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polycrystalline material elenents for wear, cutting, draw ng, and ot her
applications where engi neered superhard surfaces are needed. The invention
particularly relates to polycrystalline dianond and pol ycrystalline

di anond-1li ke (collectively called PCD) elenents wth greatly inproved wear
resi stance and nmet hods of manufacturing them 2. Description of Related

Art. Polycrystalline dianond angd | ycrystalline dianond-like elenents are
known, for the gllfﬂ'pss'évééa@fw%@r@d@ﬁ?mﬁe WF@‘(}I,“‘HEOW@EMES&@“%
elenents are formed from carbon based materials with exceptionally short
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material simlar to PCDis known as carbonitride (CN) described in US

Patent No. 5,776,615. In general, PCD elenents are formed froma m x of
materials WO 03/ 083148 PCT/ GB03/ 00642

BACKGROUND OF THE INVENTION
1. Field of the Invention.

The invention relates to superhard polycrystalline material elements for

wear, cutting, drawing, and other applications where engineered superhard

10 surfaces are needed. The invention particularly relates to polycrystalline
dramond and polycrystalline diamond-like (collectively called PCD) elements

with greatly improved wear resistance and methods of manufacturing them.

2. Description of Related Art.
15
Polyc;ystalline diamond and polycrystalline diamond-like elements are
known, for the purposes of this specification, as PCD elements. PCD elements
are formed from carbon based materials with exceptionally short inter-atomic
distances between neighboring atoms. One type of diamond-like material
20 similar to PCD is known as carbonitride (CN) described in U.S Patent No.

5,776,615. In general, PCD elements are formed from a mix of materials



processed under high-tenperature and hi gh-pressure into a polycrystalline
matrix of inter-bonded superhard carbon based crystals. A conmmon trait of
PCD el erwntos/odx48 he use of catal yzing materials during tRETIGEGOMELI ON,
the residue fromwhich often inposes a limt upon the maxi num useful
operating tenperature of the elenent while in service. A well known,

manuf actured formof PCD elenent is a two-layer or nulti- |ayer PCD el enent
where a facing table of polycrystalline dianond is integrally bonded to a
substrate of less hard material, such as tungsten carbide. The PCD el enent
may be in the form.of ci,rgul ar or, part-chrgul ar bl et, or -f or med
into other sHEF&sSEds gblhé&'t?n%%ﬁwg%aﬁdg%&é—ggﬁség Hﬁ%l 8V\P(&I§§§ISP&? Ttion
bearings, valve surfaces, indentors, tool mandrels, etc. PCD el enents of
this type mayaax ofisyer-bendedmvperhard capph basad astalse e cammarotraibaf PeiY
erosion resistant material 1is required. The substrate of the PCD el enent
may be brazedleents @atHe ®de, oOtAER zlgs matdriate darihg dhéiv foshation; ahdirekdduclhi s
is a conmon configuration for PCDs used as cutting elenents, for exanple
in fixed cut I g [ eas: j bl LSingn i N a
socket of thsei% r?ﬂlfchl tol,ﬂ%gr %é%sf ?xg %o‘@dpgg% i|n?1a§a rracl:]%(?lﬁlg trgeg?ﬁlip%r

machi ni ng. These PCD el enents are .&ypi cally called polycrystalline dianond
cut t er s 3 pDCjemperature of the element whilé in service.

A well known, manufactured form of PCD element is a two-layer or multi-
layer PCD element where a facing table of polycrystalline diamond is mtegrally
bonded to a substrate of less hard material, such as tungsten carbide. The PCD

10 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, friction bearings,
valve surfaces, indentors, tool mandrels, etc. PCD elements of this type may be
used in almost any application where a hard wear and erosion resistant material
is required. The substrate of the PCD element may be brazed to a carrier, often

15 also of cemented tungsten carbide. This 1s a common configuration for PCDs
used as cutting elements, for example in fixed cutter or rolling cutter earth
boring bits when received in a socket of the drill bit, or when fixed to a post in a
machine tool for machining. These PCD elements are typically called
polycrystalline diamond cutters (PDC).

20



WD 03/ 083148 PCT/ GB03/ 00642 There are nunerous variations in the nethods
of manufacture of these PDC el enents. For exanpl e various ranges of average
di anond paptBoBH4%i zes nay be wutilized in the nmanufact ur @CraGBMloemece wear
properties as shown in U S. Patents Nos, 4,861, 350; 5, 468, 268; and
5,545,748 all herein incorporated by reference for all they disclose. Al so,
nmet hods to provide a range of wear resistance across or into the working
surface of a PDC are shown in U S. Patent Nos. 5,135,061 and 5,607,024

al so herein incorporated by reference for all they disclose. However,

because the wear_resistance is vari.ed by.changi he average _.size t he
di amond par ti ol eLASTP ¢ BURETaR YanatpEn{X (BEARRLIONT o b BRI LTG5 Q1SS BLG o
and wear resistance in these designs. As a consequence, the PDC el enents
with the hi ghememealor eximplaneeions ringes od averagavgament piripkctizestmanbeh,
which for PDC s wused in drilling applications, is often unacceptable.

Typical 'y, higitieed Gh SrORdni @R 16l eflisddce Sbeadr Propietied asislvt ables i masgases

wear resistance at the expense of inpact strength. However, nodem PDC

o e, LGyl 26, B088 SATRAS ASOIPLLAR LIRRALECRS eiaesn (e

configurations to inprove the inpact strength. Al though this allows wear
resi stante ader alipest disclose. Also, methods to provide a range of wear resistance across

or mnto the working surface of a PDC are shown in U.S. Patent Nos. 5,135,061
and 5,607,024 also herein incorporated by reference for all they disclose.
However, because the wear resistance is varied by changing the average size of
the diamond particles, there is an inherent trade-off between impact strength and
10 wear resistance in these designs. As a consequence, the PDC elements with the
higher wear resistance will tend to have poor impact strength, which for PDC’s

used m drilling applications, is often unacceptable.

Typically, higher diamond volume densities in the diamond table increases

15 wear resistance at the expense of impact strength. However, modem PDC
elements typically utilize often complex geometrical interfaces between the
diamond table and the substrate as well as other physical design configurations

to improve the impact strength. Although this allows wear resistance Yand mpact
strength to be smmultaneously maximized, the tradeoff still exists, and has not

20 significantly changed for the past several years prior to the present invention.



strength to be sinmultaneously maxi m zed, the tradeoff still exists, and has
not significantly changed for the past several years prior to the present

i nvent i orwoO 03803¢ 083148 PCT/ GB03/ 00642 PCD el enents ar e paogiBodiv@n f or ned
by sintering di anond powder with a suitable binder-catalyzing nmaterial in a
hi gh- pressure, high-tenperature press. One particular nethod of form ng
this polycrystalline dianmond is disclosed in U S. Patent No. 3,141, 746
herein incorporated by reference for all it discloses. In one conmpbn
process for manufacturing PCD el enents, dianond powder is applied to the
surface of a preforned tungsten carbide substrate incorporating cobalt.
The assenbly is then subjected to very high tenperature and pressure in a
press. During this process, cobalt mgrates fromthe substrate into the

di anond | ayer an@Celgtelsﬁna@taam mgst ofen dogdhby smtenmgdiansmdspowgdarhwitblisanond
particles to bond to one another with dianond-to-di anond bondi ng, and al so

causing the Qll@lmﬂnic@y-%étalﬁubg) mghtEGalt Mea &ﬁgﬁ-bf@%@re Ridieteng@RhR) pRigs Of
the sintering process, a finishing operation is performed which typically

!5|n(r:n| :Jgrestg fthgp giescr | %ﬂegf I'n OIUQPE&? %Eﬁ% émg%gﬂ?ggle %%1}2)51&{ g dﬁﬁ%’ﬂ gsgli vely

smal | er d| am)nd gPrl t particles are used to produce a highly
atent No. 3,141,746 herein mcorporated 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 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
10 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.

After completion of the sintering process, a finishing operation is performed

15 which typically includes a step of machining the PCD. The machining operation
may be similar to that described in US Patent No 5,447,208 in which
progressively smaller diamond grit particles are used to produce a highly
polished working surface on the diamond material. However, the use of
progressively small grit sizes is not essential, and depending upon the

20 application in which the PCD is to be used, a less polished finish may be



pol i shed working surface on the dianond material. However, the use of
progressively small grit sizes is not essential, and dependi ng upon the
appl i cat iwo 0308318 ch the PCD is to be used, a |ess polishedTiGBisbsiaay be
WO 03/ 083148 PCT/ GB03/ 00642 acceptable, in which case the nachining
operation may be perforned with, say, only one relatively coarse di anond
grit size. Regardless as to the finish to be produced, the action of the
dianond grit on the working surface of the PCD during the machining
operation is to cause slightly projecting parts of the PCD (at a

m croscopi c | evel) .to. be rn o br oken away fromthe repainder.thereof to
flat a wor ki A§CHNSR ‘8#‘1%'566‘86 ﬁ?el %i‘?%é‘?én.g W%?tém[ ﬁ@yﬁgﬁﬁrﬁi&% 0 g‘f”astaiyon i's
used to produce a highly polished finish, then the finish working surface
is of very gooty édcatetatsely bearseviliamagdigrit siz¢cl ude smal | scrat ches formed by
the action of the dianond grit on the working surface. In addition to

formng a surface of good flatness, the machining operation causes the
formation of very small fractures, referred to herein as mcrofractures,

. h d . d | V\h H 1 .
0% 2 310, SRR YO B L% i

operation. It is thought that, in_subsequent use, .cracks may propagate
5 the working surface of the PCD during the machining operation 1s to cause

slightly projecting parts of the PCD (at a microscopic level) to be wom or
broken away from the remainder thereof to flat a working surface of good
flatness. Where the machining operation is used to produce a highly polished
finish, then the finish working surface is of very good flatness, but will still
10 mclude small scratches formed by the action of the diamond grit on the working
surface. In addition to forming a surface of good flatness, the machining
operation causes the formation of very small fractures, referred to herein as
microfractures, in the diamond crystals which are exposed at the working
surface. These crystals may also be subject to other damage during the
15 machining operation. It is thought that, in subsequent use, cracks may propagate
relatively easily along the microfractures, and hence that the PCD finished m

this manner is relatively weak, being of relatively low wear resistance.

Although, as described hereinbefore, cobalt is most commonly used as the
20 binder-catalyzing material, ahy group VIII element, including cobalt, nickel,

iron, and alloys thereof, may be employed.
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relatively easily along the mcrofractures, and hence that the PCD fini shed
in this manner is relatively weak, being of relatively | ow wear

resi st ancwo odlogd1esigh, as descri bed herei nbefore, cobalt i CraER3O0FRADN] Y
used as the binder-catalyzing material, any group VIII elenment, including
cobalt, nickel, iron, and alloys thereof, may be enpl oyed. WO 03/083148
PCT/ (B03/00642 In an alternative formof thermally stable polycrystalline
di anond, silicon is used as the catalyzing material. The process for naking
pol ycrystalline dianmond wth a silicon catalyzing material is quite
simlar to that described above, except that at synthesis tenperatures and
pressures, nost of the silicon is reacted to formsilicon carbide, which is
not an effective catalyzing material. The thernmal resistance is sonmewhat

i nproved, but t Heransltaeatrediaringf theiallyosable potieaystelling dimmonst isdican is

silicon remaining, generally uniformy distributed in the interstices of

the intersti tykad adfeldaXalyANE eatafifl. MHEProbessFHORaR I p@l&éfrétﬁilﬁw%iﬂﬁon@f PCD
el enent because there is no bondabl e surface. Mre recently, a further type

of PCD has b val | ] 1 C r
carbonat o5 of it s BB PRZhD R is SR I0RN o FHRaPTRBPURlY sycent
mat eri al when sintering the dianond powder. PCD of this _. )

5 that at synthesis temperatures and pressures, most of the silicon is reacted to
form silicon carbide, which is not an effective catalyzing material. The thermal
resistance 1s somewhat improved, but thermal degradation still occurs due to
some residual silicon remaining, generally uniformly distributed in the

mterstices of the interstitial matrix. There are mounting problems with this type.

10 of PCD element because there 1s no bondable surface.

More recently, a further type of PCD has become available in which
carbonates, such as powdery carbonates of Mg, Ca, Sr, and Ba are used as the
binder-catalyzing material when sintering the diamond powder. PCD of this

15 type typically has greater wear-resistance and hardness than the previous types
of PCD elements. However, the material 1s difficult to produce on a commercial
scale 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

20 than conventional polycrystalline diamond elements. Again, thermal degradation

may still occur due to the residual binder-catalyzing material remaming in the

-6-



type typically has greater wear-resistance and hardness than the previous
types of PCD elenents. However, the material is difficult to produce on a
comrer ci WO 03/08d1e8 si nce nmuch hi gher pressures are require@Cira@Bosioodseri ng
than is the case with conventional and thernally stable polycrystalline
di anond. One result of this is that the bodies of polycrystalline di anond
produced by this nethod are smaller than conventional polycrystalline

di anond el ements. Again, thermal degradation may still occur due to the
resi dual binder-catalyzing material remaining in the WO 03/083148

PCT/ GB03/ 00642 i.nterstices, Agal because. t here_i:s ipt a rate
or other bonHEHHCCS yr &R, b‘?‘??g’fsﬁqg?@ B PPi %H%gf%legul?sgg%ogﬁto% %%I?dsg%%
material to a working surface. BRI EF SUMVARY OF THE | NVENTI ON The present
i nvention pr ewifates thers apedifheudtipoinpeyating thiqyaatirahind WorkngisHaeRi- | i ke

el ement with inproved wear resistance. Collectively called PCD elenents

for the purposes of this specification, these elenents are forned with a
bi nder-catal yzing material in a high-tenperature, high-pressure (HTHP)

process. The di anond mat gy i I{I‘NIM’ TF“% vt ded to a
substrate containing thgé]'égllhgls)?zl ng ma gfrllga Sri ngN»tr}Q HP process. The
di anond body so forned

5

The present invention provides a superhard polycrystalline diamond or
diamond-like element with improved wear resistance. Collectively called PCD
elements for the purposes of this specification, these elements are formed with a
binder-catalyzing material in a high-temperature, high-pressure (HTHP) process.

10 The diamond material is formed and integrally bonded to a substrate containing
the catalyzing material during the HTHP process. The diamond body so formed
has a working surface, a plurality of crystals being exposed at the working
surface, and wherein the crystals exposed at at least a portion of the working
surface are substantially free of microfractures.

15

It will be appreciated that by providing a PCD element in which at least
some of the crystals at the working surface are treated to be substantially free of
microfractures, the likelihood of cracks propagating through the crystals is
reduced, and as a consequence, the wear resistance of the element in improved

20 and the useful working life of the PCD is increased.



has a working surface, a plurality of crystals being exposed at the working
surface, and wherein the crystals exposed at at |east a portion of the

wor ki ng worBasa4sre substantially free of mcrofracturesPCriGRBlob64be
appreciated that by providing a PCD elenent in which at |east sone of the
crystals at the working surface are treated to be substantially free of
mcrofractures, the likelihood of cracks propagating through the crystals
is reduced, and as a consequence, the wear resistance of the elenment in

i nproved and the useful working life of the PCD is i ncreased. WD 03/083148

PCT/ GB03/ 00642 The eI enment used |n a e ra
appl i cati ons. W\ﬁa@ﬁ %‘%S?Fptpéygﬁlufe er’e??g?]ilshd8¥%afy %atl ons

i n downhol e equi pnent, either in cutters or for use in wear resistant
bearings. Th exRiplesiypthit PED elancermay ifinsl gprdisatierylin dovsholswauinsasnt,
friction bearings, valve surfaces, indentors, tool mandrels and a w de

range of ot hefi,dPpl &ifigdd 0 For ﬁs@lm wRARkbstakiBedPoRs. eliRTPaD sRyndpe nused in
t he machi ni ng o%p&bram ve materials, for exarrpl e abrasive wood material s,

ferrous and n rr.o mat.er i, a 1 r rin
materials su 615‘31 ‘flgﬂj(? usggdﬂrhohl%gfn% ? Bﬁe eaﬁiﬁé%é/gor anc a\ég%\n ﬁr%ﬁg )
aspect of the present invention there is provided a ..
5 tool mandrels and a wide range of other applications. Additionally, the PCD
element may be used in the machining of abrasive materials, for example

abrasive wood materials, ferrous and non-ferrous materials, and hard or very

abrasive engineering materials such as stone, asphalt and the like.

10 In accordance with one aspect of the present invention there is provided a
PCD element comprising a body including matrix of crystals of a superhard
material, the body having a surface, a plurality of the crystals being exposed at
the surface, wherein at least the exposed part of each of the crystals exposed at at
least a portion of the surface is of rounded form. Crystals of this form are

15 substantially free of microfractures and other defects and so a PCD of this form

is of improved wear resistance.

The PCD element conveniently comprises a substrate having a front
surface, a table of superhard material being bonded to the substrate, the table of
20 superhard material comprising a matrix of crystals. The crystals of superhard

material conveniently comprise diamond crystals.

-8 -



PCD el enent conprising a body including matrix of crystals of a superhard
material, the body having a surface, a plurality of the crystals being
exposed awoO oBlogsisair f ace, wherein at | east the exposed parPCoiGRaots4of t he
crystals exposed at at |least a portion of the surface is of rounded form
Crystals of this formare substantially free of mcrofractures and ot her
defects and so a PCD of this form is of inproved wear resistance. The PCD
el enent conveniently conprises a substrate having a front surface, a table
of superhard material being bonded to the substrate, the table of

superhard material conprising a matrix of crystals. The crystals of
superhard nmaterial conveniently conprise dianond crystals. WO 03/083148
PCT/ GB03/ 00642 The invention also relates to a PCD el enment which conpri ses
a substrate haviTig mvendon akorrelates, toaa (PAHD elerhertuybichagampmsesrd aubstigieng
bonded to the front surface of the substrate, the table of superhard

mat eri al COWH?e}jﬁ' %F%nﬂ%ﬂdé, aftable Sdipleshard Reatbadll eiha bonged t didf foat at
t§ of the

whi ch a plurali crystals are exposed, at |east the exposed parts
of the crystal s whi ar xposed | t] . e
bei ng subst aﬁ‘ﬂ&%ﬁq ?/tC%ﬁesél%Bga i @P&E@%ﬁ%@?&fﬁﬁgﬁ%%g%s%@q%@% é@}ﬁ#ﬁ{e@f
exposed crystals are preferably of rounded form )
5 crystals, the table having a surface at which a plurality of the crystals are
exposed, at least the exposed parts of the crystals which are exposed at at least a

portion of the surface being substantially free of microfractures.

The exposed parts of the exposed crystals are preferably of rounded form.

10
In accordance with another aspect of the invention there is provided a
method of manufacturing a PCD element comprising: |
sintering diamond powder with a binder-catalyst material in a high pressure,
high temperature press to form a body including a matrix of diamond crystals;
15 performing a machining operation on the body to form a working surface
thereon at which a plurality of diamond crystals are exposed; and
treating the body to render the crystals which are exposed at at least a

portion of the working surface substantially free of microfractures.

20 The step of treating the body may include performing a machining

operation on the body in the absence of a coolant material. Alternatively, the

-9-



In accordance with another aspect of the invention there is provided a

nmet hod of manufacturing a PCD el enent conprising: sintering dianond powder
wi th a biwoessogrugal yst material in a high pressure, highPCergBIsabdasee press
to forma body including a matrix of dianond crystals; performng a
machi ni ng operation on the body to forma working surface thereon at which
a plurality of dianond crystals are exposed; and treating the body to
render the crystals which are exposed at at |east a portion of the working
surface substantially free of mcrofractures. The step of treating the body

may i nclude perform ng a nmachi ni ng. ratjon.on the hody in the abgsence of
a cool ant nastep io@treaﬂpgéhﬁngpayéq@{g mtcﬁgi% Rﬁ%%ﬁ%@&é%@t%%%estep
of treating the body may include perform ng a machi ning operation on the
body with a bedy mith adesomtahtoslappbypply.n lai eier eaaeethet igmpeeater af e of
the dianond crystals at the exposed surface is raised, and extremely high
local  tenpegaLileS cARMIPESAY &PoME sifaeh Bl raised) dodabxidiaeloxpighelbedl anond

surface becones plastic. Under these conditions, the exposed surface of the
generate o  EHIRHOTOUITLERSRPRAL DT POt st A Rk Salng RlARR L O
mcrofractures. It is . )
5 becomes plastic. Under these conditions, the exposed surface of the diamond
crystals can undergo limited plastic flow and thereby deform to generate a
smoéth rounded surface which is substantially free of microfractures. It is
believed that the extreme localized surface temperature attained during this
treatment is in excess of 2000°C. It is well known in the art that diamond
10 crystals deform in a plastic manner when subjected to high pressures and
temperatures such as during the HTHP process described briefly hereinbefore.
The deformation is nommally revealed by the presence of ‘deformation twinning’
within the crystals such as occurs in ductile metals at much lower temperatures.
Prior to this invention, this plastic deformation was not known to occur locally at

15 a surface as a result of a machining process, and such machining conditions are

normally avoided.
The machining operation may be an ultra-high speed grinding operation.

20 Aiternatively, the step of treating the body may include performing a

thermochemical treatment on the body. The thermochemical treatment may

-10-



believed that the extrene | ocalized surface tenperature attained during
this treatnent is in excess of 2000C. It is well known in the art that

di anond cwgaBaH4glef ormin a plastic manner when subj ect e®@CTGHBHHG42
pressures and tenperatures such as during the HTHP process descri bed
briefly hereinbefore. The deformation is normally reveal ed by the presence
of "deformation twinning' wthin the crystals such as occurs in ductile
netals at much | ower tenperatures. Prior to this invention, this plastic
def ormati on was not known to occur locally at a surface as a result of a

machi ni ng process, .and such i ni_ng, condi t.i gn e r.pal | i ded. The
machi ni ng op&vﬁf‘ieoﬁlerrgy?a@éer’éggiﬁﬂter Og]iqaﬁ %Lgéaég (gfr %dp?]g’?(%’g@ 5%'( il%sfe S
Alternatively, the step of treating the body may include perform ng a

t her nocheni cekidizieatovamousd, tdrethsotigatnent therephore Mt clafstt PR tENCIGHR WO
03/083148 PCT/ GB03/ 00642 involve the treatnent of the working surface of
the body Wi tBleafent €ast one oxidi zi ng conpound, or the treatnent thereof
with at | east one iron group elenent. In accordance with another aspect of
the invention there is provided a nethod of manufacturing a PCD el enent
conpri si ng:

5 In accordance with another aspect of the mvention there is provided a
method of manufacturing a PCD element comprising:
sintering diamond powder with a binder-catalyst material in a high pressure,
high temperature press to form a body including a matrix of diamond crystals;
performing a machining operation on the body to form a working surface
10 thereon at which a plurality of diamon(\i crystals are exposed; and
treating the body to render at least the exposed parts of the crystals exposed

at at least a portion of the working surface of rounded form.

Crystals treated so as to be of rounded form are substantially free of

15 microfractures and other surface defects, and so a PCD manufactured in
accordance with the invention has the advantage that it is of improved wear
resistance as the likelihood of cracks propagating through the crystals thereof is

reduced.

20

BRIEF DESCRIPTION OF THE DRAWINGS
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sintering dianond powder with a binder-catalyst material in a high
pressure, high tenperature press to forma body including a matrix of

di anrond cwoIB@sHis8 perform ng a nmachi ning operati on on thechaBo3nes2or m a
wor ki ng surface thereon at which a plurality of dianmond crystals are
exposed; and treating the body to render at |east the exposed parts of the
crystals exposed at at |least a portion of the working surface of rounded
form Crystals treated so as to be of rounded formare substantially free
of mcrofractures and other surface defects, and so a PCD manufactured in
accordance with the invention has the advantage that it is of inproved wear
resi stance as the |ikelihood of cracks propagating through the crystals

thereof is reduced. BRI EF DESCRI PTI ON OF W N 3/0 3148
PCT/ GB03/ 00642 Theeinvewiaen iveH wriher fhg flﬁi%rﬂ;sg gg?\%( %&X%@q Wé‘s‘?arrpl e
only, with reference to the acconpanying draw ngs, in which: Fi gure lis a

typi cal PCD fﬁf@@ﬁ&tmetabeompageng drawiegs,ilowhifigure 2 is a
m cro-structural representation of part of the PCD elenment. Figure 3 is a
di agrammatic representation illustrating the crystal structure of

5 Figure 1 is a typical PCD element of the present invention.
Figure 2 is a micro-structural representation of part of the PCD element.

Figure 3 is a diagrammatic representation illustrating the crystal structure of

10 part of é typical PCD element close to a working surface thereof.

Figure 4 is a view similar to Figure 3 but illustrating the structure of a PCD

in accordance with an embodiment of the mvention.

15 Figure 5 is a typical PCD of the present invention shown as a cutting

element.

Figure 6 is a perspective view of an insert used in machine tools utilizing
the PCD element of the present invention.

20
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part of a typical PCD el enent close to a working surface thereof. Figure 4
is aviewsimlar to Figure 3 but illustrating the structure of a PCD in
accor dancwowswssiam enbodi nent of the invention. Figure 5 iPST&GRogpI@al PCD
of the present invention shown as a cutting elenent. Figure 6 is a
perspective view of an insert used in machine tools utilizing the PCD

el ement of the present invention. WO 03/083148 PCT/ GB03/00642 Figure 7 is
a perspective view of a donme shaped PCD el enent suitable for use in both

rolling cutter drill bits and in fixed cutter drill bits. Figure 8 is a
side view of a fixed cutter rotary dril it usin el emen of. t he
present invent i GHEUIF/gisraPOrsPECtCpErY) 9@6\@@9&0?(:@088{9@%“@? (g?ll
rotary drill bit using a PCD elenent of the present invention. Figure 10

is a sectionyy @wah relling fcattelr dnill bis dné imfixedgutterPedl kenent of the
present invention. Figure 11 is perspective view of a bearing having a PCD
el ement of the present invention.

Figure 8 is a side view of a fixed cutter rotary drill bit using a PCD element

5 of the present nvention.

Figure 9 is a perspective view of a rolling cutter rotary drill bit using a PCD

element of the present invention.

10 Figure 10 is a section view of a wire drawing die having a PCD element of

the present invention.

Figure 11 is perspective view of a bearing having a PCD element of the

present invention.

15
Figures 12 and 13 are front views of the mating parts of a valve having a
PCD element of the present invention.
Figure 14 is a side view of an indentor having a PCD element of the present
20 invention.
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Figures 12 and 13 are front views of the mating parts of a valve having a
PCD el enent of the present invention. Figure 14 is a side view of an

i ndent or Weawsgs1a8 PCD el enent of the present invention. WOTEGH0GO®UA8

PCT/ GB03/ 00642 Figure 15 is a partial section view of a punch having a PCD
el ement of the present invention. Figure 16 is perspective view of a
measuri ng device having a PCD el enent of the present invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON AND THE PREFERRED EMBODI MENT The

pol ycrystal line dianond or dianond-like material (PCD) elenment 2 of the

present inventign is.shown in Fiqure 1. T I it
of partially béHIEH 13&;3&%{&61 Se’%ﬁgﬂﬁ'ﬁ%‘/8?%§%%3$@%P%§§%P%Pgbgg?é Y
(shown. in Figure 2) a catalyzing material 64, and an interstitial matrix
68 fornmed byptekent ivdmgrost i ces 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
interstices 62 formthe volunme of the body 8 of the PCD el enent 2.
Preferably, the elenment 2 is

Figure 16 is perspective view of a measuring device having a PCD element

5 of the present mvention.

DETAILED DESCRIPTION OF THE INVENTION

AND THE PREFERRED EMBODIMENT

10 The polycrystalline diamond or diamond-like material (PCD) element 2 of
the present invention is shown in Figure 1. The PCD element 2 has a plurality of
partially bonded superhard, diamond or diamond-like, crystals 60, (shown m
Figure 2) 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

15 working surfaces 4 and the diamond crystals 60 and the interstices 62 form the
volume of the body 8 of the PCD element 2. Preferably, the element 2 is
integrally formed with a metallic substrate 6, typically tungsten carbide with a
cobalt binder material. To be effective when used in an abrasive wear
application, the volume density of the diamond in the body 8 should be greater

20 than 85 volume %, and preferably be higher than 90%.
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integrally formed with a netallic substrate 6, typically tungsten carbide
with a cobalt binder material. To be effective when used in an abrasive
wear appwooansams the vol unme density of the dianond in tir€THRIg/0B43houl d
be greater than 85 volume % and preferably be higher than 90% WO

03/ 083148 PCT/ GB03/ 00642 The working surface 4 is any portion of the PCD
body 8 which, in operation, may contact the object to be worked. In this
speci fication, when the working surface 4 is discussed, it is understood
that it applies to any portion of the body 8 which nay be exposed and/ or

used as a working surface. Furthernore, any. portipn any .of, t he wor ki ng
surface 4 is, inlbmavegkmg sartpce 4 IS‘A@F‘Kiﬂﬁ%@ r?ééﬁ? %PI ﬁéd%agm}’?‘ggmﬂl}g
under conditions of high-tenperature and high- pressure (HTHP), the

interstices GRemmpRgniayecontacs e ebjeet foi bd warkdd. t ethanspaoyzcaign, waesrthal 64
foll owed by bonds form ng anong the crystals 60. Referring now to Figure 2,

it is vell know b QG ARS8 10T Hortibroof Of
W&%ﬁ%&%&??{(% AiSciBséRNERUnder 66 appl Mot

t he di anond or e crystal's 60 as showmn by the parallel lines 61
representing the c|eavage. pl anes.of each .cr I ' C S
adj acent crydbg @%O%a‘ggmgom?é’d qeofj@??isg?l \ﬂﬁa}ﬁ?i H?egir sa?f? i g‘{z’ﬂgg‘ﬁcg‘g‘q"é’f ‘

5 Furthermore, any portion of any of the working surface 4 1s, in and of itself, a

working surface.

During manufacture, under conditions of high-temperature and high-
pressure (HTHP), the interstices 62 among the crystals 60 fill with the catalyzing

10 material 64 followed by bonds forming among the crystals 60.

Referring now to Figure 2, it is well known that there i1s a random
crystallographic orientation of the diamond or diamond-like crystals 60 as shown
by the parallel lines 61 representing the cleavage planes of each crystal 60. As

15 can be seen, adjacent crystals 60 have bonded together with mterstitial spaces 62
among them. Because the cleavage planes 61 are oriented in different directions
on adjacent crystals 60 there is generally no straight path available for diamond
fracture. This structure allows PCD materials to perform well in extreme
loading environments where high impact loads are common.

20

-15-



anong them Because the cleavage planes 61 are oriented in different
directions on adjacent crystals 60 there is generally no straight path
avai | abl ewbas/ogtitasrond fracture. This structure allows PCPRCWEGBIBI06d4S t O
performwell in extreme |oading environnents where high inpact | oads are
comon. WO 03/083148 PCT/ GB03/00642 In the process of bonding the crystals
60 in a high-tenperature, high pressure press, the interstitial spaces 62
anong the crystals 60 become filled wth a binder-catalyzing naterial 64.
It is this catalyzing material 64 that allows the bonds to be forned

bet ween adj acent_ dianpond crystal 5. 60 o y : and
Eﬁnpgrgtugesfprggeﬁ? Pﬁf?ﬁ%%gﬁ%QS.%%H%;gbgggégk§%%%§%Y vgﬁﬁﬁﬁégeﬁgﬁ y-in

e body of the PCD elenent 2 of the present inventjon nges f about
85% t 0 about PESYHIETPIESH R BicaTHIRd SPWSL&W the ?@Sfa"gﬂh?@)&goﬁﬁ @iﬁg
di anond crystals 60 with a range of particle sizes, wth an average

particle sizgftod Biddgrchuiyzalpniatedl 64. dbiuthisedtatyzing meaterialydi that allows he
di anond m xture nmay conprise 20%to 60% di anond crystals 60 in the 5-15

M Cron  ange 2RO BYURIPOat ShiftcinfiaibnndyStsie at giconrlatange,

and 20%to 4 ramond crystal s he 50-80 m cfron diameter range,

al t hough nunerous ot her size ranges and per.centage i
m xtureS low pressures andtemperatu(‘.;res presententhe Prefs®s MY be used. This

The average diamond volume density in the body 8 of the PCD element 2 of
the present invention ranges from about 85% to about 99%. The high diamond
volume density is achieved by using diamond crystals 60 with a range of particle

10 sizes, with an average particle size ranging from about 30 to about 60 microns.
Typically, the diamond mixture may comprise 20% to 60% diamond crystals 60
in the 5-15 micron range, 20% to 40% diamond crystals 60 in the 25-40 micron
range, and 20% to 40% diamond crystals 60 in the 50-80 micron diameter range,
although numerous other size ranges and percentages may be used. This mixture

15 of large and small diamond crystals 60 allows the diamond crystals 60 to have
relatively high percentages of their outer surface areas dedicated to diamond-to-
diamond bonding, often approaching 95%, contributing to a relatively high

apparent abrasion resistance.

20 After completion of the sintering operation to form the body 8 of the PCD

element 2, and to bond the element 2 to the substrate 6, a cleaning operation in
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of large and snall dianmond crystals 60 allows the dianond crystals 60 to
have relatively high percentages of their outer surface areas dedicated to
di anond- twe odiosatehd bondi ng, often approaching 95% cont r iPOWIGBIY/0062 a
relatively high apparent abrasion resistance. After conpletion of the
sintering operation to formthe body 8 of the PCD elenent 2, and to bond
the elenment 2 to the substrate 6, a cleaning operation in WO 03/ 083148
PCT/ GB03/ 00642 perforned on the el ement 2. The cl eaning operation includes
?Of!gLshlngthoperatloR of machining the working surfaces 4 of the elenent 2
| mprove e . snoot hness of anrdl .t 208\ | &hsn
RETERDRY ofte o6 GRoTng: ol oeaic SR cpdaaos SaMRHE (& tREhins

therefrom T he el enent ude a plurality o

crystals 65 exposed at the working surfaces 4. descri her ei nb

it"is thoughopemtipntafenachiningithg %ﬁimgtﬁ ces ﬁdﬁi@% e Q?%FPWRVS%Q =
mcrofractures 63 and other defects into the crystals 65 of the elenent 2
whi ch are exggpethridss tgeofamkl togresiove anaerdscopse defooin therefrogur Ehe gryste
formation of these defects in the crystals 65 which are exposed at the
working surf B CoralPefRAY ht in Rt he RI-BIBNSE &rybeines wpkamest as, workige,

cracks may propag rough the crystal§ 65, "starting at the

m crofractures 63, and then. . . .. .
5 surfaces 4. gs described hereinbefore, it is thought that the machining operation

induces the formation of microfractures 63 and other defects into the crystals 65
of the element 2 which are exposed at the working surface 4, as shown in Figure
3 The formation of these defects in the crystals 65 which are exposed at the
working surface 4 may result in the element 2 being weakened as, in use, cracks
10 may propagate through the crystals 65, starting at the microfractures 63, and then

typically following the cleavage planes 61 of the crystals.

In accordance with the invention, rather than simply performing a

machining operation on the element 2, the element 2 is treated to render the

15 crystals 65 exposed at the working surfaces 4 thereof, or at at least a portion of
the working surface thereof, for example around at least a part of an edge portion

5 of the element 2, substantially free of microfractures 70 and other surface
defects. The treatment comprises performing a machining operation, for
example an ultra-high speed grinding operation, in the absence of a coolant, or

20 with a restricted coolant supply so that the machining operation is performed at a

significantly higher surface temperature than usual. By way of example, the
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typically follow ng the cleavage planes 61 of the crystals. In accordance
with the invention, rather than sinply perform ng a machining operation on
the el emew0 02/0s3ihe el ement 2 is treated to render the crypsTaiBo3®bssexposed
at the working surfaces 4 thereof, or at at |least a portion of the working
surface thereof, for exanple around at |east a part of an edge portion 5
of the elenent 2, substantially free of mcrofractures 70 and ot her surface
defects. The treatnent conprises perform ng a machining operation, for
exanpl e an ultra-high speed grinding operation, in the absence of a

coolant, or wth a restricted coplant, s ot h b

operation i sSHeRoIEHRFAIoea ﬁ%ﬁ@pcbfn#f%%%ggw% rQ’agggﬁg%)gél gtﬂ Ur 8ft han
usual . By way of exanple, the WO 03/ 083148 PCT/ GB03/ 00642  surface
tenper at ur e theantaehinieg operation exisles suek hmmperﬁ‘@fepéw@Flﬁﬁﬁé%ngﬁF ke
machi ni ng operation under such high tenperature conditions is thought to

aff ect the Wayrbnmue ietiech ahatbtal Bnewesiel foomtthe ebdmeemird sacls theh théat
the renoval of the material does not result in the formati on of

m crof ractures_or .other Syl - af %R
crystals 65. rﬁ&?ﬁaér?pﬁ?eg’%gegg%sdgggﬁog%%pgzﬁea?%%% gr%%ggcl i m'eﬁg% Slr astic
def ormati on, the di anond

5 other defects in the exposed parts of the exposed crystals 65. Rather, the

exposed diamond surface undergoes limited plastic deformation, the diamond
flowing to form a rounded surface which is substantially free of microfractures.
Figure 4 is a diagrammatic view similar to Figure 3 illustrating the effect of
performing such a machining operation. As shown in Figure 4, the exposed
10 parts of the crystals 65 exposed at the working surfaces 4 are of rounded or
domed form, and are substantially free of stress raisers in the form of
microfractures, cracks or other surface defects. As a result, in use, the risk of
cracks forming in the crystals 65 is reduced, and hence the wear resistance of the

element 2 is improved.

15
Although as described above the step of treating the element 2 to render its
working surfaces 4 substantially free of microfractures and other surface defects
may involve performing a machining operation in the absence of coolant or with
a restricted supply of coolant, it will be appreciated that the element 2 could be
20 treated in other ways to achieve the same result. For example, a thermochemical

treatment operation could be performed on the element 2 using, for example,
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flowing to forma rounded surface which is substantially free of
mcrofractures. Figure 4 is a diagrammatic viewsimlar to Figure 3

il lustratwog3bbm4effect of perform ng such a machi ni ng operaiBod064As shown
in Figure 4, the exposed parts of the crystals 65 exposed at the working
surfaces 4 are of rounded or doned form and are substantially free of
stress raisers in the formof mcrofractures, cracks or other surface
defects. As a result, in use, the risk of <cracks formng in the crystals
65 i s reduced, and hence the wear resistance of the elenment 2 is inproved.

Al t hough as descri bed ;above the . r | n SRSt er
its working™Ur ggblgselg_mg]atssqra%fll ﬁ%%;ﬂrn?gﬁlg#g' mgtlzlb%1 4 gdgt ur e%tl(glr?d&oﬁﬁgg
surface defects may involve performng a machining operation in the
absence of cdéehaiguesmay beused restri ct ed supply of coolant, it wll be
appreciated that the elenent 2 could be treated in other ways to achi eve

the sanme result. For exanple, a thernochem cal treatnent operation could
be perforned on the elenent 2 using, for exanple, WD 03/083148

PCT/ GB03/ 00642 ) & of jQuP el S55 POD déjghdett GBMRRUAAR 1rEd N hBer find
conbi nati ons of ‘%‘%e@g&aﬁgc%%eques %a;.;{ be used. As indicated her eibﬁbef ore, a

PCD el errsent %%pﬁ?&ygna% a wide nrgrygefcl) l(ljses. One particularly useful application for the

PCD element 2 of the present invention is as cutting elements 10, 50, 52 as
shown in Figures 5, 6 and 7. The working surface 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 5 is one that may be typically used in
10 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 7 may be shaped
as a dome 39. This type of 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.

15
The PCD cutting element 52 of Figure 6 is adapted for use in a machining
process. Although the configuration of the cutting element 52 i Figure 6 1S
rectangular, it would be appreciated by those skilled in the art that this element
could be triangular, quadrilateral or many other shapes suitable for machining
20 highly abrasive products that are difficult to machine with conventional tools.
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application in a wide range of uses. One particularly useful application
for the PCD elenent 2 of the present invention is as cutting elenents 10,
50, 52 aswogbwosai4$ n Figures 5, 6 and 7. The working surfaeeTadBosles4PCD
cutting el ements 10, 50, 52 may be a top working surface 70 and/or a

peri pheral working surface 72. The PCD cutting elenent 10 of Figure 5 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
el ement 50 shown in Figure 7 may be shaped as a donme 39. This type of PCD

cutting el enent 50 an.extende ase .51 for S 49 $9°

rolling cutter é]éﬁlcﬂl tg gleme 9%@3’%&%@&%&%% tt%%}% ?egnérpl ngar]!;gcffl | | :
bits, 12, 38 as will be described in detail. The PCD cutting _el enent 52 of
Figure 6 is adm:rtmmwdnﬂmemlﬁasashmlggre 9 ddedit bogyt Hbahthedrl bit is

configuration of the cutting elenent 52 in Figure 6 is rectangular, it

woul d be appggaiet @zﬁhba'%omélm Sb1hé@d16 extohding! deriehidly biivardlyervent froeoul d

be triangular, quadril ateral many ot her shapes sui tabl e for machi ni ng

hi ghl y’ abra v uct.s ;t hat n I
too:c s. g?%%%ﬁg?%@@ég@g%gé%ig{#ﬁh%ﬁ t?:lgtdtirlﬁﬁ(r:\%'te rrent rr§€to oa
pre ormcuttlngeerrent 10 of f d t t |1

P gurs8) sidermont fha i fe 26t apeh blage (s iaplirality of the PCE ditfing nowr

elements 10 of the present invention.

Typically, the PCD cutting element 10 has a body in the form of a circular

tablet having a thin front facing table 30 of diamond or diamond-like (PCD)

10 material, bonded in a high-pressure high-temperature press to a substrate 32 of
less hard material such as cemented tungsten carbide or other metallic material.

The cutting element 10 is preformed and then typically bonded on a generally
cylindrical carrier 34 which is also formed from cemented tungsten carbide, or

may alternatively be attached directly to the blade. The PCD cutting element 10

15 has working surfaces 70 and 72.

The cylindrical carrier 34 is received within a correspondingly shaped
socket or recess in the blade 16. The carrier 34 will usually be brazed or shrink
fit in the socket. In operation the fixed cutter drill bit 12 is rotated and weight is

20 applied. This forces the cutting elements 10 into the earth being drilled,

effecting a cutting and/or drilling action.
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formed wwth a plurality of blades 16 extending generally outwardly away
from the central longitudinal axis of rotation 18 of the drill bit. Spaced
apart si dwolsg/osilge al ong the | eading face 20 of each bl adecCrsGr3poaseal ity
of the PCD cutting elements 10 of the present invention. Typically, the
PCD cutting elenment 10 has a body in the formof a circular tablet having
a thin front facing table 30 of dianond or dianond-like (PCD) material,
bonded in a high-pressure high-tenperature press to a substrate 32 of |ess
hard material such as cenented tungsten carbide or other netallic material.
The cutting elenent 10 is preforned and then typically bonded on a
generally cylindrical carrier 34 which is also fornmed from cenent ed
tungsten carbide, or nmay alternatively be attached directly to.the bl ade.
The PCD cutting BieRER cutting slesnendy kP mapysalse he agphes eg@@%ﬁrf@l@ﬁ@ Réri cal
carrier 34 is received within a correspondi ngly shaped socket or recess in
the bl ade 16ihdbg 10abrpreévidd4 gaukt remniaklagtibe abmadled protesting the bit 12 fiamt he
socket. In operation the fixed cutter drill bit 12 is rotated and weight is
appl i ed. Thi%

i ! S T QridtiiB spA& Bk ButigbnlediEnts ! ed,
effecting a ﬁ%?ﬁ%ﬁ%%fﬂ&%??ﬁ% ﬁégﬁ‘g%t@?o%&%\%%&ot§/%83148 S e ORI
5 10 as closely as possible, it may be desirable to cut the elements into shapes,

such as the rectangular shape shown, which more readily fit mto the gauge

region 36.

In a second embodiment, the cutting element 50 (as shown in Figure 7) of

10 the present invention is on a rolling cutter type drill bit 38, shown in Figure 9. A
rolling cutter drill bit 38 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

15 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 like material bonded to a less hard substrate 37. The facing table 35 m

this embodiment of the present invention is in the form of a domed surface 39

and has working surfaces 70 and 72. Accordingly, there are often a number of

20 transitional layers between the facing table 35 and the substrate 37 to help more
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The PCD cutting elenents 10 may al so be applied to the gauge region 36 of
the bit 12 to provide a gauge ream ng action as well as protecting the bit
12 from womassilve wear in the gauge region 36. In order POTAEGMId4RESE
cutting elenments 10 as closely as possible, it may be desirable to cut the
el ements into shapes, such as the rectangul ar shape shown, which nore
readily fit into the gauge region 36. In a second enbodi nent, the cutting
el enent 50 (as shown in Figure 7) of the present invention is on a rolling
cutter type drill bit 38, shown in Figure 9. A rolling cutter drill bit 38

typically has s e ! :

assenbl ed on "’é’gﬂg’a@?ﬁg&gﬁ%%&gﬁ g%‘%%%% leﬁﬁlgpﬁ 'P ﬁgét%ﬁ sdﬁé%&" e}é&%ﬁ% fo
cutting elements 50 nmpy be nounted as one or nore of a plurality of cutting
i nserts arrarﬂj@%ﬁ skallgdoipsthg arty o | i ng cutters 40, 41, 42, or alternatively
the PCD cutting elenents 50 may be arranged along the |leg 44 of the bit 38.

The PCD cutting elenent 50 has a body in the formof a facing table 35 of
di anobnd or dianond |like material bonded to a | ess hard substrate 37. The

facing table 35 jng,dhiisn erbasiinBruef dtilehiPBESS Rbtatddvaid nelhi Ss applide form
of a domed surface 39 and has working surfaces 70 and 72. Accordingly,
0

and the Subst e J0BF € Harpedaral o0 M the AYR'GY BEURAY e e, AL © =0
42 into the earth, and as the bit 36 is rotated the rolling cutters 40, 41, 42 turn,

effecting a drilling action.

In another embodiment, the PCD cutting element 52 of the present

10 invention is in the form of a triangular, rectangular or other shaped material for

use as a cutting insert in machining operations. In this embodiment, the cutting

element 52 has a body in the form of a facing table 54 of diamond or dianiond

like material bonded to a less hard substrate 56 with working surfaces 70 and 72.

Typically, the cutting element 52 would then be cut into a plurality of smaller

15 pieces which are subsequently attached to an insert 58 that is mounted in the tool

holder of a machine tool. The cutting element 52 may be attached to the mnsert

by brazing, adhesives, welding, or clamping. It is also possible to finish form

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

20

22



WO 03/083148 PCT/ GB03/00642 evenly distribute the stresses generated
during fabrication, as is well known to those skilled in the art. In

oper at i orwDla/08xa8 i ng cutter drill bit 38 is rotated and wergtnosiogsd4appl i ed.
This forces the cutting inserts 50 in the rows of the rolling cone cutters
40, 41, 42 into the earth, and as the bit 36 is rotated the rolling
cutters 40, 41, 42 turn, effecting a drilling action. In another

enbodi ment, the PCD cutting element 52 of the present inventionis in the
formof a triangular, rectangular or other shaped material for use as a
cutting [ nser t | R MAGRID 0 GRES A0-P6S PO cldihéuehORAEIN2. of e Gutbtantg

el emrent 52 has %ody In the fornlof ‘a facing tabl e 54 of diamon

di anrond |ike material ss L

surfaces 70 éﬂﬁm#%”1nﬁﬁﬁﬁﬁipﬂ§e 8?@%ﬂ5%g§%£§K%%§3KE@W¥%1FH%@ cut
into a plurality of smaller pleces mhlch are subsequently attached to an

i nsert 58 t hawamplerauavdr dawirgdieodP0 ohSigee 10rutdizngaPhd elsgrent 7 of
cutting element 52 may be attached to the insert by brazing, adhesives,
wel di ng, or qh@gﬁggﬁtﬁﬁ@nﬁghjﬂ so possible to finish form the cutting

el enment 52 in the shape of the insert in a high-tenperature high- pressure
nanufactyring process.

Other applications include friction bearings 320 with a PCD bearing
element 322 shown in Figure 11 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 12 and 13. In addition, indentors 360 for scribes, hardness testers,

10 surface roughening, etc. may have PCD elements 362 of the present invention as
shown in Figure 14. Punches 370 may have either or both dies 372, 374 made of
the PCD material of the present invention, as shown in Figure 15. Also, tool
mandrels 382 and other types of wear elements for measuring devices 380,

shown in Figure 16 may be made of PCD elements of the present inventions.

15
Whereas the present invention has been described in particular relation to
the drawings attached hereto, it should be understood that other and further
modifications apart from those shown or suggested herein, may be made within the
scope and spirit of the present invention.
20
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WO 03/083148 PCT/ GB03/00642 As shown in Figures 10-16, PCD el enents 2,
102, 202 of the present invention may al so be used for other applications
such as hwbloemsdises, shown for exanple as a wre draw ngPdiraB30040f
Figure 10 utilizing a PCD el ement 302 of the present invention. O her
applications include friction bearings 320 with a PCD bearing elenent 322
shown in Figure 11 and the mating parts of a valve 340, 344 wth surfaces
342 having a PCD el enment 342 of the present invention as shown in Figures
12 and 13. In addition, indentors 360 for scribes, hardness testers,
surface roughening, etc. may have PCD efar®id s 362 of the present invention
as shown in Figure 14. Punches 370 may have either or both dies 372, 374
made of the i 1e present invention, as shown in Figure 15.
Al so, tool égﬁﬁkﬂﬁé%ﬁaghéﬁg’%gher types of wear elenents for measuring
devices 380, shown in Figure 16 nmaybe made of PCD el enents of the present
i nventions. Wereas the present invention has been described in particular
relation to the drawi ngs attached hereto, it should be understood that

other and furg hep popsicldigaiti Qitpagiasta boayn ihblodings howardy ofuggasisest a
herein, may be nmade within the scope and spirit of the present invention.

5 superhard material, the body having a surface, a plurality of the crystals of the

matrix being exposed at the surface, wherein at least the exposed part of each of

the crystals exposed at at least a portion of the surface is of rounded form.

2. A PCD element according to Claim 1, further comprising a substrate to

10 which the body 1s bonded.

3. A PCD element according to Claim 1, wherein the matrix of crystals defines

a plurality of interstices, at least some of the interstices containing a bmnder-

catalyst material.
15
4. A PCD element according to Claim 3, wherein the binder-catalyst material
comprises a Group VIII material.
5. A PCD element according to Claim 4, wherein the binder-catalyst
20 comprises cobalt.
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WO 03/ 083148 PCT/ GB03/ 00642 CLAIMS WHAT IS CLAIMED IS: 1. A PCD el enent
conprising a body including a matrix of crystals of a superhard material,
t he body wewsfgpias surface, a plurality of the crystals of PCh&GB®@OGRX bei ng
exposed at the surface, wherein at |east the exposed part of each of the
crystal s exposed at at |east a portion of the surface is of rounded form
2. A PCD el enent according to Claiml1, further conprising a substrate to
whi ch the body is bonded. 3. A PCD el enent according to Claim1l, wherein
the matrix of crystals defines a plurality of interstices, at |east sone
of the intergi CﬁsP@D“El%h{Hn'ﬂgacé‘oﬂél'iﬂgj%'Clﬁﬁ‘ﬁE' YhbreRigs 'cﬁlstalél-ofps CRcd ement
according to Claim3, wherein the binder-catalyst material conprises a
Goup VIII mat CDeIglrjyes%accordingto Claim4, wherein the

ri.al. 5. .AF
bi nder - cat al %aﬁer@ocr?ﬁ?l?%s&s‘ﬁ%%ﬁi 03/ 083148 PCT/ GB03/ 00642 6. A PCD
el ement according to Claiml1, wherein the crystals of superhard

7. A PCD element comprising a substrate having a front face, a table of
5 superhard material being bonded to the front face of the substrate, the table of
superhard material comprising a matrix of crystals, the table having a surface at
which a plurality of the crystals are exposed, at least the exposed parts of the

crystals exposed at at least a portion of the surface being substantially free of

microfractures.
10
8. A PCD element according to Claim 7, wherein the exposed parts of the
exposed crystals are of rounded form.
9. A PCD element according to Claim 7, wherein the matrix of crystals defines
15 a plurality of interstices, at least some of the interstices containing a binder-
catalyst material.
10. A PCD element according to Claim 9, wherein the binder-catalyst material
comprises a Group VIII material.
20
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material conprise dianond crystals. 7. A PCD el enment conprising a substrate
having a front face, a table of superhard material being bonded to the
front facwowmB/iosihes substrate, the table of superhard natePCalGRIOMPHRSI Ng a
matrix of crystals, the table having a surface at which a plurality of the
crystals are exposed, at |east the exposed parts of the crystals exposed
at at least a portion of the surface being substantially free of

m crofractures. 8. A PCD el enent according to Claim7, wherein the exposed
parts of the exposed crystals are of rounded form 9. A PCD el enent

accordi ng to1¢ aAmMPCDWeRheIn® ideerdingriok Clhingr Y&t alteraef iHeebinder-phtatydki ty
of interstices, at |east sone of the interstices containing a binder-
catal yst mat %{n?)lri's J0 b PCD el enent according to daim9, wherein the

bi nder-cat al ys narern al - conprises a Goup VIII material. WO 03/083148
PCT/ GB03/ 00642 11. A PCD el ement according to Caim 10, wherein the

bi nder-catal yst conprises cobalt. 12. A PCD el enent according to Claim?7,

wherein the crystals of superhard
12. A PCD element according to Claim 7, wherein the crystals of superhard

5 material comprise diamond crystals.

13. A method of manufacturing a PCD element comprising:
smtermg diamond powder with a binder-catalyst material in a high pressure,
high temperature press to form a body including a matrix of diamond crystals;
10 performing a machining operation on the body to form a working surface
thereon at which a plurality of diamond crystals are exposed; and
treating the body to render the crystals which are exposed at at least a

portion of the working surface substantially free of microfractures.

15 14. A method according to Claim 13, wherein the binder-catalyst material is a

Group VIII material.

15. A method according to Claim 14, wherein the binder-catalyst material is
cobalt.

20



material conprise dianond crystals. 13. A nethod of manufacturing a PCD

el ement conprising: sintering dianond powder with a binder-catal yst

mat eri al Wo oa/okdigh pressure, high tenperature press to f®CHGBBOGA2
including a matrix of dianond crystals; perform ng a nmachi ning operation on
the body to forma working surface thereon at which a plurality of dianond
crystals are exposed; and treating the body to render the crystals which
are exposed at at least a portion of the working surface substantially
free of mcrofractures. 14. A nethod according to Caim 13, wherein the

bi nder - cat al yét Amahethodlacésrdmg 6r Glapm 13|, funtidretoingdrisidd sinteringt thedli@acad di ng
to Caim114, wherein the binder-catalyst naterial is cobalt. WO 03/083148
PCT/ GB03/ 006 ; o " 1§l
Gimtoring thEod A A Y S P Klpp e e S ORERS Y,

tenperature pres 0o bond the body to the substrate. 17. A nethod
accor di ng tolg@ﬁ%?%u% ein the substrate is a tungsten carbide

substrat e.

5 17. A method according to Claim 16, wherein the substrate is a tungsten carbide

substrate.

18. A method according to Claim 13, wherein the step of treating the body
mcludes performing a machining operation on the body in the absence of a

10 coolant material.

19. A method according to Claim 13, wherein the step of treating the body

mcludes performing a machining operation on the body with a restricted coolant

supply.
15
20. A method according to Claim 13, wherein the step of treating the body
mcludes performing a thermochemical treatment on the body.
21. A method according to Claim 20, wherein the thermochemical treatment
20 mvolves the treatment of the working surface of the body with at least one

oxidizing compound.
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18. A method according to Caim13, wherein the step of treating the body

i ncl udes perform ng a nmachini ng operation on the body in the absence of a
cool ant rmaDeBiosd148 19. A net hod according to O aim 13, whererrGRoBoo@EL2ep of
treating the body includes perform ng a nachining operation on the body
with a restricted coolant supply. 20. A nmethod according to C aim 13,
wherein the step of treating the body includes performng a thernochem cal
treatment on the body. 21. A nmethod according to Caim 20, wherein the

t hernmochem cal treatnment involves the treatnment of the working surface of
the body with at | east one oxidizing conpound. WD 03/083148 PCT/ GB03/ 00642
22. A method according to Caim 20, wherein the thernochem cal treatnent

i nvol ves the Jor eﬁthdoﬁccbm%QB‘@E%% fBerel] HmchRd¥hdhichl ﬁ%aﬂn?éi‘ﬁt one

iron group el enment d accordi ng to Claim 13, wher ein a local
tenperature i.n xce S of 20 S I ach on of.the
wor ki ng surf é% Jreahe {)g{):mc?f ethﬁg)&’?y Witf? 3 leas{orfe iron

group element.

23. A method according to Claim 13, wherein a local temperature in excess of
2000°C 1s reached at at least a portion of the working surface during the step of

treating the body.

10
24. A method of manufacturing a PCD element comprising:
smtering diamond powder with a binder-catalyst material in a high pressure,
high temperature press to form a body including a matrix of diamond crystals;
performing a machining operation on the body to form a working surface
15 thereon at which a plurality of diamond crystals are exposed; and
treating the body to render at least the exposed parts of the crystals exposed

atat leasta portion of the working surface of rounded form.

25. A method according to Claim 24, wherein the binder-catalyst material is a

20 Group VIII material.
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24. A nmethod of manufacturing a PCD el ement conprising: sintering dianond
powder with a binder-catalyst material in a high pressure, high

t enper at Wwe opigxg8s to form a body including a nmatri x of di acorcBosgatal s;
perform ng a machi ning operation on the body to forma working surface
thereon at which a plurality of dianond crystals are exposed; and treating
the body to render at |east the exposed parts of the crystals exposed at
at least a portion of the working surface of rounded form 25. A nethod
according to Caim24, wherein the binder-catalyst material is a G oup'
VI material26. Amedo0SRTIRIBLCTS CHOBY A6 4ghereh. the matibechtalgstomdienil i

Cl aim 25, wherein the binder-catalyst material is cobalt. 27. A nethod
accordi ng tocghagitm 24, further conprising sintering the dianond powder
with a substrate in the high pressure, high tenperature press to bond the
body to the substrate. 28. A nethod according to Caim27, wherein the
substrate is a tungsten carbide substrate.

27. A method according to Claim 24, further comprising sintering the diamond
5 powder with a substrate in the high pressure, high temperature press to bond the

body to the substrate.

28. A method according to Claim 27, wherein the substrate is a tungsten carbide
substrate.

i0
29. A method according to Claim 24, wherein the step of treating the body
mcludes performing a machining operation on the body in the absence of a

coolant material.

15 30. A method according to Claim 24, wherein the step of treating the body

mcludes performing a machining operation on the body with a restricted coolant

supply.

31. A method according to Claim 24, wherein the step of treating the body

20 mcludes performing a thermochemical treatment on the body.
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29. A nmethod according to Caim 24, wherein the step of treating the body

i ncl udes perform ng a nmachini ng operation on the body in the absence of a
cool ant rwDaBiosd148 30. A nmet hod according to O aim24, whereTrGRBOIGLep of
treating the body includes perform ng a nachining operation on the body
with a restricted coolant supply. 31. A nmethod according to C ai m 24,
wherein the step of treating the body includes performng a thernochem cal
treatment on the body. WD 03/083148 PCT/ GB03/00642 32. A nethod according
to Caim3l, wherein the thennochem cal treatnent involves the treatnent

of the working. sarthe®edadccbiitnd asYClwint 13 1atwheeaint thendermdddndtaldreRmmpeatind.
33. A nethod according to Caim 31, wherein the thernochem cal treatnent

i nvol ves the: t i f f ot Y. M t I t one
iron group él{lvré)?n‘gérls?.ﬁ{%ﬁf.gg@eﬁgtzﬁoéga‘gg{)r ﬁgﬁ?%é) at??ﬂl%;@? mr% %gsat ]geial
tenperature in. excess of 000C is reached at at |east a portion of the

wor ki ng surfé?&éh?ﬂﬂgicﬁﬁlppﬁé step of treating the body.

5 33. A method according to Claim 31, wherein the thermochemical treatment
mvolves the treatment of the working surface of the body with at least one iron

group element.

34. A method according to Claim 25, wherein a local temperature in excess of
10 2000°C is reached at at least a portion of the working surface during the step of

treating the body.

35. A PCD element according to Claim 1, comprising a preform cutting element
having a facing table and a cutting surface, wherein the cutting element is

15 mounted upon a cutting face of a fixed cutter rotary drill bit.

36. A PCD element according to Claim 1, comprising a preform cutting element
having a facing table and a cutting surface, wherein the cutting element is
mounted upon a body of a rolling cutter drill bit.

20
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35. A PCD el enent according to Claim1, conprising a preformcutting
el ement having a facing table and a cutting surface, wherein the cutting
el emrent iwO ogsssed upon a cutting face of a fixed cutter PCotGBog/00R] | bit.
36. A PCD el enent according to Claim1, conprising a preformcutting
el ement having a facing table and a cutting surface, wherein the cutting
el enment is nounted upon a body of a rolling cutter drill bit. WO 03/083148
PCT/ GB03/ 00642 37. A PCD el enent according to Caim1l, conprising a
cutting element with a cutting surface adapted for use as a cutting insert
in a machi ni 3. cpdr@DiedemeBaccdrdiPte Ceamni , emnprisihgg duttifd alemeht with a
conprising a draw ng die.

cutting surface adapted for use as a cutting insert in a machining operation.

38. A PCD element according to Claim 1, comprising a drawing die.
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