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Embodiments of the present disclosure relate generally to polycrystalline
tables, polycrystalline elements, and related methods. Specifically, embodiments of
the disclosure relate to polycrystalline elements having polycrystalline tables with a
15  substantially fully leached region and methods of forming such polycrystalline

elements.

BACKGROUND
Earth-boring tools for forming wellbores in subterranean earth formations

20  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

mounted on bearing pins extending from legs of a bit body such that each cone is
25  capable of rotating about the bearing pin on which it is mounted. A plurality of

cutting elements may be mounted to each cone of the drill bit.

The cutting elements used in such earth-boring tools often include
polycrystalline diamond compact (often referred to as “PDC”) cutting elements, also
termed “cutters,” which are cutting elements that include a polycrystalline diamond

30  (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

and natural diamond grains or crystals, termed “grit,” under conditions of high
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25 DISCLOSURE OF THE INVENTION
In some embodiments, the disclosure includes polycrystalline elements,
comprising a substrate and a polycrystalline table attached to an end of the substrate.
The polycrystalline table comprises a first region of superabrasive material having a
first permeability and at least a second region of superabrasive material having a
30  second, lesser permeability, the at least second region being interposed between the
substrate and the first region.
In other embodiments, the disclosure includes methods of forming a

polycrystalline element, comprising disposing a first plurality of particles
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polycrystalline element, comprising forming a first polycrystalline table having a
first permeability. The first polycrystalline table is bonded to another
20  polycrystalline table having another, lesser permeability attached to a substrate.
Catalyst material is leached from at least the first polycrystalline table.

In other embodiments, the disclosure includes methods of forming a
polycrystalline element comprising forming a first polycrystalline table of
superabrasive material in the presence of a catalyst material, the first polycrystalline

25  table having a first region having a first permeability and a second region having a
second, lower permeability. The catalyst material is at least substantially fully
leached from at least the first region of the first polycrystalline table. The first
polycrystalline table is bonded to another polycrystalline table of superabrasive

material attached to an end of a substrate of hard material, the second region being

30 interposed between the first region and the other polycrystalline table.
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pol ycrystalline table of the Er esent di scl osure with a non-planar interface

design at an interklécé ibeparie cqtmaypmrmy@qabwlq{@ quithigeelempent hawnd st r at e;

FIG 6 illustr tes e view of a cutting elenent having
Bufe BB GG pRAGu Ap-fife

a pol ycrystalﬁ)q Yy sclosure with a non-pl anar
interface design afi(20anudthterfass-speioMmbsids egivaitanothet hatipotiysenst al | i ne
tabl e; FIGS. 7A through 7F are_cross-sectional top views of interface
desi gns fi& pevingrydenas-phaned palyrustainetipele of hseresee diegledimie; FI G 8
depicts a cross-s f
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Cr oss- sect i onalother pulyofystallineltable nora‘rgmtrshmn qfrthmpzsmnt disclbsurag ng a
polycrystal line tahle f he present. disclosur FI G .10 shows a
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pol ycrystall ifﬁﬁh&ﬁmlﬁ:r?&alhﬂ@ta@[%%ﬂ&guﬁh@ﬁbpﬁl@ 1{p?esent disclosure; FIG 1l is a
sinplified cross-sectional view of a region of a polycrystalline 30table of
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FIG. 6 illustrates a cross-sectional side view of a cutting element having a
polycrystalline table of the present disclosure with a non-planar interface design at
20  an interface between regions of the polycrystalline table;
FIGS. 7A through 7F are cross-sectional top views of interface designs for
polycrystalline tables of the present disclosure;
FIG. 8 depicts a cross-sectional view of a mold in a process for forming a
polycrystalline table of the present disclosure;
25 FIG. 9 illustrates a cross-sectional view of a mold in another process for
forming a polycrystalline table of the present disclosure;
FIG. 10 shows a cross-sectional view of a mold in another process for
forming a polycrystalline table of the present disclosure;
FIG. 11 is a simplified cross-sectional view of a region of a polycrystalline
30  table of the present disclosure;
FIG. 12 illustrates a simplified cross-sectional view of another region of a

polycrystalline table of the present disclosure;



WO 2012/ 121942PCT/ US2012/ 027071 5 FIG 13 is a sinplified
cross-sectional view of the region shown in FIG 10 after a |eaching
process; wW0ad012/121942 FI G 14 is a perspective view of amcearstérberorng drill
bit having cutting elenents attached fhereto, at |east one cutting el enent
havi ng a pol ycrystalline table 5of the present disclosure. MODE(S) FOR
CARRYI NG QUT THE | NVENTI ON The illustrations presented herein are not

neant to be actualFig. eWss Ofinmpliyiedarobs-cathiahaleddw bf herrédign tlamin indUGt 1019
el enent, or bearing, but are nmerely idealized 10 representations that are

enpl oyed to ddisepisehipaeresspodndrent s of the disclosure. Additionally,

el ements common b f DBVl Eleal Q51,03 meri cal
desi gnat i on. %Iﬁi@g%&rﬁégﬁégr 1-e%’ori n%a%ggfaﬂgﬁgﬂrblet?ra%%%gtr@%g drill
bit," as usecihiesms aachedithesond at Rabtuthe canipgtejgmeendhaving a polycootalliredeblé or
drilling duri q\g the formation or 15 enlargenment of a wellbore in a

subt er r angan HepsRICsHh 8RS RC| ude, for exanple, fixed-cutter bits, roller
cone bits, percussion bits, core bits, eccentric bits, bicenter bits,
reaners, mlls, drag bits, hybrid bits, and other drilling bits and tools
known in the art. As uMODASRFAOR CABRYING OVUPBIBBNYENIGOMt eri al " nmeans

Kot/ o (26, 490 NALe BhSirsPas PRYERL R PR aRt Bt h vtrs B exanpl e,
di amond and oyl RRAR-bBEAE LR, cubiie @M Shr\RafRd, Bt Akndraly iddafigede

characterized as "superhard” materials. As used herein, the term
"pol ycr ysioal |tepresangtiions thae asssenzmelyedrie dastaibe sheecnshadipents of hedpclosiugg a
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grai ns of thenutedrieal dsigiayorhbe randomly oriented in space within the
polycrystalline material. As used herein, the terns "inter-grapular bond"
and i nter bonded" Hisdamamcparth-boripg éq%’a%n%@rthibpéeg d&ll&%”c‘?stiﬁ?@ﬂ?r@.ng. :
o oAbk G R ) Rt ol .
"nano- si Zéd" enkapgeradd oif actalitlercany spbietrhmdae forsnptionasd ifebrdegfoampieplea cryst al
ﬁﬁn grain, havfiixr}:%-c%?ter Vi?sr, ?quer Fc)grget lélgsl, Ser(cjlils%{{)%tb?trs, (90fre gl?;[, Yc\gceerrlltrﬁ:q% st bi]c'enqgr] and 500
bits, reamers, mills, drag bits, hybrid bits, and other drilling bits and tools known in
the art.
As used herein, the term “superabrasive material” means and includes any
20  material having a Knoop hardness value of about 3,000 Kg#/mm? (29,420 MPa) or
more. Superabrasive materials include, for example, diamond and cubic boron
nitride. Superabrasive materials may also be characterized as “superhard” materials.
As used herein, the term “polycrystalline table” means and includes any
structure comprising a plurality of grains (i.e., crystals) of material that are bonded
25  directly together by inter-granular bonds. 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, efc.) between atoms in
30  adjacent grains of superabrasive material.
As used herein, the terms “nanoparticle” and “nano-sized” mean and include

any particle, such as, for example, a crystal or grain, having an average particle

diameter of between about 1 nm and 500 nm.
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unsi nt er ed. The term "green part" as used herein nmeans an unsintered
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As used her eidepsifibatidner m "t ungst en carbi de" neans any naterial conposition
t hat contains chem,cal cqonpounds of ngsten and carbon,.such as, for
exanpl e, WC, W2C, der n“gﬁtﬁﬁf’g o??s‘lSSﬁ5 H?/ﬁ%marﬁﬁar\ﬁg@]p FENEIRR NS de
includes, fory2068R/ich maRsiclideniansifbatArRIbe cofbdtigf 6Ch pariggsen car bi de,
and macrocrystalline tungsten carbide. Referring to FIG 1, a partial
cutavay pér spestonentyansiiypically miyphventenedvaheiat laagba pertien gfiie PPEes hetiveeining

el enent 100 ipcl.udes Y, i of a
cubst rat e 1047 YHAT SRR RPN YR bR G| A BRI Lo AR ! o She
on an end of Bongingetwiskhiadplceisiipagidlat e 104 at a planar substrate

As used herein, the term “material composition” means the chemical
composition and microstructure of a material. In other words, materials having the
15  same chemical composition but a different microstructure are considered to having
different material compositions.
As used herein, the term “tungsten carbide” means any material composition
that contains chemical compounds of tungsten and carbon, such as, for example,
WC, W,C, and combinations of WC and W,C. Tungsten carbide includes, for
20  example, cast tungsten carbide, sintered tungsten carbide, and macrocrystalline
tungsten carbide.
Referring to FIG. 1, a partial cutaway perspective view of a cutting
element 100 is shown. The cutting element 100 includes a polycrystalline table 102
attached on an end of a substrate 104. The polycrystalline table 102 may comprise a
25  disc attached on an end of the cylindrical substrate 104 at a planar substrate
interface 116. The polycrystalline table 102 includes a first region 106 and at least a
second region 108. The first region 106 may comprise a layer including a cutting
face 110 of the polycrystalline table 102 and extending toward the substrate 104.
The second region 108 may be interposed between the first region 106 and the
30  substrate 104. An interface 112 may lie at the boundary between the first region 106
and the second region 108. Chamfers 114 may be formed at the peripheral edges of
the polycrystalline table 102, the substrate 104, or both.



interface 116. The polycrystalline table 102 includes a first region 106
and at | east a second region 108. The first region 106 may conprise a |ayer
i ncl udi ngve 2012i2isag face 110 of the pol ycrystalline tablreTAB201ane70exkt endi ng
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plurality of hard ceram c particles dispersed thr_oughout a netal matrix
mat eri al .10The har dlleeyudstcate ped ma cempriss/a badpnrateeal c pbexdawle. iha hqrdes

oxi des, and borides (including bor.on r bi y . re. i.fically, the
hard 15 cer an‘?%teﬂgqul‘lg}&?oérs’prhsgf%%ar%r 'inééglccgpgﬁa‘é%égn%a]b@rg‘i’ gegagn%:t:ie from

el ements suchmag@ridlyj cdinpridibg a Plurality ofthard b@rantic parficles MispesadithBoughByt avay of
exanple and not |[imtation, materials that may be used to formhard ceramc

particl es i ncneigbmetirgatieniale disibged coramis partiplSar®| eangrise eptbidesnuigidse
R e a . . . . ant al
carbi de (Ta )?Xlgé[st an wn i ngh%ﬁg%glé@agfﬁ@fm@ MG Qe %al’la;, A m

nitride (TiN) um num ox umnumnitride (ALN), 20 and
si | i con clar bi @eariSipaiticléEheayn@inaprisarbrbides aad botidds noddetfhen elengniscuotessl

conposite mateyial in e, faor anpl.e,. cobal t.- based, |ron-hased,

i cRel - based, W oMot Yikkaf G el SDSK B3 S8 ohreRune ke TBARoN on.
and cobal t - baggd;iglk oY $hay HaGisEREd form MRt Edd-hicParicisSReli RBLRGE &Fbilieom
comercially pure elenmenfs such as cobalt, iron, and nickel. For exanple,

t he hard mat etitamiimeybide (€D .gentalupi carbilde (Jal) tirBiumdidrade CEBb). deropawmi cl es

in a cobalt matr.ix, .known in.t rt as cobalt-gceqented.tungsten bi de.
Referring to Ffgades titagiym 8‘5@4%@?}{\1?’@1‘5?1%%‘3“% %%:\l/zcg%s AR glirﬁ%t ﬁAﬁ§5=e| ement
100" is sigownand BiicosWhitid(Sed e MEY md@0matrikGhateed of tirodeyahiy shéhl doagpokiad! e
102 attached on an end of a substrate 104. The polycrystalline table 102
may 30 conpr i®etetalhpry wlvdenier sxamide, cohelt-batsdt irer-basedmickedbasfidngorr and

dome- shaped pﬁlgﬁé’l-%ﬁée%? ccgb%'itmarrf'cgni%kg%écf DAPEEn! MuRHhAE Baskd @1115?5. wfjjech the

pol ycrystalline
matrix material may also be selected from commercially pure elements such as

cobalt, iron, and nickel. For example, the hard material may comprise a plurality of
25  tungsten carbide particles in a cobalt matrix, known in the art as cobalt-cemented

tungsten carbide.

Referring to FIG. 2, a cross-sectional side view of another cutting

element 100’ is shown. The cutting element 100’ includes a polycrystalline

table 102 attached on an end of a substrate 104. The polycrystalline table 102 may
30  comprise a hollow dome shape, the substrate 104 including a dome-shaped

protrusion forming a dome-shaped interface 116 to which the polycrystalline

table 102 is attached. In other embodiments, the polycrystalline table 102 may

comprise a solid dome shape, such as, for example, a hemisphere, attached to the



table 102 is attached. In other enbodi nents, the polycrystalline table 102
may conprise a solid donme shape, such as, for exanple, a hem sphere,
attached wo 20t121940 2012/ 121942PCT/ US2012/ 027071 8 pol yecyatsadizioom7t abl e
102 at a planar substrate interface 186. In still other enbodinents, the
pol ycrystalline table 102 may conprise other shapes, such as, for exanple,
chi sel - shaped, tonbstone-shaped, or other shapes and configurations for the

cutting face golfragalknowBld 102td@ phanbr subseatp dhtyidaoesttial Iln sl beabt e 102
includes a 5first region 106 and at | east a second regi on 108. Thectfi rst
regi on 106 nmesmbasimentsdhapelyerasaing &bl temay rempassyher SLapssi Hgheader 110 of

the polycryst i ne fabl 2 Al st N dodneasuheiidt&sk94. The
second regqi on&fb@%ﬁ%ﬁ%e&? téF posé bsgt déﬁr {’tﬁé\fa{fhl Ir)sst reg?o r106 Sand t he
substrat e 104the tteng frstll tae kd®4n imathe iaric [Thd @obnryistad larenelole 402 inchydes a118. The

i ntermedi ate | 11 i mbi nat ipn .100f .th br asi
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material and the hard material ma nprise a gradi ent "of varying
per cent ages ofndtehendingaoaimdabe substrated Ot aThesetond eedienr 0Smpe bt Hiterppsedugh a

depth of the jnternedi.ate |.a 1 to ovi transiti bet . t he
pol ycrystal | ik?f’éw‘feé’tr}ﬁ%ﬁi%ﬁegé?%?@%@%%gg ﬁ‘bbgsir?tgtlgﬁl jes Sﬁréfe lgbﬂem?ynl\tlr\%ﬁlﬁ%di ate
| ayer 118 mayagngbhedidte3hycdN98r ThE ndGihzaiate 1apdr W 8 indyh@niRlsy arcysibalatibne
table and the substrate. Referring to FIG 3, a cross-sectional side view

of anot héi0 cuefithngperabrasite moerialy deaumyeryvialling tabientP2endribnbard oisrifd | udes a
porverysta 1 fGnd AllSndRr ALLAGRRE A, AbEAtflonlo PSSR Rt Omalthyy

pol ycrystal | ine may conprisé a Irst regi

second regi orantiQBe hdriendtéri mayepnpnisd 6 gradiant ek vanthgfpeamnageudfithag face 110
of the polycrystalline table 1 toward the substrat 04 and havi ng an
annul ar ext en¥perbesive matspl padiedardrpaterigiy af%ﬁﬁ’a‘i]mf’%’é“eé@re&ﬁf?er y of

the polycrystgll, 1@? t% ﬁgv?de]aot%ansﬂbﬁ AL ahe ﬁé‘l&@ﬁ%ﬁfﬁe e fPUindidie substrate

104 at a portion o substrate interface 116 Thus, the second region
108 may rist esubstrade 264.0Thusetheentephestite &fyet hES poy yuablsa afrdrigeeattaghinent 02, t he

annul ar extension of the first region, 106 rroundi ng the second region 108
at the radi alnlmw?ﬁ?ttg? pg@f’iﬁéﬁ‘@ﬁ%ﬁ%‘?@ &‘f’ﬁ&g%@&eond regi on 108 may be

i nt er posed bet weemnr¢MRirlth FIGT B @Hss 186 AHAsiHE Qicbrnbiecdide Referring to
FIG 4, a cross-sectional side view of another cutting 30elenent 100 is

shown. The cutletery 180 énghown (thejcnttingddement P89 yrclydes alpolyisey stadliyedahlod 02

attached on an end of a substrate 104. The polycrystalline table 102 may comprise a

20  first region 106 and at least a second region 108. The first region 106 may extend
from a cutting face 110 of the polycrystalline table 102 toward the substrate 104 and
having an annular extension extending toward the substrate 104 at the periphery of
the polycrystalline table 102. The annular extension may abut the substrate 104 at a
portion of the substrate interface 116. Thus, the second region 108 may not extend

25  to the periphery of the polycrystalline table 102, the annular extension of the first
region 106 surrounding the second region 108 at the radially outer portion thereof.
The second region 108 may be interposed between the first region 106 and the
substrate 104.

Referring to FIG. 4, a cross-sectional side view of another cutting

30 element 100 is shown. The cutting element 100 includes a polycrystalline table 102
attached on an end of a substrate 104. The polycrystalline table 102 may comprise a
first region 106, a second region 108, and a third region 120. The first region 106

may extend from a cutting face 110 of the polycrystalline table 102 toward the



attached on an end of a substrate 104. The polycrystalline table 102 may
conprise a first region 106, a second region 108, and a third region 120.
The firstwoegioniy®6 nay extend froma cutting face 110Pafri/ush@2/027071
polycrystalline table 102 toward the 9WD 2012/ 121942PCT/ US2012/ 027071 9
substrate to an interface 112 with the second region 108. The second region
108 may be interposed between the first region 106 and the third region

120. The t hi rqibsteat mnha&rfﬁ&ylWWﬁndaefgeomndﬂagmsel@@ndheegioomagi)&1@8 t he
substrate interface 116 V\heretl}%tp ycrystalline tahle 102 is attached to
t he subst rat @napbe imgipesed baaveen thefinst rFé’é’Pdﬁéf?ét%'i?“ ée%?%b&e@ea cent

the second rgg%ﬂﬂl,%@ﬁl ﬁ%ﬁ( g&%&@%@&frﬂ %Bﬁlbk E3the sﬁ&‘tr‘a 1${%§fac513f69”' ng to

FIG 5, a cr secti o € VIew o cutting ement 100 i s
shown. The Cut/herm@eqﬂoﬂrueyﬂtalﬁﬁ)@tabhcﬂ%desttahprbtqﬂbe yshsa’atm lrﬁ)é tlabs, ehelfh?rd

attached qn an end_of a str .104. . The |line table 1
i ncl udes & flrF%an%{)) |b8 15p98° cgpt tp‘éé"s‘:togg é’é‘&lﬁ(ﬁﬁ%‘i Wﬁfmsm% f second
regi on 108 myyfiRoiontigpposed between the first region 106 and the substrate

104. A substrate |nt erface 116 between the polycrystalline table 102 and
the substrate 104 Rlﬁyrrmgrmﬂ@é amsmtma}mdmvléwcé@eo@?@s@gmg For exanpl e,

or ot usi one. B ScdoUE B e LR PRk E o Pyl 5B 0 g

spokes, or ota{m&hdzmraml AT aisOb@Fataa DBl dE S @Fcrydiaihe tametlme ia¢ltidesRetirer ri ng
to FIG 6, a cross-sectional side view of another cuttin n]g) el enent 100 is

shown. TH® cuegiond06rrdraileast ageqond regens 108. pbig reegad weiann@8magy ke 102
attached on gp, fﬂ]}g%c%et@feéyﬁ%ggﬁtr %@940? I@&m@%hy&fa&sg@ | A Bhshakl e 102
an at

includes a firs region east a second region 108. The second
regi on 108 nayteb@acd hIéehsqmsadthb@bLyegmallh& thble 402 am@ttmmuﬂ@ﬁteamﬂ e substrate

104. An interface 112 between t%% first ]é%gi on }Og}eand he sec nd regi on
108 rmay conpriogWrise AgAnplaaRmtsice design usxgmpler aémt? ®nhon- pl anar

interface desjgf, rﬁ?a)é'&) fsb%%eﬁess(ﬁ"ralt@ﬁaﬁﬁ% ?Joh%ﬁleﬁﬁ OB s9E S BSicenisicand
recesses, concefntr ular rings, radia 25ext endi ng spokes or ot her

non- pl ands i reinenfancegd eslighsexteroimg spokesher atlhtr ndmplendyanterfacstdssigher e bot h
t he |nterfacel$n§12 bﬁ? f}ffn the first region 106 and the second regi on 108
and the substTRF® Pit%ftace 116 bet ween the pol ycrystalline table 102 and

the substrate 104 RGBRIeIE FIGNG,Rl oW seétiinal §ia€ Gicdlasiagbmer &lteng

element 100 is shown. The cutting element 100 includes a polycrystalline table 102
attached on an end of a substrate 104. The polycrystalline table 102 includes a first

20  region 106 and at least a second region 108. The second region 108 may be
interposed between the first region 106 and the substrate 104. An interface 112
between the first region 106 and the second region 108 may comprise a non-planar
interface design. For example, the non-planar interface design may comprise a
series of alternating protrusions and recesses, concentric annular rings, radially

25  extending spokes, or other non-planar interface designs known in the art. In
embodiments where both the interface 112 between the first region 106 and the
second region 108 and the substrate interface 116 between the polycrystalline
table 102 and the substrate 104 comprise non-planar interface designs, the
non-planar interface design located at the interface 112 between the first region 106

30  and the second region 108 may be at least substantially the same as the non-planar
interface design located at the substrate interface 116 between the polycrystalline
table 102 and the substrate 104. Alternatively, the non-planar interface design

located at the interface 112 between the first region 106 and the second region 108



non-pl anar interface design |ocated at the interface 112 between the first
region 106 30and the second region 108 nay be at |east substantially the
sane as twewmrpdanar i nterface design | ocated at the edbatse@abm2iont erf ace
116 between the polycrystalline tabl el0102 and the substrate 104.

Al ternatively, the non-planar interface design |ocated at the interface 112
between the first region 106 and the second region 108 WO

2012/ 121942PGha{52 8t éhe Tldhilthd Qonyankeintbrfdce dedign focai bhge Rabstateanar
interface design located at the substrate interface 116 between the

pol ycryst al | i inEerfaghi k6 hapeemdbeprlyceisidiinedalle 164 andhesubpes 1¢4 Asa
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subst r at e 2104°ORESNTESHPES- 8ad thedionrnignas teriageirlgsign dacated at the subgger ring to

FIGS. 7A thr = I 1 t s 100 are
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tabl e 102 andcodgpise radidht éxberslingf spokes. fi rst regi on 106 and the second regi on

108. As shown, th | ycr | 4 tahl e.102 may. conpri se a nop-pl anar
interface design E%‘%\%g%ﬁ tgﬁiééli‘lgﬁ“?@ ﬁFn Ci‘ﬁé'sg\%{fmfﬁgpgéeéNc?nOﬁPQ‘é’gon 108.
Si mlar non- pligAatts it 00 SelsBE@n dTHE BSs-bRYioAd SRWReard tkBRHeMidthet he substrate
interface 116 (lsee FIG 5) between the pol ycr%stal line table 102 and the

0

subst r at el 0104polyarystallinetable, 1025me\iepist portinag oft the fibs tegden | @sanskthoeecend he

first region 106 t i ; t

1 ustrated imeRrals. aUSPEERe pRS B A TR Yo By REBRed G360 Ry ¢ e
second r egi oninfPBcdTaesi @OFEIWESELhg fiadt Asgiod 1 0handsthesecdupecaht 838, veimilat erial in
varyi ng sizes and because sone shifti ng)ﬁ ¢rushjng, fracturing, ang grow h
of the grai nshovsRlagss dnterfagsrdesigns Blaatse dﬁpoﬁqﬁ]eatgﬁ $poPAE Htears [ qksee 102.

Thus, the shapes sp0ad.dRRIARR AN AR 1T0a0H RS BUTRL 164 M iexasp! es for

. . t
illustrative purposes. n he enbodi ments shown in FIGS. 1
t hrough 7B, ahdwavst, tha thedrouhOficsfbeawepaltlychissstegidn H® andbhesetORl regioncldlpr i se

o ol veryeal e o o oL B SR SRS S san 105 1
pol ycrystal | i §@ the@ic8Ad Rigich198 & bonl RS BfaiReMEARInd duperabrasive material in
varying sizes and because some shifting, crushing, fracturing, and growth of the
grains may occur during formation of the polycrystalline table 102. Thus, the shapes
20  and designs shown are meant as simplified examples for illustrative purposes.
In each of the embodiments shown in FIGS. 1 through 7F, a first region 106
of a polycrystalline table 102 may comprise a polycrystalline region of a first
permeability. A second region 108 in each of the embodiments shown in FIGS. 1
through 7F may comprise a polycrystalline region of a second, lesser permeability.
25  The first region 106 may be at least substantially fully leached of catalyst material.
Thus, the first region 106 may be at least substantially free of catalyst material that
may otherwise remain in interstitial spaces among interbonded grains of
superabrasive material after formation of a polycrystalline table 102. When it is said
that the interstitial spaces between the interbonded grains of superabrasive material
30  in the first region 106 of the polycrystalline table 102 may be at least substantially
free of catalyst material, it is meant that catalyst material is removed from the open,
interconnected network of spatial regions among the grains within the

microstructure of the first region 106, although a relatively small amount of catalyst



25The first region 106 may be at |east substantially fully |Ieached of
catalyst material. Thus, the first region 106 may be at | east substantially
free of ocwbDabshigaterial that may ot herw se remai n i n iPOTAISstie AN spaces
anong i nterbonded grains of superabradive material after formation of a

pol ycrystalline table 102. Wien it is said that the interstitial spaces

bet ween the interbonded grains of superabrasive material 30in the first
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| t
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superabrasive material and, therefore, fewer and more constricted paths for
a | eachi ng agelrintersitipespaegsameong interbonded grains of superabrasive material as

compared to the volume percentage of interstitial spaces among interbonded grains

of superabrasive material of the first region 106. Where the second region 108

comprises a higher volume percentage of superabrasive material, there may be fewer
25  and smaller interconnected spaces among interbonded grains of superabrasive

material and, therefore, fewer and more constricted paths for a leaching agent to

penetrate.

The second region 108 may have a lesser permeability than the first

region 106 because the second region 108 may comprise a smaller average grain size
30  of grains of superabrasive material than the average grain size of grains of

superabrasive material of the first region 106. For example, grains of the second

region 108 may comprise an average grain size that is 50 to 150 times smaller than

the average grain size of grains of the first region 106. As a further example, the



The second region 108 may have a | esser perneability than the first region
106 because the second region 108 may conprise a snaller average grain size
30of graiwe 20f2/ruger abrasi ve material than the average @gcaius2eizoe7oef grai ns
of superabrasive material of the firsk region 106. For exanple, grains of
the second region 108 may conprise an average grain size that is 50 to 150
tinmes smaller than the average grain size of grains of the first region
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path w t HiSn trheltiimode stze tdisalibwivacd gramet inskensdached ragicr B8mdedregulaimiewen t he

first region 106 be about 10% or great er bout, 25% o reater, or even
about 50% or a&ﬁéﬁ?’ﬂé IPF?é‘PP“Pﬁ‘ée?lrépmfﬁesf ?’rg%ngpbf’ ﬁﬂt%%f’ﬂﬁlfeﬁl §FHEs P%?Lg’lﬁgat%fatslwael spaces
bet ween t he iiefifionded grains in the second region 108. 25Theoretically,
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grains in the firsturtheyitemseros! waipnt K8 Iﬁ@ahﬂvﬁrﬂé_éssﬁmqlimﬁhihimh@h@e ﬁfSt_
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forth inJrvilesskr intdaetmeaddty dQeaniphiedtitd e iffetionat@gity of Andhwestitivegphes
Publ i shi ng Conpany, Inc. 301970). Referring to

FIG 8, a.
cross- sect i orfithe/frsiregional Spier eample. the pregp &8 PRGHR ?ﬁ%@feé%tlal spaces
pol ycrystal 1 ing,tahh&int@Boh®d AN in fe Firdi il Yonhl Be BboRA0V & B8ardi24

about 25% or greater, or even about 50% or greater than the mean free path within
the interstitial spaces between the interbonded grains in the second region 108.

25  Theoretically, the mean free path within the interstitial spaces between the
interbonded grains in the first region 106 and the mean free path within the
interstitial spaces between the interbonded grains in the second region 108 may be
determined using techniques known in the art, such as those set forth in Ervin E.
Underwood, Quantitative Stereology, (Addison-Wesley Publishing Company, Inc.

30  1970).

Referring to FIG. 8, a cross-sectional view of a mold 122 in a process for
forming a polycrystalline table 102 is shown. A first plurality of particles 124

comprising a superabrasive material may be disposed in the mold 122. A second



conprising a superabrasive material nmay be disposed in the nold 122. A
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second plaer aI paktycl€ offBe fits€ pRSalit? 6f particles 124 may be free of nanoparticles of the

superabrasive material. The unbonded first plurality of particles 124 may comprise

particles having relative and actual sizes as previously described with reference to

grains of the first region 106 of the polycrystalline table 102, although it is noted

that some degree of grain growth and/or shrinkage may occur during the sintering

25  process used to form the polycrystalline table 102, as previously mentioned.

The first plurality of particles 124 may comprise a first packing density, and
the second plurality of particles 126 may comprise a second, greater packing density
in the mold 122 when in an unbonded state. For example, the second plurality of
particles 126 may comprise a multi-modal particle size distribution, enabling the

30  particles 126 to pack more densely. By contrast, the first plurality of particles 124
may comprise, for example, a mono-modal particle size distribution that packs less

densely than the second plurality of particles 126.



WO 2012/ 121942PCT/ US2012/ 027071 14 A catal yst material 130, which may
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plurality of particles 126 or between the second plurality of particles 126 and the
first plurality of particles 124. Further, the catalyst material 130 may be coated on at
least some particles of the second plurality of particles 126. For example, at least
some particles of the second plurality of particles 126 may be coated with the
25  catalyst material 130 using a chemical solution deposition process, commonly
known in the art as a sol-gel coating process. The third plurality of particles 128
may be fully sintered to form a substrate 104 having a final density before being
placed in the mold 122. The second plurality of particles 126 may be pressed with
catalyst material 130 (e.g., in the form of a catalyst powder) to form a green second
30  region 136 of a polycrystalline table 102. During this pressing, a non-planar
interface design, such as, for example, the. non-planar interface designs discussed

previously in connection with FIGS. 5 through 7F, may be imparted to the green

substrate 132, the green second region 136, or both.



In sonme enbodi ments, catalyst material 130 in the formof catal yst powder

that is dispersed anong either the first plurality of particles 124 or the
second plwoabiznpiab particles 126 nay have an average pacriusb@2oenel of

bet ween about 10 nm and about 1 pm Hérther, it may be desirable to sel ect
the average particle size of the 5catal yst powder such that a ratio of the
average particle size of the catal yst powder to the average particle size
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non-catalyst material that is removable using a leaching agent, such as, for example,
20  gallium, indium, or tungsten. Admixture of the fourth plurality of particles 129
among the first plurality of particles 124 may enable the second plurality of
particles 126 to have a greater packing density than the first plurality of
particles 124.
The mold 122 may include one or more generally cup-shaped members, such
25  as the cup-shaped member 134a, the cup-shaped member 134b, and the cup-shaped
member 134c¢, which may be assembled and swaged and/or welded together to form
the mold 122. The first, second, and third pluralities of particles 124, 126, and 128
and the catalyst material 130 may be disposed within the inner cup-shaped
member 134c, as shown in FIG. 8, which has a circular end wall and a generally
30  cylindrical lateral side wall extending perpendicularly from the circular end wall,
such that the inner cup-shaped member 134c is generally cylindrical and includes a

first closed end and a second, opposite open end.



After providing the first plurality of particles 124, the second plurality
of particles 126, and the optional third and fourth pluralities of

particl esw02812212¢04229 in the nold 122, the assenbly optipcmalsbyizmex7be

subj ected to a cold pressing process %o conpact the first plurality of
particles 124, the second plurality of particles 126, 5and the optional
third and fourth pluralities of particles 128 and 129 in the nold 122. In
enbodi ment s wher e Ah& RetidRaahe filkt plirditpoapdrtiyleoi2palid sechebplb2fitycefpr i si ng
a hard material is present in the formof a fully. sintered subst({azte,, t he
first, secondartighes 5§ prshie optienal thipl anddopsth phrgdftics gf purtirles 149and h2Pgn 5nqg
129 may si npl t i i it i 128.
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and about 252pclflingedist meiraAPP ARd p seqepgregon L0§ esacallees PIEHANSY i ew of a
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table 102a, thgy Rihef seROhY bt idR!drag: fc r§stama@tabeé1pbth1rm.szabst rate 104 may
be subjected to a sintering process, such as, for exanple, an HTHP process

as has been descr ihihbughdhed enast gperatingtrveamaierd of P HPprocessgsawid ey f or med
polycrystall i&%enc}{\f% gl(l) %hze/pla%%c%f'azrpcgr-lr-x/pgssf ig&SZE{n%ZqZJQK&ties of the various materials
20  being sintered, the pressures in the heated press may be greater than about 5.0 GPa
and the temperatures may be greater than about 1,400°C. In some embodiments, the
pressures in the heated press may be greater than about 6.5 GPa (e.g., about
6.7 GPa). Furthermore, the materials being sintered may be held at such
temperatures and pressures for a time period between about 30 seconds and about
25 20 minutes.
Referring to FIG. 9, a cross-sectional view of a mold 122 in another process
for forming a polycrystalline table 102 is shown. Disposed in the mold 122 is a
separately formed polycrystalline table 102a having a first permeability. Another
polycrystalline table 102b having a second, lesser permeability attached on an end of
30  asubstrate 104 is also disposed in the mold. The separately formed polycrystalline
table 102a, the other polycrystalline table 102b, and the substrate 104 may be
subjected to a sintering process, such as, for example, an HTHP process as has been

described previously, in the mold 122. The separately formed polycrystalline



17 table 102a and the other polycrystalline table 102b nay be sintered in
the presence of catalyst material 130. For exanple, catalyst material 130
may renmaiwoiniynieestiti al spaces between interbonded grarrzs2@R/027071

superabrasive material after the origi7nal sintering process used to form
the separately fornmed and the other 5polycrystalline tables 102a and 102b.
I n sonme enbodi nents, however, the separately Ruined polycrystalline table
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material 130 therefromprior to di sposi%gqit in the nold 122 adjacent the
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pol ycrystalline table 102b. The separately fqrmed pol ycrystalljne table
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free of catal§RHtingRAYsrEFa4i8p @hl¢ K¥ut requiring subsequent 30 | eaching or

requiring |ess su%&a@ﬁg&o FEECIY, AGroskRedionhl AERQH L MRNG 322 trhaokiRs BldcbRo
polycrystalline table 102 may partlculzg-rln% resenble that shown in FIG 4.
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| n ot her enbddi freming a péigcryeiplingtalily 19 ewpoDjspesestialthe meld BBligal102a may

not be at | east 012/ 121942PET/ 012/027071 1 u Lally fully
| eached, and Sgg?rﬁﬁ\é\f))'sft%nﬁﬁé Bﬁgl?l%ﬁys%ggle#&ée i ééngaﬁhei 3P %r%tgisyf f?)?l%sl?&él%l cr%’é%%lﬁa
regi ons 106 afisle 108a Miay bomMpiisea S0P aSeadrel 06 Koo tnpedfipopattieyisitia) dndnesetatd e
102a. Using the processes described in relation to FIGS. 8 and 9, a

pol ycryst al | iTagion 408 baving a sennpdi lovisy permreabdity. r Byt sharptsdy foapethg a first
permeability &Mr%aliiﬁé&%leai 02a may be disposed on another polycrystalline table 102b
with the second region 108 interposed between the first region 106 and the other
polycrystalline table 102b. The separately formed polycrystalline table 102a may be
25  at least substantially fully leached prior to being disposed in the mold 122. During
sintering, the second region 108 may impede flow of the catalyst material 130 from
the substrate 104 and the other polycrystalline table 102b into the separately formed
polycrystalline table 102a. Thus, the first region 106 may remain at least
substantially fully free of catalyst material 130 without requiring subsequent
30 leaching or requiring less subsequent leaching. In such embodiments, the resulting
polycrystalline table 102 may particularly resemble that shown in FIG. 4. In other

embodiments, the separately formed polycrystalline table 102a may not be at least



5second regi on 108 having a second, |esser perneability nmay be attached on
an end of a substrate 104. The polycrystalline table 102 may t hen be

subj ect edwbaor/12e|ehi ng process to substantially fully PremmseoicarBiyst
material 130 fromat |east the first 8egion 106 therein. Thus, a cutting

el ement 100, as shown in any of FIGS. 1 through 7F, may be forned.
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25gr ai ns 1042 havi rigafa“rlsngQFL(B ulsit ersenpla’mdmm%-swn@labwaweqi shpavnefdion &i ze. The

first region 106 m oi d._of ra I may be
i nt er bonded 55 18“38?39{?98]9'8131 ”%l?lgﬁﬂ%?o %élltﬁ@for%o?‘ eér] ' et%‘éfg&o may
be di sposed ifay &@ehmrﬁeﬁﬁﬂagmﬁbatﬁmam samgeglaheobmgie;dn@m as 142 of
superabrasive material. Thus, the first region 106 may nprise a,vol une

percent age ofmeltitmpdal graveisiae ﬁ&tﬂbﬂ’g‘@ngb@ieé’ﬁ%ééf gpﬁgrpmselﬁgloif yngrabgdsiies anong
i nt er bonded qnﬁ' 03 a%é%mglﬁ?rzgig ?5@‘@6 @f%}&?ra We'rfﬂter %fngﬁ%té?ﬁn 140

mCI‘OStI‘UCtUI‘eSOWI’lI shown I n evo
percent ags ofmgpéahprise nand-eizedbrali30 Thedpgseghaing 1B&md eistialler gpims ééO anong

VO 2012/ 121042RC WSZOXRRGLTOPT A B3 GRS NG BAEEPRERL e
among 1 ht er boRdad ral e f“éfgt“mﬁ%ef‘é“aﬁ’ﬁé’:‘@%ﬁ&nﬁﬁg%r%?s AT
regi on 106. Rapembiapige hatdelaB TS, the sscompl iegioed 08 nuysogweist amalume ew i s
tS 20\2_“| g;cﬂf\évd;[egc?eagglgrg catal?rgtl matenz?lGI 36hC{DSpOSGCPln 1nterst19igl s%];ée% ram%%'g mqter% JleedCt ed
20  grains 138 and 140 of superabrasive material.
Referring to FIG. 12, a simplified cross-sectional view is shown of how a
first region 106 of a polycrystalline table 102 formed by the foregoing methods may
appear under magnification prior to being subjected to a leaching process. The first
region 106 may comprise a mono-modal grain size distribution, there being
25  grains 142 having a size clustered about a single average grain size. The first
region 106 may be devoid of nano-sized grains. The grains 142 may be interbonded
to form a polycrystalline material. Catalyst material 130 may be disposed in the
interstitial spaced among interbonded grains 142 of superabrasive material. Thus,
the first region 106 may comprise a volume percentage of catalyst material 130
30  disposed in interstitial spaces among interbonded grains 142 of superabrasive
material. Comparing the microstructure shown in FIG. 11 to that shown in FIG. 12,

the volume percentage of catalyst material 130 disposed in interstitial spaces among

interbonded grains 138 and 140 of superabrasive material within the second



Specifically, as known in the art and described nore fully in U S. Patent
No. 5,127,923 and U. S. Patent No. 4,224,380, aqua regia (a m xture of
concent r aveadorwiziede aci d (HNO3) and concentrated hydroclriconiseolaoem7({ HCL) )
may be used to at | east substantiallyl9renove catal yst material 130 fromthe
interstitial spaces anong the 10grains 142 in the first region 106 of the
polycrystalline table 102. It is also known to use boiling hydrochloric

acid (HO) an@e%@h'lb@%a@'%rs?x{a 1HPthhe tlﬁecdo%tﬁé*lﬁércé}ﬁaéee(ﬁ%ﬁtaﬁ&t agRpkB1300ne
particularly stitable Ieaching agent is hydrochloric acid (HC1) at a

t enper at ur e diispsalia iiteGGtialvpacts amopghetephondedigninsd 48 ohsersrabrasive exposed
surfaces of the first ?@ﬁnt 106 f0 the polycrystalline table 102 for a
period of abdUticH&IVIHHRME f15 r§5‘83 80 hours, depending upon the size of the

pol ycrystal line tqbéf@rrﬁque Fﬁurlfaa@@,ﬁnmﬁetdfwom%&ﬁdaﬁl e siowlDEE hoesthehown i n
any of FIGS. 1 throu ot her than those to be | eached, such as surfaces

of the suBst riseregion, 10ér$bl¢\®n ineRishdddfienbanapubjertsdioadeshnggoesstond regi on
ot e PUREIERIR ol KASWh APl of O TRNRE nf R RIR AR (P oo o) W LN @

protective na ’suc as a po terial I's resistant 20 to
et chi ng or others, demgsemniinom chmtlwa@tﬁzm@sag@qm regiaga sixfusecefohoervatddeached

then nmay be ex osed to and br ought ta,ct he | eachi ng fluid by,
for exanpl e, lﬂfﬁﬁcﬁ’g&m $rﬁ‘?€t¢§§1“r?§trétlegﬁ‘ ]élnﬁé?lﬁn(gﬂl)éfnaty% YSpqd 0t &2t on

106 of the p?%%&%t%l? rlilln fe &&Qg xﬂé%@m@flsb%mew@gﬁﬁg ?5&%&1:1%9 kpt o the

| eaching flu eac enetrate into |rs regi on 106
of the 230l yarainst 42 I the ﬁmsjnrq:mom 10®af e pb]yer}(staﬂliﬂengblelléirehns dlsgkfigvomiot he

exposed surface here e. dept s, ipto.the ion 106
of the pol ycr%ﬁgi’a{l’lnﬂﬂ’é{ ’E"&Bi?’élcfﬁ’gi (?Ir(girﬂdn ﬁ‘édé }Qfaé’bde@ﬁ)éﬂéé??é "By the
I eachi ng fl uigheMis] OnR@adichih Fl?}tshﬁébl@ieaklﬁlﬁghgéﬁi‘ 1§l%ldf$lih¢(ﬂlctd%ﬁi fHC3ht 4 egi on 106
is exposed to the leaching f , the leaching tine) and the rate at

whi ch the |eetcmpmguagembo;yedé9?(atvelgch mep bg pravided3n epetpg Svituetrepel of t he

first region 1 of fI 2w second
regi on 108 of® ufﬁ%es 03%9/ farfg{egfcl i he %f%%ﬁ éor]%ﬁ%&%%? %3 %le[ indﬂfl% ?hl é\%gfpérblggtess may
be rel atipsel y2 heweto 4dvancs heurk, Rpeddteupdir e gize bithefpotystystatigicoablé062due t o
the reduced perneability of t he second region 108. |n ot her%go I%glfthe

interface 1125urfaceefithe voiting sloarpniENY £ slypvpmeny of FEeSelethrq and
second regi ong &%F@‘{B ejiggc ysuﬁl’?ﬁé’ ﬁxr%%esaoibcﬁé EﬁkﬁfratlfeQOH' DAL e%os‘eﬁ%’él@l the

fl ow of | eaching fur I'nto e polycrystalline table 102, and
specifical ly,surfates dfhlee &ecmﬁgrﬁm%mfiﬁwpdycwmelhpotwm aialylbne:otffabdl e 102.
As a result, once th chin fluid reaches the interfac 12 (FIGS 1
t hrough 6) b \&eéfﬁa"teﬁ Wlt a protgctlve matenaq sucﬁ as a polymer material, tf}at 1S 1(631stanf
20  to etching or other damage from the leaching agent. The surfaces to be leached then
may be exposed to and brought into contact with the leaching fluid by, for example,
dipping or immersing at least a portion of the first region 106 of the polycrystalline
table 102 of the cutting element 100 into the leaching fluid.
The leaching agent will penetrate into the first region 106 of the
25  polycrystalline compact 102 of the cutting element 100 from the exposed surfaces
thereof. The depth or distances into the first region 106 of the polycrystalline
table 102 from the exposed surfaces reached by the leaching fluid will be a function
of the time to which the first region 106 is exposed to the leaching fluid (i.e., the
leaching time) and the rate at which the leaching agent penetrates through the
30  microstructure of the first region 106. The rate of flow of the leaching fluid through
the second region 108 of the polycrystalline table 102 during the leaching process
may be relatively lower than the flow rate through the first region 106 due to the

reduced permeability of the second region 108. In other words, the interface 112



5first region 106 and the second region 108, the rate at which the | eaching
depth increases as a function of tine may be reduced to a significant
extent. TWop12z128@eci fi c desirable depth at which it i spdedaiseed/oem7i each
catal yst material 130 fromthe polycrstalline table 102 may be sel ected
and defined by positioning the interface 112 between the first region 106
and the second region 108 at a desirable, 10sel ected depth or |ocation

Wi thin the p%d&é&%h@hkét BRd §e%@h@re]g%s 106@nd M08 FfagGerve h2a BRYich® MEES ok O
hi nder or inpede the flow of |eaching fluid, and, hence, |eaching of

cat al yst mat énipatle t.bS(ﬂOaU@f Ieaching feid émﬁlyférllygtﬂeﬂ palyesystalbing tabfpl 02haybnd a
d bl | th 1
bost t roned. - SPRTBEknatnar SafRERen A AT HE hobdty Wl bBRAGK Asdtentyn ¢ he

second regi oraneQaleqfaadhhﬁg fhiid pelches 116 iratdficed 12 EBIGS. lQBroagbﬂgbétfweexgmal ns 138
and 140 may be inpeded using the smaller grains 140 of superabrasive

material ion tfivet f§é@6ﬂ§6@é@i®rﬁe&@@ régloflﬂg&ptbi: VE? glovhich thedeschbieddeptly as a
barrier to t gﬁcxjegs% hi ng, d-I b 9 time may bg}g eaC %ﬁﬂc@ﬁ’t dhk dThgaghes the

interface 112, con I'nued exposure the may cause further
| eachi ng of C@Eaﬁyﬂésﬁmleeddp&i atb@0cH it dswldsired meleminbaMysemamnal(Dm tbmtthe
pol ycrystal |l i ne tabl

0 |.t hou sl.o achln raethanthat at
whi ch cat al y§3t° Y%Y%?lfé? ta%l?ofh sm‘?ye}gf‘cff’?ifi‘} %Lﬁ“dfq\égﬁ‘?c{ ﬁ)ép‘?%’tt‘ ion 106 of the
pol yerystal I i; f%rifa@é) B %&%eed—ﬁ@ﬁét@gglgﬁtl@é YRt thERERH 8 1813@08%521 despapie he

second region 10 e undesirable, and the duratlon of the |eaching

process tmles@ldeicp‘éd)rémahon mﬂllm@nt@bly@tysmrmtadb 1920 The intesfaceddehed from
t he second re an n ant nt i @ ntity
that voul d ey o Pid i el g BV %Be e e s Rt

pol ycrystal | 'd&%ﬁs@ﬁia@eriﬁ@@@ out from tli@'p&yor?ﬂélﬁhé’@bld@?bé@hd h3Qsiradye, be
| eached out fromthe interstitial spaces wthin the first region 106 of the

pol ycryst al | isstecteddéashingzlendy, aigvhich diechienges 114 i@ prpitineed #ed pertherr enovi ng

Ceton 108 or Phehsolity of BRI BA Brbbiifhe SRAGE Seatb Mol L1 s?ﬁi”d
catal yst 1%t gidlrystdfneraple EZBintony thé it 1 38end t 46 ubytherimpedddynsidg thé e.

wi t hin about 98% by vol une or nore) of the interstitial s, Within the
second regi orsmadigr grinsHE0 98 BuRGIERHAYS MAkTIALR)T e%‘?@?‘l‘} Oé‘olﬁ)%rogéli‘e t he

cat al yst ”atﬁ%fba{r}’ A0 IBYIPR) M&ﬁg/tggge%ﬁggmgmz/ 027071 21

substanti al | renoved fromt first region 106 of the
pol ycrystal | i ne t abhe thRaclisg lnslweaihes Bie@nteﬂBce U?ecomttrmleétmqsate tgp@ces

oG e o QLA e L2 AT LI i) O 105 RS
gg;/:alr sggqr?gf-grrelélgH'I@S 68 1 pol Ry skal BRCIaBR RDSIHRAER ai 4 YoReORMBiESlae thé@e of
that at which catalyst material 130 is leached out from the first region 106 of the
polycrystalline table 102. Leaching catalyst material 130 out from the second
region 108 may be undesirable, and the duration of the leaching process may be
selected such that catalyst material 130 is not leached from the second region 108 in
25  any significant quantity (i.e., in any quantity that would measurably alter the
strength or fracture toughness of the polycrystalline table 102).

Thus, catalyst material 130 may be leached out from the interstitial spaces
within the first region 106 of the polycrystalline table 102 using a leaching fluid
without entirely removing catalyst material 130 from the interstitial spaces within

30  the second region 108 of the polycrystalline table 102. In some embodiments, the
catalyst material 130 may remain within at least substantially all (e.g., within about

98% by volume or more) of the interstitial spaces within the second region 108 of

the polycrystalline table 102. By contrast, the catalyst material 130 may be



Referring to FIG 14, a perspective view of an earth-boring drill bit 146
havi ng cutting elenents 100, such as any of the cutting el enments descri bed
previ ouslwoiznixiamaection with FIGS. 1 through 7F, att aclret/ush@rerm;1 at

| east one cutting el enment having a pdiycrystalline table 102 of the present
di scl osure. The 10earth-boring drill bit 146 includes a bit body 148 having
bl ades 150 extending fromthe bit body 148. The cutting el enents 100 may be
secured w t hi subpastielystullp Zerh@vedetbn thetilret robiad 96 bbthe pdbyweysedllinctablei 169

el enents 100 and poly stal]ine tables 102 as describe erein be
bonded to andA%l}é’d"rb‘ﬁcFééhﬁ }i’%]é%“t&fal SRACEHABORS l@tswpggef\h %’fé‘lnaé‘*ggythfrbr
exanpl e, rollgg g‘fm@gﬂuéé ) £Sm R@é\%fﬁuﬂmfaﬂﬁe 1e£cqairfg pkalist STheccentri c

bits, bicenter bits,” reamers; ex andab reamers hybrid bits, and
ot her drillingidi 4 ramdbe GBédwithenmirommante fhid (e.g., all‘) anir be stlmtagellng
descripti Qn is di rect d nbodi nents for the purpose of

t.0 rticul.
i |1 ustratifon LHRPIELH éeiffaf’tflc 'r%%’s%?“afﬁfa{ e apparent, however, to one skilled

in the art that meRyferB@ithFOOS14, dPeRbbARE vieWOF Al EatH-BUHR @Nbiehpnges to
the 20 embodi ments set forth above are possible w thout §epart| ng fromthe

scope of the @mm@em@eﬂ%éacfhwwmf&@ ttieg elemerts descabesed, i ncl udi ng
| egal equival erQ\tn%u ly 1n ((::Pnfle&t %nvg/ﬁlgFf(E?t Cthp &quFl %ﬂgd &1'6%'&5%’[ B?ist oﬂger preted

to enbrace al'l "suc Peat) ons - and

2012/ 121942 Pm@@@éﬁélﬁ%ﬁﬂﬂl@g a%l}@ledtﬂﬁné/vaale 102 ofltied lﬁlﬁdznt 8isclodurd The
pol ycrystal line el emren sing: a substrate; and a polycrystalline

tabl e attldc he@“ﬂl&%‘ﬁgé{ﬁ@ tb‘f {T@'ﬂéc@é% bigbedyaltd Wﬁﬁrm%‘ieﬁdSQG%‘W pe {198} on of
super abr asi Veth@ﬁg%li l14§?a’1"hé‘&1tgﬁx§ ﬂ@ﬁl%ntQQng‘rga? CfEéﬁ]\r@J‘Qntﬁﬁl JeRSE 13‘% second

regi on of supera ras ve naterl aving a esser perneability, the
at 10l east sefoandd ingle bladéel Wy Howerpestthgrddmean 1 @thadspobgtrysdlBnand t he

Lrst region. 2. T0s BoLXerNa ALl ne, SLSmnL Bl SLalm gy uhctelg, (he firs

earth-boring tools, including, for example, roller cone drill bits, percussion bits, core

15  bits, eccentric bits, bicenter bits, reamers, expandable reamers, mills, hybrid bits,
and other drilling bits and tools known in the art.

The foregoing description is directed to particular embodiments for the

purpose of illustration and explanation. It will be apparent, however, to one skilled
in the art that many additions, deletions, modifications, and changes to the

20  embodiments set forth above are possible without departing from the scope of the
embodiments disclosed herein as hereinafter claimed, including legal equivalents. It
is intended that the following claims be interpreted to embrace all such

modifications and changes.



153. The polycrystalline elenment of claim1, wherein an interface between
the first and at | east a second regions of the polycrystalline table
conpri seswea awmmp4anar i nterface. 4. The pol ycrygcaluseoe/netoenent of
any one of clainms 1 through 3, wherei2? 20t he pol ycrystalline table further
conprises a third region disposed adjacent the at | east a second region on
an end opposing the first region. 5. The polycrystalline el enent of
any one of claims 1 through 3, whereinCigM9 rst region conprises a first
vol ume percentage of superabrasive material and the at 25l east a second
regi on conprises a second, greater volunme percentage of superabrasive

mat eri al . “qmtﬁc¥ﬂyg%@plycryspalIine el ement of any one of claims 1

t hrough 3, wherein he Tir st region conprises a first average grain size of
grai ns of superabrasive material 30and the at |east a second region
conprises a second, snaller average grain size of grains of superabrasive

material . ° WO 2012})-12194 PelrersRine slemenh pemphsing: 7. The pol ycrystalline
el ement of clalmbieWigrein the at least a second region conprises at |east
some nano-sized grains. 8. The polycrystalline elenment of any one of

clains 1 througlly@ystsitiee @ble aBadhed to ars¢ndrod ghicorubstomgpandsespasihg pirst vegiame
percentage of interstitial .spaces .anong inhterbon rains of superabrasive
ot er 8 Jand the. ot et e RA TPRRLa Mg roal BBt <Lkl | or
vol une percent age @piohdf Qid)%ﬁdb}dsﬁfle SR Ba3APNebcbAd, BB peBskasRy, g Af
superabrasive materral. 109.The polycrystalline el enent of any one of
clai ms 1 through 3leashprepnd regidneefrigrinternosesi ketwesnripe subsisate pdethe tirst regionspaces
having a first interconnectivity and the at | east a second regi on conprises
interstitial spaces having a second, |esser interconnectivity.

2. The polycrystalline element of claim 1, wherein the first region is at

least substantially fully leached of catalyst material.

15 3. The polycrystalline element of claim 1, wherein an interface between
the first and at least a second regions of the polycrystalline table comprises a

non-planar interface.

4. The polycrystalline element of any one of claims 1 through 3, wherein
20  the polycrystalline table further comprises a third region disposed adjacent the at least a

second region on an end opposing the first region.

5. The polycrystalline element of any one of claims 1 through 3, wherein
the first region comprises a first volume percentage of superabrasive material and the at
25  least a second region comprises a second, greater volume percentage of superabrasive

material.

6. The polycrystalline element of any one of claims 1 through 3, wherein
the first region comprises a first average grain size of grains of superabrasive material
30 and the at least a second region comprises a second, smaller average grain size of

grains of superabrasive material.



1510. A nethod of form ng a polycrystalline elenent, conprising: disposing a
first plurality of particles conprising a superabrasive material, a second
pl ural it ywof2paid4el es conpri sing a superabrasive mat er ipalrjusaoicarmiy st
material, and a third plurality of pasticles conprising a mass of hard
material in a nold; sintering the first and second pluralities of particles
in the presence of the catalyst 20material and the third plurality of
particles to forma polvﬁerp@@&dtam& d1@hé:R ohaMind @, whdréih $e di RALQNEREAPT | ST Ng
a first perneability and at 1east a second region conprising a second,

| esser per meatsgiontcymarises@hledst somanagnebszadgrains.t he at | east a second regi on
bei ng i nterposed between the first region and the substrate; and renoving
catalyst material fromat least the first region of the polycrystalline
table. 25 11. The ngt hodTRf pdtycismllas elémiéit b inycarpfiching] (6@, Metelie
second plurality of particles to forma green part prior to disposing the
second pl ur al the JirsFegyay onirises 4 st ydume percemtaee »f TR st pRegesim@iigai m 11,

wherein pres Si'n{égootnﬁg% gﬁﬁfg %ﬁj s@ef&%@siv}e )(na?gria aid ljhg Llﬁ?asrt Q setcgflﬂléé%ir%xlrcgﬁ{cbrigé”sr t

prior to disposing secon urality of particles int onpri ses
i mparting a nosecphdsmallérnbhmicamecedmge ghinteostitihlespgeess @mopg irtterboed grains of
2012/121942PCT/US§012/02707 24 13. The nethod of claim 10, further
conpri si ng: dU8p3SHYC P4Bdrth plurality of particles conprising a
non-cat al yst material renovable by a | eaching agent di spersed anong the
first plurality of particles in the nold. 514. The nethod of any one of
clains 100t hr ough 93, whes milyeryhitallassdlergerd of amysenepif glazths 1 throfghpamhersines
conprising a superabrasive material.,., a second plurality of.particle

Compri i ng  HE® L SR ey eaPtish oS Byt APt Mty nsr i gt e g
plurality of Jpahi&doR8 rep@ANONTIHREs iateBasSl PhedBhdngBb@bhdllessér a nol d
conprises disposing the first plurality of particles having a first packing
density and tinrepaaeidtpl urality of particles 10havi ng a second, greater

packi ng density in the nold. 15. The method of any one of clains 10
t hrough 13, wherein disposing a
15 10. A method of forming a polycrystalline element, comprising:

disposing a first plurality of particles comprising a superabrasive material, a second
plurality of particles comprising a superabrasive material, a catalyst material,
and a third plurality of particles comprising a mass of hard material in a mold;

sintering the first and second pluralities of particles in the presence of the catalyst

20 material and the third plurality of particles to form a polycrystalline table

having a first region comprising a first permeability and at least a second region
comprising a second, lesser permeability attached to a substrate, the at least a
second region being interposed between the first region and the substrate; and

removing catalyst material from at least the first region of the polycrystalline table.

25
11.  The method of claim 10, further comprising:
pressing the second plurality of particles to form a green part prior to disposing the
second plurality of particles in the mold.
30 12. The method of claim 11, wherein pressing the second plurality of

particles to form a green part prior to disposing the second plurality of particles in the

mold comprises imparting a non-planar interface design to the green part.



first plurality of particles conprising a superabrasive nmaterial, a second
plurality of particles conprising the superabrasive nmaterial, a catalyst
mat eri al ,warndi2zi2tdaerd plurality 150f particles conprisi rgTASE2S2I71 har d
material in a nold conprises disposimg the first plurality of particles
having a first average particle size and the a second plurality of
particles having a second, snaller average particle size in the nold.

16. The nethod of g ai NTHOmeMBEbEHAind1 B BaTePBorhhidsidd:r st plurality of
20particles having a first average particle size and the second plurality
of particles Happeg afosshehuality phparaelessrarmatmgaioniceladyssingigripinrontpyable| d
conpri ses di sposi t he ,second. pl urali thcl I.Si | east
some nanoparti cl eg}%f %E? (f"lhem ¢ %Ht. (BSp%rS%d aﬁ%’}g thf‘ﬁggt%lfrﬁ%g Ogg gg%lfi?%ﬁge% ld(’:I ai s
10 through 13, further conprising: 25coating at |east sonme of the first
plurality of particles with the catalyst nmaterial using chem cal solution
depositi o prior tHdi spesmegod aanyiongef glaimsl( thipugh 13 avheren dispsingse ol d.
WO 2012/ 12194 : . . f . of
Cl ai 5. 10 hr SO0 ety Compitsng o sunerekPis Eafu IR MEee ARUDRE, O o o
particl es in pdneclgy @sgncmgolfic duperabmtiat ysteriah b eathlybt raateridl hrendtaithirdiplptalityal ity
of particles to forma palycrystalline tahle having a first region

Compri si ng- o HPSEIGSPBARTE Fasichad mrERatin g el Bt iSROCRHB St g a
second, | essgéluéli%f%ﬁféle's ihhYin@h (8 PEKkit QR siBURRIth Ao fPPFaliBAS paktiie8T | NY
the first and at l'east a second pluralities of particles in the presence of
t he cat allfst Invingrd sstongi drepteepackingdlepdityrimttietrgoldf particles to form a

pol ycrystalline table having a first region conprising a first vol une
percentage of catalyst material disposed in interstitial spaces anong

i nt erbonded grai nsinf sTpehabo@sf ME dBbEEhirhs @NEroakh ll 8ashierdn aRpeHME 4 €91 ON
conprising a second, snaller 10vol une percentage of catalyst naterial

di sposed i n i Wsenlutality ofipagisles semprBng? PHRCEDRSE dentyishiarsscad PhUplEY 8br asi ve
mat eri al . - 119 | . | | I .
conpri si ng: eR?%%%TﬁBﬁggﬁgﬁ%%?@é?%%ﬁ?%gﬁFgﬁﬁgC%%’M??%%%%ngd?ﬁ@gfﬂ%gﬁan of
super abr asi veofimattidsabmphibiay b ngissoffiatdinaeaalnirabidld tymprixds dispdstrasthe firssecond

regi on of superahrasive, erial _having a second, |esser pe ahility to an
end of a subsRIN&E, otprgicles DREHE £ BES! SUCORPEFEY B 6 g 1508t QEB?@EY Pet ween
the first r e%a?ﬁbl@s’]%vfn@% s'éw?l%ﬂ §RdIRr a@é?‘%e particle size in the mold.

16.  The method of claim 15, wherein disposing the first plurality of
20  particles having a first average particle size and the second plurality of particles having
a second, smaller average particle size in the mold comprises disposing the second

plurality of particles comprising at least some nanoparticles in the mold.

17. The method of any one of claims 10 through 13, further comprising:
25  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.



renoving catalyst material fromat |east the first region of the
polycrystalline table. 20 20. A nmethod of form ng a polycrystalline
el enent, worgprarinag: formng a first polycrystalline talplce/usamiziogroal fir st
perneabi lity; bonding the first polycsystalline table to another

pol ycrystal l i ne tabl e having another, |esser perneability attached to a
substrate; and 25l eaching catalyst material fromat |east the first

polycrystalline taf§ e. Themethod of any one of claims 10 through 13, wherein sintering the
first and second pluralities of particles in the presence of the catalyst material and the
third plurality of particles to form a polycrystalline table having a first region
comprising a first permeability and at least a second region comprising a second, lesser

5  permeability attached to a substrate comprises sintering the first and at least a second
pluralities of particles in the presence of the catalyst material and the third plurality of
particles 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 at least a second region comprising a second, smaller
10 volume percentage of catalyst material disposed in interstitial spaces among

interbonded grains of superabrasive material.

19. A method of forming a polycrystalline element, comprising:
attaching a polycrystalline table comprising a first region of superabrasive material
15 having a first permeability and at least a second region of superabrasive
material having a second, lesser permeability to an end of a substrate, the at
least a second region being interposed between the first region and the
substrate; and
removing catalyst material from at least the first region of the polycrystalline table.
20
20. A method of forming a polycrystalline element, comprising:
forming a first polycrystalline table having a first permeability;
bonding the first polycrystalline table to another polycrystalline table having another,
lesser permeability attached to a substrate; and

25  leaching catalyst material from at least the first polycrystalline table.



