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(57) Abrege(suite)/Abstract(continued):

reactive with the binder/catalyst material. The reaction product is disposed within interstitial regions of the polycrystalline diamonad
material that exists between the bonded diamond crystals. The first and second phases are formed during a single high
pressure/high temperature process condition. The reaction product has a coefficient of thermal expansion that is relatively closer to

that of the bonded together diamond crystals than that of the binder/catalyst material, thereby providing an improved degree of
thermal stability to the polycrystalline diamond material.
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THERMALLY-STABLE POLYCRYSTALLINE DIAMOND MATERIALS AND
COMPACTS

ABSTRACT OF THE DISCLOSURE

Thermally-stable polycrystalline diamond materials of this invention comprise a first phase
including a plurality of bonded together diamond crystals, and a second phase including a
reaction product formed between a binder/catalyst material and a material reactive with the
binder/catalyst material. The reaction product 1s disposed within interstitial regions of the
polycrystalline diamond material that exists between the bonded diamond crystals. The first and
second phases are formed during a single high pressure/high temperature process condition. The
reaction product has a coefficient of thermal expansion that is relatively closer to that ot the
bonded together diamond crystals than that of the binder/catalyst material, thereby providing an

improved degree of thermal stability to the polycrystalline diamond material.
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THERMALLY-STABLE POLYCRYSTALLINE DIAMOND MATERIALS AND
COMPACTS
FIELD OF THE INVENTION
This invention generally relates to polycrystalline diamond materials and, more
specifically, polycrystalline diamond materials and compacts formed therefrom that are
specially designed to provide improved thermal stability when compared to conventional

polycrystalline diamond materials.

BACKGROUND OF THE INVENTION

Polycrystalline diamond (PCD) materials and PCD elements formed therefrom
are well known in the art. Conventionally, PCD is formed by combining diamond grains with
a suitable binder/catalyst material. The mixture 1s subjected to conditions of extremely high
temperature/high pressure, where the binder/catalyst material promotes desired intercrystalline
diamond-to-diamond bonding between the grains, thereby forming a polycrystalline diamond
structure. The resulting PCD structure produces enhanced properties of wear resistance and
hardness, making PCD materials extremely useful in aggressive wear and cutting applications
where high levels of wear resistance and hardness are desired.

Binder/catalyst materials that are typically used for forming PCD include Group
VIII elements, cobalt (Co) being the most common. Conventional PCD can comprise from 85
to 95% by volume diamond and a remaining amount of the binder/catalyst material. The
binder/catalyst rnatérial is present in the PCD material within interstices that exist between the
bonded together diamond grains.

One problem known to exist with such conventional PCD materials i1s thermal
degradation due to differential thermal expansion between the interstitial cobalt binder/catalyst
material and the intercrystalline bonded diamond. This is known to occur at temperatures of
about 400°C. Upon sufficient expansion, the diamond-to-diamond bonding may be ruptured

and cracks and chips may occur.
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Another problem known to exist with convention PCD materials involves the
presence of the binder/catalyst material in the interstitial regions adhering to the diamond
crystals, and another form of thermal degradation. This presence of the binder/catalyst
material is known to catalyze phase transformations in diamond (converting to carbon
monoxide, carbon dioxide, or graphite) with increasing temperature, thereby limiting practical
use of the PCD material to about 750°C.

Attempts at addressing this issue are known 1n the art. Generally, these
attempts have involved the formation of a PCD material having an improved degree of thermal
stability when compared to the conventional PCD material discussed above. One known
technique of producing a thermally stable PCD material involves a multi-step process of first
forming a conventional sintered PCD element, i.e., one formed by combining diamond grains
and a cobalt binder/catalyst material at high temperature/high pressure, and secondly
selectively removing the binder/catalyst material from a working surface of the sintered
element.

While this multi-step process results in the removal of the binder/catalyst from a
select portion of the PCD element working surface, and is promoted as providing improved
thermal stability in the region of the element where the binder/catalyst has been removed, it
involves a multi-step process that 1s both time consuming and labor intensive.

It is, therefore, desired that a PCD matenal be developed that has improved
thermal stability when compared to conventional PCD materials. It is also desired that such

PCD material be capable of being prepared during a single manufacturing process.

SUMMARY OF THE INVENTION

Thermally-stable polycrystalliné diamond materials of this invention comprise a first
material phase that includes a plurality of bonded together diamond crystals, and a second
material phaée that includes a reaction product formed between a binder/catalyst material used
to facilitate diamond crystal bonding and a material that is reactive with the binder/catalyst

material. The reaction product is disposed within interstitial regions of the polycrystalline
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diamond material that exists between the bonded diamond crystals.

Thermally-stable polycrystalline diamond materials of this invention, comprising the
above-noted two material regions, are formed during a single high pressure/high temperature
process condition. Thus, the reactive material is one that 1s capable of forming such reactive
product within the same process conditions that use used to promote bonding together of the
diamond crysials . The reactive material is also one that 1s selected to form a reaction product
having a coefficient of thermal expansion that 1s relatively closer to that of the bonded together
diamond crystals than that of the binder/catalyst material, thereby enhancing the thermal
stability of the polycrystalline diamond material. The reactive material can also be selected to
form a reaction product with the diamond crystals themselves, thereby further promoting
thermal stability of the resulting polycrystalline diamond material through enhanced bonding
within the polycrystalline diamond microstructure.

Thermally-stable polycrystalline diamond materials of this invention are useful for
forming compacts generally having the construction of a polycrystalline diamond body,
including the thermally-stable polycrystalline diamond material, that 1s joined to a metallic
substrate. When provided in the form of such a polycrystalline diamond compact, the
construction can include a barrier layer interposed between the substrate and the polycrystalline
diamond body to control unwanted migration of infiltration of materials from the metallic
substrate to the body during high pressure/high temperature process conditions. Constructed in
this manner, thermally-stable polycrystalline diamond materials of this invention are provided
in a form that is useful in such wear and cutting applications as subterranean dnlling, e.g.,

provided in the form of cutting inserts and/or shear cutters in subterranean drill bats.
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BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the present invention will be
appreciated as the same becomes better understood by reference to the following detailed
description when considered in connection with the accompanying drawings wherein:

FIG. 1 1s a schematic view of a thermally-stable PCD matérial of this invention;

FIG. 2 is a perspective view of a PCD compact comprising a PCD body formed
exclusively ﬁom the thermally stable PCD material of this invention;

FIG. 3 1s a perspective view of a PCD compact comprising a PCD body that is
partially formed from the thermally-stable PCD material of this invention;

FIG. 4 1s a perspective view of the PCD compact comprising a PCD body and a
substrate;

FIG. 5 1s a perspective side view of an insert, for use in a roller cone or a
hammer drill bit, comprising a thermally-stable PCD material of this invention;

FIG. 6 1s a perspective side view of a roller cone drill bit comprising a number
of the inserts of FIG. 5;

FIG. 7 1s a perspective side view of a percussion or hammer bit comprising a
number of inserts of FIG. S;

FIG. 8 is a schematic perspective side view of a polycrystalline diamond shear
cutter comprising thermally-stable PCD material of this invention; and

FIG. 9 is a perspective side view of a drag bit comprising a number of the shear
cutters of FIG. 8.
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DETAILED DESCRIPTION

PCD materials of this invention and PCD compacts formed thérefrom are
specially engineered to provide improved thermal stability when compared to conventional
PCD materials and are, therefore, referred to as thermally-stable PCD. Thermally-stable PCD
materials of this invention are formed during a single process stép of consolidating and
sintering the PCD material. During this single processing step, the binder/catalyst material
that is used to catalyze diamond-to-diamond intercrystalline bonding reacts with a specially
selected getter material to produce a desired compound. This resulting compound has a degree
of thermal stability that 1s greater than that of the binder/catalyst material alone, thereby
contributing to the formation of a PCD element, e.g., a compact, having improved overall
thermal stability when compared to conventional PCD.

FIG. 1 illustrates a first example thermally-stable PCD material embodiment 10
of this invention having a material microstructure comprising at least two material phases. A
first material phase 12 comprises intercrystalline bonded diamond, and a second material phase
14 disposed interstitially between the diamond compﬁseé a reaction product of a binder/catalyst
material and a getter materal.

Suitable binder/catalyst materials useful for forming thermally-stable PCD
materials of this invention include those metals selécted from Group VIII elements of the
Periodic table, a particularly preferred binder/catalyst material being cobalt. PCD materials of
this invention embodiment are prepared by combining synthetic diamond powder having an
average dlameter grain size in the range of from subnucrometer in size to 100 micrometers,
and more preferably in the range of from about 20 to 80 micrometers, with cobalt powder to
provide a cobalt coating thereon. The diamond powder can contain grains having a mono or
multi modal size distribution. In an example embodiment, the cobalt powder has an average
grain size in the range of from about submicrometer to tens of micrometers, and more

preferably in the range of 0.1 to 10 micrometers.
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Another method of achieving a coating of cobalt on the diamond particles would
be to coat them with a thin layer of Cobalt by some means known to the art. Various methods
could be used to achieve this such as sputter coating, physical vapor deposition, chemical
vapor deposition, decomposition of organo-metéllic complexes, electrolytic plating, and the
like. It 1s understood that methods not speciﬁcally listed above may be used to obtain a coating
on the diamond grains.

In an example embodiment, the mixture of diamond and cobalt powder
comprises in the range of from 80 to 99 percent by volume diamond, and a remaining amount
cobalt, based on the total volume of the mixture. The diamond grains and cobalt powder are
combined together by conventional process, such as by ball or attrittor milling for as much
time as necessary to ensure good cobalt over diamond grain coverage. It is understood that
during this process step some of the diamond grains may not be entirely coated with the
binder/catalyst material.

A suitable binder/catalyst reaction or getter material 1s combined with the so-
formed cobalt coated diamond grains, and the mixture 1s blended together by conventional
method such as by ball or attrittor milling for as long as necessary to obtain good getter
material coverage over or with the cobalt. Suitable getter materials useful for forming
thérmally-stabie PCD materials of this invention include those that are capable of reacting with
the binder/catalyst material during the consolidation and sintering process, €.g., at a point of
the consolidating and sintering process where intercrystalline diamond bonding has started to
take place. Suitable getter materials include those that react with the binder/catalyst material to
form a compound having a degree of thermal stability that i1s greater than that of the
binder/catalyst material alone, thereby contributing to the overall thermal stability of the PCD
material. In forming thermally-stable PCD materials of this invention, one or a combination of

getter materials can be used.
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In an example embodiment, where the binder/catalyst is cobalt, a desired getter

material comprises silicon or a silicon-containing compound provided in the form of a powder.

Preferred silicon or silicon-containing compounds include pure silicon (S1) and silicon carbide
(SiC). These getter materials can be used alone or in combination. In é preferred
embodiment, a combination of silicon and silicon carbide is used. When combined with the
cobalt coated diamond grains, the resulting mixture comprises diamond grains that have a
sequential coating of the binder/catalyst material and the getter material.

The resulting mixture is cleaned to enhance the sinterability of the powder by
treatment at high temperature in a vacuum or reducing atmosphere. The blended powder
mixture is loaded into a desired container for placement within a suitable high pressure/high
temperature consolidation and sintering device. The device is then activated to subject the
container to a desired high pressure/high temperature condition to effect consolidation and
sintering. Thermally-stable PCD materials of this invention can be consolidated and sintered
by conventional equipment and techniques used to consolidate and sinter conventional PCD
materials.

During the high pressure/high temperature consolidation and sintering process,
the cobalt coating on the diamond grains is theorized to provide highly-localized catalysis for
the rapid creation of strong bonds between the diamond grains or crystals, 1.e., producing
intercrystalline bonded diamond. As these bonds are formed, the cobalt moves into interstitial
regions between the intercrystalline bonded diamond where 1t combines and reacts with the
getter material, in this case Si and/or SiC. The following reactions producing cobalt disilicide

(CoSi,) are believed to occur:

Reaction I Co + 281 = CoSy,
Reaction II Co + 281C = CoSy, + 2C

N s b
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The formation of cobalt disilicide according to the above-noted reactions 1s a
desired result because it is known to have a level of thermal stability that 1s superior to cobalt
alone, thereby producing a PCD material having an overall corresponding improved degree of
thermal stability. In the event that the getter material used is SiC, it is believed that the free
carbon that is produced according to Reaction II precipitates as diamond since the reaction
takes place during the high pressure/high temperature reaction in the diamond-stable region of
the diamond phase diagram. |

The formation and presence of this precipitated diamond in the binder phase of
the PCD material microstructure is believed to have two advantages. First, it functions to
enhance the overall wear and abrasion resistance of the PCD material. Second, it functions to
both improve the thermal conductivity of the binder phase, and provide a coefficient of thermal
expansion that is closely matched to the intercrystalline diamond bonded phase, thereby
contributing to the overall thermal stability of the material.

The use of pure silicon (S1) as the getter material has the advantage that excess
material, e.g., silicon, that has not reacted with cobalt is believed to form a reaction phase with

the diamond crystals in the intercrystalline diamond bonded phase according to the reaction:
Reaction III S1 + C = SiC

This reaction between the pure silicon and the diamond crystals is desired as it
is believed to improve bonding between the binder phase and the intercrystalline diamond
phase, thereby providing a PCD material having an overall improved level of structural
strength between the phases.
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It is to be understood that the type and amount of getter material(s) that is used
can and will vary depending on the particular type and amount of binder/catalyst material that
is used, in addition to the particular application for the resulting PCD compact or element that
is formed from the PCD material. Additionally, as noted above, the amount of the getter
materials that are used, e.g., over the stoichiometric amount, can and will vary depending on
the types of reactions products that are formed. For example, as noted above, 1t may be
desired to use a stoichiometric excess of a particular getter material to produce, in addition to a
desired reaction product having an improved level of thermal stability, a desired reaction
product in the binder or getter material phase of the material construction. In an example
embodiment, a stoichiometric excess of up to about 50 percent may be desired, and more
preferably a stoichiometric excess in the range of from about 10 to 20 percent.

It 1s anticipated that the molar volume changes induced during the reaction may
have important effects on the final product. Since the reaction of interest is occurring within
the pore spaces between diamond grains, a reaction which promotes an overall increase in
molar volume will likely not proceed to completion because the volume between diamond
grains is highly limited by the pressure applied by the HP/HT apparatus. Conversely, a
reaction which promotes a large molar volume reduction may cause microstructural problems
such as microcracking in the reacted material if the reacted volume is not large enough to fill
the initial pore size. It is clear that through an engineered combination of reactants (1.e. St and
SiC) the molar volume change can be tailored over a broad range to help solve potential
microstructure-related problems. Tab‘le 1 below presents reactant and product molar volume

per mole Co data for reactions I and II presented above.

Table 1

Molar Volume

Reaction Reactant

Molar Volume | Molar Change (cc) Change (%)

(cc) | Volume (cc)

9

Molar Volume
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In an example embodiment, 1t 1s desired that the types and amounts of the getter
material(s) be carefully selected to enable formation of a PCD material during the
consolidation and sintering process that provides a desired level of improvement in thermal
stability while also not adversely affecting the sintered product, e.g., displaying minimal
sintering defects such as microcracks. Ideally, the type and amount of the getter materials used
to form PCD materials of this invention will be that which produces an ideal combination of
optimal PCD compact physical properties and enables robust manufacturability.

It 1s to be understood that PCD compacts formed from PCD materials of this
invention may or may not include a substrate attached thereto depending on the final intended
use. FIG. 2 illustrates a PCD compact 18 formed according to this invention comprising only
a PCD material body 20, i.e., without a substrate. While the PCD compact 18 is illustrated as
having a certain configuration, it is to be understood that PCD compacts of this invention can
be configured having a variety of different shapes and sizes depending on the particular end

wear and/or cutting application.

10
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Additionally, it is to be understood that PCD compacts of this invention
comprise 2 PCD body that is either entirely or partially formed from the PCD material of this
invention. In the example embodiment illustrated in FIG. 2, the PCD compact comprises a
PCD body that is made up entirely of the PCD material of this invention, i.e., comprising the
reaction product of the binder/catalyst and getter material distributed throughout.
Alternatively, FIG. 3 illustrates a PCD compact embodiment 22 of this invention where only a
portion of the PCD body 24 is formed from the PCD material of this invention. In such
embodiment, the PCD body 24 comprises a first region 26 that comprises the PCD material of
this invention, and a second region 28 positioned adjacent the first region that does not. The
first region can be positioned adjacent to a working surface of the PCD compact to take
advantage of the improved thermal stability. The second region can comprise any type of
conventional PCD material or non-PCD-containing material.

FIG. 4 1illustrates a PCD compact 30 of this invention comprising a PCD body
32 that 1s attached to a suitable substrate 34. Substrates useful for forming PCD compacts of
this invention can be selected from the same general types of conventional materials used to
form substrates for conventional PCD materials, including carbides, nitrides, carbonitrides,
cermet materials, and mixtures thereof. In an example embodiment, the substrate can be
formed from cemented tungsten carbide (WC-Co).

In the event that thermally-stable PCD compacts of this invention include a
substrate formed from cemented tungsten carbide, it may be desirable to place a barrier layer
between the substrate and the PCD material to prevent unwanted infiltration of extra cobalt
therein which could adversely impact the thermal stability of the resultant PCD material. Such
a barrier layer can be positioned between the substrafe and the PCD material, or can be
positioned within the PCD material a desired distance from the substrate. Materials useful for
forming such a barrier layer include refractory metals that would tend to form carbides, such
as Zr, Nb, Mo, Ta, as well as noble metals such as Ru, Re, Rh and Pt.

The above-identified PCD material first embodiment will be better understood

with reference to the following example:
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Example 1 - Thermally Stable PCD Material Formed Using a Silicon Getter Matenal

Synthetic diamond powder having an average grain size of approximately 20
micrometers was combined with cobalt powder having an average grain size of approximately
0.5 micrometers. The two pbwders were combined, and the resulting mixture had a diamond
powder volume percent of approximately 95 % based on the total volume of the mixture. The
two powders were mixed together for a period of approximately 2-6 hours by ball milling.
Powdered silicon carbide and pure silicon were each added to the mixture. Approximately 3
percent by volume of silicon carbide and 3 percent of pure silicon was added based on the total
weight of the combined mixture. The mixture was then blended together for a period of 3
hours by ball milling. The resulting mixture was cleaned by heating to a temperature in excess
of 850C under vacuum and was loaded into a desired high pressure/high temperature vessel
sized and shaped to provide a desired PCD compact. The vessel was subjected to a pressure of
approximately 5.5GPa and a temperature of approximately 1450C in a vessel for a period of
0.5 hours. The vessel was opened and the PCD compact was removed.

In addition to the specific silicon getter materials discussed above, PCD
materials of this invention can be prepared by using materials or elements other than silicon or
silicon-containing compounds that are known to both react with the binder/catalyst material
and form a compound having a level of thermal stability that is greater than that of the binder
catalyst alone. It is desired that elements useful for this purpose meet the following
requirements:

(a) They must form thermally stable compounds with the binder/catalyst over a
wide range of stoichiometries;

(b) The reaction between the binder/catalyst and the getter element must
preferably take place in the liquid phase so that the reactions proceed in a reasonable time, or
solid state diffusion of the binder/catalyst in these elements must be rapid (and vice versa) .'
Thus, the binary compound formed should have a eutectic melting temperature reasonably

close to typical PCD processing temperatures;

12
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(c) The element should not have strong solvent-catalyst effects on diamond at
typical PCD reaction temperatures and pressures, and must also be a strong carbide former, so
that any material that does not react with the binder/catalyst will combine with some of the
diamond to provide a stable carbide phase in the mgtrix.

Table 2 presented below includes other suitable getter materials useful for

preparing PCD materials of this invention according to the principles of this invention

Approximate range
of binary
compositions that
will result in the
formation of stable

compounds
(in at % Co)

Stable Compounds
Formed with Cobalt

Eutectic Melting
Temperature(s)

(°C)

Element

1400 Al,Co,, Al,Co,, 50-76
Al.Co,

1090 BCo,, BCo 18-56

1120, 1200 BeCo, Be,Co; 49-80

1340 26-46

2
o

MoCo;, MoCo,

1235 27-53

NbCo, NbCo,

1402 . S1Co,, SiCo,, SiCo, | 33-88
S1,Co

Al

1276 27-55

1025, 1135 TiCo,, TiCo, Ti,Co | 33-92

-
X

TaCo, TaCo,

-

7-92
33-85

1240 VCo,, VCo, V,Co

Zr,Co, ZrCo, ZrCo,

N
—

986, 1230

13
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Thermally-stable PCD materials of this invention, and compacts formed
therefrom, can be used in a number of different applications, such as tools for mining, cutting,
machining and construction applications, where the combined properties of thermal stability,
wear and abrasion resistance are highly desired. PCD materials and compacts of this invention
can be used to form working, wear and/or cutting components in machine tools and drill and
mining bits such as roller cone rock bits, percussion or hammer bits, diamond bits, and shear
cutters.

Referring to FIG. 5, an insert 36 for use in a wear or cutting application in a
roller cone drill bit or percussion or hammer drill bit may comprise the thermally-stable PCD
material of this invention. For example, such inserts can be formed from blanks comprising a
substrate portion 38 formed from one or more of the substrate materials disclosed above, and a
working surface 40 formed from the PCD material. The blanks are pressed or machined to the
desired shape of a roller cone rock bit insert.

For example, referring to FIG. 6, wear or cutting inserts 36 (shown in FIG. 5)
comprising thermally-stable PCD materials of this invention can be used with a roller cone
rock bit 42 comprising a body 44 having three legs 46, and a roller cutter cone 48 mounted on
a lower end of each leg. The inserts 36 can be fabricated according to one of the methods
described above. The inserts 36 are provided in the surfaces of the cutter cone 48 for bearing
on a rock formation being drilled.

Referring to FIG. 7, inserts 36 formed from thermally-stable PCD materals of
this invention can also be used with a percussion or hammer bit 50, comprising a hollow steel
body 52 having a threaded pin 54 on an end of the body for assembling the bit onto a drill
string (not shown) for drilling oil wells and the like. A plurality of the inserts 36 are provided
in the surface of a head 56 of the body 52 for bearing on the subterranean formation being

drilled.

14
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Referring to FIG. 8, thermally-stable PCD materials of this invention can also
be used to form PCD shear cutters 58 that are used, for example, with a drag bit for drilling
subterranean formations. More specifically, thermally-stable PCD materials of this invention
can be used to form a layer of PCD 60 that is sintered or otherwise attached to a cutter
substrate 62.

Referring to FIG. 9, a drag bit 64 comprises a plurality of such PCD shear
cutters 58 that are each attached to blades 66 that extend from a head 68 of the drag bit for
cutting against the subterranean formation being drilled.

Other modifications and variations of PCD materials and PCD compacts formed
therefrom will be apparent to those skilled in the art. It is, therefore, to be understood that
within the scope of the appended claims, this invention may be practiced otherwise than as

specifically described.
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WHAT IS CLAIMED IS:

1. A polycrystalline diamond material comprising:

a first phase comprising a plurality of bonded together diamond crystals; and

a second phase comprising a reaction product between a binder/cafalyst material
used to factlitate diamond crystal bonding, and a material that is reactive with the
binder/catalyst material, the reaction product being disposed within interstitial regions
between the bonded diamond crystals, and having a coefficient of thermal expansion that
1s relatively closer to the bonded together diamond crystals than that of coefficient of

thermal expansion for the binder/catalyst material alone.

2. The polycrystalline diamond material as recited in claim 1 wherein the

binder/catalyst material 1s selected from the Group VIII elements of the Periodic table.

3. The polycrystalline diamond material as recited in claim 1 wherein the
reactive material 1s selected from the group of materials capable of reacting with the
binder/catalyst material during a high pressure/high temperature process condition used to

bond together the diamond crystals.

4, The polycrystalline diamond material as recited in claim 3 wherein the
reactive material comprises a carbide-containing material that precipitates diamond during

the high pressure/high temperature process condition.

5. The polycrystalline diamond material as recited in claim 3 wherein the
reactive material 1s selected from the group consisting of silicon and silicon-containing

compounds.

0. The polycrystalline diamond material as recited in claim 5 wherein the

reactive material is selected from the group consisting of Si, SiC, and mixtures thereof.

7. The polycrystalline diamond material as recited in claim 3 wherein the

reactive material is further one that reacts with the diamond crystal first phase.

16
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8. A polycrystalline diamond compact comprising the polycrystalline
diamond material of claim 1 as at least one region within the compact 1s positioned to

form a working surface of the compact.

9. The polycrystalline diamond compact as recited in claim 8 further
comprising a substrate attached thereto selected from the group consisting of carbides,

nitrides, carbonitrides, cermet materials, and mixtures thereof.

10.  The polycrystalline diamond compact as recited in claim 9 fturther
comprising a barrier layer interposed between the polycrystalline diamond material and

the substrate, the layer being selected from the group of materials consisting of refractory

metals and noble metals.

11.  The polycrystalline diamond material as recited in claim 1 wherein the

polycrystalline diamond material 1s 1n a greater state of compression relative to a

polycrystalline diamond material not including the reaction product.

12. The polycrystalline diamond material as recited in claim 1 wherein the
polycrystalline diamond material 1s in a reduced state of tension relative to a

polycrystalline diamond material not including the reaction product.

13.  The polycrystalline diamond material as recited in claim 1 wherein the first

phase does not include the reaction product.

14. A polycrystalline diamond compact including:
a polycrystalline diamond body having at least one region comprising:

a plurality of bonded together diamond crystals and interstitial spaces
interposed between the diamond crystals; and

a reaction product disposed within the interstitial spaces, wherein the
reaction product 1s one formed between a reactive material and a binder/catalyst
material during high pressure/high temperature process conditions used to bond
together the diamond crystals, the reaction product being disposed within

interstitial regions between the bonded diamond crystals, the reaction product
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having a coefficient of thermal expansion that is relatively closer to the bonded

together diamond crystals than to the coefficient of thermal expansion for the

binder/catalyst material 1tself; and

a substrate attached to the body.

15.  The polycrystalline diamond compact as recited in claim 14 wherein the
reactive material comprises a carbide-containing material that precipitates diamond during

the high pressure/high temperature process conditions.

16.  The polycrystalline diamond compact as recited in claim 14 wherein the
reactive material is selected from the group consisting of silicon and silicon-containing

compounds.

17. The polycrystalline diamond compact as recited 1n claim 16 wherein the

reactive material 1s selected from the group consisting of Si1, S1C, and mixtures thereof.

18. The polycrystalline diamond compact as recited in claim 14 wherein the

reactive material 1s further one that reacts with the diamond crystals.

19.  The polycrystalline diamond compact as recited in claim 14 wherein the at

least one region forms a working surface of the body.

20.  The polycrystalline diamond compact as recited in claim 14 further

comprising a barrier layer interposed between the body and the substrate.

21.  The polycrystalline diamond compact as recited in claim 14 wherein the

diamond body further comprises a region of bonded together diamond crystals that does

not include the reaction product.

22. A polycrystalline diamond material that is prepared according to the
process of:
combining together diamond grains, a binder/catalyst material, and a reactive

material to form a mixture; and
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subjecting the mixture to a high pressure/high temperature process condition to
both form bonded together diamond crystals having interstitial regions interposed
therebetween, and to form a reaction product between the reactive material and the
binder/catalyst material, the reaction product being disposed within the interstitial regions
and having a coefticient of thermal expansion that is relatively closer to the coefficient of

thermal expansion of the diamond crystals than it is to the coefficient of thermal expansion

of the binder/catalyst material.

23. The polycrystalline diamond material as recited in claim 22 wherein the
reactive material 1s selected from the group of maternials capable of reacting with the

binder/catalyst material.

24.  The polycrystalline diamond material as recited in claim 22 wherein during

the step of combining, the diamond grains are coated with the binder/catalyst material.

25.  The polycrystalline diamond material as recited in claim 22 wherein during
the step of combining, the mixture comprises diamond grains that have a sequential

coating of the binder/catalyst material, and the binder catalyst material.

26.  The polycrystalline diamond material as recited in claim 22 wherein the
reactive material comprises a carbide-containing material that precipitates diamond during

the high pressure/high temperature condition.

27.  The polycrystalline diamond material as recited in claim 22 wherein the
reactive material 1s selected from the group consisting of silicon and silicon-containing

compounds.

28.  The polycrystalline diamond material as recited in claim 27 wherein the

reactive material is selected from the group consisting of Si, SiC, and mixtures thereof.

29.  'The polycrystalline diamond material as recited in claim 22 wherein the
reactive material is further one that forms a reaction product with the diamond crystals

during the high pressure/high temperature condition.
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30. The polycrystalline diamond material as recited in claim 22 wherein the

reactive material 1s present 1n a stoichiometric excess of up to about 50 percent.

31.  The polycrystalline diamond material as recited in claim 30 wherein the

reactive material 1s present 1n a stoichiometric excess in the range of from about 10 to 20

percent.

32. A polycrystalline diamond compact comprising a body including the
polycrystalline diamond material as recited in claim 22, and having a substrate attached to
the body selected from the group consisting of carbides, nitrides, carbonitrides, cermet

materials, and mixtures thereof.

33. The polycrystalline diamond compact as recited in claim 32 further
comprising a barrier layer interposed between the body and the substrate, the barrier layer
selected from the group of materials capable of controlling infiltration of material into the

polycrystalline diamond material from the substrate.

34.  The polycrystalline diamond material as recited in claim 22, wherein the
polycrystalline diamond material is in a greater state of compression as compared to a
polycrystalline diamond material formed without using the binder/catalyst reactive
material.

35.  The polycrystalline diamond material as recited in claim 22, wherein the
polycrystalline diamond material is in a reduced state of tension as compared to a
polycrystalline diamond material formed without using the binder/catalyst reactive

material.

36.  The polycrystalline diamond material as recited in claim 22 wherein the
reaction product is disposed within one region of the diamond body and not in another

region of the diamond body.

37. A polycrystalline diamond compact comprising:
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a body comprising plurality of bonded together diamond crystals with interstitial

regions disposed therebetween, the body including:

a first region having a reaction product disposed within the interstitial
regions, the reaction product comprising a combination of a diamond crystal
binder/catalyst with a reactive material and having a coefficient of thermal

expansion that 1s relatively closer to that of the diamond crystals than that of the

binder catalyst; and

a second region having the diamond crystal binder catalyst disposed within

the interstitial regions;

a substrate attached to the body selected from the group consisting of carbides,

nitrides, carbonitrides, cermet materials, and mixtures thereof.

38. The polycrystalline diamond compact as recited 1n claim 37 wherein the

body first region 1s positioned along a body working surface.

39. The polycrystalline diamond compact as recited in claim 37 wherein the

substrate 1s attached to the body second region.

40.  The polycrystalline diamond compact as recited in claim 37 further

comprising a barrier layer interposed between the substrate and the body.

41.  The polycrystalline diamond compact as recited in claim 37 wherein the
reactive material 1s selected from the group of materials capable of reacting with the

binder/catalyst material during high pressure/high temperature process conditions used to

form the bonded together diamond crystals.

42.  The polycrystalline diamond compact as recited in claim 41 wherein the
reactive material comprises a carbide-containing material that precipitates diamond during

the high pressure/high temperature process conditions.

43.  'The polycrystalline diamond compact as recited in claim 37 wherein the

reactive material 1s selected from the group consisting of silicon and silicon-containing

compounds.
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44.  The polycrystalline diamond compact as recited in claim 43 wherein the

reactive material 1s selected from the group consisting of Si, SiC, and mixtures thereof.

45.  The polycrystalline diamond compact as recited in claim 37 wherein the

second region does not include the reaction product.

46.  The polycrystalline diamond compact as recited in claim 37 wherein the

barrier layer 1s selected from the group consisting of carbide forming refractory metals.

47. A method of preparing a polycrystalline diamond material comprising the
steps of:

combining diamond grains, with a binder/catalyst material, and a binder/catalyst
reactive material to form a mixture; and

subjecting the mixture to a high pressure/high temperature process condition to
form bonded together diamond crystals and to form a reaction product between the
reactive material and the binder/catalyst material, the reaction product being disposed
within interstitial regions interposed between the bonded together diamond crystals,
wherein the reaction product has a coefficient of thermal expansion that is relatively closer

to that of the diamond crystals than to that of the binder/catalyst material.

48. A method of forming a polycrystalline diamond compact comprising a
diamond body including the polycrystalline diamond material prepared according to the
method recited in claim 47, wherein the step of combining further includes placing the
mixture adjacent to a substrate, and during the step of subjecting, attaching the diamond

body to the substrate.

49 The method as recited in claim 47 wherein during the step of comblning,

the diamond grains are coated with the binder/catalyst material.

50.  The method as recited in claim 47 wherein during the step of combining,
the mixture comprises diamond grains that have a sequential coating of the binder/catalyst

material, and the binder catalyst material.
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51.  The method as recited in claim 47 wherein the reactive material is present

in a stoichiometric excess of up to about 50 percent.

52.  The polycrystalline diamond matenal as recited in claim 51 wherein the

reactive material 1s present 1n a stoichiometric excess 1n the range of from about 10 to 20

percent.

53. A rotary cone drill bit comprising:
a body having three legs extending therefrom;
cutting cones rotatably disposed on a lower end of each respective leg;
one or more 1nserts attached to the cutting cones, wherein each insert includes a
wear surface comprising a polycrystalline material comprising:

a first phase comprising a plurality of bonded together diamond crystals;
and

a second phase comprising a reaction product between a binder/catalyst
material used to facilitate diamond crystal bonding, and a material that is reactive
with the binder/catalyst material, the reaction product being disposed within
interstitial regions between the bonded diamond crystals, and having a coefficient
of thermal expansion that is relatively closer to the bonded together diamond
crystals than that of coefficient of thermal expansion for the binder/catalyst

material alone.

54.  The drill bit as recited in claim 53 wherein the reactive material is selected
from the group of materials capable of reacting with the binder/catalyst material during
high pressure/high temperature process conditions used to form the bonded together

diamond crystals.

55.  The drill bit as recited in claim 53 wherein the reactive material comprises
a carbide-containing material that precipitates diamond during the high pressure/high

temperature process conditions.
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56. The dnll bat as recited 1n claim 53 wherein the reactive maternial 1s selected

from the group consisting of silicon and silicon-containing compounds.

57. The drill bit as recited 1n claim 53 wherein the reactive material 1s selected

from the group consisting of S1, S1C, and mixtures thereof.

58.  The drill bit as recited in claim 53 wherein the first region further

comprises a reaction product between the reactive material and the diamond crystals.

59. A dnll bit comprising:
a body having a number of blades projecting outwardly therefrom; and
one or more cutters attached to the blades cones, wherein each cutter includes a
wear surface comprising a polycrystalline material comprising:

a first phase comprising a plurality of bonded together diamond crystals;
and

a second phase comprising a reaction product between a binder/catalyst
material used to facilitate diamond crystal bonding, and a material that is reactive
with the binder/catalyst material, the reaction product being disposed within
interstitial regions between the bonded diamond crystals, and having a coefficient
of thermal expansion that is relatively closer to the bonded together diamond
crystals than that of coetficient of thermal expansion for the binder/catalyst

material alone.

60.  The dmnll bt as recited in claim 59 wherein the reactive material is selected
from the group of materials capable of reacting with the binder/catalyst material during
high pressure/high temperature process conditions used to form the bonded together

diamond crystals.
61.  The drill bit as recited in claim 60 wherein the reactive material comprises

a carbide-containing material that precipitates diamond during the high pressure/high

temperature process conditions.
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62. The drill bit as recited 1n claim 59 wherein the reactive material 1s selected

from the group consisting of silicon and silicon-containing compounds.

63. The drill bit as recited in claim 59 wherein the reactive material 1s selected

from the group consisting of Si, SiC, and mixtures thereof.

64.  The dnll bit as recited 1n claim 59 wherein the first region further

comprises a reaction product between the reactive material and the diamond crystals.
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