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Embodiments of the present disclosure relate generally to cutting elements
that include a table of thermally stable superabrasive material (e.g., thermally stable
polycrystalline diamond) attached to a substrate, to earth-boring tools including such

15  cutting elements, and to methods of forming such cutting elements.

BACKGROUND

Earth-boring tools for forming wellbores in subterranean earth formations
may include a plurality of cutting elements secured to a body. For example,

20 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
capable of rotating about the bearing pin on which it is mounted. A plurality of

25  cutting elements, typically referred to as “inserts,” 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 material. Such
polycrystalline diamond materials are formed by sintering and bonding together
relatively small diamond (synthetic, natural or a combination) grains or crystals,

termed “grit,” under conditions of high temperature and high pressure in the
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20  cutting element and the formation. Polycrystalline diamond cutting elements in
which the catalyst material remains in the diamond table are generally thermally
stable up to a temperature of about seven hundred fifty degrees Celsius (750°C),
although internal stress within the polycrystalline diamond table may begin to
develop at temperatures exceeding about three hundred fifty degrees Celsius

25  (350°C). This internal stress is at least partially due to differences in the rates of
thermal expansion between the diamond table and the cutting element substrate to
which it is bonded. This differential in thermal expansion rates may result in
relatively large compressive and tensile stresses at the interface between the
diamond table and the substrate, and may cause the diamond table to delaminate

30  from the substrate. At temperatures of about seven hundred fifty degrees Celsius
(750°C) and above, stresses within the diamond table may increase significantly due

to differences in the coefficients of thermal expansion of the diamond material and



30fromthe substrate. At tenperatures of about seven hundred fifty degrees
Cel sius (750C) and above, stresses within the dianond table may increase
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catalyst material may be removed from the diamond table, or only a portion may be

20  removed. Thermally stable polycrystalline diamond tables in which substantially all
catalyst material has been leached from the diamond table have been reported to be
thermally stable up to temperatures of about one thousand two hundred degrees Celsius
(1,200°C). It has also been reported, however, that such fully leached diamond tables
are relatively more brittle and vulnerable to shear, compressive, and tensile stresses

25  than are non-leached diamond tables. In addition, it is difficult to secure a completely
leached diamond table to a supporting substrate. In an effort to provide cutting
elements having diamond tables that are more thermally stable relative to non-leached
diamond tables, but that are also relatively less brittle and less vulnerable to shear,
compressive, and tensile stresses relative to fully leached diamond tables, cutting

30  elements have been provided that include a diamond table in which only a portion of
the catalyst material has been leached from the diamond table. For example, it is

known to leach catalyst material from the cutting face, from the side of the diamond



30 el enents have been provided that include a dianond table in which only a
portion of the catal yst material has been | eached fromthe dianond table.
For exanpWwe,20izo4ex8known to | each catal yst material fromrcriisS2autsizng f ace,
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particles conpfisiBgndihe thermally stable polycrystalline superabrasive table at an end of the

15  thermally stable polycrystalline superabrasive table. At least some of the layer of
metal is disposed in at least some interstitial spaces between grains of superabrasive
material of the thermally stable polycrystalline superabrasive table. A surface of the
thermally stable polycrystalline superabrasive table comprises a cutting face
opposite the substrate and is at least substantially free of the metal.

20 Further embodiments of the present disclosure include methods of forming a
cutting element comprising providing a preformed, thermally stable polycrystalline
superabrasive table in a mold, providing a layer of metal on the thermally stable
polycrystalline superabrasive table in the mold, distributing a mixture of particles
comprising a plurality of hard particles and a plurality of particles comprising a

25  matrix material on the layer of metal in the mold, and heating the mold while
pressure is applied to the mixture of particles to cause the mixture to coalesce and
form a substrate and at least partially melt the layer of metal to flow and wet the
thermally stable polycrystalline superabrasive table and the substrate and form an
attachment therebetween.

30



25matrix material on the |ayer of netal in the nold, and heating the nold
while pressure is applied to the m xture of particles to cause the m xture
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15FI GS. 5A and 5B are cross-sectional views of acts in another enbodi nment
of a method of fouliChd iHustatasiarsgmplifereparspective view|ofgn eghodimestigiar6C ar e
cross-sectional ,views of .acts. i.n angt her enbodi nent of a nmethod of form ng
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el emrent. MODE(S) FOR CARRYI NG OQUT THE | NVENTION The il lustrations presented

herein arld notlemefnt to be actual views of any
FIG. 3 illustrates a simplified cross-sectional view of an embodiment of a

cutting element;

FIG. 4 illustrates a simplified cross-section of an act in method of forming a
cutting element;

15 FIGS. 5A and 5B are cross-sectional views of acts in another embodiment of

a method of forming a cutting element;

FIGS. 6A through 6C are cross-sectional views of acts in another
embodiment of a method of forming a cutting element; and

FIGS. 7A through 7C are cross-sectional views of acts in yet another

20  embodiment of a method of forming a cutting element.

MODE(S) FOR CARRYING OUT THE INVENTION
The illustrations presented herein are not meant to be actual views of any
particular material or device, but are merely idealized representations that are
25  employed to describe the embodiments of the present disclosure. Thus, the
drawings are not necessarily to scale and relative dimensions may have been
exaggerated for the sake of clarity. Additionally, elements common between figures
may retain the same or similar numerical designation.
Although some embodiments of the present disclosure are depicted as being
30  used and employed in fixed-cutter earth-boring rotary drill bits, persons of ordinary
skill in the art will understand that the present disclosure may be employed in any

earth-boring tool employing a structure comprising a polycrystalline superabrasive



particular material or device, but are nerely idealized representations
that are 25enpl oyed to describe the enbodi nents of the present disclosure.
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common between figures may retain the same or simlar nunerical
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In one enbodi nent, the thermally stable polycrystalline superabrasive
15 As used herein, the term “thermally stable polycrystalline superabrasive

table” means and includes polycrystalline superabrasive structures as described
herein that have been subjected to a process to at least substantially remove catalyst
material disposed in the interstitial spaces between grains in at least a portion of the
structure. In one embodiment, the thermally stable polycrystalline superabrasive

20  material comprises a polycrystalline diamond compact from which catalyst has been
leached from at least a portion thereof.

As used herein, the term “catalyst material” refers to any material that is
capable of at least substantially catalyzing the formation of inter-granular bonds
between grains of superabrasive, diamond material during an HTHP process. For

25  example, catalyst materials for diamond include cobalt, iron, nickel, other elements
from Group VIIIA of the Periodic Table of the Elements, and alloys thereof.

As used herein, the term “superhard material” means and includes any
material having a Knoop hardness value of about 3,000 Kg/mm? (29,420 MPa) or
more. Superhard materials include, for example, diamond and cubic boron nitride.

30  Superhard materials may also be characterized as “superabrasive” materials.

Referring to FIG. 1, a simplified illustration of a fixed-cutter earth-boring

drill bit 10 according to the present disclosure is shown. The drill bit 10 includes a
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cemented tungsten carbide or another suitable substrate material, as known in the

20 art. In some embodiments, the thermally stable polycrystalline superabrasive
table 18 comprises polycrystalline diamond. In some embodiments, the thermally
stable polycrystalline superabrasive table 18 is fully treated such that all or at least
substantially all of the catalyst material is removed from interstitial spaces between
grains of the polycrystalline superabrasive material exhibiting inter-granular

25  bonding. When it is said that at least substantially all the catalyst material is
removed, it is meant that some quantities of catalyst material may remain in isolated
pockets that are not interconnected to the otherwise continuous interstitial matrix
among the interbonded grains of superhard material of the polycrystalline table 18.
In other words, the end of the polycrystalline superabrasive table 18 that is to be

30 attached to the substrate 20 and the opposing end of the polycrystalline

superabrasive table 18 that is configured to contact and cut away the underlying

earth formation, and all of the volume of polycrystalline superabrasive table 18
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22 may be s Ubs%lto%rr]ltiin%llbyz,ttﬂé ﬁr}]/grr oft rrq Al %) 1InQy BQ gubstantially thinner than both the
' 20  substrate 20 and the thermally stable polycrystalline table 18. In fact, the thickness
of the layer of metal 22 is exaggerated in the drawings to promote clarity and
understanding of the disclosure. The layer of metal 22 may comprise a metal
material, such as Ag, Ni, Cu, Co, Fe, Mn, other metals, or an alloy of any of these.
For example, the layer of metal 22 may comprise an alloy or mixture of Co, Ni, Fe,
25  and Mn, and may be formulated and regulated in mass to provide a selected,
controlled melting point and volume for predictable penetration into the
polycrystalline superabrasive table 18. In one specific example, the layer of
metal 22 may comprise at least one of nickel aluminide and nickel silicide.
Although the layer of metal 22 is depicted in FIG. 2 as having discrete and distinct
30  boundaries with the thermally stable polycrystalline table 18 and the substrate 20,
the layer of metal 22 is desirably disposed in interstitial spaces between grains of the

polycrystalline material and may be partially disposed within the material of the
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substrate 20. By contrast, the remainder of the substrate 20a may
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In addition, the hard particles in different regions of the substrate 20, for example
20 20a and 20b, may be of different grain sizes to impart the aforementioned, or other,
different characteristics. Similarly, different regions of the substrate 20 may
comprise particles of different mixtures, and numbers, of grain sizes to achieve
desirable characteristics. Although the outer diameter portion 20b and the remainder
of the substrate 20a are depicted in FIG. 3 as having discrete and distinct boundaries,
25  portions of the substrate 20 may have a more gradual distribution of properties,
which may be characterized as a gradient, such that no boundary is readily
discernable between the different portions of the substrate 20. Moreover, while an
interface between the outer diameter portion 20b and the remainder of the substrate
20a depicted in FIG. 3 is a planar interface, the interface geometry may be more

30  complex in other embodiments, comprising interface features configured to

physically enhance bonding between the outer diameter portion 20b and the
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15  preformed thermally stable polycrystalline table 18 to be bonded to a substrate 20.

The use of a deposition process may enhance penetration of the metal material into
interstitial spaces between grains of the polycrystalline material. A mixture of
particles comprising a plurality of hard particles and a plurality of particles
comprising a matrix material may be distributed on the layer of metal 22. As

20  previously discussed, the mixture of particles may be selectively distributed to
impart specific, differing desired characteristics to different regions of the
substrate 20. In addition to the mixture of particles, a preformed substrate
component, such as, for example, a preformed, tubular sheath at the outer diameter
of the mold cavity or a series of rods intermixed with the mixture of particles, may

25  also be placed in the mold to add stiffness or erosion resistance to a final cutting
element 12. For example, the preformed sheath may comprise a pre-sintered
tungsten carbide annular member.

The preformed substrate component may include a surface coating to

enhance bonding between the mixture of particles and the preformed substrate

30 component. For example, a surface coating on a portion or portions of the
preformed component intended to bond with the mixture of particles may comprise,

molybdenum, tungsten, cobalt, nickel, or an alloy comprising any of these. Further,
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polycrystalline table 18, ayer of netal 22, and the mxture o
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coal esce to faup @owtPshy 8é&rch he) f&dHabdpRi) iest Bfin 1320°C, in some
embodiments. For example, the thermally stable polycrystalline table 18, the layer
of metal 22, and the mixture of particles may be subjected to about one thousand one
20  hundred degrees Celsius (1,100°C) for a duration of time short enough that the
thermally stable polycrystalline table 18 is not damaged, while a pressure of about
five hundred to thirty thousand pounds per square inch (500 psi-30,000 psi) (3.45
MPa-206.84 MPa) is applied. More specifically, the mold 24 and its contents may
be exposed to a temperature of between about 400°C and about 1250°C and a
25  pressure of between about 4,500 psi (31.03 MPa) and about 27,500 psi (189.61
MPa) may be applied to the contents of the mold 24. In other embodiments, the
elevated temperature may exceed 1320°C. For example, the elevated temperature
may be 1,500°C, 1,700°C, 2,200°C, or even greater in such embodiments.
The at least partially melted layer of metal 22 may then flow and wet the
30 thermally stable polycrystalline table 18 and the substrate 20. For example, the at
least partially melted layer of metal 22 may at least partially infiltrate the thermally

stable polycrystalline table 18 in interstitial spaces between grains thereof. The
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where the at least partially melted layer of non-catalytic metal 22 infiltrates an entire
20  thickness of the polycrystalline table 18.
Additionally or in the alternative, a non-catalyst material may be infiltrated
into interstitial spaces between grains of the thermally stable polycrystalline table 18
during the high-temperature/high-pressure process or prior to the
high-temperature/high-pressure process from the end of the polycrystalline
25  superabrasive table 18 opposite the layer of metal 22 to prevent sweep of the metal
22 into the thermally stable polycrystalline superabrasive table 18 beyond a desired
depth. For example, copper, aluminum, silver, alloys of these, silicon, or any
combination of the foregoing materials may be infiltrated into interstitial spaces
between grains of the thermally stable polycrystalline table 18 to prevent sweep of
30 the metal 22 into the polycrystalline table 18 beyond a desired depth. More
specifically, nickel aluminide, nickel silicide, or a combination of these may be

infiltrated into interstitial spaces between grains of the thermally stable
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25super abrasive table 18 opposite the layer of nmetal 22 to prevent sweep of

the nmetal 22 polyoysthidine rebtarid, the lsyertsifengtad122candstha ik tuee afippercddsraisi ve tabl e

18 beyond desired,d h, For exanple, .co r, al.um nu ilver, .all oys of
t hese, sil COP{C%O(S’PWQH@%%S%%HE?X %%sr{g’fecﬁﬁletoﬁgﬁésé’&ahﬁpﬁ?gé pﬁpé M be
infiltrated ighRidilRéRInal ddnhpictiSPAEOS) Qﬁéaﬂ&eﬂﬁewg@f 8emethl folfeovt hal seldey St abl e
polycrystalline table 18 to prevent swegg)of 30the netal 22 into the

pol ycryst al | i the polishstaildelselle teiths stbsitated). degrshquently dhe kpyecefmetal 23/, ni ckel
al um ni de, nickel silijcide r ., .conbhinat i t b AOf i t ed
“oto ntersti DRgredte e e B B BIRARLIRIL @hiciRe Wkl dG bbbt '

pol ycryst al | i aatih@@lreacd 8f thAltha@many istbleypol jdhgstAlige @bletlisenpobeyibyantadilyi ne
super abrasive table 18 to be aEl aced opposite the layer of netal 22 in nold

24 may belGr effPnpd qaalyt aed wietah MelGEBh- cat al yst material . In ot her
embodi ments, the tpgf rétX Fﬁé}gbgﬁaﬁﬁ?lﬂé%@fﬁn Blh@feﬁx@@cﬁﬁleﬁﬁof atrHchbggﬁr of
e of p

metal 22, and the mxtu articles’or a bSpretorned substrate may be
subj ected t o fwhingoaitaitg eempedsi arg siiddP) Aoshawapind1GmhiAda pretirimedal
conpaction ( ) to cause the layer of nmetal to flow and secyre he

pol ycryst al | i RIVEpng abh LS wapde famed79d conprereqtie AtIPed WS&;%W@F met al

22 may secur e&%‘?ﬁn bH&IRAL!Yeotl @RloBa P T MPY St | Amlotv@nhq:léﬁ%&,oar; he

substrate 20 e the cutting surface of the thennally stable
pol ycryst H | i m¢erfaabbetwksn timypobergudlinarbleal 8 and 14 fisse suiistratatpatitiont20dnd net al

mat eri al . eferring to FLGS. .5A and 5B, ,.acts jn anot her di ment of
a nethod of fB@¥%i ﬁ&oa'P_Lﬁﬁ'g‘iiﬁ& SEirbR(S poPa 20A Ay hike a@ﬁ%&&ﬂ“?ﬁ“@?& 5A, a
preformed pol g4 thah alfinhNRibkedib thidihebPfor REull oRu@Ed Bielng eREAT ENtyreat t ached
to a first substrate portion 20A using a conventional HTHP process. As

shown in FI G sBaifically, thefiisheustraleopemanmerbaysolhiskpsast 1at islesstthg @ 18 and
the first SUbﬁltig %teses &%rstelo%ra s%géggaﬁg?xﬁg 98 '(géeafﬁ% Egﬁ&:\m%l'c}q te substrate

r
portion 20A may have a thi cKne at 'I's Tess t I'nal” substrate

t hi ckness2( or palyényhbtallink eabi@ U] entt thied@stalibyiind pakéon BOA enasiecitthelcdl [Fpr t he
first substrate portion 20A may have thickness t that is |ess than a

thi ckness of exasderibe Sigkarssdod theolist BRsEBPPYR 2RNanayy b3ty cEhitwt the
20pol yerystal | jng it 38L® dcd AR MHE shédifilaiSUls gt RsPPEAthOArt MbsiRg be

attached. For
portion 20A may be between about 500 um and about 1,000 um. The preformed

polycrystalline table 18 and the first substrate portion 20A attached thereto may be

25  located in a support structure 28. For example, the preformed polycrystalline table
18 may be inserted into a discrete support structure 28 in some embodiments. In
other embodiments, the support structure 28 may be a sacrificial structure formed
around the polycrystalline table 18, the first substrate portion 20A, or the
polycrystalline table 18 and the first substrate portion 20A. For example, the

30  support structure 28 may be integrally formed with and formed of the same material
as the polycrystalline table 18, and may be shaped and sized to surround the

polycrystalline table 18 and extend around the first substrate portion 20A. As



exanple, the thickness t of the first substrate portion 20A may be between
about 50 pm and about 2,000 vim More specifically, the thickness t of the
first subsorat24pwmsti on 20A nay be bet ween about 500 vi mCarus2@bosz214, 000
pm The preforned polycrystalline table 18 and the first substrate portion
20A attached thereto may be 25l ocated in a support structure 28. For
exanpl e, the preforned polycrystalline tdbre 18 may be inserted into a

di screte support structure 28 in sonme enbodi nents. In other enbodi nents,

t he support sinotict exen8, theyudpertatrsaord 28 mhpnkomsprisect metel drgratpderarrguind t he

olycrystallipne table , the first subs te . portian 20A,. or the
Bol gcrgst al | il‘lém‘? ﬁqogn(%gme;%tsp r4g p 1ogé{),§tapg?>gtl YPEH"98E For exanpl e,
the 30 sur)polrlso@érgﬁ&miﬁé BibES1 @Y. BF dRERGH Shdor bR (@i\gﬁb @ fhgsiomd of the

sanme material as e polycrystalline table 18, and nay be shaped and sized

to surround tvepopdéppsitips BV Di)h el testopport Sruptute 8% meayc-ommoigador ¢rantple, ¢n
substrate portion 20A. As..- 14 - another .exanple, the s Qrt structure 28
may conpr iPse eguw.ga{g.}en&er iRy lllrl%m% @}%‘% Sél?%ﬁ‘?lcl)_fltlﬁeepr]cl%%glfdsubst rate
portion 20A aply@péthidinatdoye B sintle Fike siekierpostic 20 NeThedpgod 8irG@u@.28 by
chem cal vapor dEFOSItI on (CVD) or by physical or depositi on(P\{)Ii)%\A)q. The

va
support st rucmay plaggthemyeloongt papcrystalline fektepl ge%ndallle Hrsh Aehstrate i ch
may surround the.side surfaces. of t I ry. i table 18
and the first™<u %%‘Pg%"em 6T i on S%l&l%%l:ﬁg%s%%por r%glrl{ﬁlgtt?}%gﬁ I’I]temaly pl ace t he

prefornmed pol gaicist 38 hisgeoinpbkea t8mpiresidheing surtdundingshe ditles gfahd fisn 20A in a
state of conpression in sone enbodi nent xanpl e, the support

. F
struct ur el 28 sRyirete ppiios04 %’érﬁh’ﬂé@@ly&hgPPlﬁgrrYﬁ%lllﬂggl‘l&? A% the sides of the
fi t 10substrat i : j I\4. 18.
|rst 10substrate g&mg&n?e%g\o@@ﬁm%e oqmldcgg{eb@ ﬁ@%ﬁé@;@ﬁ@@ﬁﬁ%ﬁ@ e

After placenment in e sup structure t’he
pol ycryst al | i tabletl&hind tH8fignshbistrate fiortn 20hbmby bt sutpantdd tora |128Aimpgyrobmss.

subjected to a | eaching process. For exanple, a |l eachi ent . g.,, aqua
regia) may bePTFABEIfe BUACBNE R (@8 o AR GSED PPV odifed BB ot Fatinda ™ he
first substralg,Qothnap _t%%}é thPihe @ shibSURSIANH 20A Yo altfleafs?m‘éfﬁn?ﬁle}a' yst

material in the interstitial spaces anobng interbonded grains o

materi al Of tieerqyelcylypsmalelipine thaiptestitBl spades anertg intsswinded petrsrfitled | y
renove netal magr.i terial fromthe cernpet terial of. the firs
substrate por]?‘ial?l?afZ(‘b&.Ee RlCE ﬁﬁSlllS’Fttab ¢ l%@‘lcllg)eat Stnsé‘;'tl’gt%th%liyrlelgf’ VY ggéal

subst anti al | ymdfad heetigidrdty tHd@rheaaitengl AdaNfirst sUbkSate bBRioS PPPOhest ruct ur e
28 may be formed froma material or materials 20that are resistant or

i per vi ous t oSuPOA SHE¢tBIPAS Mantaaiyatdgeshsubstaatially wrafferisd bebmispeinger ani ¢
e 15 ekl AN RO SRS L85kl RO RAeIEPLRe RN
chrone, t2mgsthanare pedist&it Ve @ngsrviougto dopnpaioatlesching aeats, archatfer materi al s
known to resist |eaching agents. Subsequent to the |eaching E_r ocess, the
pol ycrystal | i AN g | ceramic materials, metals, and polymers known to resist I€aching agents.
For example, the support structure 28 may comprise polycrystalline diamond,
chrome, tungsten, polystyrene, high temperature oxides, or other materials known to
resist leaching agents. Subsequent to the leaching process, the polycrystalline table
25 18 may be thermally stable, the polycrystalline table 18 may not be directly attached
to the leached first substrate portion 20A, and the hard particles of the particle phase
of the leached first substrate portion 20A may be at least substantially unbonded
from one another. Accordingly, the support structure 28 may enable the thermally
stable polycrystalline table 18 and the leached first substrate portion 20A to retain
30 their shape and relative positioning during subsequent handling and processing,.

The thermally stable polycrystalline table 18 and the leached first substrate
portion 20A may be placed into a mold 24 (e.g., a hot press die), as shown in



2518 may be thermally stable, the polycrystalline table 18 may not be
directly attached to the | eached first substrate portion 20A, and the hard
parti cl eswof2otdmg4gsarti cl e phase of the | eached first sulpstTrst@1p83219 on 20A
may be at |east substantially unbonded from one another. Accordingly, the
support structure 28 may enable the thermally stable polycrystalline table
18 and the | eached first substrate porti-dA-20A to retain 30their shape and
rel ative positioning during subsequent handling and processing. The
thermal | y st ablGe S5Bol Bersyppat struveurt aB ey k8mainciroune thetehedlf statde substrate

portion 20A may be placed info I 4 (e.qg., .a hot ss die), as shown
oL ety hie Eig ot oF Pt 5 sy petin A0S GG Pl et
thermal Iy staf]sp:¥ag vsthahdld o4 tallige dBvaRtetBie ] SReNGsbJdithalts SHbstrat e
portion 20A duri'ng placenment and processing in the nold 24 in sone

enbodi ment s. duppott kencteret?@dhamele wmovhe freoppountd the theemallest2ide may be renoved
fromarou the thermal ly. stabl e 5polycrystalline tabl 8 and the | eached
{1 rot “subst r sROEEReROn S e RS e AR P 2eddrRE ™ n the ol G
24. A layer O%Iaé@ﬁe'ﬁ't arkPprdedss@ ifl tienasiad4l ™ 1her aahéelal2? By Be@Rposedien | eached
first substrate portion 20A on an end opposing the thermally stable

pol ycryst al | i the mauéPé adigcena il laached G sehsbaternerieorpdta popan pheyingdhe
di sposed adj nt .t he.layer o I n i i . irst
substrate po?&%lggrﬁa@osgﬂk (ﬁygy%%gﬁ%?ab%elz%&%gg gtsgéot asﬁg%%ge i oﬁésrrgo%g[sagrqebed in

connecti on W diBpdsk@adjdeent theg a0 dr el 32 vharseleldppostp perfirstssubstedtep&tidd i S

pl aced into the nold 24, a sheath 30 may be placed around the_second

subst r at elQor 204 2BnRE Gk tp Hiabpreyfougkytdgscrbed iy cqnneptiqnnyith FHy- btlRer wi se
be a void bet . r j r | 22,
and st deval | sopo rafts SR e SRR EREIE kYR Eg MmO YAL o QPSP
15exanpl e, thmagbbeplacgt assnditheprandssedsradesation20B pndthedayst yf metat @A nect i on

with FIG 4, y .be applied tp the conponents in the nold 24. The |ayer of
metal 22 may ﬁ@wh,at P Pﬂk%l@%g%ﬁéowi%@éwe%ﬁ%cha{l%&g)érrﬁt@e@ﬁﬂ@@&o]éaﬁlq east
partially infj, éﬂﬁn@e’cél@a l&ﬁtﬁwamé ot abhs1apl V& Bé’t%r@éstdgrtﬁoéeép,lsﬁcﬂ-gs_rﬁcﬁgd

optionally partially infiltrate the second substrate portion 20B. , the
second sulst r etampbe thase hoP@Bssingigotayesrdestribed Prevaowly Bonndution witht FIG.
substrate porfion 20A, ..an he them ally sta | yerystal | i table 18
my be- at t ached B OHEiEnG HEFoPESTuT SRR 2t erRE R e A A2 Arter
formation of #bR ia#itkddGe Fr&BRraleZporti e GAPR Okt SdrfiAlG1 fiRrafbthand sheat h 30
may be renoved. Referring to FIGS. 6A through 6C_ acts in another

enbodi ment of thearaHygatde polycrystalline table 18, and optionally partially infiltrate the
second substrate portion 20B. Thus, the second substrate portion 20B, the layer of

20  metal 22, the first substrate portion 20A, and the thermally stable polycrystalline
table 18 may be attached to one another to form a complete cutting element 12.
After formation of the cutting element 12, the support structure 28 and sheath 30
may be removed.

Referring to FIGS. 6A through 6C, acts in another embodiment of forming a

25  cutting element 12 are shown. As shown in FIG. 6A, a preformed polycrystalline
table 18 may be formed and concurrently attached to a first substrate portion 20A
using a conventional HTHP process. The first substrate portion 20A may have a
thickness #; that is less than a final substrate thickness for a fully formed cutting
element 12, as discussed previously in connection with FIG. SA. The

30  polycrystalline table 18 may be leached from a cutting face 32 of the polycrystalline
table 18 toward the first substrate portion 20A to which the polycrystalline table 18

is attached. This first leaching process may remove catalyst material to a depth d



25 cutting element 12 are shown. As shown in FIG 6A, a prefom ed
polycrystalline table 18 nmay be fornmed and concurrently attached to a first
subst r at ewpant2@ms680A usi ng a conventi onal HTHP pr ocessPCThiS261i1/053219
substrate portion 20A may have a thickness ti that is |ess than a final
substrate thickness for a fully founed cutting elenment 12, as di scussed
previously in connection with FIG 5A. Tr]l@‘30pol ycrystalline table 18 may
be | eached froma cutting face 32 of the polycrystalline table 18 toward
the first subsithiatles pdytryoaliaembiol Shatcik l¢shthapdhy otat shigkriesnig of disl e 18 i s

ttached. This first..l i t material, .t
Gepch d - 1@ B B0 MRS eRde B taleE i hE e TR B A The
total thicknegshtd i thBoRRHYGINR AL i1 BendyvaRd Mod87595BF tRXMER1Ss 7,tdenddept h

d to which the catal yst material is |eached fromthe polycrystalline table
18 may be aboralyctsgslbhe tahle 18hipbdi88% afzhothicknessgobl/ibe petyaryisiaHnettalle 68,18,

of e thickrtog {308 M b e P TR LGS, POl R Boog of

t he thi cknessiht thiglnetds opleyolnesistdilihdr@blealsl ahis.at Tdastsomzicala@asnatsia
catalyst material may remain in the polycrystalline table 18, especially at
or near the imeeramsRinihe pokyreystailinsttable b8 speaalport or searslopintesiage HE fir st

substrate port]| r i 0 . I [:X 1 ich a
hard parti cl etth% lgsst é%éﬂ%ypso 6‘2‘&@%@@3%@%@% blsg%t[:s&/) Q‘iqleog?p%dm %%{%%ﬁ%ogg i ne
tabl e 18 and dlhef thoheeat ket inrshichk ulbatdrmiréclphdse andididsedny t hen be pl aced
in an orientation in which they will remain c{uri ng.subsequent . fon-nation of
a conpl et’® cut ti ng ks ragety leachied gelypiveiallgie)tal Fl@éﬂ%t}@ﬁ%‘g?&ﬂ?@rﬁrét. I n ot her
enbodi nent s, [k s ' ' 32 1 it :

pol ycrystall i%\ulggt{%gkéﬂtl% 2rbr§;a/rﬁ %’o@gﬁéé reyrc%dcltr%rfaglé&{ égﬁgog?‘f@@g‘é%%‘gﬂﬁ@aﬁle
15perf or red whirlng stibseqpalt famyesiva lolf b nemplebd @itth@: dadenthie (éaSHG. §0Gh st somtee
portion 20A are in the orientation in ich.they will remain duyri
subsequent f T RRAGUBRO P“t?’? erc%?ﬁﬂdé‘fl%m%\gg"t WH&H ané]?fﬁﬁtfmf?&(e%@nﬁ#@er&%q. The
partially | eaghege g@i ¥6JsdaTRthb10€8 bl Rt b8 paistnidiCadindiEReMBEdL by 88
substrate portion OX may be placed in a nold 24 (e.g., a hot press die)

wi th t he ol yearfesmad wibfle theatsilecrigaltine tably B dndithe firsofubiskretertiasl 2 2arei n sone
enbodi nents, as, shown .in .FlG. 6B. |n other .enbodinents,-the. partjally

| eached pol yc@g? %rll?qt?‘ﬂa()ntl%‘f%éc}itgewgll Frgp g (JUipe Sourbisee%eré%fogg??tbo\% (fflﬁfégunl eached
first substratgnpeeich@ng2mand? Ry FORL6ONaiHebabieallyllewaed pslyerysidpiper t

structure 28 (see FIG 5A). The unl eached first substrat e@Pprti on 20A and
the partial | ylableddrmad tisopnjeached Hrst phstratgmoaions? Ganay he plaged w2 paklsi4

substanti al | y(ez%,lna_!p oéﬁ’%sgﬁfe‘gﬁngt\}} etﬁcgg?lgf&%ﬂ_ghﬁe b1 ?é?‘?a!aEL BERM of |y at | east

substantially materi a netal matrix materi al
begi nni N r omoRIC4eindonik ehfbedinignsd, as ststr atRIGp6B! looth2OAnbpihasntaghe he
pol ycrystal line a remainder of the first rate portion

table 18 th h. bst
20A and the pEﬂrg}éfW@g‘ﬁlleg ipﬁlé’rcgygg‘ruéne’l%me 38 RuEnsty ReoPraned t@ifg’ﬁﬁ’ﬁg process,
the pol ycrystaliti-ied FaPtstSe %R0 REY ¥pBdARY e pldd8d in a support

structure 28 (see FIG. 5A). The unleached first substrate portion 20A and the

partially leached polycrystalline table 18 may then be at least substantially fully

25  leached. For example, a leaching agent may at least substantially completely
remove catalyst material and metal matrix material beginning from an end of the
first substrate portion 20A opposing the polycrystalline table 18 through a remainder
of the first substrate portion 20A and the polycrystalline table 18. Subsequent to the
leaching process, the polycrystalline table 18 may be thermally stable, the

30  polycrystalline table 18 may not be directly attached to the leached first substrate
portion 20A, and the hard particles of the particle phase of the leached first substrate
portion 20A may be at least substantially unbonded from one another. The mold 24



30pol ycrystalline table 18 may not be directly attached to the | eached
first substrate portion 20A, and the hard particles of the particle phase
of the | esohlet/ds3e8t substrate portion 20A may be at | eaet/tsadgnssne al |y
unbonded from one another. The nold 24 - 17 - may enable the thermally
stabl e polycrystalline table 18 and the | eached first substrate portion 20A
to retain their shape and rel ative positﬂ%ning during subsequent handl i ng
and processing in sonme enbodi nents. In other enbodi nents, the optional
support struchay enadB tbe theemelly stalble pplycostabiiiegablati B and dfe ledvbed first
5po|ycrystaII| e table 1 nd the fi.rst subst ate tion 20A may enable
the thernal | ySu &) 80%811 38&}8{%{1’“&“@ i’éﬁf“ émfl@ 4N pgﬁé("i“@%gﬁ%ﬁg first
substrate pordbeRuéfAah@idEii floddghs 1r§§b@rﬂ£erﬁ‘l5531ﬁ1§ﬂt§t IV&h&asidodghédg during
subsequent handling and processi ng. he theinially stable

pol ycryst al | itheoptadslabsuporstiucthee 218e%rah@”d1}’fth¢ priorsqrigstatignef fer t i on 20A may be

vetal 22 oy BOaSEERt PHATRE R ShBatiRekh el Syl e

substrate porsitwp@ &?Ary@tani@e t@l@l@@mp&bm@ch&pﬁﬁshﬁmﬁtbyoﬁmaba to retam
pol ycrystalline table 18, and a second substrate portion 20B may be

di sposed adj abeinshapsand asletivegiositonig deping subscauait hapstiogiand Prasessime st

substrate porti on ERANLL RIS SLILLANe L8 NPl PREYLOHR drsdeparbed Tn

connection with FI g process, s

15t hose hot pigesi Wﬂfa@%%&@ctd&wah@@ies@ﬁg\@rmk )asslnbvmomrl?aa 6GnAN|th FI G
4, may be applledtothe conponents_in_the nold j ﬁ%ﬁ of netal 22
may nel t,10 nflpyeroimetalgd mwl@ﬁdlw&@ pthe b 24 aﬁiia%whe gachgy Est paystrptg) | y

infiltrate ”‘;?qr&&?ﬁé‘.@' hxén%hél%hlgp H@DMSE%%% ét%e%@%'dérst]aﬁh e%x&ie@@tan%a' ly

partially infiltrate the seco strate portio t he’ second
substrat e pordecanrl 20Braté bertiloayzeB ody eedispos2@ adjndemt fhierlsyer 2031@‘@22 abe portion

20A, and the thermally stable po staglline table 18 be atta hed to
one anot her t99% AesiRs %Sbfl@sgﬁ%ﬂw @néoérf@ﬁtmi@er sitnlar ‘é@?te‘?rFYlﬁljs Yo FIGs.

7A and 7B, acigciigtdanebiRisRadiFIEns, thoapf@glhggr&@gs &%% rrgr Sxamfiis,i ng
el emrent 12 are shown. As shown in FIG 7A, "a preforned rystalline

tabl e 18 Ifay theseflmt msmg@ra‘c@mud¢8@nb¢<yprat/1toa$itﬂel¢lcmmeetlcm wéln Fé@b’smaatb@ 25

20 I b
20A mmy have PR CkBed Pt e PRUESE R R e Rt SRR Thfudss "

for a fully foemed sﬁbgtﬁaterm)rﬁd)@mtatl&st ;ﬁa%ﬂlyslﬁﬂﬁﬁa@@thﬂﬁlﬁéq‘m@mﬁbtﬁblbn
connection with FIG 5A The first substrate portion 20A may be formed of a

cermet mat er i edlycrasialliae e 18« andertionally ppriielz efdimstthanecend dbstily be a
material that pdrﬁoﬁ S&m S ti‘ﬁ‘ﬁg, R sebSRELBEPHE p&‘?iog Q@BP{hew&:’ of metal 22, the first

20  substrate portion 20A, and the thermally stable polycrystalline table 18 may be
attached to one another to form a complete cutting element 12.

Referring to FIGS. 7A and 7B, acts in another embodiment of a method for
forming a cutting element 12 are shown. As shown in FIG. 7A, a preformed
polycrystalline table 18 may be formed and concurrently attached to a first substrate

25  portion 20A using a conventional HTHP process. The first substrate portion 20A
may have a thickness 7 that is less than a final substrate thickness for a fully formed
cutting element 12, as discussed previously in connection with FIG. 5A. The first
substrate portion 20A may be formed of a cermet material, and a matrix material of
the cermet material may be a material that is resistant or impervious to one or more

30  conventional leaching agents. For example, the matrix material of the first substrate
portion 20A may comprise polycrystalline diamond, cubic boron nitride, tungsten,

or a tungsten alloy. In embodiments where the first substrate portion 20A comprises



30conventional |eaching agents. For exanple, the matrix material of the
first substrate portion 20A may conprise polycrystalline dianond, cubic

bor on ni twode12/musegst en, or a tungsten alloy. In enbodi remtts2ethesR1¢9 he
first substrate portion 20A conprises - 18 - polycrystalline dianond,
grains of the material of the first substrate portion 20A may be

i nterbonded with grains of the nmateri al 6P -the polycrystalline table 18. In
ot her enbodi nents, the matrix material of the first substrate portion 20A
may extend i niadydritaline dietond, grhing héthpcmheymas}sf thielfirstesubsitsitepar8on 20 mays, f or

exanple, by inclu nan nar ace, as 5A and
5B. Such | eact P@%O@g%i’vltﬁﬁrwl& ?g’ralt%a XE?GBP]%WS%FH\%IE%INE %S?tp trate
interstitial SPRRIGHATRAGMaBLEhROASST thY RisDSubSiratt RErivRON Bhy &fteddi@ito

pol ycrystalline table 18 during the conventi onal HP process. The first

substrate porthe smu@@A ofrthe rol wuyitalbhebleot8 ekchrags for gxamenlertyandudisgéhe as, for
exanpl e, at al%aqlalgf}trﬁgﬁﬁcgesagﬁ gxﬂé‘g}bﬁi’;&}o r5% n%% ySUCj”IQGanq‘ICStlétgnq me(t%rlt he

10matri x At o npervio CAOSEN | eachi ng

agent. The nﬁhéﬂeﬁalrfﬁé}eﬂh@bpddiﬁﬂ il G us eapistifidl 8 pides h@aﬁ@m@ba&medlgaimé trate
interstitial quaces arm@g i nt er{)ond_ed gﬂr}ai ns C_)? the material of the

pol ycryst al | | ¢fehe migiesial th@lpplﬁgr}’ﬁ%@n@é ehd deieg therepp/optierad SETHE ong wi t h,
or instead of talllne
Cabl e 16 and TR FEEAET BERIEERLIL HafANE e RRARAPhUERNELD | LTy
fully | eacheduckas, f@p(@mﬂi}ﬁe Catal}@ﬁmhﬂah;gisalgﬁdmﬂaedrpgevaiusﬂyﬁﬂlsdddﬁmhsb&retI ally

conpl et el y renove catalyst material and .| each-susceptible matrix gerl al
from t he [Sol y@a%traatﬁm%@rfr@mr@lﬁrgﬂatﬁat PHEPEVIAS t%asﬁ%%éeéw agflg‘iﬂﬁn%

Accordingly, thitedi tﬁﬁ'lgs&g@ttlbf@tbrl ef&hﬁ% 1ﬂhltfa§e ﬁ%erétﬁﬁ? bpa%é’sbﬁﬁ@r{ét ially

fully 20l eache rom-t ether l'y sta ycrystalline table 18 and the
first subst ram&rlplmdedl grmrﬁﬂﬁthe tatesiahezthe¢ pd)llyatysmhm'e tapde 1§ dwringfthehe matri x

material that is susc le to | eachi. IS re mat.ri x terial
That 15 sel eciBaeTTACaT U EuirosHOROAR PUaERG: HEAHEL TRy H AR 1 n t he
first substratgeprtion 20A and optionally may remain in the thermally

stabl e polycrystalline table 18. Subsequent to the |eaching 25process, the
pol ycrystldl | i ne t abhepalgerpstgllibe tabkeetdhard the Sirsbibstratetpertynl 3% ey Relaf ne

least substantially fully leached. For example, a leaching agent may at least
substantially completely remove catalyst material and leach-susceptible matrix
material from the polycrystalline table 18 and the first substrate portion 20A.
Accordingly, when it is said that matrix material is at least substantially fully

20  leached from the thermally stable polycrystalline table 18 and the first substrate
portion 20A, it is meant that that portion of the matrix material that is susceptible to
leaching is removed and matrix material that is selected to resist conventional
leaching agents may remain in the first substrate portion 20A and optionally may
remain in the thermally stable polycrystalline table 18. Subsequent to the leaching

25  process, the polycrystalline table 18 may be thermally stable, the polycrystalline
table 18 may optionally remain directly attached to the leached first substrate
portion 20A by the leach-resistant matrix material, and the hard particles of the
particle phase of the leached first substrate portion 20A may remain at least
substantially bonded to one another through the leach-resistant matrix material.

30  Thus, the leach-resistant matrix material may enable the thermally stable
polycrystalline table 18 and the leached first substrate portion 20A to retain their

shape and relative positioning during subsequent handling and processing in some



table 18 may optionally remain directly attached to the | eached first
substrate portion 20A by the | each-resistant matrix material, and the hard
parti cl eswof2otdmg4gsarti cl e phase of the | eached first sulpstTrst@1p83219 on 20A
may remain at | east substantially bonded to one another through the

| each-resistant matrix material. 30Thus, the | each-resistant matrix
material may enable the theimally stablelfolycrystalline table 18 and the
| eached first substrate portion 20A to retain their shape and rel ative
posi ti oni ng dambaigmsntl.s bognetntditents hihag thebagh-csessait mytrixmsiemel doed 8ot

enbodi nents. |n _enbodi nents where t | each-resistant matri x material does
not infilt ratlé‘ﬁ{tﬁéeg‘é NE’F%?Q?I}‘? tﬁ@eﬁglﬁlflgn& CFOPYHHOPH T IR PRER D ARl HTHP
process, an opki i ' L @ntind tBR f addhe
Pol yer yst al |1 o B R e P G R e ke et ng
t he pol ycrysttk ifirsisubstdatespoti@ora@h tdraisposisg 18 molirsystatiee fablet i8amd2nfiisht o a

nold 24 (see FIG 7B) priqr to le | n bl.e the thernall t.abl e
pol ycr ys'g all i%\%ST{%{BP 1%8 2§ﬁdnﬁoﬁéng@?c4h@%?nﬁﬁ ?%?Q{}Brsttor SFESIPH %ﬁb%(f ‘to
retain their ﬂh&h@él%yvs%ab@@ﬁéw&r?ﬂmae%ué [arRIiRS GALR fiReqBkirng paidn 20A
processi ng. he thermally stable polycrystalline table 18 and the
| eached fi r sttogeteit their eclgbretriostionds dvaing ebssaiing being gné prsessgigessi ng
rocess, as shown in FIG . 7B. A 1Q| ayer,,.of t i in the
Pml d 24 adj acent tt}ée ﬁlﬁg%arpé’f%ql? %@y%ré%%lthrn gtta{eﬁepgér %&%ﬁg%nﬂjgﬁ%ﬁ@g%pposi ng
the thermal | ypsitiabeA pedyes syibiealel it & hb et sirkroand a3 sheenioFIsu st rat e

portion 20B nmay be di sposed adj acent the Ia(){er of netal 22 on a side

opposi ng thhe layersif negigl X2 maeebedispgseh imbamald 34 adiasay thelgachgd fipsh syhsipte

previ ously descr.i i i R I r S,
such as, for &éh’%?@} Oilgfl %ggggﬁ%sﬁ)&p%gm né“%ﬁ%@g?g@@“&%@%%ﬁ%@% 13?%@?%usl y

i n connect i onsesbiisubkfrate Hortivay20Bemapid diepbsed adjheent dredoyes of sctah 20 loe anol d 24.
The | ayer of nmetal 22 may nelt, infiltrate the first substrate 8.ort1i on 20A,
at | east pa_rt$1§‘1’ PEPQSH%itP% Figgt é‘_lbtsﬁ_étetpﬁgﬂ?aqq/%/ms%’?a}ﬁ?@r 5‘6‘?%&?‘9@‘@5@% N8V abl e
18, and opti ogalliye PATchhcti¥n Withi FIGL 81 & A PrE6iae PEbEMDsichalk SfoPexdrhB, 20B.
Thus, the second substrate portion 20B, the layer of netal 22, the first
20subst rate pthobé ot p2&singpncbesdee desvebadpieyiosslabh eopetyar yish G| henaydid e 18

W1 e the. pr cOBHES 4 BEIBBRPBTTG e R kol TEETRAAETH esy TaLpRaay
ile the pre c 0
certain exanmpi REAdit Sttioh DOA CatQbasPpAHi NBF W fiftkdté theitRerkABy 8fablewi | |
recogni ze and appreciate that it 1s not so limted. Rather, many additions,

del eti ons, anpolggyselintitabde 1 Brasd potiendly sl nefifrgtedbe secppesibiErtEi n may be
nmade w t hout depart, romth f i t f j i
nor e nat ter . crarnaaCBP ALbEe opREAPSul pOTRERIE Hedall of s 2L RN 2

from one myboglivzeak paRIoNDDAC and tieaterwiallh sfadhd pol wsywilliannbler’ mapbeli nent
while still being enconpassed within the scope of the invention as

cont enpl at ed B Bt opgahpesto form a complete cutgng element 12.
While the present disclosure has been described herein with respect to certain

example embodiments, those of ordinary skill in the art will recognize and
appreciate that it is not so limited. Rather, many additions, deletions, and

25  modifications to the embodiments described herein may be made without departing
from the scope of embodiments of the 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 inventors.

30



- 20 - CLAIMS What is clainmed is: 51.A cutting el enent, conprising: a
substrate; a thermally stable polycrystalline table conprising a superhard
mat eri al woOpr#gdséat an end of the substrate; and a | ayecTafS2emai219

i nt erposed between the substrate and the thermally stable 10pol ycrystalline
tabl e and attaching the substrate to the thermally stable polycrystalline
table. 2.The cutting el ement of claim1,2lurther conprising a substrate
portion interposed between the thermally stable polycrystalline table and
the | ayer of netal. 15 3. The cOHAING el enment of claim 2, wherein
the substrate portion has a thickness |l ess than a thickness of the
substrate. 4. The cutting elenment of claim2, wherein material of
the |ayer of (BLas csmePishfiltrated through the substrate portion at |east
partially into the thermally stable polycrystalline table. 5. The
cutting element of claim1l, wherein an outer dianeter of the substrate has
a hi gher éPIune pegcentgggtof ardtparthIes and a | ower vol une 25
percent age of matrix mafer e AHEHRLOVBIHINE percent age of hard particles
and a vol une peikestage of matrix material in a renainder of the substrate.

a thermally stable polycrystalline table comprising a superhard material disposed at an
end of the substrate; and
a layer of metal interposed between the substrate and the thermally stable
10 polycrystalline table and attaching the substrate to the thermally stable
polycrystalline table.

2. The cutting element of claim 1, further comprising a substrate portion
interposed between the thermally stable polycrystalline table and the layer of metal.
15
3. The cutting element of claim 2, wherein the substrate portion has a

thickness less than a thickness of the substrate.

4. The cutting element of claim 2, wherein material of the layer of metal is
20  infiltrated through the substrate portion at least partially into the thermally stable

polycrystalline table.

5. The cutting element of claim 1, wherein an outer diameter of the
substrate has a higher volume percentage of hard particles and a lower volume
25  percentage of matrix material than a volume percentage of hard particles and a volume

percentage of matrix material in a remainder of the substrate.



-21- 6. An earth-boring tool, conprising: a body; and at |east one
cutting elenent attached to the body, the cutting elenent conprising: a
substr at evoRa12dieisnal | y st abl e pol ycrystalline tabl e comprits2oig/oss23uper hard
mat eri al di sposed at an end of the substrate; and a | ayer of netal

i nt erposed between the substrate and the thermally stable polycrystalline
table at an end of the thermally stable'ﬁérycrystalline tabl e, at | east
sonme of the l|ayer of netal disposed in at |east sonme 1l0interstitial spaces
bet ween grai ns of GuperAaeathvbdrertadl, afmgrtsegt her mal |y st abl e
polycrystalline({abl , Wwherein a cutting face of the thermally stable

pol yerystal | i he°®alle is | ocated opposite the substrate and is at | east
substanti al | yatiZgeoicultiAg olBRIAl tdkh@fto ttﬂ'éeodd?ytﬁé c@fingd8b@bnt cdRprising: 7. The
earth-boring tool of clarm®6, wherein an oufter dianeter of tﬁe substrate
has a hi gher vol unesypetraient age of hard particles and a | ower vol ume

t f tri [ th I t f d. ticl
Bnd a Vol e por cehtsBe g s i e AR el SR ERE Cubst r at e

20 8. The cutti ngs®)sed®nh ¢8d ofthakiskatef aidt her conprising a substrate
portion interposed between the thermally stable polycrystalline table and

the layer of netalaByermiemetainthppisdibatyvaen die ybstereanhtss thameallyisitbiche
substrate portion 25°Ogﬁl:yacf&sgﬂﬁn&%@'a%n %togrﬂlg:adr}%%gaxl&gﬁb%ﬁgﬁfcgrssﬁﬁfnte! cle

phase and a matrix mat ase conprisin resi st ant
or inpervious to known {ablachilédgt s@ERifshe layer of metal disposed in at least some

10 interstitial spaces between grains of superhard material of the thermally
stable polycrystalline table,
wherein a cutting face of the thermally stable polycrystalline table is located
opposite the substrate and is at least substantially free of the material of

the layer of metal.

15
7. The earth-boring tool of claim 6, wherein an outer diameter of the
substrate has a higher volume percentage of hard particles and a lower volume
percentage of matrix material than a volume percentage of hard particles and a volume
percentage of matrix material in a remainder of the substrate.
20

8. The cutting element of claim 1, further comprising a substrate portion

interposed between the thermally stable polycrystalline table and the layer of metal

9. The earth-boring tool of claim 8, wherein the substrate portion
25  comprises a cermet material having a hard particle phase and a matrix material phase

comprising a material that is resistant or impervious to known leaching agents.



- 22 - 10. A method of formng a cutting el enent, conprising:
providing a thermally stable polycrystalline table conprising a superhard
mat eri al WO 20123 providing a |ayer of metal over thePChasa@liioy32se abl e
polycrystalline table in the nold; 5distributing a m xture of particles
conprising a plurality of hard particles and a plurality of particles
conprising a matrix material on the Iayeﬂzof nmetal in the nold; and heating
the nold and applying pressure to the mxture of particles to cause the

m xture of particlés toAcosicelsddoranul & auhngelsmbst comeisangd t o at | east

partially nelt the 10] ayer, of netal to. fl and wet the thermally. stable
ol yoryst al | imevidageahaaly NabEanBenaaune S SR Birea T a i Aenil B

t her ebet ween. moldl1l. The method of claim 10, wherein heating the nold
to at least partially nelt the layer of nmetal to flow and wet the thermally
st abl e pol ycriysvidingiadayer abinetall Seso therthegmslly steble pokrivaigllime table inghempldt of t he

| ayer material. into interstitial. .spaces. anong Inater.bonded. grains of the
mterial o CHenpHGEmT Ry pEbTe ORGP RER il PP PRNCRL NS 2 b
net hod of cl ai m 1GlufatitytdT@arteREREMBH AL PHaixdhierid op@id @R oPiner] BUhst r at e
having a thickness | ess than a thickness of the coal esced substrate between

the 20thernal |y st@bldeasbl ycrystal line table and the |ayer of netal.

13. The net hq%gﬁ{;%@]le %jlorﬂ &&3 a}p?ggﬁge ﬁr@sSﬂ{eﬁ}é 'rt}%' rﬁ%h{i‘ﬁ E)p;ga[)rtlrmésl 4 c?&g?tﬂ{eemix{uar%l e and

pol ycrystallin e conpr e yCrys I'i'ne
concurrently attacdfipagiddieo psrlesce yEl fatrh b Rebstratelagd twat 2Skiyrdly hedinthef t he
substrate using a conventional HTHP process; and .

10 layer of metal to flow and wet the thermally stable polycrystalline table and the

substrate to form an attachment therebetween.

11. The method of claim 10, wherein heating the mold to at least partially
melt the layer of metal to flow and wet the thermally stable polycrystalline table
15  comprises infiltrating metal material of the layer material into interstitial spaces among

interbonded grains of the material of the thermally stable polycrystalline table.

12. The method of claim 10, further comprising providing a portion of a
substrate having a thickness less than a thickness of the coalesced substrate between the

20  thermally stable polycrystalline table and the layer of metal.

13. The method of claim 12, wherein providing a thermally stable
polycrystalline table comprises:
forming the polycrystalline table and concurrently attaching the polycrystalline table to
25 the portion of the substrate using a conventional HTHP process; and
at least substantially completely removing catalyst material and matrix material from
the polycrystalline table and the portion of the substrate to form the thermally
stable polycrystalline table.

30 14. The method of claim 13, further comprising placing the polycrystalline
table and the portion of the substrate in a support structure prior to removing the

catalyst material and the matrix material.



at | east substantially conpletely renoving catal yst material and matri x
material fromthe polycrystalline table and the portion of the substrate to
form t he wbenreal4h3esst abl e pol ycrystalline table. 3014. TreTraské00532M9 cl ai m
13, further conprising placing the polycrystalline table and the portion of
the substrate in a support structure prior to renoving the catal yst

material and the matrix material. -23 =23- 15. The nethod of clai m 14,
wherein placing the polycrystalline table and the portion of the substrate
in the support structure conprises placing the polycrystalline table and

the portion of the subsirate i state of conpression. 5 . 6. .The

met hod of clai m 12\ whe }lﬁrﬂeta?‘ﬂé@ﬁ?lﬁé%ﬁ' erﬁﬁ’l%’%’?‘ﬁp&i}'ﬂé{s@gﬂ? Iaabfecfmfihe
portion of thﬁeg&%ﬁB%es%&_we!ﬁﬁr%saﬁg@%aarédaﬁqp?@ésy;qw@ﬁ&I ine table to a
portion of a substrate conprising a cernet material having a hard particle
phase and a nmiydrystaliasteble enpthieporipnaf trtsebdtrate inlhatatd of comprassiamt or

i nper vi ou% to conventional |eaching 1l0agents. 17. The nmethod of claim
10, wherei'n heating the nold conprises exposing the nold and its contents

to a tenperature Igss thamdBed6 cldimlD, WMisreliihein®the poBicHthiline Wbes ©i N

heating the nold conprises exposing the nold and its contents to a
t enper at ur e che pprtige ofi the g@Gtrate comprises pgachineetherpeleryistalfing fahlerdp a@ortighef ei n

appl yi ng pressure conprises applying b e qut 5 iy .(31..03 MPa)
and about " 30, DUBEEF bt RRa PEerf s S5l a AR bR g MY
The net hod ofpiakadomptRingfaihibedl e igredishr PheriduNg canynebmil fachisgbst rat e

conponent in the nold proximate the m xture of particles. 25
10  agents.

17. The method of claim 10, wherein heating the mold comprises exposing

the mold and its contents to a temperature less than 1320°C.

15 18. The method of claim 17, wherein heating the mold comprises exposing

the mold and its contents to a temperature of about 1,100°C.
19. The method of claim 10, wherein applying pressure comprises applying
between about 4,500 psi (31.03 MPa) and about 30,000 psi (206.84 MPa) to the

20  contents of the mold.

20. The method of claim 10, further comprising providing a preformed

substrate component in the mold proximate the mixture of particles.

25



