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THERMALLY STABLE POLYCRYSTALLINE DIAMOND MATERIAL
WITH A GRADIENT STRUCTURE
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[0003]

[0004]

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation-in-part of U5, Palent Application No.
11/867.629. Tiled on Qctober 4, 2007, which is herein incorporated by relerence in its

entirely.

BACKGROUND OF INVENTION
Field of the Invention

Embodiments disclosed herein relale generally to diamond constructions and,
more specifically, to polycrystalline diamond-containing constructions and compacts
formed therefrom thal ate specially engincered Lo provide improved thermal and
mechanical properties when compared to conventional polyerystalline diamond

materials.
Background Al

Polycrystalling diamond {PCD) materials and PCIY elements formed therelrom
are well known in the art. Conventional PCD is formed subjocting diamond grains i
(he presence of g suitable solvent catalyst matesial 1o processing conditions of extremely
high pressure/high lemperature {HPLIT}. where the solvent catalyst matenial promotes
desired inlercrystailine diamond-to-diamond  bonding  between the grains, therehy
forming a PCD structure. The resulting PCD structure produces cohanced properties of
wear resistance and hardness, making such PCD materiats extremely gselu] in
aggressive wear and cutting applications where high levels of wear resistance and

hardnoss are desired,

Solvent catalyst materials typically used for forming conventional PCD include
metals from Group VIII of the Periodic table, with Cobalt {Co) being the most common,
Conventional PCD can comprise lrom 35 to 93% by volume diamond and a remaining

amount of the sofvent catalyst material. The solvent catalyst material is present in the
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microstructure of the PCD material within interstitial regions that exist between the

bonded-lopether diameond grains,

[(0D5] A problem known to exist with such conventional PCID is thermal degradation
due to differential thermal expansion characteristics benveen the interstitial solvent
catalyst material used to sinter the PCD and the intercrystalline bonded diamond. Such
differentinl thermal expansion is known to occur at temperatures of about 40M°C,
causing ruplures to occur in the diamond-to-diamond bonding, and resulting in the

formation of cracks and chips in the PCD struclure.

[0006] Anather problem known to exist with conventional PCL matetlals s also related
1o the presence of the solvent catalyst material used to sinter the PCILY in the interstitial
vegions and the adherence of the solvent catalyst to the diamond crystals {0 cause
another furm of thermal degradation. Specifically, the solvent catalyst material is
known lo cause an undesired catalyzed phase transtormation in diamond {converting it
to carbon monoxide, carbon dioxide, or graphite) with increasing temperature, thereby

limiting practical use of conventional PCD to about 750°C.

[0607] Attempts at addressing such unwanted forms of thermal degradation in PCD are
known in the art, Generally, these attempts bave involved forming a PCD body having
an improved degree of thermal stability when compared to those conventional PCD
materials discussed above, One known technique of producing a thermally stable PCD
body invobves at least a two-stage process of first forming a conveniignal sintered PCD
body in the manner described above, and then removing the solvent catalyst matenal

ihcirafron:.

10005] This method produces a diamond body that is substantially free of the solvent
catalyst material, and is therefore promoted as providing a diamend body having
improved thermal stability when compared to conventional PCD.  However, the
resulting thermally stable diamond body typically does not include a metallic substrate
attached thereto, by solvent catalyst infiltration from such substrate dus 10 the solvent
catalyst removal process, as ali of the solvent catalyst matetial has been removed

therctrom.
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Also, the resulting diamond body has a material microstructure comprising a
matrix phase of bonded-together diamond grains, and a plurality of open interstitial
regions, pores or voids distributed throughout the diamond body. The presence of such
populalion of vpen voids throughout the dizmond body adversely impacts desired
mechanical properties of the diamond body, €.g. provides a diamond body having
reduced propertics of strength and toughness when compared {o conventional PCD. 1t
is (heorized that the presence of the catalyst material within the voids in conventional
PCD operates to place the surrounding diamond matrix in a stale of compression (hat
pperates Lo provide improved mechanical strength, e.g., fracture toughness andfor
impact sirength, to the PCD. Removing the catalyst material frow the diamond body is
thus believed to remove the diamond from a campression state, thereby also reducing

the above_noted related mechanical properties of the diamond body.

Thus, thermally stable diamond bodies made by removing the selvent catalyst
material therefrom are known to be relatively britle and have poor properties of
strenpth and/or toughness, thercby limiting thcir use to less cxtreme or severe
applications. This feature makes such conventional thermally stable diamond bodies
generafly unsuited for use in aggressive cutting andfor wear applications, such as use us

a culiing element of a subterranean drilling and the like.

The resulting diamond bady. rendered free of the solvent catalysl material, has 4
cocfficient of thermal expansion that is sulliciently different [rom that of conventional
substrate malerials {such as WC-Co and the like) typically infiltrated or otherwisc
atiached to conventional PCIY bodies to provide a diamond compact 0 adoptl the
diamemd body construction for use with desirable wear andfor cutting end wse devices,
This difference in thermal expanston between the now thermally stable diameond body
and the substrate, combined with the poor wetability of the diamond body surlace due
(o the removal of the solvent catalyst material, makes it very difficult to form an
adoquate attachment between the diamond body and conventionally used substrates,
thereby requiring that the diamoned body itself be attached or mounted directly 1o the

wear andfor cutting device.
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However, since such thermally stable diamond body is devaid of a metallic
substrate, it cannot {e.g., when configured for use as a cutting element in a bit used for
subterranean drilling) be allached te such drill bit by conventional brazing process.
Thus, use of such thermally stable diamond body in this particufar application
necessilates that the diamend body itself be attached fo the drill bil by mechanical or
interference fit duting manufacturing of the deill bit, which is fabor intensive, thne

consuming, and which does nol provide a most sceure method of attachment.

Other attempts that have been made to improve the therimal stability of PCD
materials include where the solvent metal eatalyst material used to form the PCD is
removed from only a region of the body, ke, where the solvent mctal catalyst 1s
removed from a defined region of the diamond body that extends 4 depth fram the body
surface. Such diamond body constructions are formed by starting with conventional
PCD, and then selcctively removing the solvent mctal catalyst from only a region of the
body extending a depth from the body surface, wherein a remaining portion of the
diamond body comprises conventional PCD. While this approach has demonstrated
somme improvement in thermal stability over conventional PCD, the resulting diamond
body still suffers from the problems noted above. Namely, that the treated region
cendered dovoid of the catalyst maierial has reduced mechanical properties of strength
and/or toughness when compared Lo conventional PCD, due lo the absence of the
calalysl material and the related presence of the plurality ol cmpty pores o voids in the

interstilial regions.

It is, lthercfore, desired that a diamond construction be developed having
improved thermal characteristics and thermal stabifily when compared to conventional
PCD materials. 1t is also desired that such diamond construction be engineercd to
imclude a suitable substrate to form a compact construction that can be allached to &
desired wear andfar cutting device by conventional method such as welding or brazing
and the like. [t is further desired that such diamond construetion display desired
mechanical properties such as strength and toughness when compared 1o conventional
thermally stable diamond bodies, i.e., characterized by having & plurality of empty

interstitial regions formed by removing the catalyst material therefrom.
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SUMMARY OF INVENTION

in one aspect, embodiments diselosed hercin relate to a diamond eonsiruction that
ineludes a dismond hody comprising a pluraiity of bonded-topether diamond crystzts
farming 4 mateix phase, and & plurality of interstitisl regions disposed between the hoanchued-
{opether dismond crystals, the diamond hody comprising: a first digmond region extending
a depth from a swface of the diamond body being substantially [ree of & catalyst matariel
vsed 1o form the dismend body, whewein tie first diamond region comprises the matrix
phase and iv at least & portion of the plurality of interstitial spaces, the fiest diamnom] region
pomprises a metat carbide and an inert metal, wherein the metal earbide is formed as &
result of reaction between the dinmond crystals in the matnix phase and a carbide-Torming
metal, siticon or boron; and a second diamond region adjacent the first diamond region
comprising the matrix phuse and & Group VIII metal in the interstilial regions, wherein the
intersitial regions in the first diamond region adjacent the surface of the diamond body

comprises a greater relative amount of metal carbide and lower relstive amounl of ingat

metal as compared 1o the interstitizl regions in the first diamand region that are edjacent
the second digmond region.

The inlersitial regions adjacent the surfacs may comprise a mixture of metal garbide
and inert metal,

In anather aspect, embodiments disclosed hercin relate to a drilk hit thal includes

body; and & pluratity of cutting cloments attachud thereta. wherein &l jeast one of the

culting eletnents comprise the above dismond construction.

Advantages of the inveneion will be apparent from the following deseription.

BRIEF DESCRIPTION O DRAWINGS
FIG. 1 is schematic microstructiral view taken of a thermally stable region af a
diamond coustruction of this invemtion,

1IGS. 2A to 2K are perspective views of different compact embodiments COMPLISAE

diamond constractions of this invention;




IMI2T] FIG. 3 s & perspective view of a diasmond construction of this invention afier s

process s16 where # catalyst material has been removed from a region of the construstion;
fnaz2} FiG. 4 Js 4 vross-scetional side view of the cotstruction of FI1G 3:

[MI23] FIG 5 35 a schematic microstructural view takon of o seclicn of the digrroned

consiruction where the catalyst material has been partially removed therefrom:
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F1G. 6 18 a perspeetive view of a diamond construction of s invention affor o
process slep whoes an sofiltrant material has been introduced intn the construction afer
partial removat of the catalyst material;

FIGS. 14 und TR are cross-scetional side views of a diamond constructian of thiz
chisclasiire,

FIGS, B4 and 8B are cross-sectional sidc vivws of a diamand construction 6f this
disclosurs;

FIGE. 04 end 91 ate crogs-sectional sidle vicws of & diamond eomstruction ol s
disclosury;

FIG. 10 g a perspective side view of an insert, far use ino@ roller cone Or @
hamtmer dritl bit, comprising the diamoad constructions af this invention;

FIG. 11 is a perspective side view of a voller cone drith bit comprising a number of
the inserts of FIG. 10

FIG, 12 is 1 perspective side view of & percugsion or hamser bit compriging a
pumber of inserts of FIG. 10;

FIG. 13 is 2 schematie porspective side view of a diamond shear cuiter compnsing
Hie dgiamend constructions of this irvention; and

FIC3, 14 ix u perspective side view of a drag it eomprising a number af the shear

cuticrs of FIG. 13
DETAILED DESCRI PTION

Polyerystulline diamend (PCD) corstructions of the present disclosure tnelude 2
diarmend body (of diamond particles bouded together) thal may possess @ pradient
stencture,  Speeifically, the diamond body may possess at fcast two repions therein, a
first region (thermally stable region) that extends from at least a porten of an upper
surface into the diamend body and a second region that exiends upwards into the
diamond body from the surface opposing the upper surface {i.e., from 2 sebstrate]. The

first, thermally stable region may have a material microstruetut having a matrtx first

7
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phase of bended-together diamond erystals, and a plurality of second phases interposed
within the matrix first phase. The plurality of second phases in the first region may
include a material that is & reaction product formed berween a reactive, corbide-forming
material and the dizmond crystals at high pressure/high temperature (HPHT) conditions
1o form a metal carbide, a5 well as sn inert metal component. However, the plurality of
seoond pheses within te first, thermally stable repion are not necessanly all identical in
nature, Rather, embodiments of the present disclosure may provide for a aradivent of
compositional makenp for the plurality of scoomd phases through the firsi, themmalty
stable region. In an example embodiment, the plurality of second phases oucupy voids
that previously existed within the interstitial regions of the matenial microstructure and
that were formed by removing a calalyat material thereltom. The second phase tmay or

may not eccupy all of the voids in the thermally stable region.

The second region of the diamond body may include a matenal microstructure
having a matrix first phase of bonded-together diamond coystals and a plarality of
second phases inlerposed within the mateix first phase, where the second phase is
accupied by one or more Group VIIT metals, Further, one skilted in the ant, upon
reading the teachings contained in the present disclosure, should alsp sppreciated that
there may be some predual transition bedween the first repion and the second repion,
and that there may not necessarily be a clear demarcation between the 1wao regions {in
their seeond phases).

In an example embodiment, the thermally stable region is substantially free of the
sofvent catslys, material that was used to initially sinter the diamond grains together
during a first HPHT process to form the dismond body. Further, the metal carbide
andfor inert metal nsed to fill the voids and the diatmond grains may have ong or morc
thermal characteristics that more closcly match the bonded-together diamond erystals
then those of the catafyst material thal was removed [rom the (thermally stable region.
Additionally, it may be desirable that the metsl carbide and/or inen maetal gperate o
elevale the praphitization temperature of the thermally-stable region when compared to

the graphitization temperature of such region as previeusly occupicd with the catalyst

mmaterial.
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In an cxample embodiment, the thermaliy stable region is formed by first
removing the catalyst material used to form the diamond body therefrom, and then
filling alt or a portion of the resufting empty voids ar pores through the use of an
infitrant matcrial that infiitrates into pores previously occupied by the catalysl material,
In accordance with embodiments of the present discloswrs, the nfiltrant material may
e an alloy of twao or more melals, one metal being selected from a first metal type that
< inerl / nonreactive to diamond (at the infiltration conditions} and a second metal being
aclected from a second metal type Lhat is a reactive, carbide-former. ‘The inert metal
compencnt in the infilrant alloy may help provide for the desired infillration al the
reactive carbide-former, and/or help reduce the melting temperatare of the reactive
material o facilitale infiltratdon al a desired temperature, andior help conwol the rate of
veaction between the carbide-former metal and the diamond crystals {(i.e., to form a
metal carbide). Fuether, as a molten infiltrant alloy penetrates into a diamond body, the
carbide-former metal may react with the diamond crystals, causing formation of metal
carbide particles along the surfaces of the diamond crystats and gradual depletion in the
amount of carbide-forming metal present in the molten infiltrant as it penetrated deeper
into the diamond body. The plurality of second phases (between the interbonded
diamand crystals) may thus include the formed metal carbide, as well as the incrt metal.
However, as the malten inlilirant penctrates 1o desper depths, the telative amount of
metal carbide within those second phases decreases as the refative amount of inert metal
within Uose second phases increases. Thus, in this manner, a gradient structure within

the thermnally stable region of the diamond body is Tormed.

A used herein, the term “PCLY™ ix used 0 refer 1o polyerystalline diamond that
has been formed, at high pressurethigh temperature (HPHT) conditions, through the use
of 2 melal solvent catalyst, such as those metals included in Group VI of the Periodic
table, that remains within the matcrial microsiructure, However, the diamond regions
of the present disclosure having the presently described infiltrant material therein are
not referred to as being PCD because (hey do not include the catalyst material that was
uscd to initially sinter the diamond body.,  Further, these regions are also unlike

conventional thermally stable diamond materials because they do not include a plurality

g
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of unfilled interstitial volds or pores resulting from the rernoval of the catalyst rnaterial

therefrom.

However, in accordance with varieus embodiments of the present disclosure, the
diumond bodies or constructions <described herein may include & rogion substantially
free of the catalyst material (and filled with an infiltrant material). a region of
conventional PCIY that includes the catalyst material thal was used to sinter the
diamond body, and an optional layer or vegion of malerial disposed over a surface ot the
diamond region substantially {rce of the catalyst material, In other embodiments, the
diamond bodies or constructions may include a region subslantiatly free of the catalyst
material (and filled with an infiltrant materiaf), a region of conventionally diamond
erystals and a Group VIII metal from the Periodic 1able that was not uscd fo sinter the
diamond body, and an optional layer or region of material disposcd over a surface of the

diamond region substantially froe of the catalyst material,

The presence of the PCD region or diamond repion including the Group VIH
metal thal was not used Lo sinter the diamond body, andfor the layer of material
disposed over the diamond region substantiatly Tree of the catalyst material may assist
in imparling destred properties of hardnessftoughness and impact strength to the
diamond body that are otherwise lacking in conventional thermally stable diamond
matestals that have been rendered thermaily stable by having substantially all of the
solvent cagalyst material removed therelrom and nol replaced. The presence such a
PCI region, or diamond region including the Group VIN metal not used to sinter the
diamond body, in the diamend body may also ablow digmoend constructions of this
diselosure to be permanently joined to a desired substrale, therelry  Tacilitating
attachment ol the resulting diamond compact to a desired end use cutting and/or wear
andfor machining device, e.g., a bil used for drilling subterranean formalions, by

conventiona) means such as by brazing, welding and the like.

In an cxample embodiment, diamond constructions of the present disclosure may
he made by treating a PCD body or compact to remove at feast a portion of the catalyst

material thai was used to sinter the same during MPHT processing from a region

10
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thercof, and then filling at least a portion of the region removed of the catalyst material
with a infilrant material, such as those briefly mentioned above and described in morc
details below. When starting with a preformed PCD compact, the diamond
consiructions of the present disclosure may be formed using a single [LPLLY prroeess,
and when starting without a preformed PCD compact, the diamond constructions of the
present disclosure may be formed using two [TPHT processes, namely, a [est HPHT
process 1o form the PCIY compact, and @ second HPHL process to form the desired

dizmaond consteuclion,

F£IG. 1 illustrales a region of a diamond construction 10 of this disclosure that is
substantially free of the catalyst material that was used Lo initially sinter the diamend
body, and that has a resulting material microstructure comprising a polyceystalline
diamond matrix first phase 12 including a plurality of bonded-together diamond crystals
Farmed al HPIIT conditions. A plurality of second phases 14 are disposed interstitially
between the bonded together diamond crystals and inciudes an inert metal component
and a reaction product formed by the reaction of the diamond in the first phase with a
reactive, carbide-forming material, In a particular cmbodiment, the reaction product
may operate partialty fifl the voids or pores left in the interstitial regions caused by the
remaval of the catalyst material (the remaining occupied by the inert metal component
of the mfiltrant) and impose a desired compressive siress onlo the surrounding

potyervstalline dismond matrix phase,

As described in greater deisit bolow, the infiltrant alloy selected to form the
second phases within this particular diamond-body region is one that includes al least
two metals, one metal being a reactive, carbide-forming material useful [or forming a
carbide reaction product with carbon from the bonded-together diamond grains in this
region, and Lhe other metal being an incrt species at the infiltration cenditions and/or
during use. A feature of the second regions is that they do not inchude or are
substantially free of the catalyst material that was initially used to sinter the
polyerystalling diamond matrix phase. As used herein, the term “catalyst material®™ is
understood Lo refer to those materials that were initially used to sinter the PCT) material,

i.e.. to facilitate the bonding together of the diamond crystals in the diamond body at

11
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HPHT conditions, and does not include materials that may be added subsequent to the
sintering of the diamond bedy. c.g., in the form of an infiltrant or the components of the

in{ilteant to form the second phases.

As noted above, in an example embodiment, the infiltrant material uscd to il the
second phases may be provided in the form of an alioy comprising a carbide-forming
metal and an inert metal that facililates infiliration andfor that reduces the temperature
needed o achieve desired infiltration dwring 1FHT processing. without reacting or
catalyzing reactions with diamond. The presence of the metal carbide andfor inert melLal
within the diamond body may be desired in certain applications calling for an cnhance:d
degree of mechanical strength, e.g.. streneth andfor (oughness, within the particular
diamond region substantially free or devoid of the catalyst material.  Further, the
infilirant material may be one that is selccted to shifl upwardly the graphitization
tetperature of the resulting diamond region containing the same, thereby operating to
improve the thermal stability of the diamond construction.  Additionally, the non-
reactive / inert component of the infiltrant alloy may be selected to aid in diffusion or
penetration of the carbide-forming metal inte the voids in the dismond matrix phasc
without prematurefy clogging the voids by carbide precipitation, but allowing for the
desired speed ol reaction between diamond and the carbide-forming metal. Use of an
incrl metal may also allow for (he metal 1o remain in the second phase whilst stll
otinimizing any potential for thermal degradation, Additionally, the presence of
combination of a carbide-forming metal and an inert metal in the infiltrant may atlonw
lor the Toration of 4 gradient within the sccond phases of the thermally stable region

10 hielp provide the desired hardnessitoughness propertias.

Accordingly, referring still to FIG. 1, the material microsttucture of this diamend
region devoid of the catalyst material includes a first matrix phase of bonded-together
diamond grains 12, and a plurality of second phases 14 disposed within interstitial
regions of the matrix. The rcaction product between the diamond grains and the
carbide-forming metal is formed within the second phascs, which is also where the inert

metal may remain. In a particular embodiment, the mctal carblde andfor the inert metal

i2
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fi1} all or a significant popuolation of the of voids or pores resulting from the reimoval of

the catalysi material.

Diamond grains uselu for {forming the dizenond body duting the HPHT process
inciude diamond powders having an average diamcter grain size in the range of from
submicrommetet in size to 0.1 mm, and more preferably in the range of {rom about 0.001
mm o 0.08 mm.  The diamond powder may contain graing having a monoe or multi-
modal sive distribution. For example, the diamond powder may comprise a mutinmodal
distribution of diamond grains comprising about 80 percent by volume diamond geains
sived 20 to 30 micrometers, and 20 percent by volume diamond grains sized | 10 6
micrometers. In an embodiment for a particular application, the diamond powder inay
have an average particle grain size of from about 5 to 30 micrometers, However, 1118 to
be understood that the diamond grains having a grain size greater than this amount, &.g2..
greater than about 30 micrometers, may we used for certain drilling and/or cutting
applications, In the event that diamond powders are used having diffcrently sized
grains, the diamond grains are mixed together by conventional process, suich as by ball

ar attrittor milling for as imuch time as Decessary to ensure pooad uniform distribution.

The diamond powder used to prepare the diamond body may be synthetic
diamond powder,  Synthetic diamond powder is known to include srnall amounts of
solvent metal catalyst material and other materials entrained within the diamor
crystals themselves. Allernatively, ihe diamond powder used o prepare the diamond
body may be natural diamond powder, The dismond grain powder, whether synthetic
or natural, may be combined with a desired amount of solvent catalvsl Lo facilitate

desired intererystalling diamond bonding during HPLT processing.

Suitable catalyst materials useful for forming the PCL body may include metad
solvent catalysts selected from Group VI af the Periodic table (including cobalt,
nickel, and iron), with cobalt {Co) being the most common, and mixtures or alloys ol
two or mare of these materials. The diamond grain powder and catalyst material
mixture may comprise 85 to 95% by volume diamond grain powder and the remaining

amount catalyst material. In certain applications, the mixture may comprise greater

13
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than 95 % by volume diamond grain powder. Allernatively. the diamaond grain powder
may be used without adding a soivent metal catalyst in applications where the solvent
metal catalyst is provided by infiltation during HPHU processing Irom o substrate

positioned adjacent the diamond powder votume.

In certain applications it may be desired to have a diamond body comprising a
single diamond-containing volume or region, while in other applications it muy he
desired that o diamond body be constructed having two or more diflercnt diamond-
containing volumes or regions. For cxample, i may be desired that the diamond body
include a first diamond-containing vegion extending & distance from a working surface,
and a sceond diamond-containing region extending from the first diamond-containing
region to the substrate. Such diamond-containing regions may be cngineered having
different djamond volume contents andfor be engingered having differently sized
dizmond grains. [ is, therelore, undetstood that the diamond constructions of this
disclosure (including either the first, thermally stable region andfor the second region)
may include one or multiple regions comprising different diamond densities and/or
diamond grain sizes as called for by a pasticular cutting andior wear ond use

application.

n an example embodiment, the diamond gram powder may be cleaned, and
loaded into a desitcd container adjacent a dosired substrate [or placement within a
suitable HPHT consolidation and sintering device.  An advantage of combining a
cubstrate with the diamond powder volume prior to HPHT processing may be that the
resulting compact inchedes the substrate bunded thereto o factlitate eventual altachment
of the compact 1o a desired wear and/or cutting dovice by conventional method, e.g., by
brazing or welding or the like. In an example embodiment, the substrate includes a
metal solvent catalyst for calalyzing intercrystatline bunding of the diamond grains by

infiltration during the [IFPHT process.

Syitable materials useful as substratcs include those materials used as substrates
for conventional PCD compagts, such as those formed [rom ceramic materials, metalfic

materials, cormet materials, carbides, nitrides, and mixtures thercof. In a particular

14
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ernbodiment. the subsirate may be provided in & preformed state and includes a mctal
solvent catalyst capable of infilieating into the adjacent diamond powder muxture during
HPHT processing used Lo initially form the PCD body to facilitate sintering and
providing « bonded attachment with the resulting sintered body.  Alternatively., the
substrate may be provided in the form of a green state, ie., unsintercd, pati, of may be
provided in the form of a powder volume. [l may desived that the metal solvent catalyst
dispased within the substrate be one that melts at @ temperature above the lemperature
used during the subsequent process of process ol introducing the infillrant material into
the designated diamond body region and reacting the reactive material thevein to {orm
the desired reaction product. Suitable metal solvent catalyst materials include those
selccted from Group V1IN elements of the Periodic table. A preferrcd metal soivent
catalyst is cobalt (Co), and a preferred substrale material comptises cemented tungsten

carbide (WC-Ca).

The HPHT device may be activated to subject the container and its contents (0 a
desired HPHT condition to conselidate and sinter the diamond powder mixture to torm
PCD. In an example embodiment, the device may be controlied so that the container is
subjected to a HIPHT condition comprising a pressurc in the range of [rom 5 Lo 7 GPa
and a temperature in ihe range of from abaut 1,320 10 1,600°C, for a sulficient period of
time. During this HPHT process, the catalysl material present in the suhstrate melts and
infilrates the diamond grain powder 1o faciliae intererystalline diamond bonding and
honding ol the resulling dinmond body o the substrate.  During lormation of the
diamond body, the catalyst material migrates into interstitial regions within the diamond

bady disposed between the diamond grains.

FIG. 1A iilustrates a PCD compact 16 formed according to this process
cotprising a diamond body 13 formed from PCD and a substrale 20 attached thereto,
The diamond body includes a working {upper and side) surface 22 positioned atong &
desired outside surface portion of the diamond body 18. In the example embodiment
lustrated in FI1G. 2A, the diamond body and substratc are each configured in the form
of generally cylindrical members, and the working surface is positioned aleng an axial

end across a diamond table of the diamond body 18.

15
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It is to be understood that PCTy compacts wseful for forming  diamond
constructions of this invention tnay be configured differently, e.g., having a diamond
body mounted differently on the substrate andfor having a working surface positioncd
differently along the diamond body and/or differently refative to the substrate, FIGS,
713 to 2E illustrale PC compact cinbodiments that are configured differently than that
iustrated in FIG. 24 lor purposes of reference. and thal ave all usctul For forming

diamend constructions of this disclosure,

In an example embodiment, once formed, the diamond body 18 is treated 1o
remove the catalyst malerial used 1o inittally sinter and form the diamond body [rom a
selected region thercof. This may be done, for example, by removing substantially all
of the catalyst material from the selected region by suitable process. e.z. by acid
leaching, aqua regia bath, electrolytic process, chemical processes, electrochemical

PrOCesses Or combinations thereot.

IUis desired that the selected region where (he catabyst material is removed, of the
tegion of the diamond body that is develd or substantially free of the catalysi material,
be one that extends a delermined depth from a surface of the diamond body independent
of the diamond body orientation. Apgain, i is to be understood that the surface {romm
which the calalyst materfal is removed may snelude more than one surface porfion of the
dimmond body. In an gxampic embodiment, 1t s desired that the regiom renderad
substantially frec ol the catalyst material extend from a surface ol the diamonsd body an
averape depth of at least about 0.010 mm. The exact depth of this region is understood
10 vary depending oo such fuctors as the diamond density, the dimmond grain size, and

the ultimate end use application.

In an example embodiment, the treated region (andfor first, thermally stable
region) may extend from the surface of the diamond body 10 an average depth that may
broadly range from 0.01 to 3.0 mm, that may be less than about 0.1 mm for certain
applications, or that may be greater than about 0.1 mm for other applications. In an
example embodiment, the region that is rendered substantially free of the catalyst

material (and subsequently infiltrated with an infiltrant material) extends from the
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surface of the diamond body an average depth of from about 0.05 mm to aboul .3 mim,

As noted above, for more aggressive tooling, cutting andfor wear applications, the
region rendered substantially free of the catalyst material may extend a depth from the
working surface of greater than about 0.1 mm, ¢.g., up o U.2 mim, .3 mm, (.5 mm, or

even |.0mm.

The diamond body may be machined, e.g.. by OD grinding and/or polishing, toits
approximate [nal dimension prior to treatment, Allernatively, the diamond-PCD
compact may be treated first and then machined 1o ils final dimension.  The targeted
region for removing the catalyst material may include any surface region of the body,
including, and not limited to, the diamond table, a beveled section extending around and
defining a circumierential edge of the diamond table, andfor a sidewall portion
extending axially a distance away from the diamond table towards or to the substrate
interface. 1o a particular embodiment, the diamend honded body is machined finished
te its approximate final dimension prior to treatment, which may or may not include the

farmation of a beveled section as noted above.

It is to be understood that the depth of the region removed of the catalyst materiat
is represented as being a nominal or average value, e g. arrived at by taking a number
of measurements at preselecied intervals along this region and then determining the
average value for all of the points, The remaining/untreated region of the diamond

body is understoad to still contain the catalyst material and comprises PCI.

Additionafly, when the diamond body is lreated, il is desired that the selecied
depth of Lhe region (o be rendered substantiaily free of the catalyst material be one that
allows a sufficient depth of remaining PCD so as to not adversely impact the attachment
or bond lormed between the diamond body and the substrate.  In oan example
embodiment, it is desired that the wntreated or remaining PCD region within the
diamond body have a thickness of at least about 0.01 mm as measurcd from the
cubstrate. It ts, however, understood that the exact thickness of the PCD region may

and will vary from this amount depending on such factors as the size and configuration
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of the diamond construction, and the particular  diamond construction  end-use

application.

In an example embodiment, the selected region ol the diamond body 10 be
removed of the calalyst material is treated by exposing the desired surface or surfaces of
the diamend body te acid leaching, as disclosed for example in U5, Palent No.
4.224,380, which is incorporated hercin by reference.  Generslly, afler the diamond
body or compact is made by HPHT process. the identified body surface or surfaces,
may be placed into contact with the acid leaching agent for a sufficient period ol'time (o

produce the desired leaching or catalyst matcrial depletion depth.

Suitable jeaching apents for treating the selected region include materials selected
from the group consisting of norganic acids, organic acids, mixtures and derivatives
thercof. The particular Jeaching agent that is sclected may depend on such factors as the
1ype of catalyst material used, and the type ol other non-diamond metallic materials that
may be present in the diamond body In an example embodiment, suilable leaching
agents include hydrofluoric actd (11F), hydrochlorie acid (RCL) nitric actd {1TNO;), and

mixtures thereol.

In an example embuodiment, where the diamnond body 1o be treated is in the form
of a diamond compact, the compact may be prepared tor treatment by protecting the
subsirate surlace and other portions ol the diamond body adjacent the desired Lreated
region from contact (liquid or vapor) with the lcaching agent. Methods of prodecting
the substrale surface include covering, coating or cncapsulating the subsirate and
portion of PCD body with a euitahle barricr member or material such as wax, plastic or

the leke,

11GiS. 2 and 4 illustrate examnple embuodiments of the diamond constructions 26 of
this disclosure after the catalyst material has been removed from a selected region. The
construction 26 comprises & treated region 28 that extends a selected depth ¥ from a
surface 30 of the diamend body 32. The remaining region 34 of the diamond body 32,

extending from the treated rogion 7% to the substrate 36, comprises PCD having the
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catalyst material inlact.  As discussed above, the cxact depth of the treated region

having (he catalyst material removed there from can and wilt vary.

Additionsily, as mentioned briefly abave, it 1s to be undersicod that the diamond
constructions desctibed above and illustrated in FIGS. 3 and 4 are represcotative of a
gsingle embodiment of this disclosure for purposes ol reference, and that diamond
constructions other than thal specifically described and illustrated are understood to be
within (he scope of (his mvention. I'or example, diamond constructions comprising a
diamond body having a treated region and ihen two or more olher regions are possible,
wherein a region interposed between the treated region and the region adjacent the
substrate may be a ransition region having a different diamond density and/or formed
from diamond grains sized differently from that of the other diamond-containing

regions,

FIG. 5 illustrates the material microstructure 3§ of the diamond constructions of
this disclosure and, more specifically, the material microstructurc taken from a seclion
of the treated region. The treated region comprises a matrix phase of intercrystalline
bonded diamond formed from a plorality of bonded-together diamond grains 40, The
treated repion also includes a plurality of interstitial regions 42 interposed between (he
cdiamond wrains or crystals that are now substantiaily frec of the catalyst material, Le.,
that are now voids or emply pores. The treated region is shown to extend a distance
“1y from a surface 44 of the diamond-boded body, whereln (he inferstitial regions 42

below the depth D are undersiood 1o inchude the catalyst material.

In one example embodiment, once the catalyst alerial is removed from the
targeted region, the resulting diamond body is further processed fo mtroduce an
infiltrant material, as disclosed herein, to effect a desired reaction between the reactive,
carhide-forming material and the diamond in the targeled region, form a gradient
structure, and to optionally provide a layer of the rcactive material andfor reactant

product on a surface of the diamend body.

As discussed above, the infiltrant alloy material includes one or more reactive

materials, and one or more other nopreactive and inett materials (docs not react with the
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diamond crystals or catalytically function to cause diamond bond formation). In &
particulat embodiment. the infiltrant alloy material is sefected from a combination of
ONC OF Nore Feaslive, cathide-forming meials with one or more ponrcactive, inert metals
that wlcn combined has a meiting temperalure helow that of the catalyst material uscd
1o form the diamond body and that still exists in the PCID region of the diamond body.
The nonreactive, mert material also aids the process of infiltrating the reactive
inaterial into the diamoend body, and in an example embuodiment, may be sclected to
control the rate of reaction between the reactive material and Uhe dimmond during the
process of infiltration o thereby improve the degree of infiltration into e diamond

region by the infiltrant matetia,

Example nonreactive, inett metals usefud for lorming the infiltrant alloy matcriad
of the prescnt disclosure may include one ot more metals selected from Cu, Ag, Au, Pd,
and Pt. However, other motals that arc non-resctive of pon-catalyzing with carbon may
also be used. 1L may be desived that the amount of the nenreactive, inert metal in the
infiltrant alloy be sufficient to reduce the melting temperature of the infiltrant material,
to » temperature below that of the catalyst material, and o provide a degrec of control
over the reactive material reaction rate, but yct minimize the tendency for such
nonreactive materal to act as a catalyst to the diamond during infiltration andfor during

subsequent use of the diamond hody in a wear or cutting operation.

[ is theorized that the carbide-forming wetal used in the inflitranl malerial reacts
with the diamond crystals to form a barrier on the surface ol diamond crystals. Thus.
the phurality of second regions are believed o contain a reaction product (inetal carhide)
along an ouwler boundary adjacent the surrounding diamond crystals, and an Innce
portion that is surrounded by reaction product {imetal carbide) that contains the
nonreactive, inerl metal. Additionally, the amount of the nonreactive material that is
used may also be sclected such that its presence within the plurality if scoond regions
will not create a theymal expansion differential within the construction during use that
will adversely impact petformance or service life of the construction. Additionally, one
<killed in the art, upon reading the teachings contained in the present application, would

appreciate that the relative amount of metal carbide that forms in the second phases
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decreases extending away from the surface from which the infiltrant matetial infiltrated,

swhereas the inert metal increases in relative amount.

Preferably, the carbide-forming metal included in the infiltrant material is one that
rencts with the diamond to form a reaction product therewith.  In a preferred
embodiment, the carbide-forming metal is one that is capable, alone or when combited
with another material, of melting and reacting with diamend in the selid state during
processing of the diamond materials at a temperature that is helow the melting
tempetaiure of the catalyst material in the PCD region of the diamond body.
Additionally, such carbide-forming metals would include those that, upon reacting with
the diamond, form a compound having a coefficient of thermal cxpansion that is
relatively closer to that of diamond than that of the calalyst material used to initially
sinter the diamond body. Additionally, it is also desired that the compound formed by
reaction of the reactive material with diamond have significantly hi gh-strength

characleristics.

The reactive, carbide-forming metal included in the infiltrant alloy is onc that
reacts with the diamond to form a reaction product therewith. In a particular
embadiment, the resctive, carbide-forming material is one that is capable, alone or
when comtbined with another materiat, of melting and reacting with diamond the
sobid state during processing of the dismond matertals at & temperalure that is below the
melting temperature of the catalyst malerial i the PCI region of ihe diamond body.
Suitable reactive matertals useful for forming diamond conslructions ol this disclosure
may (nclude, for example, T, 76, Nb, Mo, W, Ta, V, 5i, Cr, B, Hf, or any other element
that will reacl with the carbon in the diamond crystals under the JPHT condilions to
form o metsl carbide.  Additionally, such reactive materials would include those that,
upon teacting with the diamond, form a compound having a coetficient of thermai
expansion that is relatively cluser to that of diamond than that of the catalyst material
nsed to initially sinter the dismond body., Additionally, it may also be desired that the
compound fortned by reaction of the reactive material with diamond have signilicantly

high-strength characteristics.
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ln an example embodiment, the infiltrant material may comprisc in the range of

from about 5 to 40 percent by volume nonteactive, inert metal, e.g., Cu, Ag, Au, Pd, or
P, and a remainder amount of carbide-forming metal, 1L s o be understood thatl the
amount of nonrcactant, incrt metal and reactive, carbide-lotming metal used fo form the

infiltrant alloy can and will vary depending on the £ypes of matcrials used.

In an example cmbodiment, a treatsd diamond body (having calalyst malerial
removed therefrom) is loaded into a container for placement within the HPELT device
for HPHT processing. Before heing placed into the containgr, a desired infiltrant
material is positioned adjacent a surface of the treated area of the diamond body to
facilitale infiltration into the treated region during the HPHT process. During the
HPHT process, the infiltrant material melts and infiltrates into the adjacent surface ol
the treated region of the diamond body and partially or complately fills the plurality of
voids existing in the interstitial regions. As the infilteant material infiltrates into the
diamond body, (he reactive, carbide-forming metal may react with the diamend crystals
within the polycrystaitine matrix phase to form a metal carbide within the interstitial
regions, thershy forming the plurality of second phascs within the material
microstructure.  Additionally, as the carbide-forming metal is depleted from the
infiltrating phase (due to formation of metal carbides), the inctt metal infillrates degper
o Lthe diamond body in order to produce 8 pradient between the infiltrant metal
alloying components. Specilically, as the malten infiltrant alioys sweeps through the
diamond body, the carhide-forming metal yeacts willl chiarmond, forming a melal carbide
particles attached Lo the diamond crystals. As a result of this reaction, as the ineri alloy
pencliales inio diamond body, the more deploted it becomes of the carbide-forening
metal and, consequently, more rich i the nert metal compencnt, lcading te a gradient
structure having more metal carbide and less inert metal close to the diamond body
upper sutfacc and less (of practically no) metal carbide and more inett moving away

from the upper surface into the diamond body.

Duoring the infiltration, the HPHT proccss may be conducted at a temperature
sufficient to tmelt the infiltrant material, at a pressure high enough to keep the diamond

thermodynamically stable, (this pressure may be lower than that used during the process
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of initialty torming the diamond body duc to the fact that this aperation ¥ carried out at

lower temporaturcs than the forming process), and for a sufficient period of Ume, ¢.g..
fram about 1 10 20 minutes. This time period shoubd be sufficient fo melt all of the
infltrant material, 1o allow the carbide-forming metal o infilirate the wrcated region of

the dinmond body (o the desired cxtent react with the diamond erystals in this region 1o
form the desired metal carbide occupying the plurality of second phascs. and to allow

(e inert metal to infilteated the treated region ol the diamaong body 1o the desired extent.
Further, the HPLIT temperatures may range feomm about 800 to 1700°C (and from 900 10
1500°C in a particular embodiment) depending on the sclection of the infiltrant material.
Further, the tempetratures applied may depend, for example, on whether the diamond
body being infiltrant has been rendered substantinlly free of the catalyst material 0T
whether the catalyst material remains in 4 particular depth of the diamond body, anch
whether the diamond body being infiltrated s pre-attached to a substrate. [F the==
substantially afl of the interstitial regions are Cmply and the diamond body is not yo %=
attached to a substrate, the temperaturas must be raised sulficiently high {e.g., ove &
1450°C) 1o allow for meiting of the cobalt (or other Group VIl metal} and partiés 1

infiliration into the diamond body so that the substrate may be bonded thereta. o suc b

an instance the temperature profile may include either a smooth increase through th

melting temperatures of both infilirants or may include a two-step process whereby th s=———

thore is an intermediate hold stop,

additionally, to crcate the gradient structure within the frst, thermally slab ko m—
region, the temperalures during the HEHT process may be conirolled 10 allow for bot=-

‘aAlraiion as well as reaction.  Specifically, the temperature increasc {upon reachir ™

the melting of the inliliranty must be stow enough 1o achicve a grad ient and must be faa-

encugh 1o avoid clogging of the pores by the metal carbide. Thus, upon reaching th-
melting of the infiltrant, the temperature may inorease at a rate belween about 1 a¥
100°C/sec, and between about 2 and 50°Cfsce or between sbout 3 and 25°C/see in ot

embodimenis.

While particular HPHT pressures, temperalures and times have been provided =

is to be understood that one or more of these process variables may change depend 1 T EE——
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on such faclors as the type and amount of materials uzed to form the inflitrant material,
andfor the type of diamond body. It may generally be desired, however for ilus
particuiar cimbodiment, that the HPHT process for infiltrating the infiltrant materiat be
below the melting temperature of the catalyst material remaming in the PCD region of
the diamond body, 1o permit the infiltrant matertal to infiltrate and react with the
diamond crystals without the catalyst material in the PCD region infiltrating imo the

treated region.

The infittrant material, when introduced by HPHT process, may be provided in
the form of a soTd objeet such as a metal alloy {oil, or may be provided in the {orm of a
powder that is posttioncd adjacent a surface of the treated region of the diamond bady,
thereby infiltrating during the HPHT process into the treated region to fill the voids and

pores disposcd therein fornied by removal of the catabyst material,

Other methods of introducing the nfiltrant material o the diamond body may
be by coating or partially infiltrating the body swrface and voids in the treated region
prior to placing the body in the HPHT device by processes such as Chemical Vapor
Deposition (CVD) or Physical Vapor Deposition (PYD}, Other mothods such as wet
chemical plating, or electro-deposition, or filling the veids with the infiktrant material
provided in a liquid phase, eg., via an organic or morganee liguid cartier may also be
emploved.  Such methods of introducing the nfilirant naterial to the diamond body,
Le., to the treated repion, may be uscd as an alternative or in addition to intraducing the

inlelrand material during Lthe HPHT process.

When the infiltrant material is provided in the form of a coating prior 10
placement of the diamond body in the HPHT device, the infilirant material may achieve
a desired depree of penetration into the ireated material 1o OF the empty voids within
the freated region. The cxact depth of penctration can and will vary on a number of
Factors such as the type of coating technique used, the types of materiats used to form
the infiltrant material, and the type of material used to form the dismond body., An
advantage of using such a coating technique to introduce the infiltrant material into the

diamend body is that it may result in a smaller volume change during HPHT
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processing, which would also provide a more predictable and controlled HPHT process

and resulting produet,

A further advantage of introducing some or all of the infiltrant material in this
manner 15 that it may reduce the amount of entrained gas in the product formed during
the HPIT process. which would also help achieve a compact having a higher material
density and possibly having better heat ransfer properhics, Le., resulting from reducing
the lotal volume of unfilled void space within the construction. thereby reducing the
amount of heat transfor by convection and increasing the amount of heal transfer by
conduction, which can operale 1o increase e overatl heat transfer capability of the
resulling diamond body., Reducing the amount of entrained gas within the compact s
alsor desired during the HPHT process as such pas operates to potentially reduce the
extent of desired chemical reactions between the reactive material and the

poelyerystalline phase material.

if the infiltrant material is applied to the diamond body prior to HPH T processing,
the resulting diamond body is then subjected 10 the HPHT process as described above to
achieve any further desired exlent ol infiluation in addition to preducing the desired
reaction product between the reactive material and the polyerystalline mairix phase

material,

Alternatively, the infiltvant material may be provided o the form of a sluny or
liguid or a pel, e.g., in the form of a sol gel, polymer material or the like, comprising the
destrad abloy. I an example embodiment, when the infilicant material is provided in
the form of a liquid or sol gel, it may be introduced inle the diamond body al a
relatively low temperature without the necd to elevated temperature.  In an example
embodiment, tie infiltrant material may be introduced into the diamond body at a
(emperature of at least 800°C for a sufficient amount of time (o provide & desired degree
of inllration and reaction product without having to use elevaled pressure.
Accordingly, using an infiltrant material in such a form enables infiltration 10 take place
by subjecting the diamond bady to the liquid infilirant material, e.g., by immersion or

the fike, under clevated temperature conditions, €.g.. by using an autoclave or the like.
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The diamond body may then be placed in a vacuum furnace and the desired reaction

product, e.g., the metal carbide, may be formed at @ temperature of at least aboul 700°C.

In one embediment, the nfiltrant material may infiltrates into the entire diamond
body treated region, therchy providing a thermally stble diamond region extending a
desired depth from the working surface. In certain situations, however, it may he
difficult for the infiltrant material w infiluatc and i)l the enitire treated region, in which
case a portion of the treated repion may not be filled with the infiltrant material and
such porlion may stitl include some population of unfilled or parttally filled voids or
pores. Allernatively, it may be intentionally desired that some population of the vords
in the treated rogion remain unfilled. This may be desired, for example, for the plirpose
of providing a thermally and/or slcetrically insulating layer within the diamond body,
Aceordingly, it is to be undersiood (hat plurality of voids or empty pores cxisting in the
diamond body (reated region may be completely or only partially filled with the

infiltrant material (the inert metal and/or the metal carbide reaction product),

In a particular embodiment, ali or a substantisl portion of the voids or pores n the
treated region are fllled with the infiltrant alloy (or constituent components thereof,
thus all or a subsiantial popuiation of the voids or empty pores cxisting in this region
will contain the reactive malerial (in the form of & metal carbide) and/or the incrt metal.
I is understond that in those cases that the porcs or empty voids that are flled or
partiatly filled with such intilirant material may. in addition to the metal carbides andior
inert metal, the second phases may alse include some unreactod reactive, carhido-
forming metal. Tlowever, in a preferrcd embodiment, substantially all of the carbide-

torming material in the infiltrzant raterial is roacted.

This reaction between the carbide-forming melal and carbon present in the
diamond crystals may be desired because the reaction product, the metat carbide, may
have a coefficient of thermal expansion that is closer 1o diamond than that of the
catalyst material that was initlally used to sinter the diamond body and that remains
within the PCD region of the diamond body. Additionally, the presence of the metal

carbide may provide improved properties of strength and fracture toughness (o the
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dismond body when compared to the preexisting state of the trealed vegion of the

diamond hody comprising empty voids or pores,

Further. the presence of metal carbide and/or inert metal in the second phases
acljacent the inlerface between the diamond body region comprising the same and the
PCLY region may operate 1o minimize or dilute the otherwise large difference in the
coctficient of thermal expansion that would otherwise exist belween these regions.
thereby operating to minimive the devclopment of thermal stress in at the interface
between Lhe treated and untreated diamond body regions, thereby improving the overall

thermal stability of the entire diamond body,

[t 1% L be understoad that the amount of the inltitrant material vsed for forming
dismond constructions of this invention can and will vary depending on such factors as
the size and volume content ol the diamond crystals in the treated region, the votumie of
the treated diamond region to be infiltrated, the type of materials used to form the
infilirant material, the destred layer thickness ol reactive material internalty within the
region on the diamond crysiaks, the formation and thickness of any material layer on a
surfuce of the diamond body, in addition to the parlicular end-use application for the
resulting diamond construction.  In one embodiment, the amount of the inliltrant
material used may be sufficient © infiltrate a desired volwue of the treated regiom and
form the destred reaction product haviog a desired thickness within the interstitial
regions ol the treated region.  As note above, optionally, the amount of infiltant
material wsed may also take info account the formation of a matcrial layer having a

desired thickness Jormed om al least a portion ot the diamend body surface,

I an example embodiment, the source of the infiltrant alloy is provided in the
[orm of & metat alloy disk, MHowever, other geoinetric shapes of alloy may be used to
vary the infiltration profife in the diamond body, as described in FIGS, A9 As
noted above, the amount of carbide-forming metal that is used may influence the depth
of infiltration, the extent of diamond bonding via the resulting reaction product, and the
thickness any material layer formed on at lcast a portion of the diamond body surface.

In an cxample embodiment, where the diamend bedy hay a diamcter of approximately
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6 mm and the fcach depth is appreximately 0.08 mm, the volume of the infiltrant
material needed to fill the inlerstitial regions will depend on the extent ol the porosity
within this region. As an example, when the porosity in such exampie is approximately
5 percent, approximately 0.8 cubic mm of the infiltrant material may be used, andt when
the porosity in such example (s approximately 10 percent, the amouni of ifilrant

material will be greater by a facltor of 2 or 1.6 cubic mm.

Although formation of the thermally stable diamond region has been described by
using a single infiltrant matcrial, it is to be undersicod that such diamaond region may he
formed by using two or more infiltrant materizls. For example, a first infiltrant matenal
comprising a first reactive material can be used to occupy some population of the voids
disposed within the treated diamond body, and a sccond infiltrant material comprising
second reactive material can be used to oceupy some other population of the voids, In
such example embodiment, the {irst infifirant material may be used to fill the voids in
ohe particular region, e.g., a region nearest the diamend-body surface, while the
infiltrant reactive material may be used te fill the voids in another particular region, e.g.,
g region adjacent the PCD region. In addition to using two or more infiluant malevials
to form different velumes within the thermally stable region, the infiltrant material may

be combined so that they ocoupy the same volume within the thermally stable region,

It is 10 be understood that the particular infilirant materialy that are used in each
such cmbodiments may be tatlored to provide (he desired thenmal andior mechanical
properties for cach such portion of the thermally slable region, thus providing a (ucther
ability to customize the perferimance properties ol the thermally stable region in the

diamond body 1o meet the speeific derands of a particular end-wse application.

In ancther example embodiment, diamond constructions are prepared by
rernoving the catalyst malerial used o form the diamond body completely therefrom
rather than by removing the catalyst material from only a targeted region of the
diamond bady. In such embodiment, a dtamond body comprising PCID is formed in the

manner described above by HPHT process, and the entire so-formed PCD body is
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treated o remove the catalyst matertal therefrom so that the resulling entire diamond

body is substantially free of Lhe catalysl material.

[ such embodiment. the resuliing catalyst free diamond body s then subjected to
a treatment whereby the infiltrant material {as discussed above} is wntroduced into a
region of the body o occupy Lhe empty pores or voids in such regioin, and 10 form the
desired reaction product within the pores. AddiGonally, the catalyst free diamond body
is treated o (hat the empty poves or voids in another region of the body are filled with
another indilirant, wherein such other infiftrant is different {from that used W produce the

reaction peaduct.

The other inliirant that is osed to fill the pores in the other region of the diamond
body may be formed (rom materials that assist in providing a desired degree of fracture
toughness and niechanical strength to the diamond body. Fuether, 1t may be desirable
that such other infiltrant be one that ts capable ol providing a bonded atachment with a
desired substrate to form & diamond compact.  Suitable materials that may be used as
the other infiltrant includes those in Group VIII of the Periodic table and alfoys thereol,
tncluding cobail, iron, and nickel. Other goitable materials that may be used as the other
infiltrant can include nonrefractory metals, ceramic materials, cermet materials, and
combinations thereol. The other inliltrant may or may not include a constituent that can
react with the diamond within the diamond body (o [orm a reaction product, e, the
other miilrant may include a carbide [ormer or the [ike. In a parlicular embodiment,
the other infiltrant is cobalt, A feature of the malerial that is used to form the other
infiltrant is that it may have a melling temperature higher than (hat of the infifant uyed

to introduce the reactive material to form the reaction product.

Such other example embodiment diamond body is formed by freating the ontire
diamond body to remove the catalyst material therefrom by the same mothod as
described above, c.e., by acid leaching process of the like, Where the FCD body
includes a substrate, the substrate may be removed prior to trestment to tacilitate the

catalyst removal process, or may be removed andfor allowed to fall away from the
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diamend body after the treatment, by virtue of the catalyst material no longer being

present to provided a bonded attachment therebetween.

The resulting diamond body is substantially frec of the catalyst material and is
loaded inlo & container fur subscquent 1IPHIT processing. A source of the infiltrant 13
positioned adjacent a desired surface of the diamond body for receiving the infiltrant
Iherein, and a saurce of the other infilrant is positioned adjacent another destred surface
ol the diamond body for receiving the other infiltrant thercin,  In an example
embodiment, the source of the infiltrant used tor introducing the reactive metal and nert
metal maay be in the same form as that described above, and in an cxample emboediment,
is provided in the [orm of a foil. In an example embodiment, the source of the other
inflitrant may be provided in the form of a substrate, that can be in the same form andfor
formed from the same materials described above for forming the PCIY diamond body.
In an example embodiment, a WC-Co substrate is used as the source of the other

inflltrant, wherein the other infiltrant is cobalt,

In an example embodiment, the infiltrant may be positioned to cover working
suefaces of the diamond body, which may include the same diamond body surfaces
described above, e.g., including the diamond table, wall surface, andfor beveled cdpe.
In an cxample embodiment, the other infiltrant is positioned along a surface of the
diamond body where a desired atlachment to a substrate is desired, which can vary

depending on the particudar cnd-use application.

The container is boaded into an HPHT device and the device is operated Lo cause a
sequential melting and infilteation of the infiltrant material comprising reactive mederial,
and then the melting and infilteation of the other infiltrant materal. 'The extent ol
infilteation, 1.c., the depth of infiltration into the diamond body, by the infiltrant materia!
comprising Lhe reactive material may be controfled by the volume of the infiltran
material that is provided andfor by the extent of time that the HPHT process is held at
the infiltrant melting temperature and/or the reaction material reaction temperature.  In
an example embodiment, the volume of infiltrant material that is provided and/or the

duration that the [IPHT process is held at the infiltrant melting temperature is such as
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sufficient to facilitate formation of a region within the diamond body comprising the

reaction product within the pores to depth as described above.

[0098] The HPHT device may be operated 1o provide a stepped temperature change trom
a firsl lemporature (to melt the infiltrant comprising the reaction metal and the ner
metal) 10 a second lemperature (to melt the other infilirant) after a sufficient period of
time has passed. Alternatively, the HPHT device may be operated to provide a gradient
wmperature change moving gradually from (he {irst lemperalure 10 a second
emperature over a sufficient period of time. In hoth operations, the sullicient period of
time is that which permits formation of the region within the diamond body having the

reaction product within the pores o the desived depth.

j00099] Once the desired depth of the diamond body region comprising the reaction
product is formed, the temperare of the HPHT device increases fo the melting
temperature of the other infiltrant 1o causc it to melt and infiltrate into a region of the
diamond body not aircady filled with the reaction product and inerl metal. In the
example embodiment where the other infiltrant is provided as a constituent of 4
substrate, such infiltration of the other infiltrant operates to form a bonded attachment
hetween the diamond body and the substrate, The HPHT device may be operated at this
higher temperature for a poriod of time sufficient to fill the other region of the diamond
body andfor to ensure that a desired attachment bond is formed between the diamond

hady and the subsirate,

[(H1160] In such cxample embodiment, the resulting diamond body may include a fies,
thermaily stable region (having a gradient witlin the interstitiat reglons between the
bonded-together diamond of & mctal carbide and the inerl melal) and a second region
(having the other infiltrant material disposed within the interstitial regions). In a
particular embodiment, the other infiltrant material may be a Group VI metal (such as
Co, Ni, or Fe) that infiltrates into the second region from a substrate to which the
diamond body is bonded. There may be some ovetlap or an interface between the first
and second regions, or alternatively there may be a region within the diamond bedy

between the two regions that possesses empty interstitial regions. In an example
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embedinent, the fivst region extends a depth within the diamond body ay described

above, and the second region extends between the first region and the subslrale,

{00101] FIG. 6 illustrates a perspective view of a thermally stable dizmond construction
44 constructed according to principles described above,  Generally speaking, such
construction 44 comprises a diamond body 46 having the thermally stable diamond
region 4% extending a depth from a dismond body upper surlace 4%, and a further region
50 that either comprises convenlional PCD {ie., that includes the catalyst material used
o form the dizmond body) or thal comprises a region including another infilirant
disposed within the interstitial regions that 15 not the catalyst material that was used 1o
initially form the diamond body. The construction 44 may optionally include a matcial
layer 52 that is disposed along at Icast & portion of a surface of the diamond body. 1t is
to be undersiood. the diamond constructions of this disclosure may be formed with or
wilhout the material layer 32, depending on the particular end-use application.  'The
material layer 52 15 Tormed (rom the infiltrant material and, in an cxample embodiment,
comprises the reaction product formed by reaction of the reactive carbide-forming mctal
with the diamond in the diamond body. The construction 44 illustrated in FIG, & is
provided in the form of a compact comprising a substratc 54 attached to the diamond
body 46. In an example embodiment, the substraic 54 is attached to the diamond body

46 via the region 3{.

[G0102] As deseribed above, the optional material layer 32 may be formed during the
HPFT process of infiltrating the infiltrant material {and reaclion o[ the carbide-forming
mctal with the diamond) within the diamond body, during which process ihe matenal
laves is forned in st during infiltration and reaction product fommalion. Alternatively,
the matcrial ayer 52 may be formed separately from the FIPHT process used o [orm
the reaction product within the diamond body, e.2., by depositing a desived thickness of
the infiltrant material onte the designated surface of the diamond body, and then
subjecting the swrface to temperature andfor pressure conditions sulficient o form the
reaction product on the diamond body surface. Further stll, the material layer may be

formed independent of the HPHT process by depositing a desired thickness of 4 metal
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carbide onto a surface of the diamond body by CVD, PVD wr olher conventional

[Proccsses,

{00183] The thickness of the material layer can and will vary depending on the particular
diamaond body size, shape, and end-use application, as well as the material selected for
forming the materal layer. In an exampie embodiment, the malerial laver thickness
may be less than about 100 micrometers, prelerably in the range of from abouwt 0.5
mictomeicrs to 50 micrometers, and more preferably in the range ol fron about 5 to 30
micrometers. 1L is also within the scope of the present disclosure that the matenal laver
52 be formed during the HPH'L process and then subseguently be removed, such as by

rmachinig or Ninishing, depending on the desired end use of the diamond construction.

[0010G4] While the deamond construction 44 is illustrated having a generally cylindricai
ali surface with a working swrface 56 positioned along an axial end ol the
construction, it is to be understood that diamoned constructions of this disclosure may be
confipured having a variety of differcnt shapes and sizes, with difforently oriented
working surfaces, depending on the particular wear andfor cotting application, e.g.,

based on the different PCD compact constructions illustrated in FIGS. 213 to 2E.

100145) FIGS, 7A-T3 iliustrate cross-sectional side views of a diamond construction 74 of
this discltosure, FIG. 71 illustrates the construction 7¢ formed from the components 60
shonwn in FIG. 7AL As shown in FIG, 7A, a diamond body 62 is placed on a substrate 64
{or may be boncded (hereto), and an infiltram material 66 is placed on the opposing
surface of the diamond hody 62, In this embodiment, diamond body 62 includes two
regions, a ireated region 02a (wherely the cartalvst material has boon removed
iherefront), and an untreated region 62b; however, other embodiments of the present
disclosure may provide for infiltration of a diamond body that has been completely
freated such that the entire body is substantially free of catabyst material. Uponr HPHT
sintering, infiltrant material 66 infiltrates into the pores of the diamond body 62,
specifically, the reated region 62a, Because diamond body includes unireated region
G2b, metal from the substrate 64 need not infiltrated into the diamond body so long as

the diamond body is already sintered to the substrate 64, The resulting construction 70
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has a diamond body 72 that is attached to a substrate 74. The diamond body 72
includes & thermally stable diamond region 76 that extends a depth from a surface 78 of
the diamond body, The thermally stable diamond region 76 has a rmaterial
microslruciure comprising a polyerystalline diamond mawix first phase of bonded
together diamond crysials, and a sccond phase disposed interstitially within the matrix
phase, as best illustrated in FIG. 1. The contents second phase of the thermally stable
diamond region 76 include metal carbide and an inert mewal, with the twa existing as a
grachem structure of greater refative amounts of metat carbide nearer the surface 78 and
ereater relative amounts of iner medal nearcr the sceond region,  Becausse the second
phase 15 dispoged within the interstigtal regions of the material microstruciure thal
previousiy cxisted as voids, the second phase may also he referred 1o herein as
plurality of sceond phases as such are dispersed throughout the madrix phase. As noted
above, this region 76 may have an improved degree of thermal stability when compared
to conventional PCD, due both o the absence of the catalyst material used to form the
diamond body and to the presence of the metal carbide (particularly near the surface 78)
and inert metal, as this metal carbide has a coefficient of thermal expansion that more

closcly matches diameond as contrasted to a catalyst material such as cobalt.

[0H11HG] The diamond body 72 incluides ancther region 71, which may be a conventionsl
PCIY region or a diamend region that includes another infillrant and thal is substantially
free ol the catalvst material used 1o initially [orm the diamond body.  This other, or
second, region 7 extends a depth from the thermaily stable diamond region 76 through
the body 72 10 an interface 73 between the diamond body and the substrate 74, As
noted above, in an example embodiment, the other replon 70 may facilitate an
attachment bond with the substrate, thereby ensuring use and attachment of the resulting
diamand construction to a destred end-use application device by conventional means

lke welding, brazing or the like.

[(HH07T] The first region 76 may extend from the surface of the diamond body 1o an
average depth that may broadly range from 0,01 to 3.0 mm, that may be less than aboul
.1 mm for certain applications, or thal may be greater than about 0.1 mm for other

applications. [n a particular embodiment, Mrst region 76 extends from the surface of the
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diamond body an average depth of from about 0.05 mm to about 0.5 mm.  As noled
above, for more apgressive tooling, cutting andfor wear applications, the region
rendered substantially free of the catalyst material may extend a depth from the worlking
surface of greater than about 0.1 mny, e.g., up to 0.2 mm, 03 mem, 0.5 mm, or even 1.0
mm. In eiher einbadiments, the fiest region 76 may extend a depth into diamand body
72 that is 5 to 93% of the total depth of the diamond hody 72, in a particuiar
cmbodiment.  In other embodiments, he first region 76 may extend a depth into the
dizmond body 77 that is the total depth of the diamond body 62 less 0.1 um, which is
occupicd by the secand region 71 Further, within the first region 76. the portion of the
first region 76 that interfaces the second region 71 may possess in its interstitial TegIons
a metal carbide that occupies O to about 509% by volume of e interstitial, where the
volume percent of metal carbide within the interstitial regions increases moving lowards

the upper (or side) surface 78 of diamond body 72.

(M2 18] FIGS. 8A-8B are similar to the embodiment shown in FIG, 7A-7B. However, in
the cmbodiment illustrated in FIGS. 8A-8B, the entire diamend body 62 has been
treated so that substantially all of the poves arc free of a catalvst material. In addition to
this difference, the infiltrant metal 66 is provided in the form of a ring that is laid upen
the upper surface 68 of the diamond body 62, so that upon formation of the construction
H), the thermaliy stable diamond region 76 (havine the gradient as described with
respect to FIG. 7B 0 not present as a unilorm laver, but is instead takes an snnolar
shape.  In such an embodiment, the thermally stable region 76 is present along the
culling portion of the construction 70 while maximizing the amount of the PCI region

71 {having the vatalyst material or a sabsequently infiltrated Group VT metal).

[GO109} FIGS. 9A-98 arc similar (o the embodiment shown in FIG, 7A-78. However, in
the erabodiment illustrated in FIGS. $A-98, the infiltrant metal 66 is provided in the
form of a ring having an flange extension so that a portion of the side surface 69 of the
diamond body is covered by the infiltrant 66. Upon HPHT conditions, the construction
70 may possess a thermally stable region 76 with a simitar profile as the infiltrant metal,
whereby the thermally stable region 76 extends circumferentially around the diamond

body 72 side surface 79 a partial depth as well as a partial depth from a portion of the
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upper surlece. (Mher embodiments may alse allow for the use of a disk having a flange
extension 10 allow for the {ormation of a thermally stable region that extends
circurnicrentially around the diamond body side surface a partiat depth, as well as 3

prartial depth Froum the erdire upper surlace.
00110

0111} Diamond constractions of Uhis diselosore will be belter understood with referenee

1 the following examples:
Example [ - Diamond Construction by Partial Leaclung

[T E2] Synthetic diamaond powder having an average grain size of approxtmately 2 to 50
mucroaneters 15 mixed logether for a period of approximately 2-6 howrs by ball milling,
The resulling mixture is cleaned by heating (o a temperature in excess of 830°C under
vacuum, The mixture is loaded into a relractory melal container. A WC-Co substrale is
positioned adjacent a surface ol the diamond powder volume.  The container is
surrounded by pressed sall (NaCl} and this arrangement is placed within a graphite
heating clement.  This graphite heating element containing the pressed sall and the
diamond powder and substrate encapsulated in the refractory container is loaded inlo 4
vessel made of a high pressure/high temperature sell-sealing powdered ceramic material

[ormed by cold pressing into a suilable shape.

[00113] The self-scaling powdered coramic vessel is placed in a hydraulic press having
one or more rams that press anvils into a central cavity, The press s operated (o impose
an intermediate stage processing pressure and temperature condition of approximalely
5,500 MPa and approximately [ 450°C on the vessel for a period of approximately 5
minutes, During FIPHT processing, cobalt fromm the WC-Co substrate infiltrates into the
adjacent diamond powder mixture, and intercrystalline bonding between the diamond

crystals fakes place forming PCD.

[00114] The vessel is opened and the resulting PCD compact is removed Lherefrom, A
region of the PCD body is treated by acid Ieaching to remove the catalyst material, e,

cobalt, therefrom 1o a depth of approximately 035 mm. After the leaching treatment
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is completed, the treated diamond body with substrate bonded thereto is apain loaded
into the HPHT device and a infiltrant malerial comprising a metal alloy disk (containing
at least onc of Cu, Ag, Au, Pd, or PLand at least one of T, Zr, Nb, Mo, W, Ta. or V) is
positioned adjacent the treated region.  The HPHT device 1 operated o impose
approximately 5,300 MPa and approximately LEOOPC {or a period of approximately 2
minutes. During which time the infiltrant material melts and inliltrates into the treated
region to fill the empty voids and pores crealed by removing the catalyst malerial, and
the af least one of 10, Zr, Nb, Mo, W, Ta, or V reacts with the diamond crystals (o lform
a reaction product, e, T, Ze00 NhO, MoC, W, TaC, or VO, Further, during this
HELT process the odher metal also infillrates into the diamond body, and as the Ti, Zr,
Nb, Mo, W, Ta, or ¥V iy reacted/depleted, the Cu, Ag, Au, %d, or Pt infiltraics deeper
inte the diamond body and becomey the primary component within the interstitial

regions of the diamond body in the treated region.

[0113] The so-formed diamond construction has a diamond bedy with a thermally stable
diamond region of approximately 0,055 mm thick having a microstructure characterized
by a pelycrystalline diamond matrix first phase and a metal carbide andfor inerl metal
sgcond phase occupying 2 major population of the cmpty voids, The total dlamond
body thickness may be approximately 2.5 mm, and the PCD repion would have a
thickness of approximately 1.95 mm. The diamond body PCD region may he attached
1o the W-Co substrate having a thickness ol approximately 13 mm. Turlher, these
thicknesses are representative of a single examiple construction, and the scope of the
present disclosure is not so limited.  Rather, other diamaond table thicknesses, as well

other thermally stabie repion thicknesses, may be used as described above,
Cxample 2 - Diamond Construction by Complete Leaching

[00116] A PCD body is prepared in the same mannetr described above in Example 1,
However, the entire PCD body is treated by acid leaching fo remove the catalyst
material, i.e., coball, therefrom. Before the body is treated, the substrate is removed 1o
facilitate the process of removing the cataiyvst material therefrom. After the keaching

treatment is completed, the treated diamond body is 1oaded into the HPHT device and a
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infiltrant material comprising a metal alloy disk {containing at least one of Cu, Ag, Au,
Pd, or Pt and al least one ol Ti, Zr, Nb, Mo, W, Ta, or V) Is positioned adjacent a first
region of the body and a WC-Co substrate 15 posilioned adjacent a second region of the

brael v,

{MHL17] The HPHT device is operated o impose approximalely 5,500 MPa and
appraximately 1,100°C for a period of approximately 2 minates. During ihis time the
infiltrand material melis and infiltrates 1nto the treated region 1o fill the emply voids and
pores created by removing the eatalyst material, and the at least one of 11, Zr, Nb, Mo,
W, Ta, or V reacts with the diamend crvstals 1o form a reaction product, ie, 10, ZrC.
NbC, Mol WO, TaC, or VL. Further, during this HPHT process the other metal also
infiltrates inte the diamond body, and as the T, Zr, Nb, Mo, W, Ta, or ¥V s
reacted/depleted, the Cu, Ag, Au, Pd, or Pt infillrates deeper into the diamond body and
pecomes the primary component within the interstitial regions of the diamond body in

the treated region.

[00118] While at the samc pressure, the HPHT device s opersled to impose an clevaled
temperature of approximately 1,450°C for a period of approximately 5 minutes.
During this tune the other infiltrant material, coball. in the substrale melts and infiltrates
tnte the seeond region of the diamond body o (1] the emply voids and pores existing

therein, and provides a desired altaclument bond between the suhstrate and the diamond

Levdy,

[U0119] The so-furmed diamond construction has a diamond body with o thermally
digmond region of approximadely 0055 mm thick baving a microstruciure characlerized
by a polyerystalline diamond matrix liest phase and a metal carbide and/or jnert metal
second phase occupying a major population of the empty voids. The total diamond
body thickness may be approximately 2.5 mm, and the sccond region may have a
ihickness of approximately 1.%5 mm. Fhe diamend body's second region was
substantially free of the catalyst material used to inttially form the PCD body and was
attached to the WC-Co substrate, which substrate had a thickness of approximately 13

mm. Further, these thicknesses are representative of a single example construction, and
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the scope of the present disclosure is not so limited. Rather, other diamond table
(hicknesses, as well other thermally stable region thicknesses, may be uscd as described

above.

[00E20] Such diamond constructions may display properties of improved fracture
toughness, strength and impact resistance when compared to conventional thermally
stabile PO that has been rendered such by removing the catalyst material used o sinter
the diamond body either fully or partially therelrom, and (hat has a materiat
microsiruciure comprising a resulting plarvality of empty pores or voids. In an example
ermbodiment where such diamond constnuction is conligured in the form of 4 coding
clement having a dismeter of approximately 13 mun, such digmond construction
displayed improved wear resistance, as measured by mill score lenoth, af at least 300
pereent  when  compared to an identically sized cutting element formed  from
conventional PCD construction, and approximately at feast 50 percent when compared
to a conventiomal TSP construction containing the plutality of empty voids resulting

ftom the removal of the catalyst material.

[60121] A feature of diamond constructions of this disclosure is that they include a
diamond body having a first region that includes, in its interstitial regions which are
substantially free of the catalyst material used to form the body. o gradient structure of
a melal carbide and an inert metal. The diamond body also possesses a further sacond
region (hat either comprises PCI {having the catalyst material therein) or o bonded-
together diamond crystals whose interstitial regions are also substantially free of the
catalyst malerial, bul which may bave anoiber infiltrant matertal cccupying thosce
spaces.  The population of intcrstitial regions within the diamond body  may
substantially fitled. thereby providing a resulting matertal microstruclure having an
improved degree of mechanical strength, toughness, and thermal stability, Further, the
diamond construction may alse opticnally include a material layer disposcd on at beast o
portion of the diamond body surface that forms at least 2 portion of the construction
working surface, and that improves the impact strength and fracture toughness of the
compact.  Still further, diamond constructions of this disclosure include a subsiraie

bonded to the diamond body, thereby enabling constructions of this disclosure to be
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attached by conventional methods such as brazing, welding or the like 1o & variely of
different tooling, cutting and/or wear devices to greatly expand the types of polential

end-use applications.

[(H122] IHamond comstructions of this disclosure may be used in a number of differcm
applications, such as toels for mining, cutting, machining and construction applications,
where the combined properties ol thermal stability, strengthftouphness, impact strength.,
and wear and abrasion resistance are highly desired. Diamond constructions of this
disclogure are particularly well suited Tor use as working, wear and/or culting
components in machine tools for lathing and or milbing, and dnll and inining bits, such
as rofler cone roclk Bits, porcussion or hammer bits, diamond beis, and shoar cotbers used

for drilling subterrancan formations,

[00123] FIG. 10 ilustrates an embodiment of a diamond construction of this disclosure
provided in the form of an insert 80 used in & wear or cutting application in a roller cone
drill bit ov percussion or hammer drit] bit. For example, such inserts 80 may be formed
from blanks comprising a substrale postion 82 {ormed from one or maore of the substrate
malerials disclosed above, and a diamond body 84 having a worlang surface 86 formed
from the thermally stable region of the diamond body. The blanks are pressed or

machined to the desired shape of s roller cone rock bit insert.

00124} FIG, TE illustrates a rotary or roller cone deill it in the form of a rock bit #8
comprising & nuniber of the wear or cotting inserts 8¢ disclosed above and illustated in
FIG. 140 The rock bit 88 comprises a body 90 having three leps 92, and a votler cuatler
cone 4 mounted o a lower ond of cach lee. The inscrts 80 mav be fabricated
according to the method deseribed above. The inserts B0 are provided in the surfaces of

each cutter conc 94 for bearing on a rock formation being drilted.

[00125] FIG. 12 illustrates ihe inscrts 80 deseribed above as used with a percussion or
hammer bil 96, The hammer bil comprises a hoflow stec] body 98 having a threaded
pin (00 on an end of the body {or assembling the bit onto a drill siring (not shown) for
drilling oil wells and the like. A plurality of the inserts 80 is provided in the surlace of

a head [02 of the body 98 for bearing on the subterranean formation being drilled,
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[GO126] FIG. 13 illustrates # diamond construction of this disclosure as embadied in the
form of g shear catter 104 used, for cxample, with a drag bit for drilling subterranean
foymations.  The shear cutter 104 comprises a diamond body 106 that is sintered or
atherwise altached to a cutler substrate 108, The diamond body 106 includes a working
or cutting surface 110 that includes the material Tayer thal is disposed on a surface ol the

dizmond body.

o427} FIG. 14 (Hustrates a drag bit 112 comprising a plurality of the shear cutlers 104
deseribed above and illustrated in FIG, 13, The shear cutters are each atlached 1o hlades
114 that extend lrom a head 116 of the drag bit for cutling against the subterranean

(ormation bemg deilled

[G0128] Embodiments ol the present disclosure may provide at least ane of the fellowing
advantages.  Such diamond constructions may display properties of improved fracture
toughness, strength and impact resistance when compared to conventional thermally
stable PCT) that has been rendered such by removing the catalyst material used 10 Sinter
the diamond hody either fully or partially therefrom, and that has a matereai
micrastreciure comprising a resulting plurality of empty pores or voids. In an example
cmbodiment where such diamond construction is configured in the [orm of a culling
glemen( having a diameter of approximately 13 mm, such diamond construction
displayed improved wear resistance, as measured by mill score tength, of al least 300
percent  when compared to an identically sized cutfing element  [rmed  from
conventional POTY comstruction, and approximately at least 30 percent when compared
{o a conventional TSI* construction containing the pluraitty of empty voids resulting

from the removal of the catalyst material.

HHI129i A dcature of diamond constructions ol thiz disclosure is that they Include a
diamoned body having a first region that includes, 1n its laterstitial regions which arc
substantially frec of the catalyst material used (o form the body, a gradient structure of
a metal carbide and an inert metal. The diamond body also possesses a further second
region that cither comprises PCID (having the catalyst materiai therein} or a bonded-

together diamond crystals whose interstitial regions are alse substantially free of the
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catalyst material, but which may have another infiltrant matedal occupying those
spaces.  The population of interstitial regions within the dismond body may
substantially filled. thereby providing a resulting material microstructure having an
improved degree of mechanical strength. toughiess, and thermal stability. Further, the
diamond construction may also optienaily inchude a material layer disposed on at least g
portion of the diamond body surface that forms at least a portion of the constiuction
wiorking surlsce, and that improves the impacl strength and fracture toughiness of the
compacl. S0l further, diamond constructions of this disclosere include a substrate
bonded o the diamond body, thereby enabling constructions of this disclosure 1o be
attached by conventional methods such as brazing, welding or the like to a variety of
different noling, cutling andfor wear devices (o greatly expand the types of potential

end-use applications.

[ 3 White the invention has been described with respect to a limited number of
embodiments, those skilled in the art, having benefit of this disclosure, will appreciate
that other embodiments can be devised which do not depart from the scope of the
invention as disclosed herein, Accordingly, the scope of the invention should be limited

only by the attached claims.
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CLAIMSE

1. A diamond construction, commprising:
a diamond boedy comprismg a plurality af bonded-together diamond erysialy

Forning a matix phase, and a plurality of interstitial regions disposed,
botween the bonded-topether diamond  crystals, the Jiamend  body
comprising:

s fivst diamond reglon extending « depth from a surface of the diamond
body belng substantially free of a catalyst material used to forn the
dinmond body, wherein the first diammnd region comprises the
miatrix phase and in ai least a portion of the plorality of interstitial
spaces, the first dismond region comprises a metat carbide and an
inert metal, wherein the metal cacbide is formed as a resuft of
reaction between the diamond crystals in the matrix phase and a
carbide-forming metal, silicon or boran; and

& second diamond region adjacent the firsy diamond region comptising the
matrix phase and a Group VII metal in the intersiitial regions,

whersin the interstitial regions in the first diamond region adjacent the
surface of the diamond body comprises a greater relative amount of
metat carbide and Jower relative amount of jnert mefal as conpared
to the interstitial regions in he first diamond vegion thal arc

adjacent the second diamond region.

T The constragtion of claim 1, wherain the interstitiat regivng adjacent the surface

comprise a mixture of the metal carbide and tac eyt metal,

3. The construction of claim 2, wiherein the metal carbide at least partially tines the
boundary of the interstitial regions adjacent the tiamond crystals and the inet

metat |s present at beast in a core region of the interstitial regions.
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The construetion ol any preceding claim, wherein the interstitial regions adjacent

the second diamond region comprise substantially no metal carbide therein.

The construction of any preceding claim, wherein an alloy or mixture of the fnert
tnetal and the carbide-forming metal, silicon or boran has 2 melting tempeeature

that iz below the melting temperature of the Group VT metal in the second

diamond region,

The construelion of any preceding claim, wherein the second diamond region is

substantially free of the catalyst material.

Fhe constrection of any of ¢laims 1 1o 6, whereln the Group VI meal i the

second diamond region is the calalyst material.

The consiruction of any preceding claim, wherein the carbide-forming metal is

selected to form the metal carbide at high pressure/high temperature canditions,

The construction of any preceding claim, ferther comprising a matetial tayer that

is disposed over at least a portion of a swizce of the first diamand region, the

material |ayer being formed from the metal carbide.

- The construetion of claim 9, wherein the material Jayer is substantially fiee of

dizimoend crystals,

. The construction of any preseding claim, further comprising:

a metatlic substrate attached to the diaspond body, the substrate being altached to

the second diamond region,

-'the construction of any preceding claim wherein the diamend body has a

diamaond volume content at one location that ig different from & diamond volume

content at another Jocation.
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14.

14,

17.

L8

The construgtion of claim 13 ool

1 The construction of any preceding claim, wherein the first répion estends a nartial

depth into the diamond body from at lsast a portion of a working surtsce of the

diamond body.

The consieeetion of elair 13, whergin the first region extends o partiab depth inta

the dlamond hody along the entire working surface of the diamond body.

4, wherein the frst regwon exlends o partial

depth tnie the diamond body frem a portion of the side surface of a digmend

by,

The eonstruction of any preceding elaim, wherein the carbide-forming metal,

silicon or bovon is selected from ot least one of Ti, 2r, Nb, Mo, W, Tz, ¥, 3], Cr,

B, or HEL

The construction of any precading claim, wherein the inert metal is selected from

ar Jeast one al Cu, Ag, Au, Pd, or PL

A drill bit, comprising:
a body; and a pluratity of cutting elements attached theretq, whenein a1 Jeast one

of the cutting clements comprise the construction of any precading chaim.
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