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PCT/ GBOL/ 02G38 POLYCRYSTALLI NE DI AMOND W TH A SURFACE DEPLETED OF

CATALYZI NEONRPERBAL  w 5 BACKGROUND OF THE | NVENTI ON 1. FiR(ITGB#1/a2638

I nvention The invention relates to superhard polycrystalline materi al

el ements for wear, cutting, 10 drawi ng, and ot her applications where

engi neered superhard surfaces are needed. The invention particularly
relates to polycrystalline dianond and pol ycrystalline di anond-1i ke
(collectively cal | #OIPORYSEABHNE RIAMOND WITH ASURFAGEar resi st ance
and net hods of nanuf acDEPLETEDROF CATAEYZING MATBERIAR| at ed Art

Pol ycrystal li ne di anond and pol ycrystalline dianond-1i ke el enents are
sknown, for the 15 20 purposes_of this specification, as PCD el enents. PCD
el ements are formed from BAGKGAROUND QETHE INVENTYONyceptional |y short

I nter - atyom ;.6 ween nei ghboring atons. One type of
‘polf;cryslt' al ﬁeﬁfe&{ ?é;ﬁrrﬁ%ﬁ@ﬁ ke material is known as carbonitride (C A

descri bed i TheJirfvemaomre ndlathb to Superbar6 folyciystailime mabaviab elenmemtsnfoy weme,dodttingn of
PCD is described,in nore detail below. .n nera PCD_.el enents are fﬁ{gmsd
re

from a i, dad ther applictienss dlrets, gagingsr ﬁ&?ﬁﬁh@rat Hrfceh arnmngtdeds o

into a s | i | RO RS U | 1;
crystal Eﬁ’&%‘ﬁgg rllédtldr}ﬁll F@ %)t%k é%gjoé*%ﬂ{lggi st hngi Eg%¥ﬁ?§@%;9ﬁgﬁﬁgtlgf ials
during t(baliectively malled PCD)helementis dwith igreatty vilipcovedowearresistaoeseand niethuds afpon
thf maxi rmmf:#;ilﬁfu' olﬁerati ng tenperature of the elenment while in service. A
wel®  kndigu Be%red form of PCD element is a two-layer or multi-|ayer
PCD r 25 30 elenent where a facing table of polycrystalline dianond is
integrally bonded to a substrate of less hard material, such as tungsten
car bi de.2. ThPesegiption efRelatedsrtbe in the formof a circular or part-circul ar

tabl et, or b ar Ln$Q S 4 i for l.cati ans,such
e hol i ow aFaNorSRialfie Sstnbfd B ppflr SRR fialhd Bty Blenfiy SRR L6, B 0RL
t ool manfhigdses ofthis spBéficicdeaPEDMlerhdlits PUDeldmontdere doribdi fror barbeh based

i cation _where a hard wear and erosion_resistant material is required.

THES 5. banatials atith Frecepiignally sshor infaryptosaicistarces thstweenspaighboriag wtoms) Qeof
gﬁ{*ﬁ?[f?ﬁ&;@ﬁﬁ@?ﬁﬁg@% @%m%g-% @;@E@gmewﬁ%chhn%ﬁi?ﬁde%ﬂ)odes&%?d%n U.S
PCT/ CBORA6tEBt. 6,526,638, Andther)gnart eommbosly dsed farnnofPED iigdéscribed iauhdre detail
o7t o o eialoPEL e e 6 s gl o i i
el enent §e@béra @5&@Mgn-pg@éshﬁ%wpagmaamgtmﬁﬁxf&riﬁbﬂimﬁé@s egﬁﬁg?tcafb%na

uni tary PCD el'enment w thout an integral substrate where a tab i
pa2@cry dasdd ¢rystaldi Ancomunon triit 0EBCDelemensis the usecaficatalyzingeatesial srduting theid

That i dRBFRIRG= e TehEes GPE KheBe e FeBuSb bt pon 4FE makmint RS Ghetsins "
el enent qemagﬁebﬂhgeiem@{me esebvibé.cal |y, they may be enbedded within a

| arger PCD el enent that has a substrate, or, 10 alternately, they nmay be
fabricated with a netallic |ayer which nay be bonded with a brazing or

S ngl 6 poD, Aobo aafih. pRpbiiuity BRCS EED SRR IR el SRGTRRE PeR,
4, 285, lidletéitavtierd # Saingofablecst polydirpstallige dianfond isintedrdiBybalided ks SubsiratdRsiD

el ements are nost often formed by sintering dianond powder with a suitable

bi nder - dessahard imajerialy sychaps tungstemicgrbids: e J98 RCD alement dndye betintke fores of aone
Ui cul . ) : | T . . . .

07S. parispRs? Binrplh B, by 1R (8GR bty o}0F s BEMRALEE (B HfREGEhS °

di \?Vgl ose&such hm}n@llu;v diem?at sinlasf; ﬁ&tidn?feaﬁﬁgﬂ,l ;valcvé utéﬁfms,ﬁﬁum:e,rtegl_t xgandﬂélg,rmad
PO er 1.s _ap | e 1 t,esur ace o d pretorne 1 nsten car e substrate
20 i ncorfel? Alements egalnﬁ .typpn@a&&ewsﬂ yniaémweqﬁwsfmﬂﬂe%t%wtlﬁevae yrdppeps and

t egper atdtpGor Adkisint Sitdrfal id'required. The substrate of the PCD element may be brazed to a

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

IR v LT |
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a press. During this process, cobalt mgrates fromthe substrate into the
di anond | ayer and acts as a binder-catalyzing material, causing the dianond
parti cl esw¥)c9286ﬂ’a to one another with di anond-to-di anond HTEB/0263d al so
causing the dianond | ayer to bond to the substrate. 25 The conpl eted PCD

el ement has at |east one matrix of dianond crystals bonded to each ot her
with many interstices containing a binder-catalyzing material netal as
descri bed above. The dianond crystals conprise a first continuous matrix of
di anonduseshas eutting elemests; fusexpople ia fixedomttec ontalling agterearth boohg bits avheni ces

necessartoryyel T & BPG of 3 it bRIoCPHEL Req 108 gBS i nsmBpinte GRERR pcbining: nas
*' 30 enqaBsPCEDibnsaieare typikiilykallettPDCaY. al yzi ng material . These "isl ands’

are not part of the continuous interstitial matrix of binder-catalyzing
material. -2 WO 0212- 4603 PCT/ GBOL1/ 02638 I n one comon form the

~di anond el e C ti S o0 t.0 959 . ! -C Zi ng
macer al t FROPRcNE; 84 BB nelt if o GiitaR pCE) URRGAE SR, af leir B
degr adatwhere @usble @fdiolyoeystalline Hiatdumdnin lfixed tars tovh o abese earfadecby Meehadicdli al
cobalt binder5 catal yzing material and di ang matriﬁ< begi nnj ng at,

t enper afMfaBs op A bopding pragesy e JhesesPCD algments Q;}%ﬁiﬁ%ﬁ %ﬁﬁgﬁ‘éﬁ #inthat diamond

di anond-{ Q-.¢l ' r r ' ur.
A so 1 n PaSeEier B IR einl BeepORl yR°olchiBht!. Thel PCD ARenS oy BRI phE

mat er i almechaditally] Gheynmay deicmbetldedcwithinsa datper PED d¢lemeéntathal bastnshibstrytef af, s of
t he di anpnd trix |eads_to another form of thernmal degradation, Due to the
prids enc altematel they fHey g% Q%QFWS P@%m@tﬂﬂ‘w layeriuhigh spagrke bandedwatbch brazing

gr aphi ti At N fudalhS P R QR '

t enper atoﬁ ‘r%%eﬁ?gé g?gﬁ%@?%dﬁ%ﬂggﬁe(g?ﬁ%% Pléé %Ilet%?\ég h%ﬁh%%gﬁmiﬁsmng st é%%rmwﬁ Ia;s)
used as shdwen,fondxampletialy.5i RgfenteNembers 4,481y01¢rand #,325| 1791 eseie micorpanated by ng
cobalt, nickel iaggﬁ'é %ncg al | oys thereof, nmay be enployed. To reduce

t her mal "EEERSEfariall iey.sClose g’ "t hermal Iy stabl e” pol ycrystal line di amond
conponents have been produced as preform PCD el enents for cutting and/or

wear resistant 20 elenents, as disclosed in U S Patent No. 4,224,380
helSei n i ncdP@Rr elementsare ghest coften fosmed by pintesing cdigmernd powden avithy pesuisable

1 conv e ARapine e BHTR e i plediRl pifh  AkEHuly B OF PortBhBmEPRoue
I nt er st iof i fotmifi@t thisxpétlérgstafiine rdidmond i8\istiesédirs USy Patest Bias 8, 141F46 herein

tenperature resistance of the di anond to about 1200 degrees C_ the | eaching
pr ocess ingogppratedby aeferanse farrllt digclosgspilaone gpmmontnsocess foranapyBicturing PCD

because SI}eP(f‘ern@s, idfdlnﬂ)(?ld! lj&,&gﬂs a?;#gécjs E@éﬁ% Al S8 ?}%Pd}ﬂl%ﬁ lﬁﬁwnfcﬁdeoéﬁgfrﬁﬁgr e

severe I cul es I'n nounti mat er 1 al or use |1 operat|

f &@0r i catinconporetidgetbaltoThe hisembishisrtherl supjesteditb e/eryPiiBh ednapraeaturet andi predshing in
produce rel atiyel,y l.ow di anon ensitie of, the order q 0% or, .| ess. This
o i oSk chaiNg, HaH PESFaEh Sebal RRasmst ot e HPRGHS sip dbs dapiond et aind
resul ti '&gtg%,% gl maceﬁgf}dggg%%mwedukmg&ﬁé BainbRll paRRS tb BoddRAmE Abthe G- -3

WO 02/ 2.t PCT/ B
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 grthh 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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In an alternative formof thermally stable polycrystalline dianond, silicon
is used as the catalyzing material. The process for naking polycrystalline
di anond WVOH224&3| j con catal yzing material is quite sim| RACHGBIR63S

descri bed above, except that at synthesis tenperatures and 5 pressures,

nost of the silicon is reacted to formsilicon carbide, which is not an
effective catalyzing material. The thermal resistance is sonewhat inproved,
but thermal degradation still occurs due to sone residual silicon

remai ning, generally uniformy distributed in the interstices of the

interstiti matri x. Again, there are nmounting. prohl ith this type of
PCD el enentinyBRsger .t A5nEafalaieat Sl S5 RReM by sblni antEife
‘furt her pingeR cablyRial Macridlano Gthe 5% tAP4%. Stichi 6lenfeal MR BeQBbjesio thasnal
powdery car bonat es of , Ca, Sr, and Ba are used as the binder-catal yzing

‘materi aldegradation duetp n@h'/gfpwetiéli theonal penension tetweert thehiinterstipidl eghalichinder-has
0 St BRI pRHAT G Afhond AR bebiifthe eRbGELRNEof MRAT 400 defieea .

scal e siUpoa siffidietiegpaision the diuntshdaoadiamond badidgmag ibetreptured dndaiadks ahiie
case wth conventional and thermally stable polycrystalline dianond. One
resul t &hIpSIay QC8UR hat t he bodi es of pol ycrystalline di anond produced by
this method are snaller than conventional polycrystalline dianond el enents.
Agai n, thermal degradation may still occur due to the residual

bihnder - cat aA;saiiﬂgmmﬁtl aiblﬁile daneoind) tl@hpnesdtx)lbe ;f rthelbhtde?eaalyémgimatebﬂcmwe 20
there is no .integral substrate oy other bo e surface, there are

di ¥ i cumgtemtitiplregions @ h@qsmost?lﬁéﬂvépm cry g @%Ri r AR lepds tor anpthes
conbi ne I t ' ' : [akerd ved
Fenper atoits o upeinel ERBaey D I o HTiided oty ARG plirine Sl

t hei r | dianorslaist caiSeds to @naphitize Fasr teeparapire , inoreasesutypivally lohitimg uthe i opgration
mul ti pl e PCD el emrent s e, sho in U S Patent Nos. 4,726,718; 5,199, 832;
5, 025, 6dgmparaigsziophgut ,Od%?gfeﬁgg' herein incorporated by reference for all

t hey disclose. Although many of these designs have had commercial success,
t he desi gns have not been particularly successful in conbining high wear

andy or gbr aAltbwughe@Eslt isrmiest mmnwlnlyalsnd a$ therhindeneatalyzing mdterial, aptyrgregp VI
i in.ngNs. RCDH. 30 - W 2/,2- 4603
IigtCEI';a1 &%f’%é‘q%}#«gg %{’%‘L\ g}%gﬁ g?%er%,ggﬁ e tg’fargﬁfo i l?%kegn;g%efd? ngs for surfaces

are disclosed in U S. Patent Nos. 4,976, 324; 5,213, 248; S, 337, 844;

5,379, 853; 5,496,638, 5,523,121, 5,624 068 all hereiql' i ncorporated by
reference fBe rafcet thegmali degradation,sporcalied ‘Shermallysstable” aplysrystallineodiamond

Pat ent Publ i I , i i / C
Publ i catclﬂgl 2 %&%8@%&? n %ﬁ%@%ﬁ pé%?@ St ﬁﬁ’:"%ﬁ%‘% nglge%ﬁ{%yeagur é%gs.
| 2@ hes elamerts, agdisolosed it S0 RateaniNG.04,224, 38 heteini ikeorporatedrigysreference ol it
P Do SRt B gt ol e o By e o S
deposi ti : : i Al - lse
cont i ng. g R AREGRT Rl By S HAEAdRrap I h o SRR I, Ph Ay gttt
descr i benatfinaftexformation. nWhils. thivamaynincidase. the tgeraa: redistaods ebithe dinnedd 1077,

4,504,519; 4 6, 286 1 herei.n incorporated by referepce. RYD and/ or .CVD
or oce b bovo At eascss T due Eartine BIOGR RPCL T NVN e oTIeR B A SOSHR. 18 be
usgd, f %dg%ﬁ,mé&usé fheld A hélntleal SRRlrftePGIChmEr BEAdable GRIAcAXIMRI Mol &R ed
crystals of dianond or other superhard crystals on a surface. Although

t hese natifficuliles improunting spchimgitertl foreiselinoepesitiones because they are so
cl osely packed, there is no significant anount of

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.



di anond to di anond bondi ng between adjacent crystals, making themquite
weak overall, and subject to fracture when high shear | oads are applied.
The resul WO®/26dt al t hough these 20 coatings have very hiREGT/GBOERG3B
densities, they tend to be nechanically weak, causing very poor i npact

t oughness and abrasi on resi stance when used in highly | oaded applications
such as with cutting el enents, bearing devices, wear elenents, and dies.
Sonme attenpts have been nmade to inprove the toughness and wear resistance
of these 25 dianond or dianond |ike coatings by application to a tungsten

car bi de substr , [ j b ahi ahs pLessur e

hi gh-t enpe lr)[Z‘t "d‘ra%{%é‘i@ﬁ? ﬁﬁz ﬁ? nggﬁl %ilzys C P@g @?}{cﬁ%@rﬂrﬁaglgﬁ@n%sﬁco& 13 gi?dz%fhe

5, 496, 63gialybirkARaRfiBl, MEHeqirBodss fR rikirgd Suly@ystalihe BRREmdNwith aksicohatalyamgai n.
Al t hough this type of processing nay I nprove the wear resistance of "the

di anond masgréal is [nige Shpilast toy thaidescribyd plavge excoph thahiay sy atbesis temperatuisacnday er
ancg the §é§?l§115$_laﬁlgst etgﬁ?co Olsq"e go k’ egiliécyr?g‘ﬁmdeb kﬁué Ois\'\{%{l %Sgﬁ‘gct' e
fractur & At the IHterface a very Tow strailns. s trans! at &5 FoN rV poor
t oughnessatahizihg nptesial. r The shetnakeresistaned I8 tnewlfat imp¥Oved,/ bt thédmhal degradation
PCT/ GBOl/,ﬁZGSB Wien PCD el e an, made with a coba{t o[, ot her, group VIII
metal bisHEocE deytn sRmentesifuel siligen demainings gensratly anunrmlyndistrbyteddigy theg
mat eri al; bites¥¥Sh ; e fihére afh ol Gl -ﬁ{}gg i ease
W th usg_ﬁeﬁsh&e ESCI‘éI e Q{tﬁ@%ﬁ%%e%%ﬁgg%@n spg@?tﬁg 5??%%991% er q)gﬁééol , 207,
it was felenmht béause thereviano bbgdablesuofaca hydr ochl oric aci d wi pe} of the
copalt-rich tribofilmwhich tended to build up in service fromthe surface
of ' he PCD beari ng element, tended to mtigate this problem Apparently,
during opergigOfecefif/@ Mfthé§pE OOPED Ha8Bebdife Rialable ih Whish EdibGifatddl GRS o
the | oad area of the beari n%, causing 1 ncreased friction when two P

el ement powdderyacpabormtescefcMgo Chebr, and Maaareruged as the binderveatalyziny outarahtwhehe
source of .this,10.cobalt b resl-dual by-product of the finishin
process smterf'}gethﬁecg?‘?’ﬂ&& 8Pg’ﬁérnt gpﬁagpﬁ‘ﬁse%é’g itag\ﬁﬁb’eﬂ%ﬁ’ée rc‘ﬁ%ﬁ'&s‘s@‘"ﬁ&?ﬁfivel y
renove tagine@PeHah the prévioss ﬁ/?bé of POD eRpidtsdeHIWBE the mhaaGf iSWHRER tbhe
cobalt is removed only fromthe surface of the PCD, there is no effectjve
151 hangsodueeonea eunpeictal seale sinee pwick Mighee pressurefedye saquited Hon sintgriag ithant isese
beari ng . e i . h -

bi nder - éﬁ% %% l?\"gc%g'? xétﬁng{ gnrdtetlrﬂrgrl"ga,qiy astrtl h% ﬁé}i?‘ﬁﬁ%t %@é?ﬁ%’gﬁ%ﬁoﬁ?r@%o& hnd

| ayer duhatt thet bedips efepslgcrgstalline diamahd Ziroducedt ey ithls fietldd erc smallerBfllahF
SUMVARY OF THE | NVENTI ON 20 The present invention provides a superhard

pol ycr ysenyentiqealgpalyermsalline diamandqoelemprts.c Againthegmel degradatioy maypstdl, egour
resista : L | i s Skr :

Col | ect {H\E/lglt§qg%{g%éd(]ﬁlk38%ﬁgf gﬂ@k%@gfﬁg%é{?ﬂgfe Ip?lur p ss:el'rsﬂ%)e?}?i ?‘ﬁ%téé%p%wcbff 'fuf)sr? ,

t e eltherens so anegrabsubstiateior lother bomdible smfact, \thére qrerdiffculties inmmaunting this

hi gh-tenperature, hjgh-pressure process. The PCD el enent has a plurality of
parti al {;Eatgrbar{agavmrlgﬂgﬁ ¥ di anond-1ike 25 crystals fornming at |east one
continuous dianond matrix, and the interstices anong the dianond crystals

form ng at | east one continuous interstitial matrix containi ngz@g catal yzing
mat eri al . TESow$ tmeombihe thesmelty itablg PGS adth mauntingtrystgmswhuithairgmproved of

the interstitjal ri,x in,the bo adj acent .t o t.he r ki,ng, surface i

Subst antPEPFHFs steBREY 1 usE 1V poV e BEFGl B Jpel Bk sRThihIp? TFpact

I nger st igireRdth "ok leXample! tdrivus Wigs ©f nfuniEihg) ehulii168 PICH eledf@nts 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



-6 WD 02/2-t603 PCT/ GB01/ 02638 A portion of the working surface on the
body of the PCD el enent nmay be post-processed so that the interstices anong
t he superW@d2¢60§st al s are substantially free of the catalREAVGBOIOI | al .
The working surface that is substantially free of the catal yzing materi al
I's not subject to the thermal degradation encountered in the other areas of
the working surface, resulting in 5 inproved resistance to thermal
degradation. In cutting elenents, the processed working surface may be a

portion of Qther types ofgliarasndeoratiamensd lﬂwgoatlagqofartsudaveaaret disclpred impHey. Ratent

amhoal niie, 4T A TARG S decn TSR G o, B2RBhRAN hersie

-and 14 H&s:;m&éu)@ Qbfepétiel Gbi AN théie dizalosd. Y Simbanddatinglard 8lsd WidcRREN i IGH r om

[

the interstices near the surface of a PCD elenment in an acid etching

pr ocessPatent Publigatipe Nt 236%.7e8, RGE BublipdionoNor 8664 134, end BRG é’l'—‘?k%ﬁ@ns
b
e A T R O i

errbodl e/ or dnmoﬁ@m@é yaatings aretshowm hppliedunlsaefics ol wedramdioe drosionTedisiance.
wor ki ng surface of a PCD el enent by conbining it chemcally w th another
material such that it no |onger acts as a catalyzing material. In this

t hod, terial .
Cryotal s P of 1RY abSRhdhicfidrdpyRical vhciZderBHRA (b YD) drdfBH Chomical
ef f ect | vapor deﬁﬁﬁﬂbmﬂcw) epdestes rge umi tabpply 2he) diammindr oradiama like soating.

anot her enbod the .catal yzi ng materi I s renpved, by . c ing it to
t Hns oPWD pachCY Dy diagrond copting pwaeqsswerweijck%o\&% a gy %S?rzbeﬁgf%ﬁﬁwwlam

This mayy @eP%E&@"Fdobsfse@bsbma §93584. SE6450079% €48D2BYS, 4B Gl herein

“wor ki ng™," thermal treatmént or’ ot’her treafment Tethods. Thi's nmethod may
appl y t imcorporated by réferenee. non-reacti ve catal yzing materials. Again, a
material 25 may remain in the interstices anong the superhard mat eri al
crystals, but that material no longer acts as a catalyzing material -

ef fectivel Y VIS HRYIoR € VAD pRREdses tor&ai Sffaeed a/htuahmomx%mﬁénd ﬁkessdaﬁﬁgsﬂm§ an
el enent conprising a Iura ity gartlall bonded di anond crystals,

cdisal yzbegisedit fori egamp tomremlcuat closelyenacksd seinaf aptbmla,llyvmnented woysr‘(alhg)f

S o diagiogdh Ghe dpefard S iB drra sl BftheRthieohibeelifls e YOLKARR |

| nt er st idlanfindN@drisities BROMmE Nthey Afe 6@ tokdsylyi perkedt thetedlis no sighfifi€hat 20Mbunt of
PCT/ GB01/ 02638 Simlarly, a PCD elenent is disclosed having a catalyzing

mat er i adiamonditadigmand b%rim&hetws@n agingent apHls. making them auityweakr ovesall, ande
i ntersti @gg:h {3 hdilire QP%MC% 9?/ baf $b R0 SRE eag,ggf;&ea%r lﬁeﬁ&@ is ‘{ﬁsftaﬁﬁxohéh these

subst anf y free of yzi ng mat e renal ni ng

| rRoer st icbatinigs ave lv«ry&ugb diaaiond dehsatlesatthdyymhmg) benechadicallid weak, aaLB(ﬂg wirg ment
I h I | yzi

's disc pggre 1911pa€tv tlog es anliira%rasu%l rosistan e W glrudse e Isu giyﬁba&dca%})ﬁca%%}lsn shich 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 subsirate 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.

-5-



material and a body with a working surface. In this element, a majority of
the crystals in the body wwthin at |least a 0.1 nm depth fromthe wor ki ng
surface hWPP2Z4Erface which is 10 substantially free of tME/GBUA2H ng
material and the remaining crystal.s are contacting the catalyzing material.
Furthernore, a PCD elenent is disclosed having a body with a working
surface. A first volune of the body renote fromthe working surface
contains a catalyzing material, and a 15 second vol une of the body adjacent
to the working surface is substantially free of the catalyzing nmaterial.

Al | | ' .
G anrond cry B 2O efbrfk e W AboBnP ol clhdr‘atodt VIR bl bihapPRi&lne o
"The vol yiseeria Wei’eudbddgamdﬂ &xch other beb%ngundneﬁgs Suwbﬁﬂmmal’iat@hdswaﬁdéﬁti@ ly

hi gher di apond density than Isemher in the body, and the volume is
subst anfiigionytepdedstogincregge with1s¢.2 iAnydeserigd iy Eurgpeag Patenpspegifieation; nyraber

*di scl
ah?gcgﬁtg (PZ %’( hlg r@?ﬂ:yg t%trr?lgce h guggg?gnoﬁﬁ&é‘é%?%°§ sug?t antt hﬁb?/fe ﬁ?éa her
t han 25tmiicﬁ'éMhmhitmdeﬂetodnniﬁ,upamdseMee fointhe susfasalbf therRCRIbeyrifg elemeht,a
tal t I addi tiqn, tt I ' i scl d.
The. el oiaied 1o gnliBtea il PToblame AppacinBl, it SPRHOPG PLE 2 i 6ot Epmaiie
havi ng pgp i&fﬁJelsGJVfaeﬁ mli)érﬁfe’s% khe i@ﬁ@q?éa @Mﬂ@ 'b@é’fh% eaaéﬁ{gai.@reas’-edpﬂdéhaﬁ hfhénof

interstitial regions anong the superhard crystals and a catalyzing
mat er i atwo PR €emenis iactopgasist each athes as bearings ¥us how ebehewbdahd:tcbhtysoufd:aeof this

t tit f th 2/ 2603
Pty coogpbomy Bt eaigoepy-aust o 881 ishine arocsirofde bemnecclomenie, g

mat er i alcangige R8P Rhnatar effhfcn&ély refb®é sﬁe Ed)l?a'lt foegtiyosignifieartadepi BSlow the
catalyzing material. The PCD el ements of the present Tnvention may be used

for weasuriangtting, drawing, and 5 other applications where engi neered
di anond surfaces are needed. Specific applications are as cutting el enents

in rotary drill bits of both the fixed cutter type and the rolling cutter
type, as haBe¢causaibescobhleds raimlea ,only froin the suefacé 6P the PEDY ehefdlisl s effective
I ndentors, tool mandrels, etc. e PCD el enent of the resent I nventi on may

bel Sus ed changeeiaihg éeramratyr%atmb'a dhermat degradation Resutsrig thm kearipg clomends.i al s

2aphal © ThiRtel el gl RS RN BdeRLcAEy s Bt oP oo o] hethnd ™
typi cal ngi@daicmmﬂthe diimiolnd 1gyeedwanto thepresérice of the cStaElzglgIﬁathallsalla)cbm.l cal
PCD of the present invention shown as a cutting elenent. Figure 2 is a side

view of a fixed cutter rotary drill bit using a PCD el ement of the present
I nvention. 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
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

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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20 Figure 3 is a perspective view of arolling cutter rotary drill bit
using a PCD el enent of the present invention. Figure 4 is a perspective

vi ew of aWOBEd¢%8 ysed in machine tools utilizing the PCD RIT4GBH02638 t he
present invention. 25 Figure 5 is a perspective view of a done shaped PCD
el ement suitable for use in both rolling cutter drill bits and in fixed
cutter drill bits. Figure 6 is a photo-m crograph of the surface of a PCD
el enent of the prior art show ng the 30 binder-catalyzing material in the

i nterstitial pastionabthe working@uacexgotbe body of the PCD element may be post-processed
PCT/ GB01/ 02638 Figure 7 | hot o-1m crograph _of .the.RPCD.el e t of.the

or esent rdenteanieiife ayoad P Stk ARIF frewoblaRsll, s STEPe. cRalvag ( ne
"I nt er st irhatediall Thetkiap Suifaceatiftfi§ subdtantislly Med SaHé ce{tlil?ziﬁgtrﬁdtéﬁa'l M&%ﬁﬁ@&@'
inthe interstitial regions. 5 Figure 8 is a mcro-sftructural o

r epr eseripahe thermpsl degradatien engonntegad intthe pitiep preay of thehwatking surfacd; gesidting in

*di nd .cr | S M | rSI Lk} =Tol e crvstall ographic
or ot aBEOUSA Rpisnteob ikl Fopbsbadth IREHS ARiMehid ¢ SRR R R

r epr esersuffaceomap betahriReDofthe fividg fablet dfah@bedye atpottivnestith® Perfishedd) seHasgof N
Figure 7 inéji cating tgfe ?%gth of the catalyzing material free region

rel at i vehe Body,or postions ef ot thesesupegsse| ement .~ Fi gure 10 is a graph of the

rel ati ve wear indices of several enbodinments of the PCD el enent of the
present invention. 15 Figure 11 Ais a front view of an encapsul ated PCD
enbodi ment bf andtherRaiboelimertntheafatalyring) mateeiat isi cobealhor other fitog Wreupl dtal,Sand
section view of apather encapsul ated PCD enbodi nent .of the PCD, el enent of
201q he phedusthod a0 drpletne the 8«'1558219& reatprdal 4s §%3‘ﬁg§ it Jogther inkarstiqes Aieak Hisr
ehcapsulgkﬁ&k BER M0 UliiERin O 4 eRAIReCHBERS! 1Pk Mlﬁ:ti}ﬁ?é‘éﬂﬂ# thd URfHdOBF 25
Figure 12A 1s perspective view of a CVD/'PVD applied surtace tor another
enbodi neemovingtthe cdedrisg ortertal from the sprfaceanry alsovenby elnctrifalglischar2Bos athem

enl arge structure of the enbodi nent of the

O 02 RS WV e AR | Lo O o0 SoPodT
15 In another embodiment, the catalyzing material is subsequently removed from the
working surface of a PCD element by combining it chemically with another material such that
it no longer acts as a catalyzing material. In this method, a material may remain in the
interstices among the diamond crystals, but that material no longer acts as a catalyzing
material — effectively removing or depleting the catalyzing material.
20
In still another embodiment, the catalyzing material is removed by causing it to transform
into a material that no longer acts as a catalyzing material. This may be accomplished by a
crystal structure change, mechanical ‘working’, thermal treatment or other treatment methods.
This method may apply to non-metallic or non-reactive catalyzing materials. Again, a material
25 may remain in the interstices among the superhard material crystals, but that material no

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

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

material, and the remaining interstitial matrix contains the catalyzing material.
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WO 02/ 203 PCT/ GBOL/ 02638 Figure 13 is a section view of a wire drawing die
havi ng a PCD el enent of the present invention. Figure 14 is perspective
vi ew of aWRdB{4&Bnk having a PCD el enent of the present i nREHEBOM263 Fi gure
15 is perspective view of a bearing having a PCD el ement of the present
invention. Figure 16A and 16B are front views of the mating parts of a
val ve having a PCD el enent of the present invention. 10 Figure 17Ais a
side view of an indentor having a PCD el enent of the present invention.
Figure 17B is a partial section view of a punch having a PCD el enent of the

v ng o PCRURE b Y CBreifent if BibipeThOBRS baifivdnd abesial SRR ORI Tre
-1 NVENTI @hli AbBdy WithR rfabBOPhIRersthfAl faeriom ti6 bydt #jhdenetotting WRItKing!

di anond-li ke material (PCD) elenment 2 of the present invéntion is shown in
Fi gure 3ufaceTissubitmtiallyrfsen oDtheaeatalyzing matéria), ad tharremaining interstitinl matrix

*superhard,, di anond.or_di appnd-1ike, crystals 60, (shown in Figures 7 and 9)
a ?’:t al )991"%1&3?&6[(@%]%‘“%21,51% an interstitial matrix 68 fornmed by the
interstices 62 anong the crystals 60. The elenent 2 al so has one or nore
wor ki ng surfaces 4 and the_dianond crystals 60 and the 25 interstices 62

form t he vohlseea &CD plemsatis disdesedhavimgrs plusatity of superhasd \gsysialnp catalyaing 4
is any i | GNoql i ;

obj oot Me? dn® o Wit NRFking shcelan s CREHCRL iioHBYoL AR SRRall Bipe, |
di scuss&ddy ivithie ayresst st 0ddminh deptht frempthie ewotkingasyrfacoriiavern edrfideewhietyis8
whi ch may be exposed and/or used as a 30 w%rki ng.surface. Furthernpre, any
potl i on substantipllyireened thsr ratalyziag rpatedal jands the; remgiping, crystalepre. coptagiing; the
surface.cm—aily%n I}%%Q?/Z. | 603 PCT/ GBO1/ 02638 Duri ng manufacture, under
condi tions o* I gh-tenperature and hi gh-pressure, the interstices 62 anong
the crystals 60 fill with the catalyzing naterial 64 just as the bonds

anong the ¢ tals 60 eing. forped.,.ln a further step.of the

anu act ur DR 8 F0 lersntis relRzer AR 41508% it LuPBIRE Fifipeqdh Fnte
from soppie bfthel BHdS @it BofiPthe WSHkiESslirfack Tohfaits PcdtalySing (RAtkITR, Rhd he
body 8 of the PCD el ément 2 renote fromthe working surface 4 contains the
catl yzisegpndavalning| ofcthe bedy adiseentrto thel wosking sunfase bis dpbstantigllyc &ee afothehe
wor ki ng sutface 4 iﬂ substantially free of the catalyzing material 64. The

i nt er st | BRYZHE RACEH: are substantially free of the catalyzing material 64
are indicated by nuneral 66. 10

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




Therefore, the interstitial matrix 68 of the body 8 adjacent to at |east a
portion of the working surface 4 is substantially free of the catalyzing
mat eri al WH, 028463t he remaining interstitial matrix 68 contBCTEBOHER63s
catalyzing material 64. The PCD el enent 2 may be bonded to a substrate 6 of
| ess hard material, usually cenmented 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
del et er icutiivgesurface aire subsiantislly dige ebithe gatalygingemateriall amy the cersainder soft thel | y

or csonc o b5 B LR, a0 G 7O T CT Y el mmat e, The

‘result is a new PCD el enent 2 that has the enhanced thernal properties
approximating that of the so called thermally stable PCD el enents, while
mai nt ai ni ngt NRCPRients of theggsent wyertioss may, he pard for avear ryttingn dravgngsnd; t y
“of & he L | Thi £ Ohey Lst.ance
' ot t P 2pAIRAonS b€ i giibofid bR Bl Mgt FREarloff o'

appl i catcutting,elémegitem rotarg deill fhits iof pothnthe Fixled anitergypepmid thetrolbing .cuttestyps,uisf ace
di stortiog in.,valve a I'b_ca.ti ns, and has advant gﬂes i n nunerous ot her

appl i catiPiR¥ digs Eﬂii%‘fggh qtion, beRidags, Ve SHIGaces, indentorsaingh Blagdrels, gicye die

el ement porPeldichforGhe pRAEH ivenfifidnay B uSAPtoRhachiife BRMVEWE FOBRLs, fortbls! D
di scussed 1n nore detall later 1n the specification. 30 Referring now to

t he photand monfeagus platesfalsamt also veryt hatCor ebmsivetengimeéiing matdfialsasudh ak Storiche

m crostru tural r;g)hre]a%ntation of a PCD elenent of the prior art in Figure
8,14 ¢ i andatphalt apdtheliks 02/ 2603 PCT/ GBO1/ 02638 known that there is a random
crystal |l ographic orientation of the dianond or dianond-like crystals 60 as

shown by the parallel lines representing the cleavage pl anes of each
crystal 60. As can be BRRIEF BESCRINTION OF-THEBDRAWBNGSnded t oget her with

i itial . B I I i d
o 11 Gvel 1AF i P M A B b s T ar e s general 1y no

straight path available for dianond fracture. This structure allows PCD
materials to performwell in extrene | oading environnments where high inpact
| obids afidgure ﬁﬁdﬁa typical REDbeighe peesert imeRtiPR shavreascy quiting eJement; n g

hi gh-tenperature, high-pressure press, the 10 interstitial spaces 62 anong
the crystals 60 becone filled with a binder-catalyzing material 64. It is
this cafiguyei2ng asidevienl obd fixedicuner eay tdnll tioasiag adPOD dianem bfhé prsent

adj acent, di ghond crystals 60 at the relatively | ow pressures and

t enper ad@e880Br esent in the press. The prior art PCD el enent has at | east
one continuous matrix of crystals 60 bonded to 15 each other wth the many
interstices 62 containing a binder-catalyzing naterial 64, typically cobalt
or2(t heFigyre 3pis M perspebtiveeview dfhee ralling tettes réaryc drilh bitsusing & iPCR eleoent ofithes
matri x of dianond, and the interstices 62 forma second conti nuous matrix
of int ePLEPRGLVEBOR 6un as the interstitial matrix 68, containing the

bi nder-catalyzing material. In addition, there are necessarily a relatively
few areas where the di anond to dianond growth has encapsul ated 20 sonme of

t he bi ndiégure 4tispperspectivetvaew of an 1|rr$el§t,exsec;J il mechine tgpls vidizinghe PED elpment of
continuqQus interstitial matrix 68 of binder-catalyzing material 64.

Referri ﬁﬁeWSW“?B‘VﬁP%‘B}}'es 7 and 9, shown is a cross section of the PCD
elpggrent 2 of the present invention. The PCD el enent 2 may be forned in the

same manner as the prior art
Figure 5 is a perspective view of a dome shaped PCD element suitable for use in both rolling

cutter drill bits and in fixed cutter drill bits,

Figure 6 is a photo-micrograph of the surface of a PCD element of the prior art showing the

30 binder-catalyzing material in the interstitial regions.



25 PCD el enents descri bed above. In a preferred enbodi nent, after a
prelimnary cleanup operation or at any tinme thereafter in the process of
manuf act uWiOng/246ét3e wor ki ng surface 4, 70, 72 of the PCD el BITEGB0L202638
processed in a manner which renoves a portion of the bindercatal yzing
material fromthe adjacent body. The result is that the interstices 62
anong the dianond crystals 60 adjacent to the working surface are
substantially free of the cat alfyzi ng 30 material 64 indicated by nuneral
66. The FigureiZois aphatbaniexegkiphopfshe PETE elémeROof the present ingerdtiomeshowing a \Wist

U2/ 2-46U3 PCT/ (BUL/ U2G38 of . the.catal yzing, naterial, 64 is. not. suhject to
Uhe. 1 horRHOR R ARG AL & B P! SR D acioonid patio apinout e
-resul ti R@alyridg MaRKGKin the nbebtitfld fdgasiiser | stics. There are many methods for
removi ng or depleting the catalyzing material 64 fromthe 5 interstices 62.
In one nethod, the catalyzing material 64 is cobalt or other iron group
-material,. anq the method of .renpving th | wvzin eri.al 64.is.to.l each
Tt 8 T omEIREe e &t wireat e el afieinioh 4 O, SFnbE oFthe gribe o ypoging g

el enent bdndéd dﬁmﬂcbrfdtﬂb,i Wih PhO e stitiad régidadl e @ysRalographitodricibion & 2
mm It is also possible that the nethod of renobving the catal yzing materi al
64 fromtheisdividual siystalice may be by el ectrical discharge, or ot her

el ectrical or galvanic 10 process or by evaporation. In another method for
depleting the catalyzing nmaterial 64 fromthe interstices 62, the

cat al yziRigure®t Brd mlicro4trusturhl pepresedtatipn ofithe RCDyelementhefiihe Présgnt Mmyveitionsas

all oying, with _another mpaterial such that it no |onger_ acts as a catalyzing
matQr i alshown ip Figureds msiac,atlagwﬁe éentﬁmf catalyzinganaienial fregregion aelative tosthgnong
the dia ut that material no |longer acts as a catal yzing
mat er i alrggggce-c@eﬁp%ggﬁl é\?g f/ll&iermvi ng it. In still another nethod for
depleting the catalyzing material 64 fromthe interstices 62, the

cat al yzi terial 64 {s rempved by causi it.to transformi

mat or | aIFBHE0S 2 EspRleot Geranys Seaindirne ! lbodigs of the P depment
acconpl io?tgged%llgyen@i,g,@m‘;@l structure change, phase change, nechani cal
“working', thermal treatment or other treatnment nmethods. This nethod nmay
aplfiy to non-netallic or non-reactive catalyzing materials. Again, a

mat eri al_.may remgi n.in the interstic ng_ t.he di rystal s, but
Uhat | it AR ©fig8: Vi & SrCbidbpsifed EORIERfodipeat ORI Hlmet B g2
renovi Ngyrédeft meémianzi Ng material . 25 Once the catalyzing material 64

adj acent to the working surface 4, 70, 72 has been rendered ineffective,
the PCD elenment 2 of the present invention is no | onger susceptible to the
type of 4.h . t t i ld I nts.
o2 or ovilaey T8 BAFARE VifY of aRdHr eBated Fb WikRilaRioe B o B BSRIREIE,
t 2he cahsprkshy inveatiomt al yzing 30 naterial 64. The first node of thernal
degradati on begins at tenperatures as | ow as about 400 degrees C and is due
to differential thermal expansion between the catalyzing material 64 in -

14 V\DIQEAI%% L/ B QBP9 still another encapsulated PCD embodiment of the PCD

element of the present invention.

wed

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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the interstices 62 and the crystals 60. Upon sufficient expansion the

di anond-t o-di anond bondi ng may be ruptured and cracks and chi ps nmay occur.
The seconWOfi3@d603f t her mal degradati on begi ns at tenperat RGREGBIl/@BIBUL 750
degrees C. 5 This node is caused by the catalyzing ability of the

bi nder-catal yzing material 64 contacting the crystals 60, and causing the
crystals 60 to graphitize as the tenperature nears 750 degrees C. As the
crystals 60 graphitize, they undergo a huge vol unme increase resulting in

cr acki nffigamel 18i i5- b seationr dewtdfea lwookydeawingy die havihg ekPEBselefment dfethenpresemns of
the catal yzj.ng material 64 on the surfaces of the dianond crystals 60 can
enabl e tHC8UGde of ther mal degradation. 10 It would therefore be

-appreci ated by those skilled in the art that for naxi mum benefit, the
catalyzing material 64 nust be renopved both fromthe interstices 62 anong

t he di akigwie &4 yspeaspecive view of pbeattsink hayireaBEDeleméent ofithepoesdntdnyentians 60 as
weld. If the catalyzing material 64 is renoved fromboth the surfaces of
thg di anond crystals 60 and fromthe interstices 62 15 the onset of thernmal
degr ad atn:jgme fi 9iis perspediiveiog of abeiriigShdvihg HPCDalleh@@oPthe\derest idvamtioach 1200
C. This dual degradation node, however, provides sone unexpected benefits.
For exanple, in many applications it is desirable to engineer the wear rate
of the ' SIf I 0 [ ' t i e

acconpl \lﬁs#g%iriglé ag{qa%g(ifz}]ra ny&fe r“e%a?fﬁéﬁfﬂa g?‘% g‘égms‘h%ﬁhte t#aa%'ﬁ’igﬁgg%el?eenéﬁfri ng
maxi mumihepresené fivehtisice, the catal yzing material is depleted fromboth the
interstices 62 and the surfaces of the dianond crystals 60. In areas where
| s wear resistance is desired, for exanple in a self sharpening tool,

t hose an P . : LYz erial 64
or mar | YT ifia SRe AL BB eDirkapp CDeIGng P pfebftin BB 7' 26" he
di anond crystals 60 to remain in contact with the catalyzing material. It

shoul d g).so apparent, that. it s re difficult to.r ve the catal yzing
s or | ol ige £ 78 1 & R Aepligb et aiputeh Bt BEleménish e sgssent pnottioe
interstices 62. For this reason, dependi ng upon the manner in which the
catalyzing material is depleted, to be effective in 30 reducing thermal
delgr adatFigure 18his peespettivef vidwpifer measusingt dryicsahavings & REDretementibf et presentt he
-15 WD 02/.2- 103 PCT/ GB01/ 02638 wor ki ng surface 4 may vary dependi ng upon
the met A0¥"0%ed for depleting the catal yzing material 64. In sone
applications, inprovenent of the thermal threshold to above 400 C but | ess
than 5 750 C is adequate, and therefore a |less intense catalyzing materi al

64 depl etion process PETAILEDRESCRIPEION QBAJEE INVENTION woul d be

Gopl et 1 on et hods whi ch- AN TR PREFRECEDIVAIDBIERA ) Y019 PR P
medCer i al  64Thkepblgtiysnallineqliamenti bo diasnompdikief matedgip(PCD)t élement1D of thet present

Bt al ARSI dF RPWE AN HiSHTRcl At B PP Sleméat 2098 4 RGRGY ot Rarisiy; bondeds,

or in agy éurl#z;m, afanidi ﬁgﬁgl&gnd-iike,sﬂ?&m S (SHRRGRT Plts P%grésh?tan&r@?%ﬁ ﬁ%t‘%/lgﬂgé

all, the aces of t acent anond crysta may sti
coat i ng nodteridl 64c andlay hiterstitial treatiizn|68ddrmed ky thesimferstives 62 lamang ithe crystals 60.

I R R R O CI W o
Mg L1 i alin@ektiBELEL N the VO1EmR O Aoy SUFHhSPEDSTerkent 2W L h the catal yzing

n
mat eri al (24 removed or depleted, t maj or mechani sns for thernmal
degradation are no | onger present. However, it has been found that the

tal yzi terial 64.has.to be I d th.sufficient to allow th
bonded cr ys 1B Gougne g d it ciprfo Rehe s TR BedscBivbich, i pripmn. Hk RSy ot
. to bel owhé bEjecte@ ROWbIKRD. TR BRS EFcHTcAtion, Wik (he YedrRing sGfadfiedishifsed, it is

catalyzing material 64 is present. In one set of |aboratory tests, heat was

i nput ~ i ningerstopdithatiibapplies to mmgrt@n@fdhgbméy & wehighhgay:be sepnsed and/agi ued as i s
‘ ; ; e
brbi dodSrEpeRUffed RO ANATRH, MO0 bRy, of b WOBRFa Sitcs T AR R Bselh . e

of the ok sugfaceterial 64 removal. In these tests, care was taken to
assure the depletion process renoved the catalyzing material 64 from both
the interstices 62 and fromthe surfaces of the dianond crystals 60. The

test was designed such that a repeatablle input of heat was applied to the
cutting edge of the PCD cutting elenent 10 for a known period of tine. 30
6



W O 021 2. 1603 PCT/ GB01/ 02638 Once the test was conplete, a wear index was
cal cul ated. The hi gher the wear index, the better the wear resistance. Due
to the naM@®/2d603t he test, it is assuned that an increasedP@EEBOI/0MEK
nunber indicates increased resistance to thermal degradation of the working
surface 70, 72 of the cutting element 10. 5 As can be seen in 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 material 64 depletion
depth approaches 0.1 mm Therefore, for the types of heat input conmmon in

tt I t 10, S t | depl et depth f
Che: worki ngDGHRE JRGEENFE, URGen, CORTORS 0. BRNIFPRAYIGEAGr hEh-RERSshE, r BV ed
from boyfelshited 62 | g Gike efyétaisr @G“Ffllh%ntﬁ%é acfa@ﬁyzﬁig tlaferfl & ﬂ&l &R Bl 80-

In other tests, on cutting elenments 10 nade with a nore ec nom cal” process
f or renmamong thmeryslalsadi(;/arer@mgafcumedl 164 further sieprof\tbe manufiequrd) soinedefhibet i on

cartal v FHEAARIPRERA o TRt A feplebadiam S0 o e pioutoes  chle oadt indfotas

ei ~ect i WeirbtAoliReBrihe ot of MeWP OB iclindi DaEisle Fin WOkt wrhéas %énﬁfnst he
di anond crystals 60 as the process of curve "A . Therefore, it was not

unti | mﬂaﬁ cagdlyzing matarial §4.iand arsgeand; wollurae) ofithe bodvrt&ﬁéhhcﬁntdmthmwoillnngs?facces
62
o PR of o T ST B e

N 41
A 20459

shown 'lﬁ'eé%fttﬁcaﬁlyz@tigiﬁhﬂﬂﬁl%ﬂ&eﬁﬁi’bab&ll%ﬂﬂhﬁﬁﬁlrﬁﬁj into PCD el enents 2 where
it is beneficial. For exanple, it may be desirable to have edges of curved

cuthing elements 10 rempte fromthe center of contact to wear nore quickly
than the c 0 e rved s f the
25 cutting € egér%%f Itﬁg "&t%“tﬁ[l ‘é@aﬁﬁ)ﬂgé (;r?gjthla %O %S%é%{cent Paf’t eﬁ?tfaagg'q(%ﬁn%fo t(Wed

t her mal vdﬁﬁngd@xtfaw 4 ss subiseantislly iee cofethevieasalyzing afatbrisl a6 eardi €HED Peindifingn
extrenely gq condu tor If a fri event wor ki ng surface 4,

her t | 0 t
70, | 72 el et e, PonNE i Huos TS oA TSR alemeind Rcee Banded
woul d cep Serd r uld

perm t anggﬁsﬁé{r}f? |y hlsgit]a!il(tj gr%%egr% gtu gl?ag grgglﬂgrc]l? M‘@%F%u&h&{l%%meﬂgﬁfa %U%bﬁat@”
pdssi bl ¥ i4 66requipdr nm or hi gher. A gradient this steep would enable - 17
WO 02/ 2-t603 PCT/ GB01/02G38 the working surface 4, 70, 72 to reach 950 C,
and not cause significant thermal degradation if interstices 62 and the
surfaces ofpddigsetha BB adiboent & the SorRinlk 3GHRe 4 3 shhs‘tamm'ﬂ& ofyhd hflyBhE
substantially free of the catalyzing material 64 to a depth of just

f rom t henaserial e, dhe tdeletdrious . efEcilSt ofs theu bisdercatglpzing matetialt 64 rage tsabqunnﬂlyr e

gradi ent, wi || var e cr stal 60 siz nd,.t he ampunt
i nt er - cAFEFA® d’b t d-g' E@ﬁ%@%# on; % p\ eYV8 'é'g Lff“teatﬁ’ the) preisiee %Ot or
eagot h besxtalyging mﬁtzrlﬂe&m}sééﬂ‘e@ﬁvdw bﬁmamedal THe st @ a hJsue FGD dleenin g that ieisi al

64 fromthe interstices 62 to a distance D of about 0.2 mmto about 0.3 mm
from a whe Rahageed thegmel properties approximating that of the so called thermally stable PCD

:IU

PP

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 holiow 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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10 72 produced dramatic inprovenments in wear resistance, with a conbination
of a 40% increase in rate of penetration and a 40% i nprovenent in wear

resi st anc®0 8693 provenrent in wear resistance indicates tRET/GBOH0288rition
of the dianond crystals 60 due to catalyzing material 64 induced thernal
degradati on was dramatically reduced. The rate of penetration increase is
believed to be due to the ability of the cutter to remain "sharper' |onger
due to the increased, 15 wear resistance. There are other possible

const r udowmsthat theepises aardem crystallogaphici erientaion fpthe tdizmong of dinmend-lifte t he

cat al yzi ri 4 ' : ' I gu 11A, and
11T AR Rl 6Bias ol b e it s PANEnudlt 13 el WISt Esiat
~ 02. Thes falbebec) adiacdnt tHAtals0 haveobynded Soyéthen veittyinberiitidl Ishaces 62 among

bi nder - cat al ﬁizg ng material with a se,con% .preformed PCD el enent 110 enbedded

wi thin ithemTiRectirs dbrielgavage planendreroriented i diiferent dizcrtions; on adjecenbempialy 60
"y S e AT R herledof HRBlond e e i htnE MO0,

i N Fi gurmatéridls tdhpesformbweldad Xfiomel wading dniironmentadehdre hglprimpatsioads age
powdery carbonates 25 of My, Ca, Sr, and Ba as the binder-catal yzing

mat er i al®®™MRP-i s formed into a conpound PCD el enent as described in the
comonl y assi gned co-pending U. S. Patent application serial No. 09/390,074
herein incorporated by reference. In this enbodi nent, since the enbedded
pref or med PliDthel procass of bondisg ther erpstala t60Hin ghlegh-2dnperaturey high-presseredprass e

Pl i % R SR L fhohe A Satalin Beeont i SRR bise thealvang sl g
-18 3 haGhklyYalg HatdHaP8S Akt BR6WS th! bonts B Be Firfiee beMfdeh \48fab&Rt diamond

tenperature, it may tor exanple, be beneficial to deplete the catal yzing
mat er i alcrystily 60 at the selaidyaly Inyv pressusesand temprratmrgssesentinithepesd el ement  120.
Furthernore, the enbedded PCD el enent 110 nay be positioned within the
encapsul ating PCD el enent 120 to take advantage of the higher inpact

resi stance @he ipfier efirChielenRaobhis &Y lea® rine lcbatimwiib iniiax \oif tchystdle 60 rhondaE tb
wear resistance of the enc_aBsu! ating elenent 120. As shown in Figures 9,

110  11mach ether mith theananyciniasstices) 52 cqntaiung g binder-gatalyzing matgrialy64; dypicelt

di anond tal q;imaé Lg j : | i ng
surface ﬁﬁ "?h@h%g?ﬁﬁ% 12 %‘?‘b'tﬂheﬁg%gysg%ﬁ %gﬁ@ﬂ{%ﬁ%&&éﬁ@ﬂ%ﬁ‘g@ﬁgﬁ
has a suli&memd,iaad the integtiees 2D fatincansenondlenminbgust thatrix ef mberbiices 62 khoivn as ilse

body 108, and, t{he vol 112 js gubstgntially free of the cafal yzin

mat gri aI‘n@EEt‘“SL\}W%{F &E%B’"ﬁﬁ%"eﬁ'@ﬁ‘é’ﬁ?ﬁéaﬂ%w _n‘ﬁ?;teB@- a&Pa th‘%: nﬂlegf'e are
conpound,LLEHER a +RkivelP M AWhs! Wherk ThE Biatnbnfl: to Ao BRANhVIE dnchplalhes!

of both i1npact "resistarice and inproved wear 15 resistance may be realized.
| t20ray bronwe of thd bindeo-catalykingematesiak at Biepe i ‘isdandslt erei adt partt ¢dfethenbentihuduCD

el enent .110 wel | he,cat zin terd al of the encapsul ating PDC
el enent 'Eéﬁg.n ‘fhwggf%@?@d{“fegﬁa@béf% ?tgs?@él' an el enent with the highest
possi bl e i npact strength conmbined with the hi ghest 20 possi ble wear

resi stance avail able in_dianond el enents for commercial use. In Fi gures 12A
and 12B anoRetarieg/pewitadigures 7 and 9 reboval is gegrosssgctiass of; the BEA2 slsment Avfitke on

manner . oot e 1 BT el 2 mn? b Fied g Bumt bR diforisl
presess PEDUlefeht® duseribedealbove. 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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25 cl osely packed set of epitaxially oriented crystals of dianond 260
deposited upon a future working surface 204 on a portion 210 of the PCD
el enent 2WB 02RHE03assenbly is then subjected to a high-preskiiF/€B01/02638

hi gh-t enperature process whereby the deposited dianond crystals 260 form
di anond to di anond bonds with each other, and to the dianond crystals in
the parent PCD. This di anond-to-di anond bonding is possible due to the

presence of the catalyzj ng 30 material 64 infusing fromthe surface of
par ent PEEhectatalysing aoterial 4 is nopsniiesto Algpthemet degadatonspgoyntered inthsantbgs, a

portion of t [ | eplete the catal yzing

mat er i alareélﬁoF ﬁ}ﬁﬁlﬁ’e@%\%{rﬂa‘@b‘?‘%@ﬁi&%ﬁa‘e%‘%3‘3?3&" he final product is a PCD
‘el ement havi ng one portion of a working surface 204 with a volunme 214 nuch
hi gher in dianond density than that ,of the ofther surfaces 280 of the PCD

el ement 202Therpate magy sethods for remeying ogdepleling the satalyzingsmalgralcbf Eam the

of % he- esubeez th g b el malRaf 6P Bl OGN G ardlth WREGRL O]
wel | . | angenenthothe reiexing! the La@lyz222mafeciuh64 is 0 lgasheis fivtn fhe ihidstickd 62,

12A, and 12B may be 10 characterjz ag PCD_ el enent, 102, 102 havin body
108, 20@ed tha workipe gerigrests7Da 0€®§8Dz%%ne#r¥elnapéﬁ@rmcm%gq°@988aa paERtiok he

wor ki ng j ' i hKe | body
108, 208t ddyt € ik IPH-pb3 HobFblo thit G2 heth e FURQUNE (R Lilabishe
parti culmatéryal 6ddfanh negyphé aaface mafyde hyrededaiial dischmegd, of othier eleetripalergatvanic

I nvention is as, 15 cutting elements 10, 50, 52 as shown in Figures 1B, 4
antP 5. PRECERHPILYRYaRORHORe of the PCD cutting el ements 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 typelnranothey method fon deplating the chatalyzingipetepab64 drom thei intasstives 62y thes of

downhol e ols. The . cutting, el enent 5 hown,.in Ei gure 5 may..be aped
e Gorretaiae mpel S isc ents O ph BB Rine R SRR, Byt floyiad Wi EPiaC e
51 for imaerdlisach thik & 60 CResadts ad ard_a{auym% fbideti®l B this méthbd 38 niterial nidye
body of both types of rotary drill bits, 12, 38 as will be described in

detii | . remaindgnhe interstiges among the diamend pryjtale60, bug thay aatesial ne donges apts ag a
machi ni ng, process. . 10 ' ation of the cutting element 52 in
Fi gure ﬁf@ﬁ'&:’?@ﬁg@:%{ H’l Ct%/\‘%&'%ﬂ@gi"%g{appreci ated by those skilled in the

art that this elenent could be triangular, quadrilateral or many other
shapes suitabl e for machi ni ng highly abrasive prodlructs that .are di~cult to

machi ne wi t In giblanether sethod fop depletingthepegtalyzingimatertal 6 fipm the intgrstiees 62, the

reform '- : | -1l |
Chown | (AR BlGRAERY icrmBledyy baihg i el Pt ol thatic lohr a6
pl 20 al i tag otatalyaibgsmateriekt il myy denaccahiplishedt byaadirystalwstsucture rohatige, pbaser al
| ongi tudinal axis af .rotation 18 - WO 02/ 2.t (03 PCT/ GB01l/ 02G38 of, the
drill biGhangs, Mechanifal workige » 4 Qfmaﬁgr_eaﬁ"mbom efgéﬂff‘}?atf‘& 5o e aktipd
|b|n€gﬁt ; gﬂey By & héntmefallid6r ifnehstive! dathlyRimp miRdesald 0 Aghint B onaddR¥ &y 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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Typically, the PCD cutting elenment 10 has a body in the formof a circular
tablet having a 5 thin front facing table 30 of dianond or dianond-Iike
(PCD) nat WA ®124603onded in a hi gh pressure high-tenperat ur ePGR/EB81/4263%
substrate 32 of less hard material such as cenented tungsten carbide. The
cutting elenment 10 is prefornmed and then typically bonded on a generally
cylindrical carrier 34 which is also fornmed fromcenented tungsten carbi de,
or may alternatively be attached directly to the blade. The PCD cutting

el enent thinbasticesrd2i eyl e eysthlacds Tipoarsifficient Bapansidni therdigmbndto-diamond4 i s
receive i.thin correspondi ngl aped socket or recess in the blade 16.
The car gp\\%ﬂ%&law TURFLEES) cﬁ@gﬁgﬁ‘gﬂg‘%@%ﬂ?‘i“ﬁk fit in the socket. In
-operation the fixed cutter drill bit 12 is rotated and wei ght is applied.
This forces the cutting elenments 10 15 into the earth being drilled,

ef fecti ng allesecommadel obthermal degragation begins athemprrmutes of iabeptelS@rdegress O may

“al b | i ed. ' . h ' 2 . '

Feani n A TERF iscRuaf LRI B G B 8 b Sl b8 LB 2, SuPRUEE, ..
gauge r ¢gH &stald 60! indédlSingtthe Giysal 60 wRSEashiidel :3Gh€ tepipRidtereidams750 degtdey as
possible, it rnay be 20 desirable to cut the el enments into shapes, such as

t he rectGndsithe cryptalseols exaphitizothey, undareo pdwae volumeringrigase repdting inyerackigg on
36. | i a b Y : 0. Fi 5
of the ApBEARRTORT TRy 4. wien Skl 6 £RF icichs e HMGribS bl 84 )

Fi gure 3nthe upfaces\¢f thel tiagond iciystaldé0 cadSendble thip nwdt bf theanalalegradatiomr e
truncated rolling cone cutters 40, 41, 42 assenbled 'on a bearing spindle
onlk he | eg 44 of the bit body 46. The cutting el ements 50 may be nounted as
one or nor [ ty ' r ' | flaNQ
cut tor s 40, 1 pult e e pfhec ity lHode 3k et in Bled MRCho! okl Bendl®, ik

ar r angedatalyaing materiak 64 4dusifbet remdvied tdgh fibine tieCinterstices 16§ ahengetite Gidmoad a

body in the form a faci taple 3 5 qof di d or, dj nd 30, |ike .
ot o1 alcryAe i the Srfhet oEE diamand coptaty Lot Hel b he e Bss wierls

enbodi t. | | he d fan@ FFRRER 639
and. has Saas a8 IR gl PRI the gl Bl B 00 00® U L iRt

Actor di nhg gnset of thermakdegradation fouthsediaménd crystalst 60binathat eogimswhbuldvapproache
facing ta§é§:35 and the substrate 37 to help nore evenly distribute the
J248fe
5

stresse rated during fabrication, as is well known to those skilled in
the art. In operation the rolling cutter drill bit 3 8 is rotated and
weight is applied. This forces the cutting inserts 50 in the rows of the
rol I'i ng conéhis dualalegradation mode,shawever, pravidessome unerpegied tigaefiss.t Fosexagple,

d.th | | i.ng. cut 4 f ' i1 iran.
o She kol B W e pndffod M0 5% 00t bl S6Lber
i 520 Nt Reskt in@emtioni tiss inidyalgadcamplisielt Bn ghuingingathe dlelipriens pajpess sueh ehatain f or

use as a cutting insert in machining gperatiqns. In thi nbodi ment he
cut t i ng A6¢a8 TEQHINIBY MAXAMBMONERF Tesstance, £ cAlAYZIng magsriel it aﬁﬁeteg%oa it ind

di $ . ) : .
ur { ageanE ST BEHE SrfRag OF the Badonegora 8, Th Bical Whereeosrar (HFSAIcHO
i nto a [ desidetlf for ekamplelih arselfiskarpeningitadh, those aredsswopld be treatat tsa @b dol depletan
i t 58 that |J t in 15t tpol .hold hi tagl . T
oer e bl AR bk B ks o by RS Sk B 1
e gli ng’tggﬁiaﬁio? dfbts &6 1d I%E.ﬁhﬁﬁ cBRBE! WitiPtHe Qafal ing]miteﬁam the cutting

el enent I'n e "shape of e Insert in a high-tenperature hi gh-pressure
manuf acturi ng process. As shown in Figures 13-18, PCD el enents 2, 102, 202

ot oo B el omASRube e ShaCi 9o HAR 6 yeBle SBRUISRS Pl
- uti i zi ngord thRCRlcRE 8P the3BRnidhd [REstAls 60 QRin frBMEME ifrstibds GRY Fot $ifls Péas

0
desirable to utilize the excellent heat transfer capabilities of the ﬁéD
el enent deperking upor the magnexiiniwhick thd eatalyzing material lisideplateds tpbe effeetivgsing

- he sink.,310 with a.P | ement, 3.i of .t he esent inventi.qn er
apS{) i catiPHyfeng ﬁ%rlﬂﬂed?gfc?%@ﬁ%’gﬁﬁ éjgpﬁhn%éd?%émw qfﬁf'% c%&%zwgalﬁ&ﬁb&e@e ﬁéfﬂq 22
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. may have PCD-& enents 362 of the present 30
i nvention as shown in Figure 17A. Punches 370 may have either or both dies
372, 374 nmade of the PCD material of the present invention, as shown in
Figure 17B. Al so, tool mandrels -22 WO 02/ 2a603 PCTI GB01/ 02638 3 82 and
ot her types of wear elenents for measuring devices 3 80, shown in Figure 18
may be



5 made of PCD el enents of the present inventions. It should be understood
that al nost every application for polycrystalline dianond woul d benefit
fromthe W02y ng materi al depleted PCD el enents of the BSIT&GBN102638

i nvention. Wereas the present invention has been described in particular
relation to the drawi ngs attached hereto, it should be understood that
other and further nodifications apart fromthose shown or suggested herein,
may be nmade within the scope and spirit of the present invention. - 23

WO 02/ 2-+wokifg Gurfhdds4 \igyT virg diipanding Bpoh She RETHo@Bkd MDERiBpleting\ tiRCExtalyeingnt
corrpris:wrj]i? a B%dy with a working surface, wherein a first volune of the 5
body re 13 PEm t he wor ki ng surface contains a catalyzing material, a
second vol unme of the body adjacent to the working surface is substantially
free of the catalyzing material. 2. A PCD elenent as clainmed in Claiml,
wher ei n t hdnisomhe apphqmtnosasmrwemeat o the cbhermalr threshold tb @horeid Qi @rbohltss:tlylst al's
“and. an i sti er.ei n rstitial

i x 730 dtedgeBaien Bod teretBes o JOF iflehe el Ak Reretalrsd B5mhion bickre
and t he ppahiksible. v donbequehéd, iittlouldbe lappﬂe@ﬁﬁﬁd&ﬁat\&hérb lafe Autfero @S €otabiMadonIe i S
substantlal ly free of the catalyzing material. 3. A PCD el enent as cl ai ned

in d ai ©f tatglyzimgamatedal Ghdepletion n@ﬂpéwﬂuclwwddr@eeappbﬂdjéo pehiaw thedeyrl pfof
at | east r S PCD el enent as cl ai ned
in daifi %B'%# &%tkﬁi]‘t%e&%glgglgﬁd&@f@?&a%@&ﬁgﬁpglébag@%e th of between about
0.2mn and 0.3nm fromthe working surface. 20 5. A PCD el enment as cl ai ned
I n any one of the precedl Hglpd ai s, wherein the second volume of the body

hat) a di anoidthisesperifigation; hen the ferm s@\bﬁt@neallmﬁpﬁelsmql refgring teceptalyzingnt
as cl ai rﬁ?a‘i!eria[‘ 1 634 HOS t&fgntzé% ?ftﬁf ﬁgéﬂgﬂmﬁ' AR 68MAE i a n‘f]o'?urg@{??rt#&'aé%&’; 8, it

di anbnd Crystals | oca second vol ufe o
sur f ace shdsultt the |L81dé‘x5t®d h‘.hitallﬂhmﬁhf yotf alk ¢he suries bf thengdjamne thaaiond krystal®6D

| { d d he .
it a1 v G S NP 41CORGAR PR Stply maiet IR ETiseorhdn, e sy, subsentially; o
sur f acege@f il d %ﬁgﬁ’r%yﬁﬁ&ﬁhg nqlxéi&la'l ¥ on WeQuPRtes 663 di: ﬂ&@?’@ééﬁ?s@@ 8.

A PCD el enent as cl wherein the dianond crystals 1n the
setond \idre may rsﬂltﬂ)eeaﬂabamgmaelﬁalrﬁétprmmﬂmthhadaescehbm!aersimeaﬁglz| ng materi al
adhering to their surfaces

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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than the dianond crystals in the second volunme which are adjacent to the
first volunme. 5 9. A PCD elenent as clained in any one of the preceding
clai ms, WNEOR2#604n anount of catal yzing material wthin t RCEEBUAR63S0! une
of the body continuously decreases with distance fromthe first volune. 10.
A PCD el enment as clained in any one of the preceding clains, wherein an
anmount of 10 catalyzing material within the second vol une of the body

i ncreases with increasing distance fromthe first volunme. 11. A PCD el enent
as cl ai ned @nceCheitast was completsi a wearindeowns cajtulated aThe highentheovéaalindexs then

t he second vpol une increases in steps. 13 12 .PCD el enent, as. cl ai ned in
any oneg'ca)'gertt %Wﬁ?re{?é‘a{ ﬁe‘cﬁél?ﬁ%a?dﬁlfrfé’?ﬁlbe ‘:fs@l’telﬁ &ﬁ'ﬁnﬁrﬁﬂ?%ﬂ' IBPIEAET WE Vi ng
a faci nghder Mumben hdicadstihéroghed vésisiaire tokIRIAAINIdRRRIANEN KT th8 vPotking GRIRQTRY,I Ses
a portion of the cutting surface. 20 13. A PCD elenent as clained in Claim
12, whef3ofitheruttingalementel0enrent i s nounted upon a cutting face of a fixed
‘cutter type rotary drill bit. 14. A PCD elenent as clained in daim12,
whérein the cutting el ement is nmounted upon a body of a rolling cutter type
drill bit. R&cdbbe fechGh i Arih the graphiofdigire 18ntjiererie aQfratohtdd Herehsd ih the,
conprising a cutting elenent with a cutting surface adapted for use as_ a
cut t i ngWeaE dndexrasult frcutingnelemsaisalq wien (e catalyzingemalsrinl ¢ depletion: depth
conpris i f td f P <TH- i med
in any gﬁ% ggﬁébéf@sni?l'r@%ﬁg ﬁc){)ﬂrr%rt?ggsn(gq%at r ‘dm‘l%é“ ?ge),gpc' erel %Inteﬂé 1\(/\d/(br%ki ng
sur f ace Oclommi idepth 8 thercritical depletiba dépthwirom the eweorkirigasirfase 4 O£ 72 -when théD

02/ 2A03 PCTI GBO1/ 02638 17. A PCD el e t.as ¢lained in any one of Clains 1
td011, e#ApEing wgte&aﬁé&t 1Ssli°mQ.V%)§f.°“A Bpinieiatieas Ohand larmethe isHrfages entheof
Cl ai nms ﬁiatlﬂ)frﬁ]cryﬁﬂér@@.i sing a device selected S fromthe group consisting of
a valve surface, 1ndentor, tool mandrel, and wear element for a neasuring

device. 19. A PCD elenent as clained in any one of the previous clains

wherein the ba i s bonded to a substrate.of |ess hard nmaterial,. 10 20. A

PCD el errentingaiesists, 8 COHE Sethsik [ et it BorecSOnaiaicl RGPS fof e vin

cenent egnd SHSIGHRE nfaéril 69, thé Iveaf vERLDASHR Of TBJlEHG Ts WefleRld 18 2BpFoxBhATRRAL

conprising treati n&,a body containing a 15 cat aléél ngf material to render a
t ofFigy deplst

sddond showmrin curee teali) i dihecatalyzingonateriel winrgyocess 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 to 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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material whilst permtting the catalyzing material to remain in a fcrst

vol une of the body. 22. A nethod as clainmed in Caim2 i, wherein the
second voVQMB/2#@3r endered substantially free of catal yzi ngl’(??iiGBN/@lﬁ?)Soy
teaching the catalyzing material fromthe second volune. 20 23. A nethod as
claimed in Caim2l, wherein the second volune is rendered substantially
free of catalyzing material by converting the catalyzing material in the

second volume to a formin which it does not have a catalyzing effect. 25
24. A mtheraorking surfacerdd 70,7200 arash P60 Giaaddion cause significadt thetmatelegrdatéondifr ed

subst ant i aI e catalyz

ot or | alEigtves 67 s SRR B ARG Bysits SE BB QL BE Nk R e ares
‘met hod  @gbstdrdially drek Of fHecvatilyZing mbRrial 64 tohedeparerjdst\002 HiNe fiofh the BEGEEES the
substantially 30 free of catalyzing material by electrical discharge. -26
WO 02/ 2be®3 PCT/ GBOL/ 02638 26. A method as clainmed in Oaim2l, wherein the
"segond volune is rendered substantially free of catalyzing materl al using a
gal"'vani ¢ process. 27. A nethod as clained in Claim2l, wherein the second
volune is rig @H@ﬂetﬂe&pgg’em;ﬂlaﬁih?)terﬁpérﬁmﬁe gnfadrelnt wily varpalepariding a;bom?e Reysl
evaporation prqQcess pre tting el enment conprisi a aC|n
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plurality o rtially bonded dianond crystals, a catalyzi 15 material,
and an |rematarw|m<ihaatemﬁlat the attaitidn of lﬂm:lojmanmndil cwswlﬁr&ﬁ dge mjcaftdyang wiaerial 64t he

interstit] ri e _bo t _to the sur
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i nterst 'bEhéUedrthHe' dieQ6 Hh bbifityt dilethé _1fér/tol réfhaiiBsRarpa’ lonper dde BCHegh&eRRH
conprising a catalyzing material, an interstitial matrix, and a body with a
2015n0r kiwegr sasistaié®, wherein the interstitial matrix in t he body adj acent to
the working surface is substantially free of the catalyzing material, and
the remaining interstitial matrix contains the catalyzing material. 31. A

PCD el ement ThéraTakd oiheg passiiel cohstiuptieds SUPEDNélErternts Yiwdt HegiefitafrGrait dépletion r
mat eri al , and a 25 body with a working surface, wherein a nmgj orlt){ﬂ'of t he

cryst al semavalies tlmyalwmm mategial 64 asséesanbﬁdlahﬂw d éﬁtSHowa dmFigeesid itk
surf ace ll?é aﬁxo&e? gﬁli)@l‘flﬁle“@bﬁiﬂeg eséx'l{l?ﬁ&&lm)h dq;Cli Qﬁn’féﬂ{ ?62?/ ZT}ﬂaq)CD

mat er e renal ning crystals contact t yz ng materia
20 element 102 has a body 108 with a group VIII bmder-catalyzmg 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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In general the elements 102, 202 shown in Figures 11A, 11B, 11C, 12A, and 12B may be
10 characterized as PCD element 102, 102 having a body 108, 208 with a working surface 104,
204. The diamond density adjacent the working surface 104, 204 is substantially higher than

elsewhere in the body 108, 208, and is substantially free of the catalyzing material 64.

One particularly useful application for the PCD element 2 of the present invention is as

15 cutting elements 10, 50, 52 as shown in Figures 1B, 4 and 5. 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 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 difficuit 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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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 applied. This forces the cutting elements 10
15 into the earth being drilled, effecting a cutting and/or drilling action.

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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30

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 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 diamond 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 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 insert 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.

As shown in Figures 13-18, PCD elements 2, 102, 202 of the present invention may also
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.

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
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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2. A PCD element as claimed in Claim 1, wherein the body comprises a plurality of partially
bonded diamond crystals and an interstitial matrix, and wherein the part of the interstitial
10 matrix located within the first volume contains the catalyzing material, and the part of the
interstitial matrix located within the second volume is substantially free of the catalyzing

material.

3. A PCD clement as claimed in Claim 1 or Claim 2, wherein the second volume extends to

15 a depth of at least about 0.1mm from the working surface.

4. A PCD element as claimed in Claim 3, wherein the second volume extends to a depth of

between about 0.2mm and 0.3mm from the working surface.

20 5. A PCD element as claimed in any one of the preceding claims, wherein the second

volume of the body has a diamond density higher than elsewhere in the body.

6. A PCD element as claimed in any one of the preceding claims, wherein a majority of
diamond crystals located within the second volume of the body have a surface which is

25 substantially free of catalyzing material.

7. A PCD element as claimed in Claims 1 through 5, wherein a majority of the catalyzing
material remaining in the second volume of the body adheres to surfaces of the diamond
crystals.

30
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from the ﬁrst volume,

10. A PCD element as claimed in any one of the preceding claims, wherein an amount of
10 catalyzing material within the second volume of the body increases with increasing distance

from the first volume.

11. A PCD element as claimed in Claim 10, wherein the amount of catalyzing material within
the second volume increases in steps.

15
12. A PCD element as claimed in any one of the preceding claims comprising a preform
cutting element having a facing table and a cutting surface, wherein the working surface

comprises a portion of the cutting surface.

20 13. A PCD element as claimed in Claim 12, wherein the cutting element is mounted upon a

cutting face of a fixed cutter type rotary drill bit.

14. A PCD element as claimed in Claim 12, wherein the cutting element is mounted upon a
body of a rolling cutter type drill bit.

25
15. A PCD element as claimed in any one of Claims 1 to 11, comprising a cutting element
with a cutting surface adapted for use as a cutting insert in a machining operation, wherein the

working surface comprises a portion of the cutting surface.

30 16. A PCD element as claimed in any one of Claims 1 to 11, comprising a drawing die,

wherein the working surface comprises a portion of the drawing die contact surface.
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19. A PCD element as claimed in any one of the previous claims wherein the body is bonded

to a substrate of less hard material.

20. A PCD element as claimed in Claim 19 wherein the less hard material is cemented

tungsten carbide.

21. A method of manufacture of a PCD element comprising treating a body containing a
catalyzing material to render a second volume thereof substantially free of the catalyzing

material whilst permitting the catalyzing material to remain in a first volume of the body.

22. A method as claimed in Claim 21, wherein the second volume is rendered substantially

free of catalyzing material by leaching the catalyzing material from the second volume.

23. A method as claimed in Claim 21, wherein the second volume is rendered substantially
free of catalyzing material by converting the catalyzing material in the second volume to a

form in which it does not have a catalyzing effect.
24. A method as claimed in Claim 21, wherein the second volume is rendered substantially
free of catalyzing material by reacting the catalyzing material to form a substance which does

not have a catalyzing effect.

25. A method as claimed in Claim 21, wherein the second volume is rendered substantially

free of catalyzing material by electrical discharge.

-26 -

10% & —( WA = . . . .. .

TR %é@%‘%}e‘&wr&m‘a‘lmm RGPS L1800 1 PO PRRREINPE 3 PRSIk 004 & () -
19'" 109 M & ()- 14" 10%\ H & ()- -2345APbC 1! HF% ' 10" s109%&' () - #109%& () -

Y' &10%&' () - 10%& ( 10\ 10\ 10\y 10% & t(%: BdE:/ 10 10f; 10%& (3 @" 109 () -
@109 (& AJR@}& gd i augong of Clayms 11t Mg, mmmang)a evice selected
“&#10% o Wi ot i d

ToLR1 Do e %&8&? i %ﬁnséoﬁl%%é&%w%%ﬁfmé? 1931 bl s el Boment for a
Y10% o0& nfasiiiiig device.



10L. : 10% 0& () - +#10% o0& ()-Y(10% 0& ()- & 10% o0& ()-!#10% o0& ()-10% o0& () -
xmbC 1010% 0&' ()- 10'o 10' 0 10’ of ; 10% 0& () -

710% o0& (YWORP#0Wh 0&' () - & 2#10% 0& () - FaBmbC 10- 10% o0& () - PCL/&BOLAR63S () - Sy
10% o0& () - #10% 0& ()- #10% o0& ()- V' &10% o0& ()-{dEnbC

1010% 0&' () -10% o0& () - &#10% 0& ()-L@L0% o0& ()-' 10% o0& () -

8#10% 0&' () - kKKAEmbC 109+#10% o0& ()- & (&10% o0& () -

& ' 10% 0& ()-#10% 0& ()-!#10% 0& ()-&F #10% o0& ()-] RAEMbC 10 7&810% o0& () - &3
10% o0& (Zﬁ SAmgibod egclaymebin Obaim 1¢ whenednahegsecondeyolumeis odideyed sebaattialy

2o Eb Sep ot Gomatn matetio aing 2 ik hpdiopRegsp. O 1070 0& O 8810% 0& 1)

10% & () - y&10% & () - &#10% & () - g6aBbC 10& % 10% & () - &##10% & () - &S
SI10% & ()-11"10%\ & ()-s10% & ()- 9#10% & () - Fz5dEbC
10&0#10% & A)method e glaimedim Elaim' 1) vehereim thegsecondivplimesis gendereg1pibistantigllys Sx m

oA g () ”’5‘5&%@%@@%@%%@%%@& Froves ()~ astomi ()

&10%& ()-&#10%4& ()- <3dEnbC

28. A preform cutting element comprising 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 facing table having a
10 cutting surface and a body, wherein the interstitial regions adjacent to at least a portion of the
cutting surface are substantially free of the catalyzing material and the remainder of the

interstitial regions contain the catalyzing material.

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

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

30. A PCD element comprising a catalyzing material, an interstitial matrix, and a body with a
20 working surface, wherein 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.

31. A PCD element comprising a plurality of superhard crystals, a catalyzing material, and a
25 body with a working surface, wherein a majority of the crystals in the body within at least a
0.lmm depth from the working surface have a surface which is substantially fiee of the

catalyzing material, the remaining crystals contact the catalyzing material.

32. An element comprising a plurality of partially bonded diamond crystals, a catalyzing

30 material, and a body with a working surface, wherein a volume of the body adjacent the
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body, and the volume is substantially free of a catalyzing material.

34. A PCD element comprising a body with a working surface, wherein a diamond density
adjacent the working surface is substantially higher than elsewhere in the body, and is

10 substantially free of a catalyzing material.
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