in the art that for Grifiigi Meghetal
benefit, the catalyzing material 64 nmust be renoved both from t A&I081-PCT
interstices 62 anpng the dianmpnd crystals 60 and fromthe surfaces of the
di anond ®ioylsngissrie® 4gnagervary dependieg yrealthe imsthodursedifar degating theeeralpzing r om
both the sdg#r{a?ﬁgs of the dianond crystals 60 and fromthe interstices 62 15
t he onsef® ermal degradation for the dianond crystals 60 in that region
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the cat al:étﬁl?rﬂiﬁ?ﬂﬁtéﬁdl%k d@@eﬂéﬁ PRk for aQpedii€ appMcaiigt | ces 62, but allow ng
sone, if nof al'l, 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 tao renove .t.he.catalyvzing material..64 .framth rfaces of the
ai Mond oryJpARE BEFRGITT et he et epbiuily ced AR e rdtirR B patalying
dependi nghatPRIN 64 Hg thR@ktiddd oMhitkintdiftitRdinRltd? I68Jof Rl £RoRImd 6f SRS it t O
be effective in 30 reducing thermal degradation, the depth of depletion of

t he cat afipuidbe yadersstoad that manynift pd ally Shepsugfagespobig adiaeentt dipmong gostalefO al
78.1081- nki 4 var di Q r
Gopl ot iy UG R B i MGl (15 80 AL BO DAL TR SRR T
t he ther frat’ ishised befeningatoadamberidd) haférialib4 |oasthe tshefices of the diamond crystals 60,

15 there may still be catalyzing material 64 present in the adjacent interstices 62.

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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5 750 Cis adequate, and therefore a |l ess intense catalyzing materi al 64
depl etion process is permssible. As a consequence, it woul d be apf§r §EPapfd
that there are nunerous conbi nations of catalyzing naterial 64 depletion
met hods whi ch could be applied to achieve the level of catalyzing material
64 depletion required for a specific application. 10 In this SpéciNigetaital on,
when the term “substantially free' is used referring to catal yzi Wglo8i-PCT
material 64 in the interstices 62, the interstitial matrix 68, or in a
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crystals 15 there may still be catalyzing fmaterial 64 present in the

60 5 1
adj acent 73 pt e suitwelement Wi h the catal yzing material 64 renoved or
depketed, two major nmechanisms for thermal degradation are no |onger
present. However, it has been found that the catalyzing material 64 has to

be renoved a&s andepiehn sutiiveifent theqrapl of\Widare b adedisca ysiatis ifiRedso is amduct
away the 20 heat geEe ated by a thernal evtne!lnt to bel ow the degradation
t enper at WP Bfex fesu ré’%f"é‘i"é‘g semeeAd W gt Rt ying) Mpkariet 64) degletip depth

present., rp?oaQ:ﬂ@s 8 9tmf Tlﬁpé%tl%t ﬁfﬂf{xé %E§ gf RERTinA @ SomMRH in icﬂ&xg%%lé?lgaase g(gragnt

2 configured as a cutting elenen I nce this test was st gne
st andar d0.veam depsh if the ¢ritesk depletiomdepsh droamttlss wiotki®h syfanei 4], 72r whsofabl e

cogparison ,of. cuttin enents 10.w t arious depths of the catal yzing
ofBr o1 R FiEgvaEe & eeuoredoFeh Bofhantetes 8 Aot aws e Surheeioh AR  on
process #igmBH@esh& cccat al yzing material 64 fromboth the interstices 62

and fromthe surfaces of the dianond crystals 60. The test was desi gned
such that a repeatable input of heat was applied to the cutting edge of

t he PCD cutt) r er.l.o ime. .30 -16 9 SEP. 2004
aritfin, i GpleEl SR ol Qb SA0 MR BRI nple buicklprsbe dor st
i ndex wathe cafabizirt @ateridlngt, bhegwedr vehsis \Wepth dfidplétion hebellaeéd & appliskiMBRthat
resistance. Due to the nature of the test, it js assuned that an jncreased
wead 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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I ndex nunber indicates increased resistance to thernal degradatiz oé ‘Bhfh
wor ki ng surface 70, 72 of the cutting elenent 10. 5 As can be s ] EI b4
curve Ain the graph of Figure 10 there is a dramatic increase in the wear
index result for cutting elenents 10 when the catal yzing naterial 64

depl etion depth approaches 0.1 mm Therefore, for the types Sfiffd¥igelistut
comon in cutting elenents 10, a 0.1 mmdepth is the critical déi)loéﬂ‘ipﬁ
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conductor..If a.friction event .at rki.ng surface 4, 70, 72 caused a
sudden, BRstadge “lﬁfé es!t ‘?a'f“ﬂ‘é"‘b?#:@@dhali‘i‘%ﬂﬁ]o‘ﬁéislcﬁllsthd&!e@\ﬁé@lY&mggoﬁéFﬁﬁﬁl %he
heat in ﬂdhcéﬁ)tﬂéhﬁﬁcﬁégﬂﬂﬁti@ﬂ%sfcﬁ%ﬁ&ﬁy G¥GVed. H‘HesraﬂPHf oAb gfbgeai% 630 c

extrenmely high tenperature gradient through the material, possi
per nm obelievgthée be Auetathicaabitlity lof sheseustep tavormhain éstatyiee’ lobger2iug tSERe B@hsed

15 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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Giffin, Nigel, et al 78.1081-PCT the working surface 4, 70, 72 to reach
950 C, and not cause significant thernal degradation if intersti(ze? SEPapd4
the surfaces of the dianond crystals 62 adjacent to the working surface are
substantially free of the catalyzing material 64 to a depth of just 0.2 mm
fromthe source of the heat. 5 It should be apparent that t hetifipigst stalir e
gradient will vary depending upon the crystal 60 size and the affo\fRtTEF
inter-crystal bonding. However, in field tests of cutting elements 10 for
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cat al yzi Il L4 ' ' I
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ability of the cutter to remain sharper’' |onger due to the increased 15

wear resistance. There are ot her. possihl onstructions of P el enent
that benet | 3 FOHPIBITBEPOR b HEraodil 16r SErerelt d0gdrng ised oh Peiils
descri beghriReYermd¥ c%?ﬁ)ﬂ@_éb,na ChiaNERg ratérial B4Bnanthody1GsaRRh A8t %grlﬁ&!‘t

of the present invention is a coipound PCD el enent 102. The PCD 2 enent
102 has H4bobise vaigmeili R of therbmdy adjacentsheserkingsunfage itAd hang eubstdntinily higher

econd refo d.PCD el.engnt ) dde i thin it. The,enbedded

fone SBoR oG RO, AR PRI Lot e Yvoime JF2 SR SeAEEbReR | ng
PCD el engfithe ¢aGlyameShawmalicn. Figure 1IA,  or it may be enbedded wholly
wi thin the encapsuFati ng PCD el enent 120 as shown in Figure 11B. This
enbedded PCD el enent 110 is nade in a process using powdery carbonates 25
of My, Ca, lLaden Ve AMsTo] | ' rped_Jj nto
a conpound g(%f)e g Q%ne‘%glg?é Ia)g:bzeelgrggﬁbéé&?{ﬁ@'t%e co‘(ﬁi@%ﬁfﬁé gé%?%[r}llgcﬁ k?:%%ngelﬁg %gg
U. S. Patghwotwndppigwet i Oninsenamer Maere tBOBSO Of DAY ilnpace iresistarce npd imprededwear
retference., In this enb di({rent, since the enbedded preforned PCD el enent 110
i 519 or metgsisentd ’Q‘Wépe Tealized.

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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30 pressures, the dianond density nmay be made hi gher than that of the
encapsul ating PCD el enent 120. In this construction since the enbe?cgedSEﬁ}C%M
el enent 110 has a catalyzing -18 2 9 SEP 2004 Giffin, N gel, et al ™
78.1081-PCT material with a higher activation tenperature, it may for
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and irrprg(F d wear 15 resistance nay be realized. It may be desirable to
deplete the catalyzing nmaterial in the enbedded PCD el enent 110 as well as
the catalyzing material of the encapsul ati ng PDC el enent 120. This

conbi nat i on Ingsneia! theslamernts 0% L6%rsknwmin Figaee | M ghlds tl 160$2Abind 128pmey be

strygngth ' | th | S 0.possgi bl r.esi st ance avail e
in %i amohd- & é}r?r%e%t%gl%(g? eé%“ﬁ%é%@ls’aiozu%ag _1rP %E?ﬁ?ygﬁ?éé?%éﬂﬁéﬁa" Ofg‘gg&}’.’iﬁ eﬁm’
enbodi mea04.ofThe kigankGid ddnsioe odjade thef widkinguiefa e 104,204 e kit@tniislhy hpher than
this enboizli nﬁnt . th(;j)SCD el enent 202 is first formed in the manner of the
pri or ar elsewpergin thedady 108, 3085 anbis substangially free gf thyoaighyzingmaeidéds i s used
to provide a 25 closely packed set of epitaxially oriented crystals of

di anond 260 deposited upon a future working surface 204 on a portion 210
of the PCD eDasparticd@dy uSdfel applieatiinyfor thet PED elasudit Sodfatic peesanthingdntionds asir e

hi Qllg- t err&(la&i%é léfe%me%soﬁf%a, 5%1 &5 s%%&mtirq %igdu? so ,t4etgndd§. afl%nvgorﬁl%/gsgu?tlage of the PCD

cutting elements 10, 50, 52 may be a top working 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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260 formdi anond to di anond bonds with each other, and to the di anond
crystals in the parent PCD. This di anond-to-di anond bonding is pds$i®ife 2004
due to the presence of the catalyzing 30 -material 64 infusing fromthe
surface of parent PCD el enment 202. _19_ 2 9 SEP 2004 Giffin, N gel, et al
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Figure 1B, may be typically used in fixed cutter type rotary
driq:él bi g’sﬂf%gﬁgﬁ 412% gauge protection in other types of downhol e tools.

The PCD cutting el enent 50 shown in Figure 5 nay be shaped as a done 39.

This type of 20 PCD.cutti.n | ement 50, has an extended base 51 for .
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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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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 f&@ffLNgsl etal
central longitudinal axis of rotation 18 -20 2 9 SEP 2014 Griffi f10Rel,
et al 78.1081-PCT of the drill bit. Spaced apart side-by-side along the

| eadi ng Aeesdimglyoftheseare pfiende npmber ¢ff angitiongl lagers higiv ¢ facingighls| g”mﬁ s

10 of thg pr nt L0V [ ' e | el. t. .
body i n ORa-parle 3 RLFEpRdte sl kbine eyeRs SehorhRl dFRE Wiishio A8
30 of di wswRdo®h télitv®sididd inehd D) material, bonded in a hi gh pressure

hi gh-tenperature press to a substrate 32 of |ess hard material such as
cenented tungsten carbide. The cutting elenent 10 is preforned and then
typkcally b r Y, + i rd 4 i .gh i

forted f1ombopaanoyfe AR AL SO e A Bpn it i B1 38 e,
di r ect | yeutting hwseritd 5@ & the hewdaiDhe vdlling) gorel catterst40] 81, vRsintoothk ieargh, ahd as theftdices
70 and 72.. The cylindy.ical carrier 34 is. received.wthin a correspondingly
shaped Sé@;@gpta&dythgggégg Pyfters 4@1 Aot glieqtng ac%ﬂh‘%f“’t@?' will usually be
brazed or shrink fit in the socket. In operation the fixed cutter drill

bit 12 is rotated and weight is applied. This forces the cutting elenents
10 15 i nt oIn heother embbdimegt, dhé PCEUcuting elemienty 52 of the pregerdndventiodris lin ithey

actiron. Jhe PCD cutti.ng el enents 10.may,al o be .applied to the.gauge region
36187 B of porppRuint e GRR I of, S Shfel ARt for, 8%, a0 ' dlugf JRGe! g
the bit hacHihiQBPERESHL. VR thid@mbobinidhe theaktdss RGeS Bhas d Body id@he fodmSiFace
these cutting elenents 10 as closely as possible, it may be 20 desirable to

b
cut the fariagdable S4efrdiamapber digmend gike péeriod bpadrguior lesh byrd syhgite SQuwidh
Cut i ng. Btk bhifyced'7 A A ERiAG, 81 dftind PlcheRE IO AT BF R k0% |

rol | i ng mlutdliey of ymellatrpiddes bihichIBe swisequenilp aRacheddo 3an iksertofd thagisandured oy i | |
bit_38
15

the tool holder of a machine tool. The cutting element 52 may be attached to the insert by
brazing, adhesives, welding, or clamping. It is also possible to finish form the cufting element

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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25 typically has one or nore truncated rolling cone cutters 40, 41, 42
assenbl ed on a bearing spindle on the leg 44 of the bit body 46 quEP 2004
cutting elenents 50 may be nounted as one or nore of a plurality o
cutting inserts arranged in rows on rolling cutters 40, 41, 42, or
alternatively the PCD cutting el ements 50 may be arranged aloﬁﬁmﬁﬁ§§T§g¥44
of the bit 38. The PCD cutting elenent 50 has a body in the for i
facing t e 35 of dianmpnd or diamnd 30 like nmaterjal bonded to a |es
hard subgﬂ'%ﬂ other typrsof wearrlemepy lormeaswringdeviessiigli shonm IB&?S‘H@ lgﬁp@ég‘ﬁt

i nvent i ORalS of face i 70
and 72, T34EgF ECLIRCHBHT & f prOBR{psibRE IR be BRPARRY e ichOSfey

t her e arspplicstéon formohpeystaline danwingdiwmdd bepsgfersomdheveatalyzing haterialgddpidied 35
and the bstrate ﬁé to hel. mor e evenly distribute the stresses generated
during f%ﬁ ﬁiﬁ?@gﬁ? SPﬁ?ﬂﬂﬂiﬁ“‘ﬁﬁomn to those skilled in the art. 5 In
opesation the rolling cutter drill bit 38 is rotated and weight is applied.
This forces the cutting inserts 50 in the rows of the rolling cone cutters
40, 41, 42 Weaseaside papsent inypticashastheemidescribed i paipwaetelativa toghe idhgyvings
cutters 4 42. t f I Wl tion. 4N .anoth

enboa pufedtroiicy oot R et A Mabbinet b8 ARl AaitAyBACIAR from thogs,e
10 f or shewn ar suggasigd herein, hagtbamgide avithin thetsbepe ddapieil offttiegiréseht hoéntlone as a
cutting insert in machining operations. In this enbodi nent, the cutting

el ement 52 has a body in the formof a facing table 54 of dianond or

di anond |i ke material bonded to a | ess hard substrate 56 with working
surfaces 70 and 72. Typically, the cutting el enment 52 would then be cut
intoa 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
cutting elenent 52 may be attached to the insert by brazing, adhesives,
wel ding, or clanping. It is also possible to finish formthe cutting
elenment 52 in the shape of the insert in a high-tenperature high-pressure
manuf acturi ng process. As shown in Figures 13-18, PCD el enents 2, 102, 202
of the present invention may also 20 be used for other applications such
as hollow dies, shown for exanple as a wire drawing die, 300 of Figure 13
utilizing a PCD el enment 302 of the present invention. It may al so be
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desirable to utilize the excellent heat transfer capabilities of Zﬁbsﬁszmﬁ
202 along with i I nsu
e et R Mth a PCD el enent resen
pplications include friction bearings 320 with a PCD bearing el enent 322
shown in Figure 15 and the mating parts of a valve 340, 344 with surfaces
342 having a PCD el enent 342 of the present invention as shown in Figures
16A and 16B. In addition, indentors 360 for scribes, hardness testers,
surface roughening, etc. nmay have PCD e fnents 362 of the present 30

I nvention as shown in Figure 17A. Punch 370 may have either or both dies
372, 374 made of the PCD materi al Of'IEE Eresent I nvention, as shown in
Figure 17B. Al so, tool mandrels -22 2004 Giffin, N gel, et al
78.1(c)81-PCT 382 and other types of wear elenents for neasuring devi ces

?g\?entsrg\rqg ! Int %%Bm%der S dc@g@l[eﬁfgp?gpﬁ 'éﬁ:&lsw &q?l cat1on ond

pol ycrystal l i ne di amond woul d benefit fromthe cat aI y2| ng materi al depl et ed

PCD el enmegtystals bohded teasubstraewfiesyhard nviiteriah a working sarfate onthebiody, has
been described in particul ar relation to the drawings attached hereto, it

shoul d be under st further. nodificati.ons art fromthose
shown or yﬂy@ ﬁgiﬁ%i’ gﬂd@mtﬁ Hrom; the wetking a;ngfoaggqu ntaigs g he
pr esent |nvent|on 07 200 7- --L EPOL 407 2 9 SEP 2004 PGTG B 01 02U8
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di anon

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 bondéd 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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hrd material, a working gu9f§§% 2[},&4

to a substrate of
in a first volune
a 5 catal ysing ma _
adj acent to the working surface is substantially free ofthe catal ysing
material, the remaining catalysing material within the second vol une of
t he body continuously decreases with distance fromthe first volume and
adheres to surfaces of the dianond crystals, wherein the second vol une
extends to a depth of at |east about O.1pgm fromthe working surface. 10 2.
The polycrystalline diamond el enent of Claim 1, wherein the second vol une

wor ki ng o anaRCiobgRd ST le Replig YeRIE SRS SREYS I b GRevne

t he second vol une of the body has an average vol une density of the bonded
di anond crysatetial.t hat is 15 higher than an average vol ume density of the
bonded di anond crystals of the entire body. 4. The polycrystalline dianond
el ement of _C ai onprises_ an jnterstitial _matrix, and

1, erein _t he pody I .
wher ei n -t hé- part Pgﬂ@‘ﬁfm diamgndrglement; of &flatml.; whereinethei diamernd une

contains the catalysing material, and the part of the interstitial AMENDED

Subst ant 1 a1y o8 U SPRAI4 boldGe xEinolt Bl e Brsf Getlind Bl Ters epenlypine

di anond el enment of Caim1l1, wherein the dianond crystals in the second

vol une Senmaterialadhetingfto their sotfaces thanaht dismond ahystalzdn the s8éciid volume
adhering to their surfaces than the dianond crystals in the second vol une

whi ch are adj.acent .0 t fir vol.une. 6. The pol ycrystalline di anond
el enent of % ﬂﬁel‘,’&Ja\’F@I}Z‘Pﬁh?ﬁtés WUMe, §  nmaterial is cenented tungsten
carbide. 7. A PCD elenent as claimed in Caim1, conprising a preform
cutting el gnent 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 insertin 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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10 having a facing table and a cutting surface, wherein the work&rfy SEff 2886
ition of the cutti
the cutting ele

flxed cutter type rotary drill bit. 9. A PCD elenent as claimed in Claim?7,
wherein the cutting elenment is 15 nounted upon a body of a rolling cutter
type drill bit. 10. A PCD elenent as clained in Caim1l, conprising a

cutting element with a cutting surface adapted for use as a cutting insert
in a machining operation, wherein the vvo?gl ng surface conprises a portion
of the cutting surface. 11. A PCD'el ement as clainmed in Caim1l, conprising
a draw ng dj"%ﬂdﬁg%‘e\f %h AVENDED SH_ELOG 2002 26 wor ki ng surface

conprises a PRPHSEHP RGO O it drapvisg dig centast -2004 12. A

PCD el enent as clained in Caim1, corrprl sing a heat sink. 13. A PCD

el enent as p2.ai NAPCD lbment ds cARABA i OMind 1960 'ﬁﬁsﬁ%‘& @%ﬁﬁomthe group
consi sting of a valve surface, indentor, tool ) wear el enent for
a b5 rreasurl ng device. 10 AMENDED SHEET 2 9 SEP 2004 Giffin, N gel, et al
78. 1081 -PCTLABSTHRAED eferront apekined iRC1sinT becqmprsing adam&se@ectad 6ot a
super hard pol ycrystalline dianmond or dianond-Iike el errent with greatly

cor oct verroRh st LR YRl PR CRdeBlRe ool iandsl ndoeanidoment fora”

bi nder-catalyzing material in a high-tenperature, high-pressure process.
The PCD %! aneasuringsdewigel urality of partially

10
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bonded di anond or dianond-like crystals form ng at | east one continuous
dianond matrix, and 10 the interstices anong the dianond crystal 8 § §pp 904
at | east one continuous interstitial matrix containing a catalyzing
material. The el ement has a working surface and a body, where a_ portion of
the interstitial matrix in the body adjacent to the working stfiffipdtsd.stal
substantially free of the catalyzing material, and the renai ni ng-1081-PCT
interstitial matrix contains the catalyzing material. This translates to
hi gher wear resistance in cutting applications, higher heat transfer 15
capacity in heat sink applications, and has advantages in numerous ot her
applications including hollow dies, indentors , tool mandrels, and wear

el ement s. ABSTRACT OF THE DiSCLOSURE

5 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, these elements 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 crystals forming at least one continuous diamond matrix, and

10 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. This translates to higher wear resistance in cutting applications, higher heat transfer

15 capacity in heat sink applications, and has advantages in numerous other applications

including hollow dies, indentors, tool mandrels, and wear elements.
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