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FUNCTIONALLY GRADED POLYCRYSTALLINE DIAMOND INSERT

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U S Provisional Application No 61/232,151, filed

August 7, 2009, which is hereby incorporated by reference in its entirety

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

This invention relates to rotary cone bits used for subterranean drilling and, more

particularly, to inserts used with rotary cone bits that are specially engineered having a

functionally graded polycrystalline diamond microstructure to provide improved elastic

properties, mechanical properties and/or thermal properties when compared to conventional

polycrystalline diamond inserts

BACKGROUND ART

Polycrystalline diamond (PCD) materials known in the art are formed from diamond

grains or crystals and a ductile metal binder and are synthesized by high temperature/high

pressure processes Such material is well known for its mechanical properties of wear resistance,

making it a popular material choice for use in such industrial applications as cutting tools for

machining, and subterranean mining and drilling where such mechanical properties are highly

desired For example, conventional PCD can be provided in the form of surface coatings on,

e g , inserts used with cutting and drilling tools to impart improved wear resistance thereto

Traditionally, PCD inserts used in such applications are formed by coating a carbide

substrate with a layer of PCD Such inserts comprise a substrate, a surface layer, and often a

transition layer to improve the bonding between the exposed layer and the substrate The

substrate is typically a carbide material, e g , cemented carbide, tungsten carbide (WC) cemented

with cobalt (WC-Co)

The PCD layer conventionally includes metal binder up to about 30 percent by weight

The metal binder facilitates diamond intercrystalline bonding, and bonding of diamond layer to

the substrate Metals employed as the binder are often selected from cobalt, iron, or nickel

and/or mixtures or alloys thereof and can include metals such as manganese, tantalum, chromium

and/or mixtures or alloys thereof However, while higher metal binder content typically



increases the toughness of the resulting PCD material, higher metal content also decreases the

PCD material hardness and wear resistance, thus limiting the flexibility of being able to provide

PCD coatings having desired levels of hardness, wear resistance and toughness. Additionally,

when variables are selected to increase the hardness or wear resistance of the PCD material,

typically brittleness also increases, thereby reducing the toughness of the PCD material.

Conventional PCD inserts may include one or more transition layers between the PCD

layer and the substrate. Such transition layers include refractory particles such as carbides in

addition to the diamond and metal binder to change materials properties through the layers.

However, carbide content manipulation does not always promote the best transition between

adjacent PCD insert layers, permitting discrete interfaces to exist between the layers which can

promote unwanted stress concentrations. The existence of these discrete interfaces, and the

resulting stress concentrations produced therefrom, can cause premature failure of the PCD insert

by delamination along the layer-to-layer interfaces.

It is, therefore, desired that a PCD insert be constructed in a manner that provides a

desired balance of hardness, wear or abrasion resistance, and toughness while also reducing

and/or eliminating the existence of residual stress concentrations within the construction to

thereby provide an extended service life. It is also desired that the PCD insert be constructed in a

manner that provides an improved degree of thermal stability during operation when compared

to conventional PCD inserts, thereby effectively extending service life.

SUMMARY OF THE INVENTION

Functionally-Graded PCD inserts of this invention comprise a polycrystalline diamond

body having a material microstructure of bonded together diamond grains and a binder phase of

metal binder dispersed among the diamond grains. The diamond body comprises two or more

functionally-graded polycrystalline diamond regions or layers moving from an outer surface of

the body towards a metallic substrate. Generally speaking, the amount of diamond in the body is

engineered to decrease moving from the outer surface to the substrate. In an example

embodiment, the decrease in diamond content is provided by increasing metal binder content. In

an example embodiment, the metal content within each body region or layer changes in a

gradient manner. In an example embodiment, the body first region adjacent the outer surface

comprises about 5 to 20 percent by weight metal binder, and the body region remote from the

surface comprises about 15 to 40 percent by weight metal binder.



The construction further comprises one or more polycrystalline diamond transition

regions that are interposed between the diamond body and the substrate. Generally, the

transition region comprises polycrystalline diamond, binder metal, and a carbide material or

other material that is present in the substrate. In an example embodiment, the transition region

comprises a metal binder content that is less than that present in the body second region. In an

example embodiment, the transition region comprises greater than 50 percent by weight carbide.

When provided in the form of two or more regions or layers, the transition layer adjacent the

diamond body includes a metal binder content that is greater than, and a carbide content that is

less than, the transition layer adjacent the substrate.

PCD inserts constructed in this manner provide a desired combination/balance of wear

resistance and toughness using a reduced diamond body outer layer thickness. Further, the

gradient change of metal content and diamond content within the diamond body operates to

reduce or eliminate the existence of residual stress concentrations within the construction to

thereby provide an extended service life. Further still, the combined construction of such FG-

PCD layers with the transition layer or layers operates to provide an improved degree of thermal

stability during operation when compared to conventional PCD inserts, thereby effectively

extending service life.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the present invention will become appreciated

as the same becomes better understood with reference to the specification, claims and drawings

wherein:

FIG. 1 is a cross-sectional side view of an example embodiment PCD insert;

FIG. 2 is a cross-sectional side view of another example embodiment PCD insert;

FIG. 3 is a cross-section side view of another example embodiment PCD insert;

FIG. 4 is a cross-section side view of another example embodiment PCD insert;

FIG. 5 is a cross-section side view of another example embodiment PCD insert;

FIG. 6 is a cross-section side view of another example embodiment PCD insert;

FIG. 7 is a schematic perspective side view of an examples PCD insert;

FIG. 8 is a perspective side view of a roller cone drill bit comprising a number of the

PCD inserts of FIG. 7; and

FIG. 9 is a perspective side view of a percussion or hammer bit comprising a number of

the PCD inserts of FIG. 7 .



DETAILED DESCRIPTION

As used in this specification, the term polycrystalline diamond, along with its

abbreviation "PCD," refers to the material produced by subjecting individual diamond crystals or

grains sufficiently high pressure and high temperature conditions in the presence of a metal

solvent catalyst material or metal binder material that intercrystalline bonding occurs between

adjacent diamond crystals. A characteristic of PCD is that the diamond crystals bonded to each

other to form a rigid body having a material microstructure comprising a matrix phase of

intercrystalline bonded diamond with the metal binder dispersed within interstitial regions within

the matrix phase.

PCD inserts of this invention generally comprise a functionally-graded PCD (FG-PCD)

material that can be provided as two or more layers comprising a decreasing diamond content

moving away from an outer or working surface of the insert towards a substrate. The decreasing

diamond content within the FG-PCD material is achieved by increasing the amount of the metal

binder material therein. Unlike conventional PCD inserts, the reduction in diamond content

within the construction is not achieved through the use of additives like refractory materials or

the like, e.g., by carbide addition. Accordingly, FG-PCD materials described herein can be

referred to as being "substantially free" of added carbide. As used herein, the term "substantially

free" is understood to mean that no free carbide is intentionally added to the diamond grains used

to form the FG-PCD material. Any carbide that may be unintentionally be added by result of

processing or the like, e.g., during attriator/ball milling, is considered to be residual carbide. The

existence of such residual carbide is not considered free carbide, so that FG-PCD materials

comprising such residual carbide are understood to be "substantially free" of carbide within the

scope of this invention.

Further, to achieve a both a reduced degree of residual stress and an improved degree of

thermal stability within the PCD insert construction, the change in metal binder content within

the FG-PCD material is engineered to be continuous.

In an example embodiment, the region of the PCD insert FG-PCD material positioned

adjacent the insert outer or working surface is relatively lean in metal binder, while the region of

the FG-PCD material positioned adjacent the substrate interface is relatively richer in metal

binder. In an example embodiment, the region of the FG-PCD material adjacent the outer

surface may comprise in the range of from about 5 to 20 percent by weight metal binder. It is

desired that such region comprise greater than about 5 percent by weight, and preferably greater



than about 8 percent by weight, of the metal binder to provide a desired high level of wear

resistance while still retaining a suitable degree of fracture toughness. As described below, the

bulk fracture toughness for the insert is provided by the core or inner layer of FG-PCD material

that comprises a higher proportion of the metal binder. Because the underlying layer of FG-PCD

material includes a higher proportion of the metal binder, such layer operates to resist the

propagation of any cracks through the PCD body from any cracks than may form along the outer

FG-PCD layer, thereby increasing the fracture toughness of the construction.

Having greater than about 20 percent by weight of the metal binder in this outer region is

not desired because such a material would exhibit a relatively high rate of wear that would not be

suitable for the desired high wear applications without being present in a very thick material

layer to preserve service life expectancy. A construction comprising such a thick outer material

layer is not desired for purposes of reducing material and/or manufacturing costs. It is to be

understood that the exact amount of the metal binder present in this outer region can vary within

this range depending on such factors as the size of the diamond grains used to form the FG-PCD

material, the type of the metal binder that is selected, and/or the particular end use application.

In a preferred embodiment, the FG-PCD material region adjacent the PCD insert outer or

working surface may comprise in the range of from 12 to 18 percent by weight metal binder. In

a most preferred embodiment, where the metal binder material is cobalt, the FG-PCD material

region adjacent the PCD insert outer or working surface comprises approximately 13 to15

percent by weight metal binder. . The amount of the metal binder in this particular FG-PCD

material region is selected to provide a desired degree of fracture toughness to the construction

as noted above while also minimizing differences in thermal characteristics between the adjacent

FG-PCD layers.

In an example embodiment, the region of the FG-PCD material adjacent the substrate

may comprise in the range of from about 15 to 40 percent by weight metal binder, and preferably

comprises in the range of from about 18 to 35 percent by weight metal binder. In a most

preferred embodiment, when the metal binder is Co, such FG-PCD material comprises in the

range of from about 20 to 30 percent by weight metal binder. It is desired that such FG-PCD

region comprise greater than about 9 percent by weight of the metal binder because to increase

the favorable compressive residual stress in the diamond crystals, resulting in making such FD-

PCD region tougher. Having greater than about 30 percent by weight of the metal binder in this

region is not desired because fracture toughness reaches a maximum at 30 percent and then



declines with additional amounts of the metal binder. Also, at metal binder levels above 30

percent, the wear resistance for this layer decreases below acceptable levels for use in desired

wear applications. It is to be understood that the exact amount of the metal binder present in this

region can vary within this range depending on such factors as the size of the diamond grains

used to form the FG-PCD material, the type of the metal binder that is selected, and/or the

particular end use application.

The metal binder content in each of the FG-PCD material regions can be measured using

conventional techniques. In an example embodiment, the metal binder content can be measured

using energy-dispersive spectrometry or the like. A feature of the FG-PCD material is that the

metal binder content within the FG-PCD material and each such region changes therein in a

gradient manner, which provides for a smooth transition of both elastic/mechanical properties as

well as thermal properties such as the coefficient of thermal expansion, thereby reducing residual

stress within the sintered part.

In an example embodiment, the diamond grains used to form the PCD material of the

PCD insert can be synthetic or natural and can have an average particle size that range from

submicrometer in size to 50 micrometers. If desired, the diamond grains can have a monomodal

or multimodal size distribution. In the event that a multimodal size distribution of diamond

powder is desired, the differently-sized diamond grains can be mixed together by appropriate

method and combined with the desired metal binder. Alternatively, in the event that it is desired

to use differently- sized diamond grains to form different PCD layers or regions within the PCD

insert, then the differently sized diamond grains are processed separately for forming the

different PCD layers or regions.

The desired diamond powder and the metal binder are combined in the desired proportion

to form the PCD material used to make the PCD insert. The metal binder can be selected from

those materials used to form conventional PCD, such as Group VIII materials taken from the

Periodic Table like Co, Ni, Fe and combinations thereof. Alternatively, instead of being

provided in powder form, the PCD and metal binder materials useful for making PCD inserts can

be provided in green state form, e.g., in the form of tape or the like.

FIG. 1 illustrates an example PCD insert 10 comprising a FG-PCD material 12 that

extends from an outer or working surface 14 of the insert to a transition PCD layer 16 that is

interposed between the FG-PCD material 12 and a substrate 18. As illustrated in this example,



the FG-PCD material and transition PCD layer each have a complementary radius of curvature as

called for by the particular insert application.

In this particular example, the FG-PCD material 12 is provided in two layers or regions;

namely, a first layer 20 that extends inwardly into the construction from the outer or working

surface 14, and a second layer 22 that extends inwardly from the first layer 20 to an interface

with the transition PCD layer 16. The FG-PCD first layer or region 20 has a relatively lean metal

binder content within the range noted above, and in a particular example comprises

approximately 15 percent by weight cobalt, and has a thickness in the range of from about 125 to

600 microns, and more preferably in the range of from about 150 to 300 microns. In a preferred

embodiment, the outer layer thickness is approximately 250 microns.

In a preferred embodiment, the metal binder content in the first layer decreases in a

gradient manner moving from the insert outer surface 14 to the second layer 22. In such example

embodiment, the metal binder content at the outer surface is approximately about 13 percent by

weight, and the metal binder content at the interface with the second layer is approximately 15

percent by weight. A feature of the FG-PCD first layer or region is that the decrease in diamond

content therein is achieved by increasing the metal binder content rather than by adding other

materials such as refractory materials into the composition.

The FG-PCD second layer or second region 22 has a relatively rich metal binder content

within the range noted above for the FG-PCD region adjacent the substrate, and in a particular

example is approximately 20 percent by weight cobalt, and has a thickness in the range of from

about 125 to 1,250 microns, and more preferably in the range of from about 400 to 750 microns.

In a preferred embodiment, the metal binder content in the second layer 22 decreases in a

gradient manner moving from the interface with the first layer 20 to the transition layer 16. In

such example embodiment, the metal binder content at the first layer interface is in the range of

from about 15 to 17 percent by weight, and the metal binder content at the interface with the

underlying transition layer is in the range of from about 18 to 20 percent by weight.

As noted above with respect to the FG-PCD first layer or region, the decrease in diamond

content within the FG-PCD second layer or region can also be achieved by increasing the metal

binder content rather than by adding other materials such as refractory materials into the

composition. Alternatively, if desired some additive can be used in addition to increasing the

metal binder content to achieve the desired decrease in diamond content.



A feature of the example PCD insert construction illustrated in FIG. 1 is that the FG-PCD

material 12 provides for a thicker top layer of PCD, provided primarily by the FG-PCD second

layer, while also providing a desired degree of wear resistance using a relatively thinner FG-PCD

layer, and additionally reducing the necessary thickness of the transition layer. The use of a

relatively thicker top layer of PCD is desired as this layer is the one that that provides the desired

combination of wear resistance and toughness for engaging the formation being drilled, thereby

increasing the effective service life of the PCD insert. As noted above, because it is relatively

difficult to produce a thick FG-PCD first layer, the FG-PCD second layer is made thicker to

contribute the desired degree of toughness. In this embodiment, a transition layer is provided

between the FG-PCD layers and the substrate, and is provided having a thickness at least as thick

as the FG-PCD first layer 20, or thicker or in proportion to the FG-PCD second layer 22.

Transition layers as used to form composite construction of the invention comprise PCD,

and one or more other material that has physical and/or thermal properties that are closely

matched to the substrate. In example embodiments, such other material can be one or more

constituent also present in the substrate. In this particular embodiment, the transition layer 16

comprises a composite construction of PCD and one or more material constituent from the

substrate 18. Where the substrate comprises a cermet material, such as WC-Co, the transition

layer 16 comprises a matrix phase of bonded-together diamond grains, and both a metal binder

material and WC dispersed within interstitial regions within the matrix. The diamond grains

used to form the PCD in the transition layer can be the same or different from those used to form

the FG-PCD material.

The metal binder content within the transition layer will vary depending on the number of

FG-PCD layers that are provided, the number of transition layers used, and the material make up

of the substrate. Generally, the transition layer can comprise in the range of from about 2 to 15

percent by weight metal binder, and generally the transition layer comprises an amount of the

metal binder that is less than that of the adjacent FG-PCD layer. In this particular example

embodiment where the metal binder is Co, the transition layer 16 comprises in the range of from

about 3 to 6 percent by weight of the metal binder. The substrate constituent content within the

transition layer can vary depending on the same factors noted above. Generally, the transition

layer can comprises in the range of from about 50 to 90 percent by weight of the substrate

constituent. In this particular example embodiment where the substrate constituent is WC, the



transition layer 16 comprises in the range of from about 55 to 65 percent by weight of the

substrate constituent

FIG 2 illustrates an example PCD insert 26 comprising a FG-PCD material 28 that

extends from an outer or working surface 30 of the insert to a transition PCD layer 32 interposed

between the FG-PCD material and a substrate 34 As illustrated in this example, the FG-PCD

material and transition PCD layer each have a complementary radius of curvature as called for

by the particular insert application In this particular example, the FG-PCD material 28 is

provided in two layers, namely, a first layer 36 that extends inwardly into the construction from

the outer or working surface 30, and a second layer 38 that extends inwardly from the first layer

36 to an interface with the transition PCD layer 32

The FG-PCD first layer or region 36 has a relatively lean metal binder content within the

range noted above, and in a particular example of approximately 15 percent by weight cobalt,

and has a thickness in the range of from about 125 to 600 microns, and more preferably in the

range of from about 250 to 400 microns In a preferred embodiment, the metal binder content in

the first layer decreases in a gradient manner moving from the insert outer surface 30 to the

second layer 38 In such example embodiment, the metal binder content at the outer surface is in

the range of from about 12 to 15 percent by weight, and the metal binder content at the interface

with the second layer is in the range of from about 15 to 17 percent by weight A feature of the

FG-PCD first layer or region is that the decrease in diamond content therein is achieved by

increasing the metal binder content rather than by adding other materials such as refractory

materials into the composition

The FG-PCD second layer or second region 38 has a relatively rich metal binder content

within the range noted above, and in a particular example of approximately 20 percent by weight

cobalt, and has a thickness in the range similar to layer 36 In a preferred embodiment, the metal

binder content in the second layer decreases in a gradient manner moving from the interface with

the first layer 36 to the transition layer 32 In such example embodiment, the metal binder

content at the first layer interface is in the range of from about 10 to 20 percent by weight, and

the metal binder content at the interface with the transition layer is in the range of from about 10

to 30 percent by weight

A feature of this example embodiment is that the FG-PCD second layer 38 includes a

carbide material, e g , WC or the like In an example embodiment the amount of such added



carbide material is less than about 15 percent by weight. An advantage of including an additive

such as a carbide material in the FG-PCD second layer is that it enables formation of a material

layer having a stiffness and hardness that is close to that of the FG-PCD first layer, thereby

acting to further smoothen the transition of elastic/mechanical properties within the FG-PCD

material. The FG-PCD second layer comprises a higher level of metal binder than the FG-PCD

first layer, and in this embodiment approximately 20 percent by weight.

The transition layer 34 comprises a composite construction of PCD and one or more

material constituent from the substrate 34 as described above for the example embodiment

illustrated in FIG. 1.

FIG. 3 illustrates an example PCD insert 40 comprising a FG-PCD material 42 that

extends from an outer or working surface 44 of the insert to a transition PCD layer 46 interposed

between the FG-PCD material and a substrate 48. As illustrated in this example, the FG-PCD

material and transition PCD layer each have a complementary radius of curvature as called for

by the particular insert application. In this particular example, the FG-PCD material 42 is

provided in two layers; namely, a first layer 50 that extends inwardly into the construction from

the outer or working surface 44, and a second layer 52 that extends inwardly from the first layer

50 to an interface with the transition PCD layer 46.

The FG-PCD first layer or region 50 has a relatively lean metal binder content within the

range noted above, and in a particular example of approximately 20 percent by weight cobalt,

and has a thickness within the range noted above for the examples of FIGS. 1 and 2 . In a

preferred embodiment, the metal binder content in the first layer decreases in a gradient manner

moving from the insert outer surface 44 to the second layer 52. A feature of the FG-PCD first

layer or region is that the decrease in diamond content therein is achieved by increasing the metal

binder content rather than by adding other materials such as refractory materials into the

composition.

The FG-PCD second layer or second region 52 has a relatively rich metal binder content

within the range noted above, and in a particular example of approximately 30 percent by weight

cobalt, and has a thickness within the range noted above for the examples illustrated in FIGS. 1

and 2 . In a preferred embodiment, the metal binder content in the second layer decreases in a

gradient manner moving from the interface with the first layer 50 to the transition layer 46. A

feature of this example embodiment is that the FG-PCD second layer 52 has a relatively higher



content of metal binder, e.g., that is closer to that of substrate. Composing the FG-PCD second

layer in this manner allows for the creation of a relatively thick FG-PCD material layer to

provide an enhanced degree of toughness and extended wear to meet the needs of a particular

application, thereby extending PCD insert service life.

The transition layer 46 comprises a composite construction of PCD and one or more

material constituent from the substrate 48 as described above for the example embodiment

illustrated in FIG. 1.

FIG. 4 illustrates an example PCD insert 56 comprising a FG-PCD material 58 that

extends from an outer or working surface 60 of the insert to a transition PCD material 62

interposed between the FG-PCD material and a substrate 64. As illustrated in this example, the

FG-PCD material and transition PCD material each have a complementary radius of curvature as

called for by the particular insert application. In this particular example, the FG-PCD material

58 is provided in two layers; namely, a first layer 66 that extends inwardly into the construction

from the outer or working surface 60, and a second layer 68 that extends inwardly from the first

layer 66 to an interface with the transition PCD material 62.

The FG-PCD first layer or region 68 has a relatively lean metal binder content within the

range noted above, and in a particular example of approximately 20 percent by weight cobalt,

and has a thickness in the range as noted above for the examples illustrated in FIGS. 1 and 2 . In

a preferred embodiment, the metal binder content in the first layer decreases in a gradient manner

moving from the insert outer surface 60 to the second layer 68. A feature of the FG-PCD first

layer or region is that the decrease in diamond content therein is achieved by increasing the metal

binder content rather than by adding other materials such as refractory materials into the

composition.

The FG-PCD second layer or second region 68 has a relatively rich metal binder content

within the range noted above, and in a particular example of approximately 30 percent by weight

cobalt, and has a thickness as noted above for the examples illustrated in FIGS. 1 and 2 . In a

preferred embodiment, the metal binder content in the second layer decreases in a gradient

manner moving from the interface with the first layer 66 to the transition material 62.

A feature of this example embodiment is that the FG-PCD second layer 68 has a

relatively higher content of metal binder, e.g., that is closer to that of the substrate. Composing



the FG-PCD second layer in this manner allows for the creation of a relatively thick FG-PCD

material layer to provide an enhanced degree of toughness and extended wear to meet the needs

of a particular application, thereby extending PCD insert service life.

The transition material 62 in this particular embodiment comprises a first transition layer

70, and a second transition layer 72, wherein the first transition layer is interposed between the

second FG-PCD layer 68 and the second transition layer, and the second transition layer is

interposed between the first transition layer and the substrate 64. The first transition layer 70

comprises PCD and a mixture of binder metal and constituent from the substrate 64. When the

substrate is a cermet material such as WC-Co, the first and second transition layers include WC.

In an example embodiment, the fist transition layer 70 comprises a lesser amount of WC than

does the second transition layer 72. The first transition layer 70 comprises in the range of from

about 60 to 75 percent by weight WC, and the second transition layer 72 comprises in the range

of from about 80 to 90 percent by weight WC. For this embodiment, the first transition layer

comprises in the range of from about 5 to 15 percent by weight metal binder, and the second

transition layer 72 comprises in the range of from about 2 to 10 percent by weight metal binder.

The use of the two different transition layers in this particular embodiment is desired for

the purpose of further enhancing the gradient or smooth transition of elastic/mechanical and/or

thermal properties through the insert construction from the FG-PCD layers to the substrate.

There may exist embodiments of the construction comprising two or more transition

layers where the metal binder content increases moving from the FG-PCD layer to the substrate.

This can be accomplished by diluting the presence of the metal binder by adding more diamond

and/or by adding more carbide between the layers. For example, while the metal binder content

within a first transition layer adjacent the FG-PCD layer is less than that in the FG-PCD layer,

such metal binder content may also be less than a second transition layer positioned adjacent the

first transition layer.

While the examples disclosed above and illustrated in the figures depict a PCD insert

comprising a FG-PCD material made up of two different layers, it is to be understood that the

FG-PCD material can be formed from more than two different layers as desired for the purpose

of controlling the transition of elastic/mechanical and/or thermal properties within the PCD

insert. The same is true for the transition layer, while this has been described and illustrated as

being provided in the form of one or two layers, it is to be understood that a transition layer



comprising more than two layers can be used within the scope of this invention. The ability of

being able to provide the FG-PCD material and/or transition material in different layers operates

to both optimize material properties within the construction while at the same time easing drastic

changes in modulus and thermal expansion discrepancy that can exist across interfaces, which

changes could otherwise create high stress concentrations.

The following example PCD composite constructions are provided in the table below for

the purpose of further illustrating the different variations of constructions and/or materials used

to make the same of this invention. With reference to this table, the terms FG-PCD - 1, FG-

PCD - 2 and FG-PCD -3 are used to refer to the FG-PCD first, second and third layers in the

construction moving from the outer surface inwardly, respectively. The terms TL - 1 and TL- 2

are used to refer to the transition layers moving from the FG-PCD material to the substrate,

respectively:

Example 1 - (Volume %) Example 1 - (Weight %)

Example 5 - (Weight %)



Example 5 - (Volume %)

Example 7 - (Volume %) Example 7 - (Weight %)

Example 9 - (Volume %) Example 9 - (Weight %)

While the geometry of the PCD inserts described above and illustrated in FIGS. 1 to 4

have been shown as having a curved outer surface, curved inside interfaces, and a curved

substrate interface, it is to be understood that PCD inserts of this invention can be configured

having outer and interior geometries that are flat or that have another shaped non-planer

configuration, depending on the particular end-use application.



The ability to provide the FG-PCD material and/or transition material in different layers,

and the resultant precise control over unwanted residual stress within the construction, allows for

the creation of a relatively thicker working layer thickness, thereby operating to improve the

effective service life of the PCD insert. Through the use of the different layers having different

metal binder content the sintering behavior of each lay can be manipulated to control shrinkage

and material properties.

FIG. 5 illustrates an example PCD insert 80 comprising a first FG-PCD layer or region 82

that extends from an outer or working surface 84 of the insert to a second FG-PCD layer or

region 86 that is interposed between the first FG-PCD layer and a substrate 88. As illustrated in

this example, the FG-PCD layers 82 and 86 each have a generally planar or flat top surface with

beveled side surfaces as called for by the particular insert application. In this particular

embodiment, the PCD insert 80 is configured for use as a heel row insert in a rotary cone bit used

for drilling subterranean formations.

The FG-PCD first layer or region 82 has a relatively lean metal binder content within the

range noted above, and in a particular example of approximately 10 percent by weight cobalt,

and has a thickness in the range noted above for the examples illustrated in FIGS. 1 and 2 . In a

preferred embodiment, the metal binder content in the first layer decreases in a gradient manner

moving from the insert outer surface 84 to the second layer 86. A feature of the FG-PCD first

layer or region is that the decrease in diamond content therein is achieved by increasing the metal

binder content rather than by adding other materials such as refractory materials into the

composition.

The FG-PCD second layer or second region 86 has a relatively rich metal binder content

within the range noted above, and in a particular example of approximately 15 percent cobalt,

and has a thickness in the range noted above for the examples illustrated in FIGS. 1 and 2 . In a

preferred embodiment, the metal binder content in the second layer decreases in a gradient

manner moving from the interface with the first layer 66 to the substrate 88

A feature of this example embodiment is that the PCD insert have two FG-PCD layers

and does not have any additional PCD transition layer, e.g., a separate layer comprising WC or

the like from the substrate. An additional feature of this particular example embodiment is that

the two FG-PCD layers are constructed having a greater overall thickness while at the same time

providing a desired high level of wear resistance and toughness.



FIG. 6 illustrates an example PCD insert 90 comprising a FG-PCD material 92 that

includes a first FG-PCD layer or region 94 that extends from an outer or working surface 96 of

the insert to a second FG-PCD layer or region 98 that is interposed between the first FG-PCD

layer and a transition material 100. As illustrated in this example, the FG-PCD layers 94 and 98

each have a generally planar or flat top surface with beveled side surfaces as called for by the

particular insert application. In this particular embodiment, the PCD insert 90 is configured for

use as a heel row insert in a rotary cone bit used for drilling subterranean formations.

The FG-PCD first layer or region 94 has a relatively lean metal binder content within the

range noted above, and in a particular example of about 10 to 15 percent by weight cobalt, and

has a thickness in the range noted above for the examples illustrated in FIGS. 1 and 2 . In a

preferred embodiment, the metal binder content in the first layer decreases in a gradient manner

moving from the insert outer surface 96 to the second layer 98. A feature of the FG-PCD first

layer or region is that the decrease in diamond content therein is achieved by increasing the metal

binder content rather than by adding other materials such as refractory materials into the

composition.

The FG-PCD second layer or second region 98 has a relatively rich metal binder content

within the range noted above, and in a particular example of about 12 to 20 percent by weight

cobalt, and has a thickness in the range noted above for the examples illustrated in FIGS. 1 and.

In a preferred embodiment, the metal binder content in the second layer decreases in a gradient

manner moving from the interface with the first layer 94 to the transition material 100.

The transition material 100 in this particular embodiment comprises a single layer of

material comprising PCD mixed with a binder metal, e.g., Co, and a further additive which can

be a constituent in the substrate. In an example embodiment, the additive can be a carbide

material such as WC. In an example embodiment, the transition material 100 comprises

approximately 20 percent by weight metal binder, e.g., Co, and comprises at least about 10

percent by weight additive, e.g., WC. The presence of both the metal binder and the additive in

the transition material of this particular example aids in further enhancing the gradient or smooth

transition of elastic/mechanical and/or thermal properties through the insert construction.

A feature of this PCD insert embodiment, provided in the form of a heel row insert

comprising two FG-PCD layers and a further transition material is that is that is provides a



relatively thicker working diamond layer while also providing an enhanced transition of

elastic/mechanical and/or thermal properties within the PCD insert to minimize residual stress,

thereby increasing effective service life.

PCD inserts constructed according to principles of this invention can be used in a number

of different applications, such as tools for machining, cutting, mining and construction

applications, where mechanical properties of wear resistance, abrasion resistance, fracture

toughness and impact resistance are highly desired. PCD inserts of this invention can be used to

form wear and cutting components in such tools as roller cone bits, percussion or hammer bits,

drag bits, and a number of different cutting and machine tools.

FIG. 7, for example, illustrates a mining or drill bit PCD insert 106 that is constructed in

the manner described and/or illustrated above comprising a diamond body 108 formed from the

FG-PCD material and transition materials noted above, that is joined to a substrate 110. While

the PCD insert illustrated in FIG. 7 has a particular configuration, it is to be understood that PCD

inserts constructed according to principals of this invention can be configured differently as

called for by the particular end-use application and that such differently configured PCD inserts

are within the scope of this invention.

Referring to FIG. 8, such a PCD insert 106 can be used with a roller cone drill bit 112

comprising a body 114 having three legs 116, and a cutter cone 118 mounted on a lower end of

each leg. Each roller cone bit PCD insert 106 comprises the construction described above. The

PCD inserts 106 are provided at desired locations on the surfaces of the cutter cone 106 or on

other locations of the bit as called for by the particular end-use application, e.g., for bearing on a

subterranean formation being drilled.

Referring to FIG. 9, PCD inserts 106 of this invention can also be used with a percussion

or hammer bit 120, comprising a hollow steel body 122 having a threaded pin 124 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 PCD inserts 106 are provided in the surface of a head 126 of the body 122 for

bearing on the subterranean formation being drilled.

Although, limited embodiments of PCD inserts, and constructions used to form the same,

have been described and illustrated herein, many modifications and variations will be apparent to

those skilled in the art. Accordingly, it is to be understood that within the scope of the appended



claims, PCD carbide composites of this invention may be embodied other than as specifically

described herein.



CLAIMS

What is claimed is:

1. A polycrystalline diamond wear element comprising:

a body comprising a plurality of bonded together diamond grains, and a binder phase

dispersed among the diamond grains, wherein the amount of the binder phase at a first position

in the body adjacent a surface of the body is about 5 to 20 percent by weight, and the amount of

the binder phase at a second position in the body remote from the surface is about 15 to 40

percent by weight;

a polycrystalline diamond transition material joined to the body and comprising a binder

phase and a carbide material, wherein the content of the binder phase in the transition material is

less than that of the body second position; and

a substrate attached to the body, wherein the substrate can be selected from the group of

materials consisting of metals, ceramics, cermets, and combinations thereof, and wherein the

transition material is interposed between the body and the substrate.

2 . The diamond wear element as recited in claim 1 wherein the binder material is

selected from Group VIII of the Periodic table.

3. The polycrystalline diamond wear element as recited in claim 2 wherein the

binder material is Cobalt.

4 . The polycrystalline diamond wear element as recited in claim 2 wherein at least

the first position of the diamond body is substantially free of added carbide.

5 . The polycrystalline diamond wear element as recited in claim 2 wherein the first

and second positions are disposed within a common region of the diamond body.

6 . The polycrystalline diamond wear element as recited in claim 1 wherein the

content of the binder material between the first and second positions changes in a gradient

manner.

7 . The polycrystalline diamond wear element as recited in claim 1 wherein the

change in the content of the binder material occurs between two or more distinct regions within

the body.



8 . The polycrystalline diamond wear element as recited in claim 7 wherein the

change in the content of the binder material occurs between three distinct regions within the

body.

9 . The polycrystalline diamond wear element as recited in claim 7 wherein the

change in the content of the binder material occurs between four distinct regions within the body.

10. The polycrystalline diamond wear element as recited in claim 7 wherein the

interface between adjacent regions is nonplanar.

11. The polycrystalline diamond wear element as recited in claim 1 wherein the first

position is within a first region of the body, and the second position is within a second region of

the body, and wherein the first and second regions have a combined thickness of from about 150

to 1,850 microns.

12. The polycrystalline diamond wear element as recited in claim 11 wherein the first

region has a thickness of about 125 to 600 microns, and the second region has a thickness of

from about 125 to 1,250 microns.

13. The polycrystalline diamond wear element as recited in claim 11 wherein the first

and second regions are substantially free of added carbide.

14. The polycrystalline diamond wear element as recited in claim 1 wherein the

transition material has a carbide content greater than about 50 percent by weight.

15. The polycrystalline diamond wear element as recited in claim 14 wherein the

transition material has a carbide content of about 55 to 90 percent by weight.

16. The polycrystalline diamond wear element as recited in claim 14 wherein the first

region is substantially free of added carbide, wherein the second region has a carbide content of

less than about 15 percent by weight.

17. The polycrystalline diamond wear element as recited in claim 1 wherein the

transition material comprises a first region and a second region moving from the diamond body



to the substrate, wherein the first region comprises a higher amount of the metal binder and a

lower amount of carbide than the second region.

18. The polycrystalline diamond wear element as recited in claim 17 wherein the first

transition material region has a carbide content of about 65 to 75 percent by weight, and wherein

the second transition material region has a carbide content of about 80 to 90 percent by weight.

19. The polycrystalline diamond wear element as recited in claim 1 wherein the

transition material comprises a first region and a second region moving from the diamond body

to the substrate, wherein the first region comprises a lower amount of the metal binder than the

second region.

20. A bit for drilling subterranean formations comprising a body and a number of

cones rotatably attached thereto, wherein one or more of the cones each comprise a number of

the diamond wear elements as recited in claim 1 attached thereto.

2 1. The bit as recited in claim 20 wherein one or more of the diamond wear elements

is positioned along a heel row of the bit.

22. A bit for drilling subterranean formations, the bit including a body and a number

of diamond inserts operatively attached to the body at a position to engage the subterranean

formation, wherein one or more of the diamond inserts have a construction comprising:

a polycrystalline diamond body comprising bonded together diamond grains, and a binder

phase dispersed among the diamond grains, wherein the body includes a first region adjacent a

surface of the body comprising about 5 to 20 percent by weight of the binder phase, and the body

includes a second region remote from the surface comprising about 15 to 40 percent by weight

of the binder phase, wherein the binder phase changes within each body region in a gradient

manner;

a transition region joined to the body and comprising a binder phase and a carbide

material, wherein the amount of the binder phase in the transition material is less than that of the

body second region; and

a substrate attached to the body, wherein the substrate can be selected from the group of

materials consisting of metals, ceramics, cermets, and combinations thereof, and wherein the

transition region is interposed between the diamond body and substrate.



23. The bit as recited in claim 22 wherein the transition region comprises in the range

of from about 55 to 90 percent by weight carbide material, and in the range of from about 2 to 15

percent by weight metal binder.

24. The bit as recited in claim 22 wherein the first and second region have a

combined thickness of from about 150 to 1,850 microns.

25. The bit as recited in claim 22 wherein the first region has a thickness of about 125

to 600 microns, and the second region has a thickness of from about 125 to 1,250 microns.

26. The bit as recited in claim 22 wherein the first and second regions are

substantially free of added carbide.

27. The bit as recited in claim 22 wherein the transition region has carbide content of

about 55 to 90 percent by weight.

28. The bit as recited in claim 22 wherein the first region is substantially free of

added carbide, wherein the second region has a carbide content of less than about 15 percent by

weight.

29. The bit as recited in claim 28 wherein the transition region comprises greater than

about 50 percent by weight carbide.

30. The bit as recited in claim 22 wherein the transition region comprises a first and

second layer moving away from the body towards the substrate, and wherein the first layer has a

carbide content less than the second layer.

31. The bit as recited in claim 30 wherein the transition layer first layer comprises

about 65 to 75 percent by weight carbide, and the second layer comprises about 80 to 90 percent

by weight carbide.

32. The bit as recited in claim 22 wherein the transition region comprises a first and

second layer moving away from the body towards the substrate, and wherein the first layer has a

metal binder content less than the second layer.



33. A method of making a diamond wear element comprising the steps of:

placing a first volume of diamond grains adjacent a second volume of diamond grains;

subjecting the first and second volume of diamond grains to high pressure/high

temperature conditions in the presence of a binder material to form a sintered polycrystalline

diamond body, the diamond body comprising a first region formed from the first volume of

diamond grains and a second region formed from the second volume of diamond grains, wherein

the first region is positioned adjacent a working surface of the diamond body and the content of

the binder phase at the first region is about 5 to 20 percent by weight, and the content of the

binder phase in the second region at a position remote from the surface is about 15 to 40 percent

by weight;

subjecting a third volume of diamond grains to high pressure/high temperature conditions

in the presence of a binder material to form a sintered polycrystalline diamond material

comprising a carbide material and comprising a binder material to form a transition region,

wherein the amount of the binder material in the transition region is less than that in the body

second region; and

attaching the polycrystalline diamond body to a cermet substrate, wherein the transition

region is interposed between the body and the substrate.

34. The method as recited in claim 33 wherein free carbide is not added to one or both

of the first and second volumes.

35. The method as recited in claim 33 wherein transition region comprises greater

than 50 percent by weight carbide.

36. The method as recited in claim 35 wherein the transition region comprises about

55 to 90 percent by weight carbide.

37. The method as recited in claim 35 wherein the first diamond body first region is

substantially free of added carbide, and the second region has a carbide content of less than about

15 percent by weight.
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