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(57) ABSTRACT

PCD materials comprise a diamond body having bonded
diamond crystals and interstitial regions disposed among the
crystals. The diamond body is formed from diamond grains
and a catalyst material at high pressure/high temperature
conditions. The diamond grains have an average particle size
of'about 0.03 mm or greater. At least a portion of the diamond
body has a high diamond volume content of greater than
about 93 percent by volume. The entire diamond body can
comprise high volume content diamond or a region of the
diamond body can comprise the high volume content dia-
mond. The diamond body includes a working surface, a first
region substantially free of the catalyst material, and a second
region that includes the catalyst material. At least a portion of
the first region extends from the working surface to depth of
from about 0.01 to about 0.1 mm.

16




Patent Application Publication Jan. 22,2015 Sheet 1 of 8 US 2015/0021101 A1

10




Patent Application Publication Jan. 22,2015 Sheet 2 of 8 US 2015/0021101 A1

v A
AAAAA ™ B
s
increasing
AAAAAA ~[
WEAR
PERFORMANCE
DEPTH N

increasing

FIG. 3



Patent Application Publication Jan. 22,2015 Sheet 3 of 8 US 2015/0021101 A1

30 £8

A

4
}\\\\\\\\\\\\ 32
/ ///// T~ 35

FIG. 5




Patent Application Publication Jan. 22,2015 Sheet 4 of 8 US 2015/0021101 A1

44

0 2 4w |

42 38

46




Patent Application Publication Jan. 22,2015 Sheet 5 of 8 US 2015/0021101 A1

FIG. 8

FIG. 9



US 2015/0021101 A1

Jan. 22,2015 Sheet 6 of 8

Patent Application Publication

FIG. 10



Patent Application Publication Jan. 22,2015 Sheet 7 of 8 US 2015/0021101 A1




Patent Application Publication Jan. 22,2015 Sheet 8 of 8 US 2015/0021101 A1




US 2015/0021101 A1

POLYCRYSTALLINE DIAMOND MATERIALS
HAVING IMPROVED ABRASION
RESISTANCE, THERMAL STABILITY AND
IMPACT RESISTANCE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application is a continuation of and
claims priority pursuantto 35 U.S.C. §120to U.S. application
Ser. No. 13/676,070, filed Nov. 13, 2012, now U.S. Pat. No.
8,852,546, issued Oct. 7, 2014, which is a continuation of
U.S. application Ser. No. 12/352,516, filed Jan. 12, 2009, now
U.S. Pat. No. 8,309,050 issued Nov. 13, 2012, which is a
continuation of U.S. application Ser. No. 11/140,615, filed on
May 26, 2005, now U.S. Pat. No. 7,493,973 issued Feb. 24,
2009, which is specifically incorporated herein in its entirety,
by reference.

FIELD OF THE INVENTION

[0002] This invention relates to polycrystalline diamond
constructions used for subterranean drilling applications and,
more particularly, to polycrystalline diamond constructions
having a high diamond content that are treated to provide
improved properties of abrasion resistance and thermal sta-
bility, while maintaining a desired degree of impact resis-
tance, when compared to conventional polycrystalline dia-
mond constructions.

BACKGROUND OF THE INVENTION

[0003] Polycrystalline diamond (PCD) materials known in
the art are formed from diamond grains or crystals and a
catalyst material, and are synthesized by high pressure/high
temperature (HP/HT) processes. Such PCD materials are
known for having a high degree of wear resistance, making
them a popular material choice for use in such industrial
applications as cutting tools for machining, and wear and
cutting elements in subterranean mining and drilling, where
such high degree of wear resistance is desired. In such appli-
cations, conventional PCD materials can be provided in the
form of a surface layer or a material body of, e.g., a cutting
element used with cutting and drilling tools, to impart desired
levels of wear resistance thereto.

[0004] Traditionally, PCD cutting elements used in such
applications are formed by applying one or more layers of
such PCD-based material to, or forming a body of such PCD-
based material, for attachment with a suitable substrate mate-
rial. Example PCD cutting elements known in the art can
include a substrate, a PCD surface layer or body, and option-
ally one or more transition or intermediate layers to improve
the bonding between and/or provide transition properties
between the PCD surface layer or body and the underlying
substrate support layer. Substrates used in such cutting ele-
ment applications include carbides such as cemented tung-
sten carbide (WC—Co).

[0005] Such conventional PCD material comprises about
10 percent by volume of a catalyst material to facilitate inter-
crystalline bonding between the diamond grains, and to bond
the PCD material to the underlying substrate and/or transition
layer. Metals conventionally employed as the catalyst are
often selected from the group of solvent metal catalysts
including cobalt, iron, nickel, and mixtures thereof.

[0006] The amount of catalyst material used to form PCD
materials represents a compromise between desired proper-
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ties of toughness and hardness/wear resistance. While a
higher metal catalyst content typically increases the tough-
ness of a resulting PCD material, such higher metal catalyst
content also decreases the hardness and corresponding wear
resistance of the PCD material. Thus, these inversely affected
desired properties ultimately limit the flexibility of being able
to provide PCD materials having desired levels of both wear
resistance and toughness to meet the service demands of
particular applications, such as cutting and/or wear elements
used in subterranean drilling devices. Additionally, when
variables are selected to increase the wear resistance of the
PCD material, typically brittleness also increases, thereby
reducing the toughness and impact resistance of the PCD
material.

[0007] A further desired property of PCD constructions
used for certain applications is that they be thermally stable
during wear or cutting operating conditions. A problem
known to exist with conventional PCD materials is that they
are vulnerable to thermal degradation when exposed to
elevated temperature cutting and/or wear applications. This
vulnerability results from the differential that exists between
the thermal expansion characteristics of the solvent metal
catalyst material disposed interstitially within the PCD mate-
rial and the thermal expansion characteristics of the intercrys-
talline bonded diamond. Such differential thermal expansion
is known to start at temperatures as low as 400° C., can induce
thermal stresses that can be detrimental to the intercrystalline
bonding of diamond and eventually result in the formation of
cracks that can make the PCD structure vulnerable to failure.
Accordingly, such behavior is not desirable.

[0008] Another form ofthermal degradation known to exist
with conventional PCD materials is one that is also related to
the presence of the solvent metal catalyst in the interstitial
regions of the PCD material and the adherence of the solvent
metal catalyst to the diamond crystals. Specifically, the sol-
vent metal catalyst is known to cause an undesired catalyzed
phase transformation in diamond (converting it to carbon
monoxide, carbon dioxide, or graphite) with increasing tem-
perature, thereby limiting practical use of the PCD material to
about 750° C.

[0009] It is, therefore, desirable that a PCD material be
developed that displays improved properties of wear and
abrasion resistance, and thermal stability for use in complex
wear environments, when compared to conventional PCD
materials, while not sacrificing toughness or impact resis-
tance, making them well suited for use in the same applica-
tions.

SUMMARY OF THE INVENTION

[0010] PCD materials and PCD compacts formed there-
from, according to the principles of this invention, comprise a
diamond body having a plurality of bonded diamond crystals
and a plurality of interstitial regions disposed among the
crystals. The diamond body is formed from subjecting dia-
mond grains and a catalyst material to high pressure/high
temperature conditions. The diamond grains used to form the
PCD materials can have a monomodal or multimodal distri-
bution of diamond grains, and the diamond grains are selected
having a average particle size that is about 0.03 mm or greater.
[0011] A feature of such PCD materials is that at least a
portion of the diamond body has a high diamond volume
content or density of greater than about 93 percent by volume,
and preferably within the range of from about 93 to 99 percent
by volume. The diamond body can exist entirely of high
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volume content diamond, or can comprise a region that
includes the high volume content diamond and other regions
that do not. Additionally, the diamond content within the
diamond body can be constant within a region or can vary
within a region.

[0012] The diamond body includes a working surface posi-
tioned along an outside portion of the body, a first region that
is substantially free of the catalyst material, and a second
region that includes the catalyst material. At least a portion of
the first region extends from the working surface to depth of
from about 0.01 to about 0.1 mm. The PCD material can be
provided in the form of a PCD compact, further comprising a
substrate, such as a carbide substrate, integrally attached to
the diamond body.

[0013] PCD materials, and PCD compacts formed there-
from, constructed in this manner exhibit improved properties
of wear and abrasion resistance, and thermal stability for use
in complex wear environments, when compared to conven-
tional PCD materials.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] These and other features and advantages of the
present invention will become appreciated as the same
becomes better understood with reference to the specifica-
tion, claims and drawings wherein:

[0015] FIG. 1 is a cross-sectional view of a region of PCD
material prepared according to this invention;

[0016] FIG. 2 is perspective side view of a PCD compact
comprising the PCD material of FIG. 1 joined to a substrate;
[0017] FIG. 3 is a graph presenting performance curves for
different PCD materials having different diamond densities;
[0018] FIG. 4 is a perspective side view of the PCD com-
pact of FIG. 2 after it has been treated to render a region
extending a depth from a working surface thermally stable;
[0019] FIG. 5 is a cross-sectional side view of the PCD
compact of FIG. 4;

[0020] FIG. 6 is a schematic view of a portion of the PCD
material microstructure of the PCD compact of FIG. 5 taken
adjacent the working surface;

[0021] FIG. 7 is a cross-sectional side view of a PCD com-
pact comprising a thermally stable region extending along a
top, beveled, and side surface;

[0022] FIG. 8is a cross-sectional side view of a PCD com-
pact comprising a thermally stable region and comprising
diamond regions having different diamond contents;

[0023] FIG. 9 is a perspective side view of the PCD com-
pact embodied in the form of a cutting insert;

[0024] FIG. 10 is a perspective side view of a roller cone
drill bit comprising a number of the cutting inserts of FIG. 9;
[0025] FIG. 11 is a perspective side view of a percussion or
hammer bit comprising a number of the cutting inserts of FIG.
9;

[0026] FIG. 12 is a perspective view of the PCD compact
embodied in the form of a shear cutter; and

[0027] FIG. 13 is a perspective side view of a drag bit
comprising a number of the shear cutters of FIG. 12.

DETAILED DESCRIPTION

[0028] As used in this specification, the term polycrystal-
line diamond, along with its abbreviation “PCD,” is used
herein to refer to the resulting material produced by subject-
ing individual diamond crystals or grains and a catalyst mate-
rial to sufficiently high pressure and high temperature condi-
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tions that causes intercrystalline bonding to occur between
adjacent diamond crystals to form a network of diamond
crystal-to-diamond crystal bonding. PCD materials of this
invention include at least a region having a diamond content
or density of greater than about 93 percent by volume. Such
diamond content can be achieved through the use of selec-
tively sized diamond grains to achieve a high degree of dia-
mond packing, and/or by using certain processing techniques
to control metal or porosity content. PCD materials of this
invention are also treated after being sintered to provide a
desired degree of thermal stability along at least a region of
the material, e.g., a region adjacent a working surface. Thus,
through the selective use of diamond grain size, and/or pro-
cessing techniques, and postsintering treatment, PCD mate-
rials of this invention are engineering to provide combined
properties of thermal stability, impact resistance, fatigue
resistance, functional toughness, and wear resistance that
exceed those of conventional PCD materials.

[0029] FIG. 1 illustrates a region of a PCD material 10 of
this invention formed/sintered by HP/HT process. The PCD
material has a material microstructure comprising a material
phase of intercrystalline diamond made up of a plurality of
bonded together adjacent diamond grains 12, and interstitial
regions 14 disposed between the bonded together adjacent
diamond grains. A catalyst material is disposed within the
interstitial regions and is used to facilitate the diamond-dia-
mond bonding that occurs during the HP/HT process.
[0030] The catalyst material used to facilitate diamond-to-
diamond bonding can be provided generally in two ways. It
can be provided in the form of a material powder that is mixed
or otherwise present with the diamond grains prior to sinter-
ing, or it can be provided by infiltration into the diamond
material during HP/HT processing from an adjacent material,
such as a substrate material comprising the catalyst material
that the PCD material is bonded to.

[0031] The diamond grains used to form PCD materials of
this invention can be synthetic or natural. In certain applica-
tions, such as those calling for an improved degree of control
over the amount of catalyst material remaining in the PCD
material, it may be desired to use natural diamond grains for
their absence of catalyst material entrapped within the dia-
mond crystals themselves. The size of the diamond grains
used to make PCD materials of this invention can and will
vary depending on the particular end use application, and can
consist of a monomodal distribution of diamond grains hav-
ing the same general average particle size, or can consist of a
multimodal distribution (bi, tri, quad, penta or log-normal
distribution) of different volumes of diamond grains of dif-
ferent average particle size.

[0032] Generally speaking, PCD materials formed from
fine-sized diamond grains, e.g., diamond grains having an
average particle size of about 0.01 mm or less, while capable
of providing a useful degree of mechanical wear resistance,
my not provide levels of thermal stability and toughness
necessary for certain demanding wear or cutting applications,
such as for cutting and wear elements of a subterranean drill
bit. Accordingly, it is desired that PCD materials of this inven-
tion be formed from either a monomodal distribution of dia-
mond grains having an average particle size of about 0.03 mm
or greater, or a multimodal distribution of diamond grains
having an overall average particle size of about 0.03 mm or
greater.

[0033] In forming PCD materials of this invention form
either a monomodal or multimodal distribution of diamond
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grains, the use of diamond grains having an average particle
size of about 0.03 mm or greater is desired for the purpose of
providing a desired level of thermal stability and toughness
when compared to conventional PCD materials formed pri-
marily from smaller-sized diamond grains. The amount of
catalyst material remaining in the interstitial regions of PCD
increases with decreasing diamond grain size or increasing
surface area. Thus, a feature of PCD materials of this inven-
tion formed from diamond grains having an average particle
size of about 0.03 mm or more is that they have less catalyst
material remaining in the interstitial regions than conven-
tional PCD materials formed from smaller-sized diamond
grains. This operates to help provide an improved level of
thermal stability when compared to such conventional PCD
materials. Diamond grains having an average particle size of
greater than about 0.03 min are referred to in this description
as “coarse-sized” diamond grains for purposes of distinguish-
ing such diamond grains from other smaller-sized diamond
grains.

[0034] As briefly noted above, PCD materials of this inven-
tion can be formed using a monomodal or multimodal distri-
bution of diamond grains having the above-described average
diamond particle size. In one example embodiment, where a
monomodal or single distribution of diamond grains is used,
the average particle size of approximately all of the diamond
grains is about 0.03 mm or more. In another example embodi-
ment, where PCD materials of this invention are formed from
amultimodal distribution of diamond grains, there can be two
or more populations of diamond grains sized differently from
one another that are combined or mixed together to form PCD
materials of this invention. In such multimodal distribution,
the overall average particle size of all diamond grains in the
distribution will be about 0.03 mm or more.

[0035] When describing the average particle size of dia-
mond grains used to form PCD materials of this invention, it
is important to clarify that the particle sizes described herein
refer to the starting raw material size of diamond grains
before they are combined with other materials, and/or mixed,
and/or otherwise processed, as these subsequent processing
steps are known to further reduce the size of the diamond
grains, e.g., by as much as 40 to 50 percent. Accordingly, it is
to be understood that the particle sizes of diamond grains
described herein refer to the particle size of the starting raw
diamond grains.

[0036] A desired feature of PCD materials of this invention
is that they include at least a region having a high diamond
content of greater than about 93 percent by volume, or more
preferably a diamond content in the range of from about 93 to
99 percent by volume. Depending on the particular end use
application, PCD materials of this invention can consist
entirely of the high diamond content, i.e., have no other
regions comprising a different diamond content, or can be
embodied having one or more regions comprising the high
diamond content, i.e., having one or more other region having
a different diamond content. The exact diamond density of
PCD materials of this invention can be controlled by the
choice of diamond grain size and/or diamond grain size dis-
tribution to achieve a high degree of diamond packing, and/or
by the use of certain processing methods, e.g., certain mixing
and/or reduction processes, that can also operate to increase
the volume content of diamond grains and reduce the metal or
porosity content. For example, Generally, PCD materials of
this invention are initially constructed to include at least a
region having a diamond density of greater than about 93
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percent by volume for the purpose of controlling the amount
of catalyst material disposed within the interstitial regions,
again to provide an improved degree of thermal stability over
conventional PCD that typically include on the order of about
10 percent catalyst material.

[0037] Since PCD materials of this invention are further
treated to render a region thereof substantially free of the
catalyst material, the reduction in catalyst material resulting
from such high diamond content operates to cause a corre-
sponding reduction in porosity in this substantially free cata-
lyst material region. Such reduced porosity is desired in the
PCD material because the compressive strength of PCD is
known to increase with decreasing porosity, thereby operat-
ing to provide a desired high level of compressive strength.
For example, PCD materials of this invention having a dia-
mond content of approximately 98 percent by volume display
a level of compressive strength that is at least twice that of
conventional PCD materials having a diamond content of
about 90 percent by volume.

[0038] PCD materials of this invention also include a
remaining region that is not rendered substantially free of the
catalyst material. It has been discovered that such catalyst
containing region in the PCD materials of this invention dis-
play a desired level of fracture strength and toughness when
the catalyst material content is greater than about 2 percent by
volume, and preferably in the range of from about 3 to 4
percent by volume. Thus, PCD materials comprising such
catalyst material content provide desired combined proper-
ties ofhardness, fracture toughness and strength making them
well suited for use as a cutting or wear element in subterra-
nean drilling.

[0039] In an example embodiment, PCD materials of this
invention having a high diamond content are formed from a
multimodal distribution of differently sized diamond grains.
In one such embodiment, the total diamond grains are sized
having an average particle size 0of 0.03 mm or greater, and in
a preferred embodiment a majority of the diamond grains
have an average particle size of 0.04 mm or greater, and most
preferably in the range of from about 0.05 mm to 0.1 mm. In
an example embodiment, such majority amount is greater
than 50 percent by volume of all diamond grains, and prefer-
ably is in the range of from about 55 to 90 percent by volume
of the total diamond content.

[0040] Insuch example embodiment, a remaining minority
volume content of the diamond grains has an average particle
size of less than about 0.03 mm, and in a preferred embodi-
ment has an average particle size of less than about 0.02 mm,
and more preferably from about 0.02 mm to 0.2 pm. In an
example embodiment, the minority amount is less than 50
percent by volume of all the diamond grains, and preferably is
in the range of about 5 to 45 percent by volume of the total
diamond content.

[0041] The exact number of different diamond grain distri-
butions used to form PCD materials of this invention can and
will vary depending on a number of different factors such as
the ultimate desired diamond density, the desired properties
of wear and abrasion resistance, the desired properties of
fracture toughness and impact resistance and thermal stability
called for by the particular end use application, as well as the
type and size of catalyst material that is used, and the tem-
perature and/or pressure conditions that are used to process
the diamond grain mixture. In practice, PCD materials having
a diamond content of greater than about 93 percent by volume
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can be achieved by the judicious selection of different dia-
mond grain size and volume fraction of each diamond grain
size.

[0042] Catalyst materials 14 useful for forming PCD mate-
rials of this invention can include solvent metal catalysts
typically used for forming conventional PCD, such as the
metals found in Group VIII of the Periodic table. Example
solvent metal catalysts include Co, Ni, Fe and mixtures
thereof. As discussed above, the properties of wear and abra-
sion resistance and toughness and impact resistance of the
PCD material are inversely related to one another, and are
dependent on the relative amounts of catalyst material and
diamond grains that are used. The presence of diamond
grains, and related diamond-to-diamond bonding, is neces-
sary to provide desired properties of high strength and wear
and abrasion resistance to the PCD material.

[0043] PCD materials of this invention can be formed by
using in the range of from about 1 to 7 percent by volume
catalyst material based on the combined volume of the cata-
lyst material and the diamond grains. The exact amount of
catalyst material used to form PCD materials of this invention
will vary depending on the desired mechanical properties of
the PCD material to meet the particular end use application.
In end use applications calling for high levels of hardness,
wear and abrasion resistance and relatively low levels of
fracture toughness and strength, an amount of catalyst at the
low end of the range may be appropriate. In end use applica-
tions calling for a higher level of fracture toughness and
strength, an amount of catalyst at the higher end of the range
may be appropriate. Where the PCD material is being used as
a cutting or wear element for subterranean drilling, a pre-
ferred amount of catalyst used to form the PCD material is
from about 3 to 4 percent by volume.

[0044] In example embodiments of this invention the cata-
lyst material is provided by infiltration during the HPHT
process from an adjacent substrate that contains the catalyst
material. In fewer embodiments, the catalyst material can be
provided in the form of a powder that is combined with the
diamond grains. In such embodiment, where Co is selected as
the catalyst material, it can be provided in the form of an ultra
fine powder having an average grain size in the range of from
about 1 to 5 micrometers. Using a catalyst material having a
grain size within this range is desired because it minimizes the
resultant size of residual voids, porosity, or cores in the micro-
structure, thereby helping to reduce the adverse impact on
compressive strength due to the voids, porosity, or cores. As
noted above, in a preferred embodiment, the catalyst material
is provided into the diamond powder by infiltration from a
catalyst-containing substrate, e.g., a carbide substrate, mate-
rial during the HPHT sintering process.

[0045] PCD materials of this invention can be prepared
from a volume of diamond grains, or by forming a mixture of
diamond grains and catalyst power as noted above, and then
placing the volume of diamond grains of the mixture into a
suitable container or vessel that both shapes the volume or
mixture and sinters it into a PCD body when placed into a
HPHT device and subjected to the HPHT process conditions.
For example, when used to form a working surface on a
subterranean drill bit cutting or wear element, the volume or
mixture is formed into a shape that will cover a surface
portion of or form a PCD body of the cutting element. Alter-
natively, if desired, the volume or mixture can be configured
in the shape of the entire cutting element.
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[0046] Instead of being provided in the form of diamond
powder or a mixture of diamond and catalyst material pow-
ders, PCD materials of this invention can be prepared from a
diamond grains or a mixture of diamond grains and a catalyst
material provided in a green-state/unsintered form, e.g., pro-
vided in the form of a conformable part or element such as a
tape or the like made from diamond grains or a mixture of
diamond grains and a catalyst powder with a binding agent.
Further, the PCD materials of this invention can be provided
in the form of an aggregation of a plurality of green-state parts
or elements, e.g., such as granules, that each comprise a
volume of the diamond grains or a mixture of the diamond
grains and catalyst material with a binding agent. In each such
alternative embodiment, the green-state part or parts are
loaded into a container for subsequent shaping and sintering
during the HPHT process. In the event that the PCD materials
are provided in the form of a green-state part, a preheating
step may be needed prior to sintering to dewax or drive off the
binding agent prior to sintering.

[0047] The desired high diamond content in PCD materials
of this invention can be achieved in the manner noted above
by the judicious selection and combination of specifically
sized diamond grains to obtain a high level of diamond pack-
ing to reduce porosity in the resulting PCD body. However, to
obtain a good PCD density with low metal or porosity con-
tent, one or more other techniques can be used. One such
technique involves subjecting the diamond grains to a reduc-
tion process that enables a certain amount of graphitization of
the diamond grains. The degree of graphitization depends on
such factors as the diamond grain or particle size, and the
reduction temperature and the environment used during
reduction.

[0048] In an example embodiment, such graphitization is
conducted prior to the HPHT sintering process by reducing
the diamond grain powder in a vacuum environment, e.g., a
vacuum furnace, at a temperature of between about 1200° C.
to 1500° C. The desired degree of graphitization can be
obtained by controlling the temperature and time relating to
the reduction process. Alternatively, the diamond grains can
also be graphitized at lower temperature in the presence of air
or moistureAnother technique useful for obtaining high dia-
mond content in PCD with low metal or porosity content is by
using diamond grains that are combined with a polymer or
other material that is capable of leaving a carbon residue upon
heating. In one example, diamond grains provided in the form
of'a green-state element such as a diamond tape, that includes
a polymer binding agent to conform and bind the diamond
grains, can be debound in a furnace to provide a residue of
carbon that operates to effectively reduce metal and porosity
content in the subsequently sintered PCD material.

[0049] Sintered PCD bodies formed from PCD materials of
this invention can have a single diamond content, i.e., the high
diamond content noted above, extending throughout the
entire body volume, or can comprise at least one region con-
taining the high diamond content and one or more other
regions having a diamond content that is different from that of
the high diamond content region, i.e., that is not formed
entirely from the high diamond content material. For
example, it may be desirable in certain end use applications to
have a PCD body comprising a diamond volume content in a
region positioned adjacent a working surface of the body that
is different from that in another region of the body that is more
distant from the working surface. Also, it may be desirable
that the volume content of diamond in a region of the PCD
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body to be rendered substantially free of the catalyst material
and thermally stable be different from that of a region of the
PCD body retaining the catalyst material for the purpose of
controlling the extent of pores created in the thermally stable
region, thereby controlling the compressive strength of the
PCD body in such thermally stable region.

[0050] Any differences in diamond volume content in the
PCD body can be provided in the form of a step change or can
be provided in the form of a gradient change depending on the
desired end use mechanical properties of the body to accom-
modate the particular end use application. Thus, it is to be
understood that PCD bodies can be constructed comprising a
constant diamond volume content throughout, or can be con-
structed comprising one or more regions having a changing or
different diamond volume content.

[0051] PCD bodies comprising regions having different
diamond volume contents or densities can be formed by using
powder or green state diamond grains or a mixture of dia-
mond grains and catalyst materials in the manner described
above, wherein the different volumes of diamond grains and
catalyst materials giving rise to the different diamond volume
contents are positioned within the container as needed to
provide the desired differently positioned regions in the sin-
tered PCD body.

[0052] In an example embodiment, where PCD materials
are constructed for use as a wear or cutting element on a
subterranean drill bit, the PCD material is sintered by HPHT
process to form a PCD body that is integrally joined to a
substrate, thereby forming a PCD compact. In such embodi-
ment, a suitable substrate or substrate-forming material is
positioned adjacent the diamond grain volume or mixture of
diamond grains and catalyst material volume, and the com-
bined assembly is placed into the HPHT device for sintering
and bonding.

[0053] Suitable materials useful as substrates for forming
PCD compacts include those conventionally used as sub-
strates for conventional PCD compacts for the purpose of
attaching the compact to a desired cutting or wear tool. Suit-
able substrate materials include those formed from metallic
materials, ceramic materials, cermet materials, and mixtures
thereof. In an example embodiment, the substrate is provided
in a preformed state. Alternatively, the substrate can be pro-
vided in the form of a mixture of substrate precursor powders,
or can be provided in the form of a green-state part. In an
example embodiment, the substrate includes a catalyst mate-
rial in the form of a metal solvent catalyst that is capable of
infiltrating into the adjacent diamond powder during process-
ing to facilitate diamond-to-diamond bonding to form the
body, and to provide an integrally bonded attachment there-
with to form the PCD compact. Suitable metal solvent cata-
lyst materials include those discussed above in reference to
the catalyst material. A particularly preferred metal solvent
catalystis Co. In a preferred embodiment, the substrate mate-
rial comprises WC—Co.

[0054] If desired, the substrate and PCD material can be
configured having planar interfacing surfaces, or can be con-
figured having nonplanar interfacing surfaces. In certain
applications calling for a high level of bond strength in the
PCD compact between the PCD body and the substrate, the
use of a nonplanar interface may be desired to provide an
increased surface area between the adjoining surfaces to
enhance the extent of mechanical coupling and load carrying
capacity therebetween. The nonplanar interface can be pro-
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vided in the form of a single or multiple complementary
surface features disposed along each adjacent PCD body and
substrate interface surface.

[0055] FIG. 2 illustrates a PCD compact 16 comprising a
PCD body 18, made from the PCD material described above
and having a high diamond volume content or density, and
that is integrally joined to a substrate 20. This example
embodiment, the PCD compact 16 has a generally planar
working surface 20 positioned along a top portion of the PCD
body. Additionally, depending on the particular use applica-
tion, all or part of the side surface 24 of the PCD body may
also serve as a working surface. While a particular embodi-
ment of the PCD compact has been illustrated, namely, one
having a generally flat working surface and a cylindrical
outside wall surface, it is to be understood that the particular
configuration of PCD compacts can and will vary depending
on the particular use application, and such variations in con-
figuration are intended to be within the scope of this inven-
tion.

[0056] Once formed, the PCD compact is additionally
treated for rendering a desired region relatively more ther-
mally stable than a remaining region of the PCD body. In an
example embodiment, the thermally stable region extends
from a working surface 22 and/or 24 of the PCD body. This
treatment can be performed, for example, by removing sub-
stantially all of the catalyst material from the selected region
by suitable process, e.g., by acid leaching, aqua regia bath,
electrolytic process, or combinations thereof. Alternatively,
rather than actually removing the catalyst material from the
targeted region of the PCD body or compact, the targeted
region can be rendered thermally stable by treating the cata-
lyst material in a manner that reduces or eliminates the poten-
tial for the catalyst material to adversely impact the intercrys-
talline bonded diamond within this region at elevated
temperatures.

[0057] For example, the catalyst material can be combined
chemically with another material to cause itto no longer act as
a catalyst material, or can be transformed or reacted into
another material that again causes it to no longer act as a
catalyst material. Accordingly, as used herein, the terms
“removing substantially all” or “substantially free” as used in
reference to the catalyst material is intended to include the
different methods in which the PCD body can be treated with
respect to the catalyst material so as to no longer adversely
impact the intercrystalline diamond in the PCD body or com-
pact with increasing temperature.

[0058] Itis desired that the selected thermally stable region
of'the PCD body extends a determined depth from a surface of
the body, e.g., a working, wear or cutting surface, indepen-
dent of the working or cutting surface orientation. Again, it is
to be understood that the working or cutting surface may
include more than one surface portion of the PCD body. The
exact depth of the thermally stable region within the PCD
body can and will vary depending on a number of factors such
as the particular end use application, and the diamond volume
content or density in the region of the PCD body to be treated.
[0059] FIG. 3 graphically illustrates the relationship that
exists between PCD body diamond volume content or dia-
mond density and the leaching depth needed to obtain a
desired level of PCD body performance. Generally speaking,
the diamond volume content of the region in the PCD body to
be treated will impact the depth of treatment needed to obtain
a desired degree of thermal stability in such region in the
following manner. Generally speaking, the greater the dia-
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mond content in such region the lower the treatment depth
needed to obtain a desired level of thermal stability. Referring
to FIG. 3, curve A represents the performance curve fora PCD
body having a diamond density in the targeted region of say
about 95 percent by volume, while remaining curves B, C and
D represent performance curves for PCD body regions having
a decreasing diamond density of say 90, 85 and 65 percent by
volume respectively.

[0060] As shown in this illustration, PCD bodies formed
having a higher diamond volume content or density, e.g.,
greater than about 93 percent by volume, will provide a higher
level of performance for a given treatment depth when com-
pared to PCD bodies having a lower diamond volume content
at the same or even possibly a greater treatment depth.
Accordingly, the diamond content of the target region to be
rendered thermally stable will have a significant impact on the
depth of treatment needed to render the region thermally
stable to provide a desired level of performance such as wear
resistance.

[0061] In an example embodiment, for PCD bodies com-
prising a diamond content of greater than about 93 percent by
volume, a desired degree of thermal stability providing per-
formance properties suitable for use in subterranean drilling
applications is achieved from a thermally stable region that
extends from a working, wear or cutting surface of the PCD
body an average depth of less than about 0.01 mm, and
preferably less than about 0.08 mm, and more preferably less
than about 0.05 mm. For PCD bodies having a diamond
content of say about 95 percent by volume or greater, such
desired performance properties can be obtained from a ther-
mally stable region having an average depth from the working
surface of 0.03 mm or less. Again, as noted above, the dia-
mond content of the region to be rendered thermally stable
will have a significant impact on the depth needed to achieve
the degree of thermal stability to provide the desired perfor-
mance properties. In an example embodiment, the thermally
stable region extends from at least a portion of the working,
wear or cutting surface an average depth of from about 0.01
mm to about 0.08 mm, and more preferably from about 0.04
mm to about 0.07 mm.

[0062] Generally, it has been shown that a thermally stable
region within these depths, when combined with the feature
forming the PCD body from a high-density PCD material as
described above, produces a PCD compact having improved
properties of thermal stability and wear and abrasion resis-
tance when compared to conventional PCD compacts, while
also providing and not sacrificing properties of fracture
strength, impact resistance and toughness.

[0063] Itis to be understood that the depth of the thermally
stable region from the working or cutting surface is repre-
sented as being a nominal, average value arrived at by taking
anumber of measurements at preselected intervals along this
region and then determining the average value for all of the
points. The region remaining within the PCD body or com-
pact beyond this thermally stable region is understood to still
contain the catalyst material.

[0064] Additionally, when the PCD body to be treated
includes a substrate, i.e., is provided in the form of a PCD
compact, it is desired that the selected depth of the region to
be rendered thermally stable be one that allows a sufficient
depth of catalyst-containing region remaining in the PCD
compact to not adversely impact the attachment or bond
formed between the PCD body and the substrate, e.g., by
solvent metal infiltration, during the HP/HT process. In an
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example PCD compact embodiment, it is desired that the
untreated or remaining region within the PCD body have a
thickness that is sufficient to maintain a desired bond strength
between the PCD body and substrate. In an example embodi-
ment, the untreated region within the PCD body may extend
a distance of at least about 0.01 mm as measured from the
substrate. It is, however, understood that the exact thickness
of the PCD region containing the catalyst material adjacent
the substrate can and will vary depending on the diamond
particle size and diamond density of the PCD body and the
intended use application.

[0065] In an example embodiment, the selected region of
the PCD body is rendered thermally stable by removing sub-
stantially all of the catalyst material therefrom by exposing
the desired working surface or surfaces to an acid leaching
agent, as disclosed for example in U.S. Pat. No. 4,224,380,
which is incorporated herein by reference. Generally, after
the PCD body or compact is made by HP/HT process, the
identified surface or surfaces, e.g., the working, wear or cut-
ting surfaces, are placed into contact with the acid leaching
agent for a sufficient period of time to produce the desired
leaching or catalyst material depletion depth.

[0066] Suitable leaching agents for treating the selected
region to be rendered thermally stable include materials
selected from the group consisting of inorganic acids, organic
acids, mixtures and derivatives thereof. The particular leach-
ing agent that is selected can depend on such factors as the
type of catalyst material used, and the type of other non-
diamond metallic materials that may be present in the PCD
material. It is desired that the leaching agent selected to treat
the selected PCD body region be one capable of removing
both the catalyst material and such other known metallic
materials. In an example embodiment, suitable leaching
agents include hydrofluoric acid (HF), hydrochloric acid
(HC1), nitric acid (HNO,), and mixtures thereof.

[0067] In an example embodiment, where the diamond
body to be treated is in the form of a PCD compact, the
compact is prepared for treatment by protecting the substrate
surface and other portions of the PCD body adjacent the
targeted treated region from contact (liquid or vapor) with the
leaching agent. Methods of protecting the substrate surface
include covering, coating or encapsulating the substrate and
portion of PCD body with a suitable barrier member or mate-
rial such as wax, plastic or the like.

[0068] FIGS. 4 and 5 illustrate an embodiment of a PCD
compact 26 after its has been treated to render a selected
region of the PCD body thermally stable. In this embodiment,
the compact 26 comprises a thermally stable region 28 that
extends a selected depth “D” from a working or cutting sur-
face 30 of the PCD body 32. The remaining region 34 of the
PCD body 32, extending from the thermally stable region 28
to the substrate 36, includes the catalyst material.

[0069] FIG. 6illustrates in cross section the material micro-
structure 38 of the PCD body of this invention and, more
specifically, a section of the microstructure that includes the
thermally stable region ofthe PCD body. The thermally stable
region comprises intercrystalline bonded diamond made up
of the plurality of bonded together diamond grains 40, and a
matrix of interstitial regions 42 between the diamond grains
that are now substantially free of the catalyst material. The
thermally stable region comprising the interstitial regions
free of the catalyst material is shown to extend a distance or
depth “D” from a working or cutting surface 44 of the PCD
body. In an example embodiment, the depth “D” is identified
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and measured by cross sectioning a part, e.g., a PCD compact,
comprising the PCD body and using a sufficient level of
magnification to identify the interface between the first and
second regions and taking an average of the measurements.

[0070] The so-formed thermally stable region of the PCD
body of this invention is not subject to the thermal degrada-
tion encountered conventional PCD, resulting in improved
thermal characteristics. The remaining region of the PCD
body extending from depth “D”* has a material microstructure
that comprises PCD, as described above and illustrated in
FIG. 1, that includes catalyst material 46 disposed within the
interstitial regions.

[0071] As noted above, the location, size and orientation of
the working, wear or cutting surface on the PCD body formed
from PCD materials of this invention can and will vary
depending on the particular working, wear or cutting appli-
cation. In an example embodiment, where the PCD body is
provided as part of a PCD compact configured as a cutting
element for use in a subterranean drill bit, the working, wear
or cutting surface can extend beyond the upper surface of the
PCD body illustrated in FIG. 4.

[0072] For example, FIG. 7 illustrates an example embodi-
ment PCD compact 48 of this invention comprising a working
surface 50 that extends from an upper surface 52 of the PCD
body 57 to a beveled surface 54 of the PCD body that defines
a circumferential edge of the upper surface. In this embodi-
ment, the thermally stable region 56 extends the selected
depth into the PCD body 57 from each of the upper and
beveled surfaces 52 and 54 to provide a desired degree of
thermal stability to each of these regions.

[0073] Insuchembodiment, prior to treating the PCD com-
pact to render the selected region thermally stable, the PCD
compact is formed to have such working surfaces, i.e., is
formed by machine process or the like to provide the desired
the beveled surface 54. Thus, a feature of cutting elements
formed from PCD materials of this invention is that they
include working, wear or cutting surfaces, independent of
location or orientation, having a thermally stable region
extending a predetermined depth into the diamond body.

[0074] For certain applications, it has been discovered that
further improvements in thermal stability can be realized by
extending the thermally stable region beyond the working
surface of the construction, i.e., by rendering a surface portion
other than but adjacent to the working or cutting surface
thermally stable. This can include extending the thermally
stable region along a side surface of the cutting element at
least a partial length, and in some cases the entire length, to
the substrate.

[0075] As illustrated for example in FIG. 7, the thermally
stable region 56 has been extended along an outer surface
portion 58 of the compact that extends axially away from the
beveled surface 54 along a side surface of the PCD body
towards the substrate 60. While this surface portion 58 may
not actually be placed into working, wear or cutting contact,
the presence of the thermally stable region positioned a dis-
tance along and adjacent to the beveled surface 54 has been
observed to provide an enhanced degree of thermal stability
to the construction. Accordingly, itis to be understood that the
thermally stable region of the PCD material of this invention
can formed at surfaces along the PCD body other than the
working, wear or cutting surfaces to obtain a desired gain in
thermal stability as called for by the particular end use appli-
cation.
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[0076] Inanexample embodiment, where the PCD material
is provided in the form of a cutting element for use in a
subterranean drill bit, and the cutting element may include a
beveled transition between an upper working surface and a
side outer surface, the thermally stable region may be
extended axially from the beveled surface along the side
surface for a distance that will vary depending on the particu-
lar construction size and application, but that will be sufficient
to provide a desired degree of thermal conductivity enhance-
ment to improve overall thermal stability of the construction.
[0077] As mentioned briefly above, PCD bodies of this
invention may be constructed having a single homogeneous
PCD phase or region comprising a single or constant diamond
content, or may constructed comprising two or more PCD
phases or regions that each have a different diamond content,
wherein at least one of the regions include a diamond content
that is greater than about 93 percent by volume. In the
example where the PCD body consists of a generally homog-
enous PCD material having a single diamond content, the
diamond content in such example embodiment will be greater
than about 93 percent by volume. In the example where the
PCD body comprises two or more regions of PCD material, at
least one of the regions will have a diamond content of greater
than about 93 percent by volume, and the remaining region or
regions of PCD material can have a diamond content of
greater than about 93 percent by volume or can have a dia-
mond content that is less than about 93 percent by volume.
[0078] For PCD body embodiments comprising different
regions having different diamond volume contents, the vol-
ume fraction of the high diamond content region can and will
vary depending on the particular PCD body configuration and
end use application. For use in certain end use applications, it
may be desired that the volume fraction of the high diamond
content region in the PCD body be greater than that of the
remaining PCD body region or regions, while other end use
applications may call for a PCD body having a lower volume
fraction of the high diamond content region than that of the
remaining PCD body region or regions. In an example
embodiment, it is desired that the PCD body comprise that
volume fraction of the high diamond content region necessary
for promoting creation of the thermally stable region within a
minimum depth from the working surface that will provide
the desired performance properties of the PCD body and
compact, thereby minimizing the material costs involved in
manufacturing the same.

[0079] FIG. 8 illustrates an example embodiment of a PCD
compact 62 of this invention that comprises a PCD body 64,
comprising two different regions 66 and 68 that each have a
different diamond volume content, and that is integrally
joined to a substrate 69. As noted above, the diamond content
in each of these regions may be greater than about 93 percent
by volume, or the diamond content in one of these regions
may be greater than about 93 percent by volume and the
diamond content in the other of these regions may be less than
about 93 percent by volume. Additionally, the PCD compact
62 of this example embodiment includes a thermally stable
region 70 that extends a depth into the PCD body from work-
ing surfaces 72 and 74, which depth is within the parameters
described above.

[0080] The particular placement location of the different
diamond density regions within the PCD body is understood
to vary depending on the particular end use application. For
example, when used as a cutting element for subterranean
drilling in environments calling for a high degree of hardness
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and wear resistance at the working surface without the need
for ahigh level of fracture toughness or strength, the region 66
positioned along the working surfaces 72 and 74 can be
formed from a PCD material having a higher diamond content
than that of the remaining region 68. In another example,
where properties of hardness, wear resistance and addition-
ally fracture toughness and strength is desired at the working
surface of the PCD compact, the region 66 can be formed
from a PCD material having a diamond content that is less
than that of the region 68. Accordingly, it is to be understood
that the placement position of the different diamond content
PCD regions can and will vary within the PCD body in such
embodiments according to the particular mechanical and per-
formance properties called for by the end use applications.
[0081] Also as noted briefly above, PCD bodies of this
invention may include a PCD material or a region of PCD
material that has adiamond content that changes as a function
of position within the body. This change in diamond content
can either be in the form of a step change or as a gradient
within the PCD material or region of PCD material. For
example, a PCD body of this invention may comprise a PCD
material having a diamond content that gradually or suddenly
changes, e.g., decreases or increases, moving away from the
PCD body working surface. In one example embodiment, a
PCD body of'this invention comprises a PCD material having
adecreasing diamond content moving away from the working
surface, and that includes a thermally stable region that
extends a depth from the working surface within the PCD
body. The change in diamond content can be provided in step
or gradient form within the PCD body. In any event, at least
one region within the PCD body has a diamond content that is
greater than about 93 percent by volume, wherein the place-
ment position of this region will vary depending on the end
use application.

[0082] PCD materials, PCD bodies, and compacts formed
therefrom will become better understood and appreciated
with reference to the following examples:

Example 1

PCD Compact Formed From a Bimodal Diamond
Grain Distribution

[0083] A PCD compact is formed from the PCD material of
this invention in the following manner. Coarse-sized diamond
grains having a bimodal distribution comprising a first popu-
lation of diamond grains having an average grain size of about
40 um, and a second population of diamond grains having an
average grain size of about 75 um are mixed together with Co
powder having an approximate grain size of about 2 um. The
distribution of diamond grains and Co powder is as follows:
approximately 80 percent by volume 40 um diamond grains,
and approximately 20 percent by volume 75 pm diamond
grains. The mixture comprises approximately 95 percent by
volume diamond grains and the remaining amount Co. The
mixture is prepared for forming a PCD compact useful as a
cutting element on a subterranean drill bit.

[0084] The mixture is loaded into a suitable container or
capsule and is positioned adjacent a desired substrate useful
for forming a point of attachment between the PCD compact
and the drill bit. The container is loaded into a suitable HP/HT
device, used for producing conventional PCD constructions,
and the device is operated at a temperature and pressure
sufficient to cause the mixture to be consolidated, sintered
and integrally bonded with the substrate.
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[0085] The container is removed from the device and the
PCD compact is removed from the container. The so-formed
PCD compact has a diamond content of approximately 94
percent by volume, and the remainder Co and Ni. The PCD
compact is finished machined to an approximate dimension
and configuration and a designated working surface is
exposed to an acid leaching agent for a sufficient amount of
time to form a thermally stable region in the PCD body that
extends desired depth of approximately 0.08 mm from the
designated working surface.

Example 2

PCD Compact Formed from a Trimodal Diamond
Grain Distribution

[0086] A PCD compactis formed from the PCD material of
this invention in the following manner. A distribution of dia-
mond particles having an average particle size of 0.06 mm,
0.03 mm, and 0.01 mm are mixed together in the ratio of
5:3:1. The mixed together diamond powder is heated to a
temperature of approximately 1,450° C. in a vacuum for 1
hour to achieve a desired degree of graphitization. The
graphitized diamond grain mixture is combined with a vol-
ume of Co and Ni powder, the total amount of these powders
not exceeding 7 percent by volume. The resulting mixture is
loaded into a suitable container or capsule and is positioned
adjacent a WC—Co substrate. The container is loaded into a
suitable HP/HT device, used for producing conventional PCD
constructions, and the device is operated at a temperature and
pressure sufficient to cause the mixture to be consolidated,
sintered and integrally bonded with the substrate.

[0087] The container is removed from the device and the
PCD compact is removed from the container. The so-formed
PCD compact has a diamond content of approximately 96
percent by volume, and the remainder Co and Ni. The PCD
compact is finished machined to approximate dimension and
configuration and a designated working surface is exposed to
an acid leaching agent for a sufficient amount of time to form
a thermally stable region in the PCD body that extends a
desired depth of approximately 0.03 mm from the designated
working surface.

Example 3

PCD Compact Formed from a Quadmodal Diamond
Grain Distribution

[0088] A PCD compactis formed from the PCD material of
this invention in the following manner. A distribution of dia-
mond particles having an average particle size of 0.1 mm,
0.05 mm, 0.02 mm and 5 pm to 0.2 um are mixed together in
the ratio of 5:3:1:1. The mixed together diamond powder is
heated to a temperature of approximately 1,400° C. in a
vacuum for 30 minutes to achieve a desired degree of graphi-
tization. The graphitized diamond grain mixture is combined
with a volume of Co powder not exceeding 7 percent by
volume, and the resulting mixture is loaded into a suitable
container or capsule and is positioned adjacent a WC—Co
substrate. The container is loaded into a suitable HP/HT
device, used for producing conventional PCD constructions,
and the device is operated at a temperature and pressure
sufficient to cause the mixture to be consolidated, sintered
and integrally bonded with the substrate.

[0089] The container is removed from the device and the
PCD compact is removed from the container. The so-formed
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PCD compact has a diamond content of approximately 96
percent by volume, and the remainder Co. The PCD compact
is finished machined to approximate dimension and configu-
ration and a designated working surface is exposed to an acid
leaching agent for a sufficient amount of time to form a
thermally stable region in the PCD body that extends a
desired depth of approximately 0.03 mm from the designated
working surface.

[0090] A feature of PCD materials comprising a high dia-
mond density is that such high diamond density operates to
permit formation of a thermally stable region, suitable for use
in extreme wear or cutting applications, within a depth from
aworking surface that is less than about 0.1 mm. Additionally,
PCD materials comprising such high diamond density pro-
vide a desired degree of thermal stability within a relatively
shallow region while also minimizing porosity in the micro-
structure, thereby providing improved compressive strength
when compared to conventional PCD.

[0091] PCD materials can be used for a number of different
applications, such as for forming cutting and/or wear ele-
ments of tools used for mining, cutting, machining and con-
struction applications, where the combined properties of ther-
mal stability, wear and abrasion resistance, and strength,
toughness and impact resistance are highly desired. PCD
materials are particularly well suited for forming working,
wear and/or cutting surfaces on components used in machine
tools and subterranean drill and mining bits such as roller
cone rock bits, percussion or hammer bits, diamond bits, and
shear cutters.

[0092] FIG. 9 illustrates an embodiment of a PCD body
provided in the form of an insert 76 used in a wear or cutting
application in a roller cone drill bit or percussion or hammer
drill bit. For example, such PCD inserts 76 are constructed
having a substrate 78, formed from one or more of the sub-
strate materials disclosed above, that is attached to a PCD
body 80 formed from the PCD material having the thermally
stable region. In this particular embodiment, the insert 76
comprises a domed working surface 82, and the thermally
stable region is positioned along the working surface and
extends a selected depth therefrom into the PCD body 80. The
insert 76 can be pressed or machined into the desired shape or
configuration prior to the treatment for rendering the selected
region thermally stable. It is to be understood that PCD mate-
rials can also be used to form inserts having geometries other
than that specifically described above and illustrated in FIG.
9.

[0093] FIG. 10 illustrates a rotary or roller cone drill bit in
the form of a rock bit 84 comprising a number of the wear or
cutting PCD inserts 76 disclosed above and illustrated in FIG.
9. The rock bit 84 comprises a body 86 having three legs 88
extending therefrom, and a roller cutter cone 90 mounted on
a lower end of each leg. The inserts 76 are the same as those
described above comprising the PCD body and materials of
this invention, and are provided in the surfaces of each cutter
cone 90 for bearing on a rock formation being drilled.

[0094] FIG. 11 illustrates the PCD insert described above
and illustrated in FIG. 9 as used with a percussion or hammer
bit 92. The hammer bit generally comprises a hollow steel
body 94 having a threaded pin 96 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 ofthe inserts 76 are provided
in the surface of a head 98 of the body 94 for bearing on the
subterranean formation being drilled.
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[0095] FIG. 12 illustrates a PCD body of this invention as
used to form a shear cutter 100 used, for example, with a drag
bit for drilling subterranean formations. The PCD shear cutter
100 comprises a PCD body 102 that is sintered or otherwise
attached to a cutter substrate 104 as described above. The
PCD body 102 includes a working or cutting surface 106 that
is formed from the PCD material comprising the thermally
stable region of the PCD body. As discussed and illustrated
above, the working or cutting surface for the shear cutter can
extend from the upper surface to a beveled surface defining a
circumferential edge of the upper, and the thermally stable
region of the PCD body extends a desired depth from one or
more of such working surfaces. Additionally, if desired, the
thermally stable region of the PCD body can extend from the
beveled or other working surface a distance axially along a
portion of or the entire side surface of the shear cutter extend-
ing to the substrate 104 to provide an enhanced degree of
thermal stability and thermal resistance to the cutter. It is to be
understood that PCD materials can be used to form shear
cutters having geometries other than that specifically
described above and illustrated in FIG. 12.

[0096] FIG. 13 illustrates a drag bit 108 comprising a plu-
rality of the PCD shear cutters 100 described above and
illustrated in FIG. 12. The shear cutters are each attached to
blades 110 that extend from a head 112 of the drag bit for
cutting against the subterranean formation being drilled.
Because the PCD shear cutters of this invention include a
metallic substrate, they are attached to the blades by conven-
tional method, such as by brazing or welding.

[0097] Other modifications and variations of PCD materi-
als and constructions formed therefrom, and methods for
making the same, according to the principles of this invention
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.

What is claimed is:

1. A cutting element comprising:

a polycrystalline diamond body comprising a plurality of
bonded diamond crystals and a plurality of interstitial
regions disposed among the crystals, the body compris-
ing a first region substantially free of a catalyst material
used to sinter the diamond body and a second region that
includes the catalyst material, wherein at least a portion
of the first region extends from a working surface of the
body to a depth of less than about 0.08 mm, and wherein
the diamond body includes a diamond content greater
than about 93 percent by volume at first location and a
diamond content less than about 93 percent at a second
location; and

a substrate joined to the diamond body selected from the
group consisting of metallic materials, ceramic materi-
als, cermet materials and mixtures thereof.

2. The cutting element as recited in claim 1 wherein the first

and second locations are within the first region.

3. The cutting element as recited in claim 1 wherein the first
location is within at least a portion of the first region.

4. The cutting element as recited in claim 1 wherein the
diamond grains used to form the diamond body have an
average particle size of about 0.03 mm or more.

5. The cutting element as recited in claim 1 wherein at least
a portion of the working surface is a side surface of the
diamond body extending from a top surface of the diamond
body a partial distance towards the substrate.
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6. The cutting element as recited in claim 1 where the
diamond body is formed from a multimodal distribution of
differently sized diamond grains, and wherein a majority of
the diamond grains have an average particle size of about 0.05
mm or more.

7. The cutting element as recited in claim 1 wherein the first
region extends a depth from the working surface of from
about 0.01 mm to 0.08 mm.

8. The cutting element as recited in claim 1 wherein the first
region extends a depth from the working surface of from
about 0.02 mm to 0.05 mm.

9. The cutting element as recited in claim 1 wherein the
diamond body is prepared by subjecting a volume of diamond
grains to a high temperature condition to form graphite, and
then sintering the volume of diamond grains in the presence
of the catalyst material at high-pressure/high-temperature
conditions.

10. The cutting element as recited in claim 9 wherein the
subjecting takes place in a vacuum environment.

11. A cutting element comprising a polycrystalline dia-
mond body bonded to a metallic substrate, wherein the poly-
crystalline diamond body is prepared by:

subjecting a volume of diamond grains to high temperature

conditions to form graphite thereon;

subjecting the diamond grains in the presence of a catalyst

material to high-pressure/high-temperature conditions
to form the diamond body and attach the substrate
thereto; and
treating a first region of the polycrystalline diamond body
to render it substantially free of the catalyst material
while allowing the catalyst material to remain in a sec-
ond region of the body, wherein the first region extends
from a working surface of the body to a depth ofless than
or equal to about 0.08 mm;

wherein the diamond body comprises a diamond volume
content that changes moving from the working surface
to an interface with the substrate, and wherein at least a
portion of the first region has a diamond content greater
than about 93 percent by volume.

12. The cutting element as recited in claim 11 wherein a
portion of the first region has a diamond content less than
about 93 percent by volume, and wherein the first region
extends along at least a partial length of a side surface of the
diamond from a top surface to the substrate.

13. The cutting element as recited in claim 12 wherein the
first region extends along a majority of the length of the
diamond body side surface.
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14. The cutting element as recited in claim 11 wherein at
least a portion of the second region has a diamond content of
from about 85 to 93 percent by volume.

15. The cutting element as recited in claim 11 wherein the
diamond grains used to form the diamond body have an
average particle size of about 0.03 mm.

16. A bit for drilling subterranean formations comprising a
bit body having a number of blades projecting therefrom, and
a number of the cutting elements of claim 11 attached to the
blades.

17. A bit for drilling subterranean formations comprising:

a body;

anumber of cutting elements attached to the body, wherein
each of the cutting elements comprise a polycrystalline
diamond body of bonded together diamond crystals and
interstitial regions between the diamond crystals, the
diamond body being attached to a metallic substrate, the
polycrystalline diamond body comprising:

a first region comprising interstitial regions that are sub-
stantially free of a catalyst material used to sinter the
diamond body, the first region being formed from dia-
mond grains having an average particle size of greater
than about 0.03 mm, the first region extending from a
working surface of the diamond body to a depth of less
than about 0.08 mm; and

a second region extending from the first region to the sub-
strate and comprising the catalyst material in the inter-
stitial regions, wherein the diamond body has a diamond
content that changes moving from the working surface
to the substrate, and wherein at least a portion of the first
region has a diamond content that is greater than about
93 percent by volume.

18. The bit as recited in claim 17 wherein the first region
extends a depth from the working surface from about 0.01 to
0.08 mm, and wherein a portion of the second region has a
diamond content that is greater than about 93 percent by
volume.

19. The bit as recited in claim 17 wherein the polycrystal-
line diamond body is prepared by subjecting a volume of
diamond gains to a high temperature condition to form graph-
ite thereon before sintering the diamond grains at a high-
pressure/high-pressure condition.

20. The bit as recited in claim 19 wherein the graphite is
formed in a vacuum environment.
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