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Specifically, enbodinents of the disclosure relate to nethods for

15attaching fully | eached or substantially fully |eached polycrystalline
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Embodiments of the present invention relate generally to methods of forming
polycrystalline tables, methods of forming polycrystalline elements, and related
structures. Specifically, embodiments of the disclosure relate to methods for
15  attaching fully leached or substantially fully leached polycrystalline tables to
substrates to form polycrystalline elements, and intermediate structures related

thereto.

BACKGROUND

20 Earth-boring tools for forming wellbores in subterranean earth formations
may include a plurality of cutting elements secured to a body. For example,
fixed-cutter earth-boring rotary drill bits (also referred to as “drag bits”) include a
plurality of cutting elements that are fixedly attached to a bit body of the drill bit.
Similarly, roller cone earth-boring rotary drill bits may include cones that are

25  mounted on bearing pins extending from legs of a bit body such that each cone is
capable of rotating about the bearing pin on which it is mounted. A plurality of
cutting elements, known in the art as “inserts,” may be mounted to each cone of the
drill bit.

The cutting elements used in such earth-boring tools often include

30  polycrystalline diamond compact (often referred to as “PDC”) cutting elements, also
termed “cutters,” which are cutting elements that include a polycrystalline diamond
(PCD) material, which may be characterized as a superabrasive or superhard
material. Such polycrystalline diamond materials are formed by sintering and

bonding together relatively small synthetic, natural, or a combination of synthetic



The cutting elenents used in such earth-boring tools often include

30pol ycrystal l'i ne di anond conpact (often referred to as "PDC') cutting

el enent s,weals/exsed "cutters,” which are cutting el emearasseéan2ionel ude a
pol ycrystal l i ne di anond (PCD) materiabh, which may be characterized as a
super abrasi ve or superhard material. Such polycrystalline dianmond materials
are formed by sintering and bondi ng together relatively small synthetic,
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1amond compact may e formed by leaching cafalyst matenal out from interstitial

spaces between the interbonded grains in the diamond table. When the diamond

table is formed separately and subsequently attached to a substrate, also known in

the art as a “reattach” process, inadequate attachment may result in delamination of

25  the diamond table from the substrate and premature failure of the cutting element.

In addition, catalyst material may sweep from the substrate into the polycrystalline

table during the attachment process, and the polycrystalline table may again require

leaching to reduce problems associated with differences in rates of thermal

expansion and chemical breakdown of the diamond crystals.

30



DI SCLOSURE OF THE | NVENTI ON I n sone enbodi nents, the disclosure

i ncl udes nmethods of formng a polycrystalline elenent conprising disposing
a first pvonalziydef particles conprising a superabrasi veTnst@rioztors a
second plurality of particles conprisisng the superabrasive 5material, and a
catalyst material in a nold. The first and second pluralities of particles
are sintered in the presence of the catalyst material to forma

pol ycrystal line tabl e conpri DISGLASURESOF rldti BWhBIOY a first perneability
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first regi on angpetahmsbgbsaterilea second plurality pheartidabermprisisthe swrerdiragyosur e
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conpri sing a fdrfidts 4r6Qin@Red@mhe grederice o8 theRtalad akdriay toafoen byl wepeiling egi on
havi ng a second, greater perneability. Catalyst material is at |east

subst anti al | ytablegowetising erfirstregien hyipg st neaeabally and FsecopersePy st al | i ne

t abl e cont act e €O LSl L : second
regi on being }|§ar‘{ ap%g%%{’ ﬁgﬁa\?\éélg)ﬁﬁ{l%%ﬂp?r 2‘%}& %%%L? %n]ﬁ%{[%@ %gﬁéﬁggﬁrséaﬁelm%t

| east the secemdvedfibmrthepolybstatingaablst hd polgcrystblliaeitablé Bfatth¢thedttedn wi t h a
flowabl e material fromthe substrate. 20l n additional enQodi.nent.s, the

di scl osurld i i @supBTaFamRRiing Haard materalhe ataat A spoogd Zesom Bipgt o

conprising a sg@BfiWe@ﬁtheﬁﬁr_@ﬂjegﬁﬁﬁ_ﬁ@ﬁleuuﬂﬁ_ratt@bl e conprising a
superabrasive nmaterial and having a first region exhibiting a first

permeability and aln dtlsasmbadipemtmn ther digilowrebiudes inadods eletieaing gr eat er
pernmeability is attache Qo _an d.of the.substrate, .the at. | t second
regi on being I?(’i}fcé?(%?a)@aﬁgaﬁ’sfb@tav%lgﬁmtt%%org]ﬁfbsﬂgr {Igl%%pql%%y?@ﬁlgf §a?)26g(i)f§n. BRI EF
DESCRI PTI ON %Pgﬂﬁlgra%\‘ﬂd}@ﬁl and comf!ﬁ“iﬁiféga Fife r&R@chdvigas fign peaabiligesndm t h

clainms particu arlcg pointing out and distinctly claimng that which is
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conj uncti on wdnkactsh cad @@ apabstiafgcoiaismpgshard matdriat,ihe second region being
interposed between the first region and the substrate. At least the second region of
the polycrystalline table is infiltrated with a flowable material from the substrate.

20 In additional embodiments, the disclosure includes polycrystalline elements,
comprising a substrate comprising a hard material. A polycrystalline table
comprising a superabrasive material and having a first region exhibiting a first
permeability and at least a second region exhibiting a second, greater permeability is
attached to an end of the substrate, the at least a second region being interposed

25  between the substrate and the first region.

BRIEF DESCRIPTION OF THE DRAWINGS
While the specification concludes with claims particularly pointing out and
distinctly claiming that which is regarded as the present invention, various features
30  and advantages of embodiments of this invention may be more readily ascertained
from the following description of embodiments of the invention when read in

conjunction with the accompanying drawings, in which:



WO 2012/ 121946PCT/ US2012/ 027075 - 4- FIG 1 is a partial cut-away
perspective view of a cutting elenent including a polycrystalline table of
t he presewD 2dixiasure; FIG 2 illustrates a cros®csasteianatorvi ew of
anot her cutting el ement including a dgme-shaped pol ycrystalline table of
the present disclosure; S5FIG 3 depicts a sinplified view of how a

m crostructure of a first region of a polycrystalline table of the present
di scl osure may appder. lumdemimmaWay@eispmtivElvﬁw df 4 sutangeloplentindddwmgew of
how a m crostructure. of second re of a polycrystalline table of the
present di sclREYFEIHE]e &Si&&iﬁhm&&n P¥fcation; FIG 5 illustrates a

cross-sectional vigy, Qflbtﬁstl%’té%ta'c?&s%le&%mVlb\Qlef'dgbtﬁgr AR BREN GANdigYT at | on

of a polycrystalline t resent disclosure; FIG 6 depicts
a cross-sect i odmhe-shaped pélyarysnaﬂtner@:)lebeﬁenvtesmemdlwdhsuge,anot her conf| gur atl on
of a polycgrystalli ble of .th esent..di scl osur

cr oss- SGC?’I onal I‘Z@ g ealclﬂj’t%“?jﬁgf%{ Yt howa ﬂﬁr?ﬁéruﬁtuﬁ%ﬂf %flghaeiglqnan& f ace
design at an j dg;}t @YdiAfife RBlWTERe ﬁemaismmem appPalungévah@ifitdtient abl e of

t he 15present discl osure; illustrates a cross-sectional view

of a cutting el emdfO. figd snmrxh@eéVmom%amwrﬁﬁtemtwe@faéeqogﬂ regioppf a

interface bet ween I I resent
di scl osure; ycryStSEﬁ%.%le\égﬁ F‘lh rg%ﬁaééﬁé%gl dg E%géﬁgéec mﬁ?a%\(/)lﬁems of
non-pl anar interf ade. 3QUgsiago s ctrdsnatseamnabeewsed cunmtgcemm;m iretudiig h a

pol ycrystalline table of fhe present djsclosu 10 is a
cr oss- seddi orfapothgr %Pftﬂuméloﬁﬁ’lfé nobicaysiailing tﬁP]&f’é §§ Hrﬁﬁenhillﬁ%{e?ﬂr?rg a

polycrystalline t afl£4Qk lfc&eﬁ RoRs&elio B SRWOSHY &itthif BeribiRIAdIAIR: afdifRr 11

illustrates a cross- SECt oha VIEWO an internediate structurelna

25pr ocess f orcoafiparatiomgf ap@gtrystaliskadtle oethe @bﬂsaltaﬁscﬂdsarq;)r esent disclosure

to a substrate; FIG. 7 is a cross-sectional view of a cutting element including a non-planar
interface design at an interface between a substrate and a polycrystalline table of the

15  present disclosure;

FIG. 8 illustrates a cross-sectional view of a cutting element including a
non-planar interface design at an interface between regions within a polycrystalline
table of the present disclosure;

FIGS. 9A through 9F depict cross-sectional views of non-planar interface

20  designs that may be used in connection with a polycrystalline table of the present
disclosure;

FIG. 10 is a cross-sectional view of a mold used in a process for attaching a
polycrystalline table of the present disclosure to a substrate;

FIG. 11 illustrates a cross-sectional view of an intermediate structure in a

25  process for attaching a polycrystalline table of the present disclosure to a substrate;

FIG. 12 depicts a simplified view of how a microstructure of a second region
of the intermediate structure shown in FIG. 11 may appear under magnification;

FIG. 13 is a cross-sectional view of a mold used in a process for attaching a
polycrystalline table to a substrate;

30 FIG. 14 illustrates a cross-sectional view of a mold, similar to the mold

shown in FIG. 10, used in a process for attaching a polycrystalline table of the

present disclosure to a substrate; and



FIG 12 depicts a sinplified view of how a mcrostructure of a second
region of the internediate structure shown in FIG 11 nay appear under
magni fi cawoan12/Bi%s 13 is a cross-sectional view of a mpca/uss@d/oeTv7a
process for attaching a polycrystalline table to a substrate; 30FIG 14
illustrates a cross-sectional view of a nold, simlar to the nold shown in
FIG 10, used in a process for attaching a polycrystalline table of the
present di scl osur eFliGo 14 ikusrstes atperspegitie W 20a12¢ath1lgt BRIV IWS2My 027075 - 5-
FIG 15 illustrates a per ctive, vi ew of ear.t h- bor | tool to,which a
cutting el erre‘?’ritt“?gn%?rﬂﬁ&ﬁﬁagﬁﬁ%Ia)p8}y§§3fs llllr?entgﬁfggf}? pd?sef’#%gﬂp%g%ﬂ]taygfscl osur e
may be attachgg h&VODE(S) FOR CARRYI NG OQUT THE | NVENTI ON The
illustrations presented herein are not neant to be actual views of any
particular earth-boring tool, cutting elenent, or bearing, but are nerely

i deal i zed representati mé@gs £ﬁ§%§@WO% Pﬁé%ir\]}l%ﬁﬁ% enbodi nents of

the discl osure. Additi common betwee gures may retain

the sanme or sim | arhelidlastirions pleséifted Bitaihia@hnot meant tolhteactial igws@anih- bor i ng
tool" and "earth-boring drill bit," as used herein, nean and include any
type of bit opartiguar qagtg@wag tepl; quitingelemuentngy lteﬁﬁn&&uﬁﬁrteiné‘?{e]@’rld@i‘lz gement
of a wellbore_| q,q]tﬂl LN I > ,
fixed-cutter %P {égé}l@gﬁ% ggac[ %{)éne lg’f@%tﬁlﬁgﬁ’gg& oénrﬂgcﬁﬁg,gmcszgf{eheg?%gg h%&:cent ric
bits, bicent eAddifbndlly, elemanscemniinl Besweehr fagprds sy refaii thedsatmietos singifd ot her
drilling bits and. tpols known in the art. As used herein, the term
"pol yer ystlal I‘F%er{cég&é"gnﬁ%%s and includes any structure conprising a

plurality of grai nud{erfs “eafth¥otiak $dolOhndeafhitdking @ridl-bit, SANREARERR, Ve

material) that are bonded directly together by inter-granular bonds. 20 The

crystal st ruchearemddhclifieanynigipe pfibiabr gohised fof drilieg deneg tha formajioper r andom y

oriented in space wthi.n ttinl% %ol ycryst al ., lAds sed helrei n, the
8 d uae

terns "inter-grARTPEHT BanE i, SH%%F%%?@?&““%ggng%% e QFeMBhyY” di r ect
atom ¢ bond (gxd@-cuteP¥itd, esller cOBS Bits, bercutich DitsP&irvBRE) catmbme bity, bidp@eent
grains OflSS upbei{s?PeraI@nsélrs\,/ (ranilrlr:}td?argl l%‘lts', hybrid bits, and other drilling bits and tools known in

the art.

As used herein, the term “polycrystalline table” means and includes any
structure comprising a plurality of grains (i.e., crystals) of material (e.g.,
superabrasive material) that are bonded directly together by inter-granular bonds.

20  The crystal structures of the individual grains of the material may be randomly
oriented in space within the polycrystalline material.

As used herein, the terms “inter-granular bond” and “interbonded” mean and
include any direct atomic bond (e.g., covalent, metallic, erc.) between atoms in
adjacent grains of superabrasive material.

25 The term “sintering,” as used herein, means temperature driven mass
transport, which may include densification and/or coarsening of a particulate
component, and typically involves removal of at least a portion of the pores between
the starting particles (accompanied by shrinkage) combined with coalescence and
bonding between adjacent particles.

30 As used herein, the terms “nanoparticle” and “nano-size” mean and include

particles (e.g., grains or crystals) having an average particle diameter of 500 nm or

less.



25The term"sintering," as used herein, neans tenperature driven mass
transport, which may include densification and/or coarsening of a

parti cul ave 2omporent, and typically involves renoval ofcatusb@ast7oas portion
of the pores between the starting parig.cles (acconpanied by shrinkage)
conbi ned with coal escence and bondi ng between adjacent particles. 30As used
herein, the terns "nanoparticle" and "nano-size" nmean and include particles
(e.g., grains or cAystedllsjeilmaké egndmateret egepitran” cheang iherabemicabf 500 nm or
| ess. WD 2012/ 121946PCT/ US2012/ 027Q75 - 6- As used herle' n. the term
"material  confPEFBIUOH ANFELFFOSTYEITE ﬁin&aé‘?rlaé'oﬁjp?}g?rt‘i"%ﬁs’dﬂ%te%f:b%é% ture of
a material. |HnRtdhemidPEsEposiintit aldsrriam Mrdshfctiiie ehsal todaIPosi tion
but a different mcrostruc}?ure are considered to have different materi al

conposi ti ons. difaenumetgrinbeamipesitiond t erm "t ungst en car bi de” neans any

mat eri al conposition that contajns.chemcal .c oun of 1 :
carbon, such as, f%? ug@%q1%?ﬁwmgst§%8argbﬁbg}?xheg ?%n smgtfeg%%éﬁ% S%%

Tungst en car bihgecontghsighemical 66mpxapbetungash adickgbdiE Bushpdshiod@xargplef er ed
tungsten carbide, and macrocrystal|line tungsten carbide. 10Referring to

FIG 1, a parMaWiutndgembisatiensedtV ¢and k- of ungstencaiidy erlfenior100
including a p | : i : I Jne table
102 of the cobeiiy erEsuieyeAtE. M fuiRpa s PEAEREEIIATE 100
The pol ycrystuahgdterecdrbidb.e 102 may be formed separately fromthe substrate

104 and sybsequent]y. be at hed to.the substrate.104 in _a reattach
process. fhe 15po|1§%fFV§’tgéPltF?§eﬁtaeH?Ftéa FBLARBRTTRSEUV S ViFVAL 2 PE8on 106

having a fi rsa%rﬁ@ﬁm@%dwamg andiyenzesaidatie a2 H88nhavkpeiyRnaaaRd,

greater perneability. The second region 108 of the polycrystalline table

102 may be priekier@Rof theecuttingstleraerd 1004s attanbied thenfend of a selgsittote 1096 Thay be

di sposed on an_.end of. t second yregion,108 sing the substrate 104.
Thus, the sec%%%?r?’%éifl%ﬁpa%&%%a%ée g)ﬁ?lgii B%Psaéagagg{o\%gﬁ Sflﬁsetra?ei f(%lt Mo egi on
106 and the sypsdquahtty BOstacbtbtont Nedsitateabol ime rdattbieprbOcksalie be attached to
the substrate 104 at an interface 110. Thus, the interface 110 rratvy conpri se

a boundar}p berakeaistelline sbloH cosyirses a6t sagirn HE kaybers Biskperoeabiithyeand; r st
eson 105, Y ST GENRIA L K0y 8 TGP BT AOR e LTS
surface of theftht pslycryegllion tdldé 1 @bmay bk proximate uhd subgtritad €4, hd tlof fitshe
polyerystalll rrégiotnal%%%)a]ilobze' disposed on an end of the second region 108 opposing the
substrate 104. Thus, the second region 108 may be interposed between the first
20  region 106 and the substrate 104. The polycrystalline table 102 may be attached to
the substrate 104 at an interface 110. Thus, the interface 110 may comprise a
boundary between the second region 108 and the substrate 104. The first region 106
may form a boundary with the second region 108 at another interface 112 within the
polycrystalline table 102. In some embodiments, a surface of the first region 106
25  may form a cutting face 114 of the polycrystalline table 102.
The cutting element 100 may be formed as a generally cylindrical body.
Thus, the substrate 104 may comprise a cylinder and the polycrystalline table 102
may comprise another cylinder or disc attached to an end of the substrate 104. The
cylindrical substrate 104 may have a circular cross-section. In some embodiments, a
30  chamfer 116 may be formed around the peripheral edges of the polycrystalline
table 102, the substrate 104, or both.

The polycrystalline table 102 may comprise a superabrasive, sometimes used

interchangeably to mean “superhard,” polycrystalline material. For example, the



The cutting elenent 100 may be fornmed as a generally cylindrical body.
Thus, the substrate 104 may conprise a cylinder and the polycrystalline
tabl e 102woayixiam@si se anot her cylinder or disc attacheacrassameem7df t he
substrate 104. The cylindrical substrgte 104 may have a circul ar
cross-section. In some enbodi nents, a 30 chanfer 116 may be forned around
the peripheral edges of the polycrystalline table 102, the substrate 104,
or both. supdiabrapiob yeatersill alayicomptiabsyatikdi2 dvayorclonnias diasnomdper abr asi ve,

soneti nmes used interchangeably to nean . "superhard, " polycrystall.jne
material . _ForCO&P&%P@,O?tsﬁgﬁetmnéoﬂfwﬁﬂ@ﬁ@%%ﬁ?ﬂb@%’%%%m@e&
super abr asi Vearﬂ%l%r's@éerﬁ@)(si@@ﬁ@fe‘riﬁ% 1YL R tHGardi [BIRRal fatido@thedi anond, a
conbi nati on of synthetic and natural dianond, cubic boron nitride, carbon

nitrides, anduptterd matpealabra®rmentieagenikal bondsdouorima supsrabrasivel ndi vi dual
grains of .the su er%]frd n’Ft.ELi al may forminter-granular bonds to forma
super abr as vep(gb‘%}’%} e he material. Typically, a superabrasive

pol ycrystal |l i ne matwicaly, 4 SufePibARe dPolwdrftdlihdgatdinl isFheseddy Supeiabr asi ve

material in the presence of a catal yst material usi n? a ) )
hi gh- t enper atrarégles efisuperabrasive nakeriabin thepreseiseof e gpalypsmaterieleysing a may

i ncl ude, for .gx e . bal. i -

ni ckel - bas ed,hlgl%g%ﬁlﬁpaeﬁ%}g%aﬁ#ﬂé &gﬁsgﬁgg%gl,{%go%%hb%g%ﬁsltc ag%}lagg%gg?d%dﬁdfqrr on
and cobal t - bas@hple) an alleoaes @baltlbyseduiren-bhedpmitkdl eaged, irophad t , iron, and
ni ckel) that catalyzes grain growh and int er-gr a}?ail ar bonding. After
formati onlVof Ripkel-bassdy 5@@@1%85'%?}@{“%“]0?@@ fe%adi-based) Q4 COMRFCIREY er i al

may remain i gbdr@a%ﬁéﬁ{ (te%gg,lcoﬁﬁ’lﬁ(ifo?l, gﬁ;@ekélmaé Qhavhended o4t ad of

superabrasive nateria rmng a p rystalline structure. 15The substrate
104 may conprinse-geannbar dondingr Adiler Sumpadn ef the supesabrasivespnlydry$ialtineg
applications. For, exanple, the hard material .may conprise a cer mdc-rret al
conposi te matBFFHERl g3t ?t,maéem@géﬂ?wmamff’é?ﬁeﬁfl 12l SPASSS AR oRg the %ﬁﬁ%ﬁ Fy of

hard ceram c gaht !of:é@ﬁra%’ka%%ﬁﬁ&dr_iémwggfaé]bbl@rﬁwlme Jkchirk material . The
hard ceram c particlés may conprise carbides, nitrides, oxides, and borides

(i ncl udi 1§ 20bor onllsasubstense { BUMRY compries &hrd infateril syitablhior Hegr i@ cer anmi c

i cl A id d_hori . h
e s T SR PR AP AL RIS, soch = W

limtation, n&tghicah&altddaipositymaeridb@d., o céraie Matetialyeompiisingaplirglites

i ncl ude tungsten carbide, titanium carbide gTi O, tantalum carbide (TaQ,
titani um di botihged gerape)partahesghsnericd Ahppghout a metal maliix ouisratki Hee hard N |

al um num oxi d ) ' A : : 411G : i (S O.
The netal mat c%lrérélc tgg)rcliegﬁﬂé{‘g t He S(Q: 5%121)%%%’}%@{% "% gd%g’oﬁdtﬁggl(ggst @?(irla lﬁi?ray

i ncl ude, Xoor Irampdrbide BHA)).t Muas sgbcificabin-thabad ceranik phrtibkes ethy compnisand

Tttt or | OHEAHIEOG BTG GEOGR OB of by Bl el Bl nBR4: such
as, for exanphgand9Pas} wal bPBxanléand not limitation, materials that may be used to
form hard ceramic particles include tungsten carbide, titanium carbide (TiC),
tantalum carbide (TaC), titanium diboride (TiB;), chromium carbides, titanium
25 nitride (TiN), aluminum oxide (Al,03), aluminum nitride (AIN), and silicon carbide
(SiC). The metal matrix material of the ceramic-metal composite material may
include, for example, cobalt-based, iron-based, nickel-based, iron and nickel-based,
cobalt and nickel-based, and iron and cobalt-based. The matrix material may also be
selected from commercially pure elements, such as, for example, cobalt, iron, and
30  nickel. As a specific, non-limiting example, the hard material may comprise a
plurality of tungsten carbide particles in a cobalt matrix, known in the art as

cobalt-cemented tungsten carbide.



30nickel. As a specific, non-limting exanple, the hard material may
conprise a plurality of tungsten carbide particles in a cobalt matri x,
known i n wbeomr2iss cobal t-cenented tungsten carbide. WOI/US2012/027075

2012/ 121946PCT/ US2012/ 027075 - 8- .g-Referring to FIG 2, another cutting
el ement 100', such as, for exanple, an insert for a roller cone in a roller
cone earth-boring drill bit, including a done-shaped polycrystalline table

102 i s shown. The Radtyimeys FHb.2, aothabdugtiigDderoénttlfe’, sudhtasnipr ekampletan1 00" i s
attached to an end of I subs.tratﬁ 104. Thl% gollh%gr.l\éﬁt al | ﬁe 5 table 102 may
be formed sedBiSatior § ref5 RPN QN SO8F SartRO IR U BURE Ay be attached to
the substrat ?do%%sﬂaﬁc;cﬁpélg@ghﬁl@iﬂe RIRS EBSis sﬁ&\@n.p@hé’%ﬂ?@t}@bﬂﬂﬁ@abll@m290ﬂ02 _

includes a first region 106 having a first perneability and a second regi on

108 havi ng a tbecweting elgmeat K10’ eattaslzedi tp ipn gnd The suhstaisd Ot edho nolyogsiglipche

i nt erposed bet the.figyst reqi 106 _and_th

substrat egloial\?ﬁs B% 8}% rblesfémﬁﬁl Sgﬁarg{r%%yeg%gﬁﬁ%srg%% ﬁ(@% 5&@%&6‘%@%{%&? g t he
second regi omtth@&dan thd RbERANE 164 hourdaich prbddds.t Tiee segansialliagiabdie 1028 at t he
interface 110 between the polycrystalline table 102 and the substrate 104.

The i nt er nediiaeladesegiishregieg Ifahatpaprirsercamealy e asesondurgior [Hat eri al
bet ween the %L,X%y ays%[z&ldéglfégtnetr ??%ﬁeaﬂ)ﬁi%y.af‘ﬂe Ld3Bnd Feggdr%”ﬂ)%rm{r}f bd 1 ferﬁcﬁ;gét rate

104. The internediate r may conprise a I nati‘on o
15super abr asibeeweantthe fiest rapfiort 6 gndl the substrate|104e Tha bhtetrd@2 04 mahyt doenpinae d

mat eri al of the remaj.nder  of e substrate 104. .Th t i nt ernediate
regi on 118 nﬁlgﬁﬁg?fh@ef?\%o%iigﬁwmte %btersgﬁ?j’(dﬁe%‘fmﬂﬁé a‘ﬂfgf gﬁ?‘}rﬁdﬁ%' tabl e

102 to the subsh fiRtsEcokddeR¥n ROSYH HE Her@addN 6 LEFALH e SIIPNRFithIliAOtABRE MREN t he
materials thereof. The polycrystalline table 102 may conpri se a done shape,

such as, for @0 texsupptrage 184.nEhé spdrmediateTiggiopd|ly araystoaiprispe laygb pestiasm nay

conprise a hollow d shape, as s . e Substrate 10 conprise a
cor r espondi ngofjd%ar’r%r-lagﬁgg‘éeﬁn@?COQO?X%?'%%Y}A{}%gt”%%)@t%@ﬁ% thE Hbcf)éf gﬁérﬁ Vstal line
table 102 at duB&rdiél @1 f AGEinktBedibrredieh Ve hay Aofpiibd Mdanbiahtidthef theibst r at e
104 may be cylindrical in shape. In other enpbodi nents, the polycrystalline
t abl e 1024 Smaysuperaiesiye mutesis] pgth@@ﬁicycwtﬁllgrﬁd@@a 184 and g hapimpiesipl %fil}b%t rate
104. In still [ t ) e
cutting el enerﬁgl%%%r ‘?f@g aﬂ\g}e%gttgtsl t%'r Sggrﬂsé/ﬁg a%@é{,e rgﬁaﬁgggﬁaé%ragﬁag%éqknom
in the art, sdtabhrasnt stremgtiexathplpslyceystadivhe tabladed to thershbstmne] 04etycproRedimy ri ng

to FIG 3, asinplified view of how a mcrostructure of a first 30region
106 of a pol y%@?@t%ﬁ‘lhlahga‘ﬁ%tbqneb@i’d?‘?n‘gﬁc‘?}f‘t%{éafstqsféref)grst regi ons 106 shown in

FIGS. 1, 2, and 5 m Mind B8RPG Ly U5 se TR dhGHL, s@h dsSfithown. The
first region 106 r%ﬁ;}r conp s?sema bi - rmdaly gr al nsesi ze di s’%’isbut isbn, i ncl udi ng

| arger 20  example, a hemisphere. The polycrystalline table 102 may comprise a hollow dome

shape, as shown. The substrate 104 may comprise a corresponding dome-shaped
protrusion that contacts the polycrystalline table 102 at the interface 110
therebetween. A remainder of the substrate 104 may be cylindrical in shape. In
other embodiments, the polycrystalline table 102 may comprise a solid dome

25  disposed on a cylindrical substrate 104. In still other embodiments, the
polycrystalline table 102 and the cutting element 100 may have other forms, shapes,
and configurations known in the art, such as, for example, chisel-shaped, tombstone,
etc.

Referring to FIG. 3, a simplified view of how a microstructure of a first

30  region 106 of a polycrystalline table 102, such as the first regions 106 shown in
FIGS. 1, 2, and 5 through 9F, may appear under magnification is shown. The first
region 106 may comprise a bi-modal grain size distribution, including larger

grains 120 and smaller grains 122 of superabrasive material. In other embodiments,



grains 120 and smaller grains 122 of superabrasive material. In other
enbodi nents, WD 2012/ 121946PCT/ US2012/ 027075 -9- the first region 106 nmay
conpri se wormroRnadal grain size distribution or a multipcrasadi2gerarh si ze
distribution other than bi-nodal (e.gqg. tri-npdal, quinti-nodal, etc.). A
mul ti-nodal grain size d| stribution may enabl e the grains 120 and 122 to be
nore densely packed (i.e., relatively smaller grains 122 nmay occupy
5portions of thééirst idgesistda inay c«sppn’m& ra(mmmoldalrgeim sppealistsbdtRM driwat  woul d

ot herw se be devoi d of super si.ve ul ti.n a hi gher
density of supetiaBppdaliefan ﬁ*é? ‘rsfr UtlﬁPPﬂ]%hq?ﬁil‘P?OrdQFérge’ f‘dﬂ‘i In some
enbodi ment S C}Mkmorcﬁlhefcqg'A%uﬂtpl@loHﬁy rélﬂglié%tﬁﬁutlo@ﬁﬁﬁy &faBR tﬁé’- in3i120d
grains (i. gral ns havi'ng an average particle dianmeter of 500 nmor |ess)

of super abr asindd 280 be imake dﬁmcly@ndmpl (é¢., tal@ivslyadniadler g@ingrid2 meaylgtRupy t he

bi -nodal grain size distribution nmay conprise nang.si zed The | ar ger
grains 126 neRPTRAGPL ‘&%Fé?l‘%’gﬂ!asf’é‘?% g;lgrg(?f gra]ugﬂagifﬁaog% ‘8":1’8rv¥1 $5% han
51"tm and t k&v&ﬁiﬁiﬂsﬁﬁer%r@bﬂ@mll?eﬁa?‘iﬁés&]ﬂﬁg1rﬁélh1%1vi@’f c&ﬁﬁtﬂéﬁéu@e@bﬁﬁv@f for
exanple, less than 1 Jim As specific, non-limting exanples, the |arger

grains 120 nayatheslevidhin heciraigegigndion. éﬁ%@n%‘PmBOCbmﬁ?tSQ‘@}e first region} 0ipay 40
lim and the Sg%dé et %nqg ni s12€%14%31¥1§|z‘}2 tgq‘éﬁgg ﬁzgxﬁn %rgﬁxrér%é ﬁ)%rt?éle 1 pM 500

nm 250 nm 15 nny or even region ve a first

vol une per cenfiggeteOdf 3008k ablessiol suptedtesndied mafeainl. Soarparaples the sgaﬂftrns 120
and 122 of superabrasive material, may occupy between 92% and. 9(?% vol ume

of t lhe fil0st graigs &42 moibe bi-modal %@P}?&eﬂﬁt%lwti%én%wnépffﬁZ‘an%élzé ific,
I
non-1imting 5@% rahﬂq 2? n?zw}%vé'gﬁ) a@é}Q%EZ%;l&?SI&f ofsfbﬂ’%ﬁzﬁ%lésgr&ﬁemﬁﬁr la

may occupy 9 une 0 frrst 106 of the polyerystalline
table 102. A imnlm andmxelainageragrmnsil%maybave butieoage gron sex affgbesxampje.enabl e

the first region, 10 ave rel ative Y ne per.ce e of grains
120 and 122 ?Sssth?ﬂsf&ﬂ]r ??Pé’c t‘é?qafo\‘fmtlgg etxél?‘??gqsi @Eiljasyg%rrgr?lﬁs 2%‘81%??’ gﬁvegusi ng
relatively smpldvefllogishSn SBY o£5aRI, 251 e @t 1R0amNle 3Rdléruriias FRye
densely packed 25 than relatively larger grains, and therefore inpart a

hi gher vdbumehape ae eviragregrei lamla Oviem rx0ern.all SOt ok v 6 B regi on 106.
Bocause a | ar 6° PefieeplAds 0 o AR MOLUTEA o I5: At oS Bl

occupi ed by grain su efabrasi ve re my be

relatively fewgeri@ndoseRdohige, thélgﬁh&tllﬂ)laﬁﬁ 1apaf:aqaeﬂa2>44asw¢rmatghalwiuych fluid
may flow. Thus, the first Jregi ono exhibit a relatively | ow
30per meabi | i t4gCUpy betweqrh@2% japd P9 f/"e]@’ m#u@eef%ﬁrﬁe{%mal% pkthe

ket comec i, RS BFSILL), b, RTPURT.INghyt BeligRepseierong,
at | east 29onel Zifoftshperhbthﬁ'msmlaterla] mspacapy D3% lm;ayolume of the first region 106 of
the polycrystalline table 102. A multi-modal grain size distribution, for example,
may enable the first region 106 to have a relatively high volume percentage of
grains 120 and 122 of superabrasive material. Alternatively or in addition, using
relatively small grains may enable the grains 120 and 122 to be more densely packed
25  than relatively larger grains, and therefore impart a higher volume percentage of
superabrasive material to the first region 106. Because a large percentage of the
volume of the first region 106 is occupied by grains 120 and 122 of superabrasive
material, there may be relatively fewer and smaller interstitial spaces 124 through
which fluid may flow. Thus, the first region 106 may exhibit a relatively low
30  permeability.
The first region 106 may have a first interconnectivity among interstitial

spaces 124 that are dispersed among the interbonded grains 120 and 122 of

superabrasive material. For example, at least some of the interstitial spaces 124 may



WD 2012/ 121946PCT/ US2012/ 027075 -10- form an open, interconnected network
within the mcrostructure of the first region 106 through which a fluid may
flow. O hwo=zodi12143e i nterstitial spaces 124 may renni n iPoTalSese®2707s0l at ed
spatial regions anong the grains 120 _gnd 122, to which fluid may not flow
or to which flow may at |east be inpeded. Because 5relatively fewer of the
interstitial spaces 124 may be connected to the open, interconnected

net wor k wi t hiforrhhe opt:mrinistcpunﬂcmdele@fmlﬂ(h’eithih ﬂmmicayitr@ntum&“ the Aestf | ow of
fluid through that

exhibit ar e|r§%’i°%}éP5 %@Hﬁéﬁﬁqlé F‘{j?‘yq%i"e é st Ogﬂi’/ﬁ e erﬁ {aﬁ%pagl ¥ 1?(639{%1%

106, such as ﬁq@yerén?dhgﬁfcl@dég i@ﬂla{eh%paﬁla@régn@isramoléqhea@ﬁuéam af@y 2bheo
i nterbonded in three dinensions to forma polycrystalline structure of

super abr asi vewhigh 8uidamnay neftfiovs of toi vaick fawenayiatdeashbminreded. Reeubonded
gral ns 12§t and %ivgl o8 ﬁﬂ%ﬁ& tl‘é?F}{EI%Ese izﬂln?%é/cﬁ%eé‘tted SRl §r‘f’b5t antial I'y

free of c aIy et er | erT &l rmay. have been renoved,

such as, for Iﬁmmhectecbyetazofle\aﬁlmmn@e mﬁ@saﬁmuré bf)meaird;t regios L0& ttanfloalolf y al |
of 15the first region 106. Wien it _is said that the |nterst|t|al &?ces 124

bet ween t he ifhtidiiengetagreavagk manbaimpeod Shuss lisdiraeaion 86 MpysxhRita n t he
first region I%PJQV glé\p?e}q@[amﬁystal line table 102 nay be at | east

substantially free o atalyst"material, it is nmeant that catal yst materi al
i's removed from t HEheogreins withirethe dinsieegionl 1 O@tsur &s thé Ispatandismablgi ons anong

the grai 120 an 22 thlnthe cr,o re of the first 20 region
106, alt ughgrémﬁgizé Qyn%elmtﬁmﬂ’&ﬂ?f tﬂ?ﬁtéérfl%?o%g PEME mmy I’e?TB.I nin

closed, isol %ﬁy%ﬁd%h@k@&% QR SuRFANME FeNBatBRAl Niteidfal aglpdce%aa;; a@®na the
| eachi ng agent may not be able to reach volunes of catalyst materi aI Wi t hin

such cl osed, m@ob%ﬁe@lg@p&th@landé@@ﬁ@pe@r@ﬁwm@w@ myde & least si npl i fi ed

vi ew of how a Ccro 25r | f rystalline
Vable 100, s SR SR Br GrBREr TS Bk et iy BaPEbG Yo

t hrough 9F, rmmoaap@adsh z!t’sﬂﬂﬁ‘rexﬁliﬁglél by @wabmngpmcsmwem alhe @Bﬁ@mﬁhll@ragldﬂn 108
may conprise a nono-nodal gwal n_size distribution. In other enbodinents,

the second r d§F &FstAegion Hifor Vaen i insaid thahgdnterstitiplspagesd 24ibetveeB it on. I n
ei ther case, g{e%cﬂl%e&' é?ﬂhﬁ@l 1t2|@'aﬂdtl he of g@%%rés?\%' RitetA8n ﬂ{édﬁﬂgﬁéé%f&g‘ﬁ% £l arger

30 average grain size the average grain size of grains 122
within the f Iﬂmspohyeglsmﬂlnlzﬂﬁalé$eknﬁbf®e aBJeastisobstantaliplfiee of bﬁa]gstahatsnéll,?ﬁ

within the second r on 108 may. have an, aver rain size hat Oto
150 tinmes | ar‘@gi‘ea{l %W%V@Feé’@élsd?%ﬁedsﬁaﬁ%‘ t@‘?g %‘i% Peqmigety Hemk WB thin

the first reg % 0l%ons-r ox‘%ﬁé %&1&@@0"!&1“‘2@ witten thdGhicrostructure of the first
2012/ 121946P us2

20  region 106, although a relatively small amount of catalyst material may remain in
closed, isolated spatial regions among the grains 120 and 122, as a leaching agent
may not be able to reach volumes of catalyst material within such closed, isolated
spatial regions.

Referring to FIG. 4, a simplified view of how a microstructure of a second

25  region 108 of a polycrystalline table 102, such as the second regions 108 shown in
FIGS. 1, 2, and 5 through 9F, may appear under magnification is shown. The
second region 108 may comprise a mono-modal grain size distribution. In other
embodiments, the second region may comprise a multi-modal grain size distribution.
In either case, grains 126 within the second region 108 and may have a larger

30  average grain size than the average grain size of grains 120 and 122 within the first
region 106 (see FIG. 3). For example, the grains 126 within the second region 108
may have an average grain size that is 50 to 150 times larger than the average grain

size of grains 120 and 122 within the first region 106. The grains 126 within the



second region 108 may have an average grain size that is, for exanple, at

| east 5 pm Thus, the second region 108 may be free of or substantially
devoi d ofwopanr/ri®wed grains. As specific, non-limting examsb@g2tohge grains
126 within the second region 108 may _hpve an average grain size of 5 pm 25
p.m or even 40 p.m In sonme 5 enbodi nents, the grains 126 within the
second region 108 may have the sane average grain size as at |east sone
grains (e.g.,secandgegiogrlB meaylR@}y anavdrage grhim dizertbat ip.dgi ompds at leastot ey

enbodi nents, fhe grains . 126 in the second,reqi. 08. have an
average grai nfgqsz‘getsﬁ%ﬂndirggl?l\ﬁ@Jge]F‘a?’ﬁ?Sﬁreﬁﬁ O%\?Pé’lstgg{éﬁlg}'r%ﬁvﬁlds”‘?f)zhén%' lZa(ilai ns
(e.g., largergdimdi RS spffiQmhofMmhitiBE eRHnA1BS tHe2@hin¥il bHwithithe kédoll I egi on

106. 10The second region 108 may have a second vol une percentage of
super abr asi vercg@nd OB araythaze ap gvepgagrain et St iie, 33 kit ORJICN AR Hier Berfikge of

super abr asi ve_nateri al Hlr st . [ - t grains 126
of super ab%lr aseln\q/%)dﬁ%l %F”itg% gl%‘%% lgégﬁt%}ﬁ ﬁ%ssgp%rﬁggglgg&b%ﬁgg"e@égﬁthaess ow as 80%

by vo:c ume of atvhﬁigls%ﬁ‘eﬁﬁléizé aghtdeasli&ﬁn@%rahfse{e.ggIlatgen/@-ai?bﬂﬁ@)evit}g‘blt}&: 2. As a |
specific, 15 non-limting exanpl.e, the grains 126 of superabrasi materi a
may occupy 85%giey 1084 Mt%%emwl@é%ﬁhe g’é’g‘isolr%l"ﬂﬁn’éfheﬁ‘?%o"ﬁd]e%lewéggfap’i ne

table 102. A yIpags %8%@%% Qraﬂf- HzeSthAEis Yr (frrthMrj}pﬁ/era e %ra@ﬁ(ﬁgpb?graﬁiezg.?g?l e

t he second region have a | ow vol une pércentage of gralns

super abr asi velarget grairsl 1 20kve smeberpanies 122) witten vied finverepend®ft age of
superabrasjive material in first ﬁggi C}% 106. Aldt e[ natively or .in 20addition,
usi ng Ia?@er gr ai nEnengGOnshEgion 1R Mgy havE & Sesndgluree pelednags ol y packed
than small er GhaiaBmsive nthteridl Bt B @basr thaPt@MHsthdfurdd pdrBéntiderstt regi on 106),
and therefore inpart a | ower vol unme percentage of superabrasive material to

the second r egiponbmsge antgmhphthedirsigegine 106| horexpmpie Hicagaingf2& aber abr asi ve
material in the first region 106. Becau r t he
vol une of t he®'R&EKd 25} i T (o} e essstﬁa@g%%%}hgﬁ%rf%slg%%%g%@

egion occupl e

super abr asi veydrahebt thk seddndiregioRY 0P 6f the lpalyicwstaylimaale d02. Manageecific,
interstitial spaces 124 through which fluid may flow  Thus, the second

regi on 109 neRenebipitipiiexampleghergny hetadf Juperpbiapiys magaial mayocewyi e b6, The
second regio Lk t iAVhENo-RIsRng
30interstiti QY&Q%%% e%%)%td 23@ 8%?298?%%??&@@%%%8?%@%{%& oon ed grains
126 of super ahnasizcalistEbatidnaforwlremplonpgeedbl¢ hetshepniliregibn 108§ &rlcoandewi vi ty

anong interstitial spaces 124 within.the first region 106. For ex | e,
greater quant qugmgpergﬁgagenq 8y g?é\Pf wg@ggxswﬂnaﬁ%gp?w%c%lpgﬁg i° theP :
| nt er connect eg, et pﬁggmsﬁgéévsﬂp&la&asi%@n?a@el%d ﬂr?ﬁx%ﬂm%ﬁ%/h 1‘@?2?%1%41% ngl§f5>r i 2-

m crostructure of second region 108 through uid fl ow.

Fewer of 20he ddditemsniing brges peajesmap dndbhe thheragee bifdiortedéssnengdy e¢enmain in
o oset ) 50 et SRl 29 0P AERTB IS 95 ARSeal AL L1 S Y,
of the inter shbfett iBpACEFowet4olie percentage of superabrasive material to the second
region 108 as compared to the volume percentage of superabrasive material in the
first region 106. Because a smaller percentage of the volume of the second
25  region 108 is occupied by grains 126 of superabrasive material, there may be
relatively more and larger interstitial spaces 124 through which fluid may flow.
Thus, the second region 108 may exhibit a higher permeability than the first
region 106.
The second region 108 may have a second, greater interconnectivity among
30 interstitial spaces 124 that are dispersed among the interbonded grains 126 of
superabrasive material when compared to the first interconnectivity among
interstitial spaces 124 within the first region 106. For example, a greater quantity of

the interstitial spaces 124 may form an open, interconnected network within the



5 be connected to the open, interconnected network within the

m crostructure of the second region 108, the flow of fluid through that

net wor k s 2be/izng@eded to a | esser extent. Thus, the seeamdse@giooo7108 may
exhibit a greater perneability than the first region 106. The grains 126 of
superabrasive material may be interbonded to forma 10pol ycrystalline
structure. A catalyst material nmay be disposed in interstitial spaces 124
anong the i ntmidotdeargoahasecbaé ragiors UiSethiarl wiatlea flald mThBowakeweadial yst

material nma | so be.found ipn, the substrate 4 (see EIGS.. 1 and . For
exanpl o, { he BETHFSTESPes 2 HeTn S hirnn A0S B Fwi dhgeres BOEBH oy
conprise a calaliMskeiRS 8hdd the Bafind 1200WR *R%h Musd RbE B0l flove or toSWEIBREbw!  om

the substrate 104 into 15the second regi on 108 of the pol Ycrystal line table
102 whi | e t hempphtyicasybe ahpdded. Babduse taddtiviely moreadhbalingarstiial epagesnt24 may

bstrate 104, f dur | ttach, pr. L di ment s,
The catal yst Rcorrare i epoadh iHeemet R rs L R aR pik G0 ™ ©

i nterbonded QdeBbriBredid@ 108, G PRMWASH RS dRoWE BAf rithwoRYmBEbeintetié@roant
catalyst material than a catalyst material initially used to formthe

20pol ycryst al lessqeextensi d hugzhe weord rgiaw KG8anasherhibit arRteptey peseapilisy thadbal t
may be used t rmation of the polycrystalline table 102, and

ni ckel may su g@%?ﬁ%ﬁl%@ swept into the second region 108 of the

pol ycrystal | i ne t abhesgraid2 10610t sigetabrabtetramthrigd mgelssintekbonded er foemndaodi ment s,
the catal yst materi di sposed in the interstiti es 124 .anong

l. .
i nt er bonded gﬁ?oé}"ﬁ‘és@%e SUiiBe AatHalET Matera B3y De ; %Bém{eﬁém ane as the

catal yst mat esrlga@és 100iahioAk e Ha6bddd %ﬁﬁﬁ@ iReomabaRishabhidingnt afhe 102.
Referring to FIG 5, a cutting elenent 100 including another configuration

of a pol ycr ystagdlyst metarab ey bi@ hedowbwihe Jibstriterl O¢ (seedilGR. 1LaBl dF Hone

polycrystalline table 102 may. e t the i phery. of. the .

pol ycrystal | ieﬁ@mtpgeolt@ g3l '8 r@tﬁ%@a@@e@@%?f@ﬁgﬂﬁ%ﬁe ﬁoérlﬁ?ynﬁoﬂ?{lsgﬁnul ar
body between ¢gys acadithl IROOWs ARABmAdrated V. £)XWEp 9 rodh tHelbabgitd 1 ing) ement
100. Thus, the first region 106, which may be at |east substantially free

O}‘ cat al yit nthe egdoafl regi@ylwwféhqpelwwnaﬂ@%é@hlﬁ il while thepplycaystaliee cut ti ng
t 100 t t j WO
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regi on 108 nmeytobs8s. I ohposesbddtnsahe tdslyft matridleiiiposedlidGheainctrithal substrat e
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spaces 124 among interbonded grains 126 of superabrasive material may be a
different catalyst material than a catalyst material initially used to form the

20  polycrystalline table 102. As a specific, non-limiting example, cobalt may be used
to catalyze formation of the polycrystalline table 102, and nickel may subsequently
be swept into the second region 108 of the polycrystalline table 102 during a
reattach process. In other embodiments, the catalyst material disposed in the
interstitial spaces 124 among interbonded grains 126 of superabrasive material may

25  be the same as the catalyst material initially used to form the polycrystalline
table 102.

Referring to FIG. 5, a cutting element 100 including another configuration of

a polycrystalline table 102 is shown. The first region 106 of the polycrystalline
table 102 may extend at the periphery of the polycrystalline table 102 toward the

30  substrate 104, forming an annular body between the second region 108 and an
exterior of the cutting element 100. Thus, the first region 106, which may be at least
substantially free of catalyst material, may extend from the cutting face 114 of the

cutting element 100 toward the substrate 104 and around the periphery of the



Referring to FIG 6, a cutting elenent 100 including another configuration
of a polycrystalline table 102 is shown. The polycrystalline table 102 nmay
i ncl ude awbthizidiwegi on 128 of pol ycrystalline superabr asirus2omeroral . The
third region 128 may be di sposed on apzend of the first region 106 opposing
the second region 108. Thus, the first region 106 nmay be interposed between
the second region 108 and the third region 128, and the second region 108

may be i nt er podgdyddiinemble H2. fihestcondgeginn 10% map detilerpssdushatatan the4. The

first, second, and. third regions 10 108, and 10128 nay be provided in
| ayers or strﬁartSTareS‘ﬁ’nHrQé ag@,ﬁ%ﬁu ftg“t‘ig%' An exposed surface of the third

region 128 may f OrlﬂafEﬁﬁngHWG{]@ a‘éﬁﬁﬁlg]el&n&ft_lbb%c%ﬂiﬁé ﬁ}g)t}?ér%m?ﬂg'%ura{% ofThe

third region 128 may have a third perneability that is lower than the first
per meabi | i ty apolydrgstilling tableetf)2oin shoen. The sdperysinthoditabdnt® mehciuderad r egi on

128 may caqnprjse subs tially t sane material ¢ sit.l on _as e second
eqi on 108, I e LB hehlEnS REPRIG Tagfn 1S4 ke R LYY
material conpRsdi§joasd bMad endoftthé figst esdiiod T@IBIPdcing@icedeadd ©QIHRADBE Thus,0f the
first and second regions 106 and 108. The third region 128, like the first

regi on 106, rihg fibé region Hfsmay be yrernesedibeyvaendle sropdregioqpskO8pad dhg Rirdt hat
may otherw Sereglgmqb?,ga?)?ig e-:éé%Bég%egfo?{[f(ﬁlxﬁéy @f@?&g?s?éﬁ%@&ve'em@ﬂ%ﬂded grains

of super abrasi rring a cutting elenment 100
i ncl udi ng a negioplladand thetsabstace] GesTigfirat, sédoad; andehitdegichiQ0bel08eemi t he

substrate 104 and the po]ycrystalline table 102 is own. The non-pl anar
i nt er f ace OdesiZrim#age @ﬁﬁ’é‘%ééﬂ fapers oF slsEm AR MR %‘g?t&ﬁﬁgﬁmongﬁ%‘?sﬁf)ﬁv alline
table 102 to thggigtn&?%toﬁﬁtzg ,%agﬂftonﬁ RS @R PREY B1Y bitfle Clitiflh BlefHepl 6. UHR

| i kel i hood of ation he polycrystalline table fromthe
25substrat e 1tbid réhen Hfhmpy hmara thirt @efrocabilide thagis lowgr bonpheifest a plurality

of protrusions and.recesse hat increase the overall contact. ar of the
interface 116’65’_8?5%]@{ O?Elée é‘iﬁ{)‘éetg’roé?tl@%lgﬁs%m%erph‘é RSPLsL the lécﬁeg}%l ]?gtﬂlaey 102.
The non- pl anafonipitse shRetaRP tHEkamB Yn AR o Posified aLkabioad réiGe108 Sinof

concentric rings, radially extending spokes, or other non-planar interface

desi gns Krfowrpthey enthediments, SoRbird redion | ¢ Hmpy tavea mategigh ¢qmppseioartbats 100

i ncl udi ng a npp-Rl . f.ace desi rl ween
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(e.g., the first region 106) to be at |east substantially free of WD
2012/ 121946PCHAlS) Opsered thaymay ptherwise be disposed in interstitial spaces among

interbonded grains of superabrasive material.

20 Referring to FIG. 7, a cutting element 100 including a non-planar interface
design at the interface 110 between the substrate 104 and the polycrystalline
table 102 is shown. The non-planar interface design may enhance the attachment
strength of the polycrystalline table 102 to the substrate 104, thereby preventing or
minimizing the likelihood of delamination of the polycrystalline table from the

25  substrate 104. The non-planar interface design may comprise a plurality of
protrusions and recesses that increase the overall contact area of the interface 110
between the substrate 104 and the polycrystalline table 102. The non-planar
interface design may comprise, for example, a series of concentric rings, radially
extending spokes, or other non-planar interface designs known in the art.

30 Referring to FIG. 8, a cutting element 100 including a non-planar interface
design at another interface 112 between the first and second regions 106 and 108
within the polycrystalline table 102 is shown. The non-planar interface design may

enable selected regions (e.g., the first region 106) to be at least substantially free of



catalyst material while other regions (e.g., the second region 108) may
have catal yst material disposed in interstitial spaces anong interbonded
grai ns ofweuperiaimsasi ve material. Thus, catal yst nateri CTnsgonor7obe
present in selected, desirable regiong. such as, for exanple, near the
cutting face 114 or around the periphery of the 5polycrystalline table 102.
The non-planar interface design nay al so enhance bondi ng between the first
and second r egiabyss mb@Giabhwtlild 0@ ebsegions (aigli thg secquiduegibi tl §8)ohayphoteraatilyshs and
recesses that increase the . overall contact ar er interface 112

t he. ot
bet ween t he fi#teRal SiRpossdopiRfersilpioRac<s §Boq3 Hltg%gggwglﬁ’g A Pfﬂpgff‘gf Bt erf ace

design nmay CcopRkiife Thhi@lca@KAMRhRiaPmEPhbtese RbschPMGRREIUCddsirfiEls redi@dl al |y
10ext endi ng spokes, or other non-planar interface designs known in the art.
Ref erring to sBtIGS:, f@sxampleugear Ol cutiong Brahkt of srpend the oedplsirgatthehat nay be

used in cq@nnection w.th y stalline. table 102 and/ or suhstrate 104
are shown: TW@EWW@IQ%@% p@?e%rgg 8eLP iaél(%{ Ilnoeﬁgacggﬁsé%n Wt ﬁlgﬂ eﬁ]il]aen%g

pol ycryst al | igdadingbkBvebdZhe ARbarkteRc6id fegiohs 006 and 1087y fichudingregluaiitylé® and
t he second regi on_ 108. Nthoug&tthe 15non-pl anar interface designs are

depi cted as buptgiausend recepies pist jnerapse tieiovrallicaptegt arepolgbe AbH the first
and second T 4gi-AR% 10%RNCHE (Rl oSN BROAPIATINA 0B SOYSTRL holflafRt o7 al
a y [ e e

simlar interface designs nma ew se i spose etween t
pol ycryst al | iinerfhaddesighGRayacudnjirive, foubsdmpglt.c £bids (Samctiltfic rings, riBilbrring to

FIG 10, a nold 130 used in process for .attaching a 20pol ycrystalline
table 103%0 eéteéléﬁ’gtspalfeé’ Tiﬁﬂ?rsnogﬁgw.r mf?féacr%il%ﬂgﬁ%]g“%mitﬁ%%ﬁde one or nore

general |y cup- shapede @ms&;;hehlr&%h@mngﬂewgr Hehet dds3aR, thaWpnysheaped
menber 132b, and cup-shaped nmenber 132c, whi ch may be assenbl ed and swaged

and/ or wel dedisedipetoneection Wit apolierystollise 1ade 102 a pbstra9404 areshowiny st

material 134, _.a firs lurality of. particles. 136, and a.se d urality of
25 particles 15¢ I%systl‘(?g'ncﬁr% B@§%§e%€%ﬁakeq Wg[g'inrj;[ﬁ%POIc\f‘ﬁlrﬁ-Stgﬂg\lﬁg%q%%éurﬁls20,
as shown in Fde?ict péktionhb e Ifigst répion 1G0ARY the Bstonakdgianths Arheighlthe
cylindrical lateral side wall extending perpendicularly fromthe circular

end wal | ,15sudtentiienar itierfacslesigeuigre Shpiged ambeipa withoptheipslygeystalling y

cylindrical i fd | C ite open
crd. Thus. 1 R PR bUEEE B iR R B0, I MRS G ARRGR ' P 080
cutting el engolyctalfies medribheingian intérfacetdesipnenhap likewist be dishesedbetvaray

i npart other shapes to_a cutti&q el emerE?, such as tgﬁ shapes di scussed
previously i heBNeysrbreg e 1 ¢ ed the sybsteaigdiOfi(fg Flnéd)- subst rate 104 may be

R s b
and t he 26conmlywrystalling tablefl 03adoe hischbwstel 38 irsnlyovire Hhespokleld Oimayt inelude
one or more generally cup-shaped members, such as cup-shaped member 132a,
cup-shaped member 132b, and cup-shaped member 132c¢, which may be assembled
and swaged and/or welded together to form the mold 130. A substrate 104, a
catalyst material 134, a first plurality of particles 136, and a second plurality of
25  particles 138 may be disposed within the inner cup-shaped member 132c, as shown
in FIG. 10, which has a circular end wall and a generally cylindrical lateral side wall
extending perpendicularly from the circular end wall, such that the inner cup-shaped
member 132c is generally cylindrical and includes a first closed end and a second,
opposite open end. Thus, the mold 130 may impart a generally cylindrical shape to
30  acutting element 100 formed therein. In other embodiments, the mold may impart
other shapes to a cutting element, such as the shapes discussed previously in

connection with FIG. 2. In addition, the substrate 104 may be omitted from some

other embodiments, and only the catalyst material 134, the first plurality of



nold 130. In still other enbodi nents, ceramic particles and netal particles
may be di sposed in the nold and subsequently sintered to forma substrate
104 conprweinp/2msecer am ¢ particles in a netal natrix. PEThS2612/0%1075
plurality of particles 136 may be conf4gured to forma first region 106 of
a polycrystalline table 102 having a first peineability. The second
plurality of particles 138 may be configured to forma second region 108 of
a pol ycryst al particdest B8, endlh2 sbawid piprality et padiclegrié 8wy heelispoadst inithg. Thus,

the first and secqnd pluralitie f particles 136 and 1 conprd se a
super abr asi vemﬁ_’l@tlgﬁi A‘F ?tﬂgﬁé‘ﬁ%‘ﬂn&ﬁ@ﬁ SoFTAHE pg{]jggqsggagge?%ggﬁ%c%egﬁ VRS

di scussed preyifHad # thd noRNARLS b Uk sifefed 4 forkh€ shiistife 104 WbaIptibig Of
particles 136 nay have a first packing density, and the second plurality of

particl es 138heragramioearaclseimonictal BasiX. packi ng density in the nold 130. For

exanpl e, the seco ural ity o ant | 138 ME (&R - nodal
particle ssi ze di s?ﬁ?‘%ﬂfﬁ{gﬁra&xydm{%el llésrgé%?yu?%?%ug% tgzgr I cﬁgsé 136 may
15have a nul thegidRdab opapbiyehstaflinzaalsle 02 hiwhg afirithatm@diks. The sccdadsel y

than the second plurality of particles 138. The first plurality. of
particl es 13elwalitynehnarteles i38imay s enpbigpreditp foran & perand Fglam3<d @ond

o1 L1, SRR AR MRS, el grst i praonanit

size, such a exanple, any of t es a ferences di scussed
previ ously i rsec@rngatalides o galntidiés33.6 BAddAd ndhy @intphise glsupdrabirgsig®matsrield t hat

the particles may experjence sone size.increase, and. .al so experience
SOMe Si zelodecﬁué]éé%altye(?{jll? SYRFTENHEYR THYCHAS fSF%f%Pfeﬁﬁ’%d% Fowgg‘glh‘fvét during

an HTHP procegs) 1ashk iestRilrhlis! (ﬁ'?aﬁféﬂﬁ 188 nfQr1ave B@irﬁrpﬁblflﬁ% @énstty, and the
super abrasi ve polycrystalline material. At l'east some particles of the

first pluraliseyorsfplpatity of pstides! Iayaxhansra sseonta oyrameskingdensitig Thihec at al yst

terial 134 i f th t al teri di d
vt bus y 1 o aBTRop Xt B sdo0fa PRkl BEafRUEL L RalbaESFT o¢ ang
second pl ur alihbh@&moahl Rendle slzediskiftiondnd 88 fakepl diafiposgdriidtest 36 mal d 130
with a substrate 104, the catalyst material 134 may be present within the

subst r at el 5104haveEemmdiiangdad partinls siagishistriprteonibat negks Berasiansdy thapdhsret
terial, and_t i i al | yst
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130 in the fofverapt particid dke/aid thovebend phadlityay pirécies 88 max ddven sdrondid

i nterspersed anong the first and/or second pluralitjes .of particles 136 and
138. In some YRHBRITEREPAILOG Y& é‘é‘t}hfrsygqf bl 4 ofthe flge_sga_n,ﬁ siZe WO

2012/ 121946 PCTAAIS202 (02404 Dreviustfithadhhd Yo fwiftAt @lsy Stanfrat ﬁfﬂo%%h fthat

exceeds the mninmumquantity necessary to catalyze grain growh and
i nt er bonditng wfted thet thaphiticles shaynmypetiace some vizg atredse Andmdy alsd expp@nsed

aong, e, oerand DLUSLLLY O RLLLELES 08, SRLPR S0 WIRREHIRS
as 5Sconpar ed §8cdsBeasRRE farfitled 888 foyfofth theBaink 654 sideritidditeypddfcrpaillinel es
136 In some material. At least some particles of the first plurality of particles 136 may comprise
nanoparticles.
25 The catalyst material 134 may comprise any of the catalyst materials
discussed previously in connection with FIG. 1. In embodiments where the first and
second pluralities of particles 136 and 138 are disposed in the mold 130 with a
substrate 104, the catalyst material 134 may be present within the substrate 104. For
example, the substrate 104 may comprise a cermet material, and the metal matrix of
30 that cermet material may be a catalyst material. In addition, catalyst material 134
may be disposed in the mold 130 in the form of a catalyst powder that may be

intermixed with and interspersed among the first and/or second pluralities of

particles 136 and 138. In some embodiments, extra catalyst material 134 (e.g., a



enbodi nents, catalyst material 134 nmay be coated onto the exterior surfaces
of other particles in the nold 130 using, for exanple, a chem cal solution
deposi ti onopoxeiessls commonly known in the art as a "sol PgelUS2@roe®3s. For
exanple, at |east sone particles of the first plurality of particles 136
may be coated with the catal yst 10material 134. In enbodi nents where the
first plurality of particles 136 conprises at | east sonme nanoparticles, the
nanoparti cl esquanytyld catabtsematetibhthathexcesls ahominimatequaalityl®dess@attal yst

material 134 may be particul ar,l. i Spose ithin or near. the fir
plurality of {P&¥4cHes gi‘@%t%ﬁé‘éé‘ég’g’lofs‘ﬁﬁgf) H&Mwﬁ%ﬁg}wiﬁ lﬂtﬁ’_fnéerFéllwﬁfélﬂdarrong
the first plupakdbde@hmBAE HeGkE&hdpHallBYoPRrtIcRST IBBC R Mg édrﬂﬁf&@lf(ingy

providing catalyst 15material 134 proximate the first pl urality o
particl es 136jensiticofithe sccondpbirrality obnattigieail A8 mapheHumiegy doercesgd@p ed. Anot her

lurality of i D i _ .
5 eachi ng. agBRoHEyS s b ERgRer B o SpEgLd oy Rk Fig o ey © >

exanpl e, the QihRimetsiicatalyisy maferidRI34 @hebe ddled@iito CNgXitdriR s@dhde Ufvthendi um
or 20 tungsten. The ot herbf)l urality of particles 140 nmay be interm xed with
and i nt er sperpssirleminibe mald Bdcsing. é}r@%aqnpkeya shrepigehsolition depwitigpragesposi ng

the other plu i h Gl Lt I g}ﬁggﬁ] I density
of the secon O%}%é%yg{\%ﬁgi&%graﬁ éljalel‘g()ll é @g)flg%e%f) ﬁrt é)ﬁlpgé%rgggsgg% as
conpar ed to tpuetiqdecdthgficke pRirdlity of partiele§ i 3G map bacadted withfthpeatdlysgl es 136.

25The first plurality of particles 136, the second plurali of particles
138, t he 18pt i BAsNald3HsdR 3@30 iments yrere the Héb‘tﬁ@ﬁ&y tmgf‘:?eﬁl 1&%%’ Sgyat

particles 14Qe£@¥orﬁgn§ﬂo§£ﬁfc€ég, #h8 nhilhaRiGSERAELO ot dibw BRI HBlysfat eri al 134,
For exanple, an HTHP process may be used to sinter the first plurality of

particl es 136mandaltlld. Satdyst npitariahll 34 ymapbe particilorly slispagedt witlip ormear the

pol ycrystal lipne tabl. 2 havi a first region 106 havi. 30first

per meabi l ity %ﬁﬁplﬁmi‘gyc?l)forﬁ?ﬁr“gﬁsi f(}% %%usﬁil?ﬁ ﬂ%‘gg?g%tﬁlgﬁt&?g%?%gégrmﬁ’g?rtr%eabi lity.
| n enbodi nent grsiBFafitPoSpEdIEAt 7 hifbd fes@ickd RhRpeddd. iBY proeidiiy @waly®d, the
pol ycrystal line table 102 so fornmed may be attached on an end of the

subst r at € 5104matetid 1Séaserimateghe Arst 0BrHEY 9§ Pabclss posadepitemapisripgand j r st
region 106 and_t he 0,12/ A46PCT/ US2012/ 027075 -17- substrate 104.

Al t hough the %r%lgc%r?w\é}onﬁg %%r%’gsége? of the HTHP process may vary dependi ng on
the material s usedagdtBeripleralityestipatticks 1@D comipeisingla Hon-datedysomlackrikBO, a
pressure of at least 5 GPa may be appl.ied to,th}z le d 3130 whi | e bhg
t enper at ur e rEROBEDlebE ¢ deashingiseeR Mmagles beertiangly flispese amiredplgdgo- For

pluralities Oécxaﬁl%fé, el cﬁﬁer]pmality of particles 140 may comprise gallium, indium, or

20  tungsten. The other plurality of particles 140 may be intermixed with and
interspersed among the second plurality of particles 138. By disposing the other
plurality of particles 140 in the mold 130, the packing density of the second plurality
of particles 138 may be further decreased as compared to the packing density of the
first plurality of particles 136.

25 The first plurality of particles 136, the second plurality of particles 138, the
optional substrate 104, and the optional other plurality of particles 140 may be
sintered in the presence of the catalyst material 134. For example, an HTHP process
may be used to sinter the first plurality of particles 136 and the second plurality of
particles 138 to form a polycrystalline table 102 having a first region 106 having a

30  first permeability and a second region 108 having a second, greater permeability. In
embodiments where a substrate 104 is also present in the mold 130, the
polycrystalline table 102 so formed may be attached on an end of the substrate 104,

the second region 108 being interposed between the first region 106 and the



5and 138, along with any other materials and structures in the nold 130,
may remai n at peak pressure and peak tenperature for about 5 m nutes. For
exanpl e, wbeoperakyappl i ed pressure may be 6 GPa, 7 GPa, PBTMERa)1202708¥en
greater. The peak tenperature may be,jfor exanple, 1400C or even greater.
The tinme cycle may be adjusted so that the tinme at peak pressure and
tenperature is less than 5 mnutes or 1lOgreater than 5 m nutes. The exact
condi tions n&yabhﬂltfsh(}ébmlelmbugh t]hmmciﬁc;padmmtfrredf flieriéTHPrime@ﬁm%bcvaWe (e.qg.,
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second, gr eata@pheﬁbpfﬁwrﬁb@%éﬁﬁﬁéh B1CTgad 4iRps or %ﬁﬁ‘éﬁt‘?raﬂhfmalﬁl sposed in
interstitial & f ergan 1dhLeRd al . For
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conprise 5% by volune of catalyst material 134 disposed in interstitial
spaces anong assﬂcaﬂhbprdpd‘tlg:rmthsrﬁsﬂltmg;pe}mmwéhﬂﬂetahlﬁt@% dhus.and t he second
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30Referring tgdhlseeonbkegion 108 heviABdisadondsreatet pertedbility Mapbpfoaeds for
attaching a pol ycr stallorl ne table 102 to a substrate 104 is shown The
i nternedildt e st r uchiigrsinterngythe rodyssystalingtagls M2rpax empriss a sl wlume of
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20  material 134 disposed in interstitial spaces among interbonded grains of
superabrasive material. For example, the first region 106 of the polycrystalline
table 102 may comprise between 1% and 8% by volume of catalyst material 134.
By contrast, the second region 108 may comprise greater than 9% by volume of
catalyst material 134, and may even comprise up to 20% by volume of catalyst

25  material. As specific, non-limiting examples, the first region 106 may comprise 5%
by volume of catalyst material 134 disposed in interstitial spaces among interbonded
grains of superabrasive material, and the second region 108 may comprise 15% by
volume of catalyst material 134 disposed in interstitial spaces among interbonded
grains of superabrasive material.

30 Referring to FIG. 11, an intermediate structure 142 in a process for attaching
a polycrystalline table 102 to a substrate 104 is shown. The intermediate
structure 142 may comprise a polycrystalline table 102 of superabrasive

polycrystalline material. The polycrystalline table 102 may comprise a first



5dissolving in acid, by |laser renoval, by ultrasonic carbide nmachining, or
by ot her processes for renoving a substrate 104 of hard material known in
the art. Wwbeoimbeyredi ate structure 142 may be at | east psuwhst@nealsy free
of catalyst material. Catalyst materi_gg. may have been renoved fromthe
polycrystalline table 102 by a | eaching agent, such as, for exanple, aqua
regia. As the first region 106 of the 10pol ycrystalline table 102 nay have
a rel ativel y flegiang@6 trewbg hifirst, petheabplitly yiod pseerindiregon 408 bavioRa seppndhe exposed

to the |l eaching agent for. a.greater anmount of tine tqg.en hat. the first
region 106 i jsgrg?t‘te’?%e atg{mstlgﬁm%é{ﬁwnfsu‘ﬁ?eﬂbe c%cﬁyﬂ‘i‘ag?e ‘Zay?[aeﬁlpoi&és %(irﬁlgg
pol ycrystal | i fieard @il oF a10BstiRY 1 e theeabhede | 04 mdy WegkSovell WREKSE S weeks, or
even longer to ensure that catalyst naterial is at |east substantially

renoved from pdecrispbing tablesta Faresampls) ey glectrical dischprgsmaghiniide B¥f the fir st
region 10 ’ g];qi%sg)?vir? O{éxy agc'%c}/d\?\)}ﬁallslelr Pegréc}vgp Ibg élg}(t)l ﬂﬁﬁ?éé%?%psﬂg&gﬁﬂé,&glfbé%tﬁebe Sane

as the m ct and SCTri rring to
FIG 12, a siprptdsbdseor dnwirgf a fidétrate 104 6OBArd wedteri4 kadwh hethsaaorither egi on 108

of the internediate structure 142 shown in FIG, 11 malyf aprfear 20, under

magni fi cat i oninterRedidestHefureliZona beatdensprybsatighalmrg oL e BT mAEE abr asi ve
material thatcfang HALTRMd iR EARIALI AORAGe gpﬁg}ﬁgié%@t)@ﬁe%t'b 4

i
structure. The i nterstitial® spaces 124 anong |ntp grains 126 are at
| east subst aneadhingyagent sudfascfirakysplenmpuarriegl, feshe frsalkggson Mt &fithal may

h b dt f Ref i Fl 13 | d, 130 L
b ocess 10 - AR EEHIAGHE Bol e bpisae vy Doty e By paranss | s
shown. The mobgle38 mdyet dxodddo BMBadM thobROfo? AQYAtdr Anfou oflifne &F MaY be

another nold. The at l'east substantially fully |eached polycrystalline
tabl e 102 mayenserephaideifiishreginm Hislisl at laasd sebstanbiotly tlby levhedmioyxapiphsed in

the nold as [l..1n e pnments, the substrate 1 ane
substrate 10%? Rgltycwgl%ﬂﬁ}eetgtfqggg? §P a?'tebﬁl%?/aec eq‘ foém\ﬁ%%’?)%\ggﬁ ﬁggraé’gggsl’ {)llh%ee tabl e
102. 1 n ot herloggdres bfgRid tat by wigdriadieat 184t sobytabeally @idoled &0in thelbst rat e

conprising a hard material. In still other enbodi nents, a EI urality of
ceramc df%rt i Ralesysialtingrably 102arA mierestrypiiyre 96 thei fgplgssigniIR6 chenpl d 130" in

the place of Miclulibive LRIIR BUPA!LALEARMY me saHE hafR iRbrdshEuRRIRAMN €0l On
and described in FIG. 3.
Referring to FIG. 12, a simplified view of how a microstructure of the
second region 108 of the intermediate structure 142 shown in FIG. 11 may appear
20  under magnification. The second region 108 comprises grains 126 of superabrasive
material that have formed inter-granular bonds in a polycrystalline structure. The
interstitial spaces 124 among interbonded grains 126 are at least substantially free of
catalyst material, as catalyst material may have been removed therefrom.
Referring to FIG. 13, a mold 130’ used in a process for attaching a
25  polycrystalline table 102 to a substrate 104 is shown. The mold 130’ may be the
same mold 130 shown in FIG. 10, or may be another mold. The at least
substantially fully leached polycrystalline table 102 may be placed in the mold, and
a substrate 104 may be placed in the mold as well. In some embodiments, the
substrate 104 may be the same substrate 104 that was previously removed from the
30  polycrystalline table 102. In other embodiments, the substrate 104 may be a
different substrate comprising a hard material. In still other embodiments, a
plurality of ceramic particles and metal particles may be disposed in the mold 130’

in the place of the fully formed substrate 104. A surface of the second region 108 of



-19- the polycrystalline table 102 opposing the first region 106 nmay abut
an end surface of the substrate 104. The second regi on 108 may be

i nt er posewioket2neessct he first region 106 and t he substratreTAB4012/Dbm75
polycrystalline table 102 may then bejattached to an end of the substrate
104, such as, for exanple, by subjecting the 5polycrystalline table 102 and
the substrate 104 to another sintering process. The sintering process nay
be anot her HTHPpplyogesdinegabled(?2 pppasingshe fies segiers | Gmday elrpengndsedacehat ar e

by St L RS DT Bl BB R ol RER 2P
even greater. eI 106akd HRMPBEAII®. T RycriQilligX &R B2 thestehBan 101320C,
may be 1400C, or may be even greater than 1400C. In addition, the sintering

process may rateahad @rngadrf therspbstetal (4. awdh 35 05 sxanaple oy sbjesting fheel y short
tinme, such as olgfccfrste?lﬁggp Ib?e’ 1d2e§1% tltxggu%sljfgt Toi 9(; gr?dthe!r%ﬁﬁer*&i[ﬂo@es@ es, | ess
ut d&> 8¢ q Panm 2" m hutes. “AS A speci tiec,

than 5 m ) even lesst non-limting
exanpl e, the $htotigf proge RS eRSandtier HAEH proadsspaakayt wapiet piassieeamd pressure
for 5 mnutes. 15Accordingly, a cubic press, as known in the art, my be
particul ar |y ©wpeairesgthatpe %Wé‘%@ﬁ%r%‘lrﬁﬁ@rﬁﬁl%Tﬂgmocﬂst dOREXIVRIEY, a

belt press, i: 4 »
T e SRRMpliBa bASURL fony TN RoPIPL QrR! e RUEEBUIE byt Mo

130. The exact selected to inpart a desired final
m cr ost r uct ur@GPe, ay.eyven peater.cThspealigtpastutemay bedor exdapBS.lesd thand 4) and

The.si nt ot nat ppeeced, be e amr gy bt Svbartdition {UEC 1B FiR Boa. such’
as, for exanpliferify pREt&s At RIAAT at RAEIchperabdé 'an@bredsu?o Eb‘r(hax’ﬁﬁﬁyély sha t abl e

material may nelt and infiltrate the second region 108 of the
pol ycryst al | itiree.tsaph &, f@Zxamples nyethant O diieies.desstthan Eaimitess tessribabri al 134"

may be the s .as_the catal yst terial, 134 used to,.formt
pol ycrystal | ?ﬂgmfug%sl’ g ivﬁﬁ.lesﬂgﬁaél i;%lé%ult?sr CA,S azgjerclb%ﬁi ?(imﬁ%lﬂlthn&g ee){%glll?%ﬁ’ gfe
comercially futeng s niByrehRind @dall @nipetdiut ahdptdisurp @rycmitsita! | i ne tabl e
102 and to attach the polycrystalline table 102 to a substrate 104 after

| eachi ng.131 n edeedinglirbo et ptess. as Keowaimihy att, may &e palticalaly swigd Bapalf f er ent
fromthe cat alyual, B! mdld 53 AtRGHadvary, 250k bRSs REKKEHN 3 BlelakNfal 3Rl € AS

used to apply pressure to the mold 130. The exact conditions may be selected to
impart a desired final microstructure (e.g., the microstructures depicted in FIGS. 3
and 4) and associated properties to the resulting polycrystalline table 102.

20 During the sintering process, a flowable material within the substrate 104,
such as, for example, a metal catalyst material 134’ or a non-catalyst meltable
material may melt and infiltrate the second region 108 of the polycrystalline
table 102. In some embodiments, the catalyst material 134’ may be the same as the
catalyst material 134 used to form the polycrystalline table 102. As a specitfic,

25  non-limiting example, commercially pure cobalt may be used to both form the
polycrystalline table 102 and to attach the polycrystalline table 102 to a
substrate 104 after leaching. In other embodiments, the catalyst material 134’ may
be different from the catalyst material 134 used to form the polycrystalline table. As
specific, non-limiting examples, a cobalt-based alloy may be used to form the

30  polycrystalline table 102 and a nickel-based alloy may be used to attach the
polycrystalline table 102 to a substrate 104 after leaching, or a cobalt-based alloy
may be used to form the polycrystalline table 102 and commercially pure cobalt may

be used to attach the polycrystalline table 102 to a substrate 104 after leaching. In



specific, non-limting exanples, a cobalt-based alloy my be used to form
t he 30pol ycrystalline table 102 and a nickel -based all oy may be used to
attach t wopolyrnyst al | i ne table 102 to a substrate 104pafrtuseolzeawhs ng, or
a cobal t-based alloy may be used to fggmthe polycrystalline table 102 and
commercially pure cobalt nmay be used to attach the polycrystalline table
102 to a substrate 104 after leaching. In WD 2012/ 121946PCT/ US2012/ 027075
-20- still otstidroteerivotiodemings, aalisdi &4l of wiesh oforatahpss magdriat 434K Inyestberat er i al

134" may be dj.spos bet ween i he Lycrystalline table 1 nd the
substrate 10 ,15&59@%}2‘?6{%@ pp ICQfSFE\(glé‘?/ a?{ISV}I%%)gP?irg&bﬁuB?tfaf/e g@’?ﬂ‘é"%%t%ﬁd

regi on 108 NMBY|iQa9e6w phinfeabNE 6LERAEYndASeibAS0S BEONEhdee BiiOnnk0&sagy have a
relatively |ow petieability, at |east as 5conpared to the first region 106,

the flowabl e mat erAathesagondwegipn il B8 may heve e sdaitychelgMorermosbikies atlpasgps

e flouabl e materds eaipn i . _
pol yoryat al | oot o BeRierer e SR ) hal bbb e o o

t o conventi onahioh€as kélativady @EelslseThus, Nindeliai thé sinterip @rddesssfor aeaphing thO6 may
forma barrier that inpedes the flow of catalyst r@‘tﬁeri | 134" therein.
Thus, the fi realyqresrline wbl 103 thdle substgits 184 Mmag dsrediGpe VARR FANPY 1S ee of
catal yst mater] 134 | y & S oioMBY6 R SWRRG baffi® the
second regqi oncrngémf)oﬁéltrﬁ%ﬁéﬁ’f/@%&%’%éﬁ?c{r%ﬂ(tﬁ{élltt) eﬁ%OZgloRef elr?l%} ng to I%I G 14, a
mol d 130, si nthhtaimpedestthe flowlod cad@dyssimetenial IB4FthEreid 0Thuss &t first ragipndféss f or
attaching a polycrystalline tabl.e 102 tpo a substra 04 .is shown. In
addi t i ongltop t'AY ’Ff‘rﬂ%/a_éli' alfdpt SesBREaLY Fap ‘E%“&%Sté?at‘bré????%l‘glylel@%a?%%d 138 of
super abr asi veynligrizal mapge HEp1SHBIHE adcBnd Rébiordl (ghifriee j%lgé@!;thﬂﬂﬂe of
particles 144 conprising the superabrasive material may be disposed in the
mol d. The thitebled02rality of particles 144 may be configured to formthe

ol d. - The i ti cl e be cor
i 1 plurali 1y of RAPIRA £XC11a 2y 308 AN G rnaBhmBld L iyl PIGRh £ oF

plurality of paatd&pReeskI6r ARRRBLAGVEySAIANAbR! 100ab htsybsdfatepE4tis cl es 138.
In other words, the first {)I urality of particles 1 may be interposed

between tie sdevnd Iphdditipn tothe firgand pecoad Phaditign el oHECRN P apg 13805 ty of
Diurality of BRPRPAMNE b i it BRY)OL o thRd SRS BTG 18 D¢
coat ed on t hecontyristhgithel s@lerdbyastmohatesialimey bsdispasedddiheinasid. The dlidst
material 134 pnﬁ%li%)yeofdga%t?c?esseldMi nQa}E ‘tr)]ee conIRJlg%re]dStg f(i)rrr]n the third region 128 shown and
described in connection with FIG. 6. Thus, the third plurality of particles 144 may
20  be disposed on an end of the first plurality of particles 136 opposing the second
plurality of particles 138. In other words, the first plurality of particles 136 may be
interposed between the second plurality of particles 138 and the third plurality of
particles 144. Catalyst material 134 may be distributed among the third plurality of
particles 144 in the form of a catalyst powder or may be coated on the third plurality
25  of particles. In addition, catalyst material 134 may be disposed in the mold 130 in
the form of a disc, foil, or mesh. As shown, the catalyst material 134 may be
disposed in the form of a disc, foil, or mesh between the first and second pluralities
of particles 136 and 138. In other embodiments, the catalyst material 134 may be
disposed in the form of a disc, foil, or mesh between the second plurality of
30  particles 138 and the substrate 104, between the first plurality of particles 136 and
| the third plurality of particles 144, or on an end of the third plurality of particles 144

opposing the first plurality of particles 136.



the fotnt of a disc, foil, or nesh. As shown, the catalyst material 134 may

be disposed in the formof a disc, foil, or nmesh between the first and
second plwoabizizesicof particles 136 and 138. |In other erbodisSo®nig7o7s he
catalyst material 134 may be di sposed,{n the formof a disc, foil, or nmesh

bet ween the second plurality of 30particles 138 and the substrate 104,
between the first plurality of particles 136 and the third plurality of
particles 144, or Refeaimgeo®I0f 13, e eafh-baripg ol 46 to whicharctitingeteniodd 100

opposi ng the rst pl.urali f particle . . . .
0557 195040 mra T stres Jembit 106 utEatliscrbd prepousty 5 congsetion
earth-boring §ARFIA46 Hox MY GHiodhOH) %dgf%eeitﬁmtls Qv Tk ear@BorR t he

cutting el ements 100 and 100’ descrl b reviously in connection with FIGS.
1, 2, and 5 tﬂoobL@m@)Fgormuysetm eatthdv@hegldrlld bstrwdnmaymeeémttbvdbdﬁfﬁ mgtht ool 146

may conpri e OI’.II’] | | 483 with
5bl ades 150 cDrdid: hﬁ"%P%@ th b‘tﬂbocﬁ‘\}/a}rilgza%%ﬁ‘ét%égffei“ﬁ& eﬁ%@r%%‘/ €100 nmay
be secured Wstebﬁ@dmk@ﬁ&kééast%m ihihd higddl18desiolrer, cai@yer, cutting
el enents 100 and polapcrystal line tabl es 102 as described herein may be

bonded to ancelemerts 400 archealyqrygalding fabdesr 0B -ap descrifed beye) mayes bfmdﬁ@ to f or
exanpl e, rollgr u%?&‘Sn Q{he#gp@é 6§ean8%3gl‘%%§%o§g 1Qé1£<%n§ G381 &fﬁ&a gﬁ%r i c

bits, bicenter reamer its, an
ot her drilli ndrilbbitss paradssicaohiss, kcﬂ@\hﬁs ieRcdnmée bitd, bicenter bltél\lhd:dn&ri hgpaardelslent
i nventi on has been descri bed .herein vm(;h respect to gmrtal n _enbodi nent s,

those of I diam§rssills hybyid bits. apg othey rll}l@%é’éﬁ*’i‘@e“oaﬁ apprietiedtle that it is
not so |imited. fa%mgé therﬁeaén@ﬁ%gi&m beg] @skoBs Jleaaq \Hﬁﬂ'e%ﬂe(%%'cgﬂémt o the

enbodi nents desc herei n may e W t hout departing fromthe scope
of the 15i nveambcmimnetﬁs nhbowiofafdirary ckidli inelk art wal tedtbgyz¢ aybdppecpidtey tlagiis. | n

ddi t f eat nbodi b th feat f
Aot her - enbodidhsn il BoUEr Fer adAg e b irgs aat et tpheodBBpe of ¢ he
invention as GadenBhatied ibyd ﬁéi@m'rﬂé’}ﬁ}%ﬁﬁde Wi A Qg4 liRd BHGRGT 646pRQER{027075

-22- CLAI M5
15  invention as hereinafter claimed, including legal equivalents. In addition, features

from one embodiment may be combined with features of another embodiment while
still being encompassed within the scope of the invention as contemplated by the

inventor.



What is clainmed is: 51. A method of formng a polycrystalline el enent,
conprising: disposing a first plurality of particles conprising a

super abr aspve1xi@|si al, a second plurality of particl espPcomseeigiozy7s he
superabrasive material, and a catal yspp.material in a nold; sintering the
first and second pluralities of particles in the presence of the catalyst
10material to forma polycrystalline table conprising a first region having
a first perneability and a second regi chARdWi ng a second, greater
perneability; at |east substantially renoving the catalyst material from
the polycrystalline table; and attaching the polycrystalline table to an
end of a subsypatieclemigaris:si ng a hard material, the at |east a second region
bei ng i nterposed between the first region and the 15substrate. 2. The net hod
of claim1, further conpri si ng di sposi ng anot her substrate conprising a
hard material in the -S| i r rst pluralit
of parti cI5es t he secon‘%i(ille ur qf'ﬁﬁl&@% Q%&& r?&?lhﬁé 25 htngoerﬁ lgrgs(l)‘{én P Y
20substrat e idispobiag pries @hﬁﬁlt?bf pah&clesactcﬁhhptstngrﬁmembﬂasﬁ/@mbmrmh a second

pol ycrystalline table conprising a first regiagn havmg first permeability
and a second r egi dﬂu‘ﬁ]été'loiﬁ@a@c?éé%ﬂ‘““@ aﬁlé?erag’ RS ApAiFTia f“ﬂtatcé@ &d to an
end of the anothery %Hl?ﬁtlﬁg .the second region being interposed between
the first region an e anot Rer substrate; and 25renovi ng the anot her
substrate af tsmtemlgrtheﬁrsngnd seW 012l ti 19 H6RCES WSO pRAORTE OV thechBlyst3. The

met hod ofloclaiml fur ris

"materia to Sformd olycrysta%me table comprising a first region having a first
permeability and a second region having a second, greater permeability;
at least substantially removing the catalyst material from the polycrystalline table; and
attaching the polycrystalline table to an end of a substrate comprising a hard material,

the at least a second region being interposed between the first region and the

15 substrate.

2. The method of claim 1, further comprising:
disposing another substrate comprising a hard material in the mold prior to sintering;
sintering the first plurality of particles, the second plurality of particles, and the another
20 substrate in the presence of the catalyst material to form a polycrystalline table
comprising a first region having a first permeability and a second region having
a second, greater permeability attached to an end of the another substrate, the
second region being interposed between the first region and the another
substrate; and

25  removing the another substrate after sintering.



disposing a third plurality of particles conprising the superabrasive
material in the nold; and sintering the first, second, and third

pl uralitiwe0of2pasi cles in the presence of the 5 catal pet/usatiene®isto form
a polycrystalline table conprising a_$§jrst region having a first
perneability, a second region conprising a second, greater perneability,

and a third region disposed on an end of the first regi on opposing the at

| east a second redi.on. T@4ndhal efetidimd , 6irthet eomprising: ur t her conpri si ng:

di sposi ng anot.her. plur.ality .of particles canprising.,a non-catalyst material
fervabl e by dmouabathe BiBHb Bl reneaoth e it resdi i s i n o
regi on configured $@4f gfgm the second region after sintering. 155.The nethod

of claim1, further conprising: coating at |east sone of the first
plurality of spuenngghe§rshisedont anddhirdplystitinnelaaitplesis thegreshragioddlie sol ut i on
deposition prior to di sposi. he first Rplurall of .particles.in the nold.
206 The et hodof Sl DRERHRe ik S mRallih blopior Sk b So T IR T
plurality of particfiespceasavilits) ar@c@mu@iahabmgﬁmga sRbAd, icadater peRbilic),
plurality of particles conprising the superabrasive material, and a

catal yst naterial a0f adhipbregiogshppsesen anicap 0§ thedirst iegion prnosiHE theat fopst aof
particles having a.filst.ipacking density and the second plurality of

particles having a second, |ower packing density in the nold. 25 7. The
nmet hod of any one of clainms 1 through 5, wherein disposing a first

plurality of particles conprjsjng a superabrasive material, a second
plurality%f parti%les ’@ﬁr%?tb%‘i?%laﬂﬁ‘el’ F SBPRASI%e naterial, and a

catal yst mat ecﬁgﬁgkig'g B Gh P ol WP pArBiSs SRR tondii@dl < fatePhtieRlovible Of

particl es havi first average particle sizZe and the 30second plurality
of particles havi ry adeabogragent aarage thessgeoralgdughiytaf phwtickss ea fegionhe nol d. WO
2012/ 121946PCT/ US201 /0%£0%g -ﬁ%— . 8..The nethod of claim7, wherein
di sposi ng the fir<PBEIFARIPYm S sseondiregial At SING ™S i r st average particle
size and the second plurality of particles having a second, |arger average
particle size in the nold conprises disposing the first plurality of

particl edSconpri sing atThespgthodefipdaimaln Hpther f@nsing the nold. 5

coating at least some of the first plurality of particles with the catalyst material using
chemical solution deposition prior to disposing the first plurality of particles in

the mold.

20 6. The method of any one of claims 1 through 5, wherein disposing a first
plurality of particles comprising a superabrasive material, a second plurality of particles
comprising the superabrasive material, and a catalyst material in a mold comprises
disposing the first plurality of particles having a first packing density and the second
plurality of particles having a second, lower packing density in the mold.

25

7. The method of any one of claims 1 through 5, wherein disposing a first
plurality of particles comprising a superabrasive material, a second plurality of particles
comprising the superabrasive material, and a catalyst material in a mold comprises
disposing the first plurality of particles having a first average particle size and the

30  second plurality of particles having a second, larger average particle size in the mold.



9. The nethod of any one of clainms 1 through 5, wherein sintering the first
and second pluralities of particles in the presence of the catalyst

mat eri al wo 2bvimisepol ycrystalline table conprising a fipcstuse@giooe7hiavi ng a
first perneability and a second regi Qhshaving a second, greater
perneability conprises formng a polycrystalline table 10having a first
region having a first vol unme percentage of superabrasive material and a
second regi on havi®g a Becoettod bedasr 7, wdletmredigprsogrnhafist phraditpepabiicksi ve
mat eri al . . 10f The net hodl of an%/ one of Ia}i ns.1 leolija%h 5, wherein
Sintering t hehoinet i Ciage Bitclp i And trascogt PRty 6f Beisls FRbed esence of
the catalyst JBSRI |fler hReri QPRI RO YEE M lidlotphiSest BMoSing AFRIrsHIRG fi 1 st
region having a first perneability and a secong regi on having a second,

gr eat er per nedlpittictep comppsing atdeast smey nangparhees intkd maldd second pluralities
of particles in the presence of the catalyst material to forma

pol ycrystél line table having a first region conprising a first vol une

percentage of catayst TRiBEhad oftingR@s eflclhihs 1n&1ﬁfu%hi5,twﬁérei§@aﬁ@ﬁlgamm@t
i nt erbonded grains of superabrasive material and 20 a second region
conpri si ng a andsesrad phrdgics of paticlprings presrnagyel the catalyyd maderiakien form 4|

di din i r ' ) . .
rorrar " AARERIh AL SO AR N GTRSRAR bRy SHPELAl L
attachi ng t heegioh yiaviygh adcohdi@rdasdipernheabdiny eomprists formingst podfoeystdllive talile | east

a second region, being 25 interposed between the fjrst region and the
subst r at d Ocorfinggdirptiegipp B%l‘f"il%@%’éﬁ volgme peichplag éﬁaer?lggﬁlwatﬁnqﬁ@d a

pol ycryst al | i4g,44aBlién ﬁé\xiﬁgi%sécbﬁaﬁ@&ké V%ﬁfn?erﬂ@élen{a%@ B §di5§rﬁ§i~ééi% btgiafuri ng a

sintering process. The net hod of" cl al , erein infiltrating
at | east the second region 300f the polycrystalline table with a flowable

material fromthe substyrate duri a sipteri rocess, conpri ses

"1 tracing at et (HE Sebuhe egnd R R o Ser SRR R B ¢
anot her cat alhatedBat @hiralticd bf p2HEBY infthopreddnbe sRAhAkHSYst MRk @lal &) fosad to form
the polycrystalline table. 2012/ 121946PCT/ US2012/ 027075 - 25- 13.

A met hod 16f agrolyseysialignedalple compysingd fifsheegiandiasing @ fustpgpreabditeandbiepeidi ng:
orm .2 polGOX AL Ry BYRRIRREAH R LR B RESERIRS o @
havi ng a secqighaligdsedipgrticlep & the piekdrict WS the catalyst material to form a polycrystalline
table having a first region comprising a first volume percentage of catalyst material
disposed in interstitial spaces among interbonded grains of superabrasive material and
20  asecond region comprising a second, greater volume percentage of catalyst material

disposed in interstitial spaces among interbonded grains of superabrasive material.

11. The method of any one of claims 1 through 5, wherein attaching the
polycrystalline table to an end of a substrate, the at least a second region being
25  interposed between the first region and the substrate comprises infiltrating at least the
second region of the polycrystalline table with a flowable material from the substrate

during a sintering process.

12. The method of claim 11, wherein infiltrating at least the second region
30  of the polycrystalline table with a flowable material from the substrate during a
sintering process comprises infiltrating at least the second region of the polycrystalline
table with another catalyst material different from the catalyst material used to form the

polycrystalline table.



at | east substantially renoving catalyst material fromthe polycrystalline
tabl e; contacting the polycrystalline table on an end of a substrate
conpri si yoaotan4aat eri al , the second regi on bei ng i nt ecpased2betodeen t he
first region and the substrate; and 1Qinfiltrating at |east the second
region of the polycrystalline table wth a flowable material fromthe
substrate. 14. The nmethod of claim 13, wherein formng a

pol ycrystalline table of superabrasive material and conprising a first

region having a first perneahil.i and a. 15s nd region_ having a second,
greater per neabi| i Hy ccﬁﬂ%@s"@%‘i@i"ﬂgﬁ Q%rﬁsgﬁﬁ’&er?@?g‘??FWétr_tﬁ’Bﬁ%@pE‘B‘H‘%Ti si ng
a third regi o@nfing APSBLrYRRAIAR (&M ofupblaBratié ﬁfate?i@gdrﬁ'loﬁx?ﬁgﬁg Agirdt RGi@f | east
a second region. 15. The method of claim 13 or claim 14, wherein

form ng a pol ycr ystaingianesastrmedbdity fndaprepadregminhavimgase¢oatl, gealerconpri si ng
a first r%gi on havieplge%ﬂ'gt%,r st perneability and a second region having a

second, greater pepr neabpi ';ty conprises formng the polycrystalline table

having a fir st ldas@ubdiartiany Fdnsdving datdl st Slatelriabirora PIRCKR Sy RyedIEnd tabley bonded
grai ns of superabrasive materjal with a first intercornectivity and, a

second regi orfORBAHH BF RElYFIBlalige fablen aradod 2 susHtcicampripBn abadgraieid of
super abrasive 25 mgﬁ‘? §éc@111d ngolﬁ b%ingﬁ%@l%gse%%eﬁrth% ﬁrtsfafegﬁﬁ 6§ e Slibtrate;

16. The met hod of alm 13~ or ¢ erein formng a polycrystalline
tabl e of superabrasdve material and conprising a first region having a

first perneahi ity and a second region. having a second, .greater
per meabi 1Pty IE%]%?{?%@ ea\sbt?‘ﬁﬁ‘??@nii FF‘@? @?WV?Y%‘PIE?%@&F%&’@ @%’ﬁ%’llq sing a
first region havi ngyaifiiffost thdeisthié, of superabrasive material and a second

regi on having a second, |esser density of superabrasive material. WO
2012/ 121946PCT/ US2012/ 027075 - 26-

14. The method of claim 13, wherein forming a polycrystalline table of
superabrasive material and comprising a first region having a first permeability and a
15  second region having a second, greater permeability comprises forming the
polycrystalline table comprising a third region disposed on an end of the first region

opposing the at least a second region.

15.  The method of claim 13 or claim 14, wherein forming a polycrystalline
20  table of superabrasive material and comprising a first region having a first permeability
and a second region having a second, greater permeability comprises forming the
polycrystalline table having a first region comprising interstitial spaces among
interbonded grains of superabrasive material with a first interconnectivity and a second
region comprising interstitial spaces among interbonded grains of superabrasive

25  material with a second, greater interconnectivity.

16.  The method of claim 13 or claim 14, wherein forming a polycrystalline
table of superabrasive material and comprising a first region having a first permeability
and a second region having a second, greater permeability comprises forming the

30  polycrystalline table comprising a first region having a first density of superabrasive

material and a second region having a second, lesser density of superabrasive material.



17. A polycrystalline elenent, conprising: a substrate conprising a hard
material; and a polycrystalline table conprising a superabrasive nmateri al
and havi nyoaofansd46r egi on exhibiting a first pernsadiioztoys and at
| east a second region exhibiting a seggnd, 5greater perneability attached
to an end of the substrate, the at | east a second region being interposed
bet ween the substrate and the first region. 18. The polycrystalline
el enent of clai m 117. whamelyarystallingictesient, eginprising at | east substantially
free of catal sk tg&}lal . 1aoha at 8119 The polycrystalline el ement of
claim17 or o MoReCoRiEing hhafh maral fide between the polycrystalline
table and t he sdlagydialige GORROMPESNG a Berdbr AN mALEYiL aﬁcaﬁzeviﬁ%ﬁgmegibﬁzo. The
pol ycrystalline element of claim 17 or claim 18, wherein the

pol ycrystal | i ne t ahibifinga fist pewaphilitysad gt least p gecopgregirndxbipged ¢endn end

of the fi St T egi Oﬁeeﬁ&%ﬁh&%ﬂhy gtte?ctheéi fAilend o?ﬁl%%ﬂgst{a%g{hg Ut least a second

region being interposed between the substrate and the first region.

18. The polycrystalline element of claim 17, wherein the first region is at

least substantially free of catalyst material.

10
19. The polycrystalline element of claim 17 or claim 18, wherein an
interface between the polycrystalline table and the substrate comprises a non-planar
interface design.
15 20. The polycrystalline element of claim 17 or claim 18, wherein the

polycrystalline table further comprises a third region disposed on an end of the first

region opposing the at least a second region.



