
WO 2012/177735 	 PCT/US2012/043306 

1 

TITLE 

CUTTING ELEMENTS FOR EARTH-BORING TOOLS, EARTH-BORING TOOLS 
INCLUDING SUCH CUTTING ELEMENTS, AND METHODS OF FORMING SUCH 

CUTTING ELEMENTS FOR EARTH-BORING TOOLS 

PRIORITY CLAIM 

100011 	This application claims the benefit of U.S. Patent Application Serial 

No. 13/165,145, filed June 21, 2011, pending, entitled "CUTTING ELEMENTS FOR EARTH- 

BORING TOOLS, EARTH-BORING TOOLS INCLUDING SUCH CUTTING 

ELEMENTS, AND METHODS OF FORMING SUCH CUTTING ELEMENTS FOR 

EARTH-BORING TOOLS." 

TECHNICAL FIELD 

10002] 	Embodiments of the present disclosure generally relate to cutting elements for 

use with earth boring tools and, more specifically, to cutting elements comprising an at least 

partially segmented superabrasive table, to methods for manufacturing such cutting elements, as 

well as to earth-boring tools that include such cutting elements. 

BACKGROUND 

100031 	Various earth-boring tools such as rotary drill bits (including roller cone bits 

and fixed-cutter or drag bits), core bits, eccentric bits, bicenter bits, reamers, and mills are 

commonly used in forming bore holes or wells in earth formations. Such tools often may 

include one or more cutting elements on a formation-engaging surface thereof for removing 

formation material as the earth-boring tool is rotated or otherwise moved within the bore 

hole. 

10004] 	For example, fixed-cutter bits (often referred to as "drag" bits) have a 

plurality of cutting elements affixed or otherwise secured to a face (ie., a formation-engaging 

surface) of a bit body. FIG. 1 illustrates an example of a conventional cutting element 10. 

The cutting element 10 includes a layer of superabrasive material 12 (which is often referred 

to as a "table"), such as mutually bound particles of polycrystalline diamond, formed on and 

bonded to a supporting substrate 14 of a hard material such as cemented tungsten carbide. 

The table of superabrasive material 12 includes a front cutting surface 16, a rear face (not 

shown) abutting the supporting substrate 14, and a peripheral surface 18. As also depicted, it 
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is conventional, although not required, that a chamfer 20 be located between the front cutting 

surface 16 and the peripghral surface 18. During a drilling operation, a portion of a cutting 

edge, which is at least partially defined by the peripheral portion of the cutting surface 16, is 

pressed into the formation. As the earth-boring tool moves relative to the formation, the 

cutting element 10 is dragged across the surface of the formation and the cutting edge of the 

cutting surface 16 shears away formation material. Such cutting elements 10 are often 

referred to as "polycrystalline diamond compact" (PDC) cutting elements, or cutters. 

100051 	During drilling, cutting elements 10 are subjected to high temperatures due 

to friction between the diamond table and the formation being cut, high axial loads from 

weight on the weigh on bit (WOB), and high impact forces attributable to variations in WOB, 

formation irregularities and material differences, and vibration. These conditions can result 

in damage to the layer of superabrasive material 12 (e.g., chipping, spalling). Such damage 

often occurs at or near the cutting edge of the cutting surface 16 and is caused, at least in part, 

by the high impact forces that occur during drilling. Damage to the cutting element 10 results 

in decreased cutting efficiency of the cutting element 10. In severe cases, the entire layer of 

superabrasive material 12 may separate (i.e., delaminate) from the supporting substrate 14. 

Furthermore, damage to the cutting element 10 can eventually result in separation of the 

cutting element 10 from the surface of the earth-boring tool to which it is secured. 

BRIEF SUMMARY 

[0006j 	In some embodiments, the present disclosure includes a cutting element for 

use with an earth-boring tool including a cutting table having a cutting surface. The cutting 

table includes at least two sections, wherein a boundary between the at least two sections is at 

least partially defined by a discontinuity formed in the cutting table and extending across the 

cutting table from a first portion of a peripheral edge of the cutting table to a second, 

opposing portion of the peripheral edge of the cutting table. 

[0007] 	In additional embodiments, the present disclosure includes an earth-boring 

tool including a tool body and a plurality of cutting elements carried by the tool body. Each 

cutting element includes a substrate and a cutting table secured to the substrate and having a 

plurality of mutually adjacent sections. Each section includes a discrete cutting edge, 

wherein at least one section of the plurality of mutually adjacent sections is configured to be 
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selectively detached from the substrate in order to substantially expose a cutting edge of an 

adjacent section of the plurality of mutually adjacent sections. 

[0008] 	Further embodiments of the present disclosure include a method for 

fabricating a cutting element for use with an earth-boring tool including forming a cutting 

table comprising a plurality of adjacent sections comprising forming a plurality of recesses in 

the cutting table extending along a cutting surface of the cutting table, and forming a discrete 

cutting edge on each section of the plurality of adjacent sections of the cutting table. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 	While the specification concludes with claims particularly pointing out and 

distinctly claiming which are regarded as embodiments of the present disclosure, the 

advantages of embodiments of the disclosure may be more readily ascertained from the 

following description of embodiments of the disclosure when read in conjunction with the 

accompanying drawings in which: 

[0010] 	FIG. 1 illustrates a conventional superabrasive cutting element; 

[0011] 	FIG. 2 is an isometric view of a superabrasive cutting element in accordance 

with an embodiment of the present disclosure; 

[0012] 	FIGS. 2A through 2D are top views of superabrasive cutting elements in 

accordance with embodiments of the present disclosure; 

[0013] 	FIG. 3 is a top view of a portion of a superabrasive cutting element in 

accordance with another embodiment of the present disclosure; 

[0014] 	FIG. 4 is a cross-sectional side view of the superabrasive cutting element 

shown in FIG. 3 taken along section line 4-4; 

[0015] 	FIG. 5 is a cross-sectional side view of a portion of a superabrasive cutting 

element in accordance with yet another embodiment of the present disclosure; 

[0016] 	FIG. 6 is a cross-sectional side view of a portion of a superabrasive cutting 

element in accordance with yet another embodiment of the present disclosure; 

[0017] 	FIG. 7 is a cross-sectional side view of a portion of a superabrasive cutting 

element in accordance with yet another embodiment of the present disclosure; 

[0018] 	FIG. 8 is a cross-sectional side view of a portion of a superabrasive cutting 

element in accordance with yet another embodiment of the present disclosure; 
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[0019] 	FIG. 9 is a cross-sectional side view of a portion of a superabrasive cutting 

element illustrating a method of forming a cutting element in accordance with an 

embodiment of the present disclosure; 

[0020] 	FIG. 10 is a cross-sectional side view of a portion of a superabrasive cutting 

element illustrating a method of forming a superabrasive cutting element in accordance with 

another embodiment of the present disclosure; 

[0021] 	FIG. 11 is an isometric view of an earth-boring tool carrying a plurality of 

superabrasive cutting elements in accordance with another embodiment of the present 

disclosure; and 

[0022] 	FIG. 12 is partial frontal view of the earth-boring tool shown in FIG. 11. 

DETAILED DESCRIPTION 

[0023] 	The illustrations presented herein are not meant to be actual views of any 

particular material, apparatus, system, method, or components thereof, but are merely 

idealized representations which are employed to describe the present disclosure. 

Additionally, elements common between figures may retain the same numerical designation. 

[0024] 	Embodiments of the present disclosure may include a cutting element for 

use with an earth-boring tool including a cutting surface (e.g., a cutting table) that is at least 

partially segmented. For example, the cutting surface may include two or more portions 

(e.g., sections) at least partially separated by a discontinuity formed in or proximate to the 

cutting surface. 

[0025] 	As shown in FIG. 2, a cutting element 100 may include a cutting surface 

such as, for example, a layer of superabrasive material forming a cutting table 102 that is 

disposed over (e.g., on) a substrate 104. It is noted that while the embodiment of FIG. 2 

illustrates the cutting table 102 of the cutting element 100 as a cylindrical or disc-shaped, in 

other embodiments, the cutting table 102 may have any desirable shape, such as a dome, 

cone, chisel, etc. Furthermore, as discussed below in further detail, in other embodiments, 

the body of the cutting element 100 (e.g., the cutting table 102 and the substrate 104) may 

comprise an elongated structure such as, for example, an oval shape, an elliptical shape, a 

tombstone shape (e.g., an elongated shape having one arced end and another, opposing 

substantially linear end such as that shown and described with reference to FIG. 2), etc. It is 

also noted that while the embodiment of FIG. 2 illustrates the cutting table 102 on the 
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supporting substrate 104, in other embodiments, the cutting table 102 may be formed as a 

freestanding structure. 

[0026] 	In some embodiments, the cutting table 102 may include a superabrasive 

material including comprised of randomly oriented, mutually bonded superabrasive particles 

(e.g., a polycrystalline material such as diamond, cubic boron nitride (CBN), etc.) that are 

bonded under high temperature, high pressure (HTHP) conditions. For example, a cutting 

table having a polycrystalline structure may be formed from particles of a hard material such 

as diamond particles (also known as "grit") mutually bonded in the presence of a catalyst 

material such as, for example, a cobalt binder or other binder material (e.g., another 

Group VIII metal, such as nickel or iron, or alloys including these materials, such as Ni/Co, 

Co/Mn, Co/Ti, Co/NiN, Co/Ni, Fe/Co, Fe/Mn, Fe/Ni, Fe (Ni.Cr), Fe/Si2, Ni/Mn, and Ni/Cr)) 

using a HTHP process. In some embodiments, the diamond material from which the 

polycrystalline structure is formed may comprise natural diamond, synthetic diamond, or 

mixtures thereof, and include diamond grit of different particle or crystal sizes, as discussed 

below with reference to FIG. 7. 

[0027] 	In some embodiments, the cutting table 102 may comprise a thermally stable 

PDC, or TSP. For example, a catalyst material used to form the cutting table 102 may be at 

least partially removed (e.g, by leaching, electrolytic processes, etc.) from at least a portion 

of the polycrystalline diamond material in the cutting table 102 as discussed below with 

reference to FIG. 8. 

[0028] 	The substrate 104 may comprise a hard material such as, for example, a 

cemented carbide (e.g., tungsten carbide), or any other material that is suitable for use as a 

substrate for cutting elements 100. The substrate may be attached (e.g., brazed) to an 

earth-boring tool (e.g., the earth-boring rotary drill bit 850 (FIG. 11)) after fabrication of the 

cutting element 100. The cutting table 102 may be secured to the substrate 104 during 

formation of the cutting table 102 therein during the aforementioned HPHT process, or 

thereafter using a subsequent HPHT process, or an adhesive process (e.g., a brazing process, 

any suitable adhesive processes utilizing other adhesive materials, etc.). In some 

embodiments, the substrate 104 may comprise a portion of the earth-boring tool, or comprise 

two components, a first component secured to cutting table 102 during formation thereof, and 

another, longer substrate extension bonded to the first component, as is conventional. 
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[00291 	Referring still to FIG. 2, a portion of the cutting table 102 may be at least 

partially segmented (e.g., may include two or more sections). For example, the cutting table 

102 may have one or more discontinuities formed therein which at least partially define 

sections 110 of the cutting table 102 (e.g., sections 111, 112, 113, 114). The sections 110 of 

the cutting table 102 may extend from a first side 117 of the cutting table 102 to a second, 

opposing side 119 of the cutting table 102 and may, if desired, extend completely around 

cutting table 102. The sections 110 of the cutting table 102 may comprise sequential or 

consecutive sections 110 positioned along and, optionally about, a longitudinal axis of the 

cutting element 100. For example, a first edge of section 111 may comprise a portion of the 

peripheral edge 120 of the cutting table 102 and a second, opposing edge of section 111 may 

be positioned adjacent to a first edge of section 112. In a similar manner, a second, opposing 

edge of section 112 may be positioned adjacent to a first edge of section 113 and so on. 

[0030] 	In some embodiments, the one or more discontinuities in the cutting table 

102 may comprise one or more recesses 116 (e.g., notches) formed in the cutting table 102 

(e.g., at least partially through a cutting surface 106 of the cutting table 102). The recesses 

116 may substantially extend across the cutting surface 106 (e.g., a substantially planar 

cutting surface) of the cutting table 102 from the first side 117 of the cutting table 102 to the 

second, opposing side 119 of the cutting table 119. For example, the recesses 116 may 

extend from a portion of the peripheral edge 120 of the cutting table 102 to another portion of 

the peripheral edge 120. 

[0031] 	In some embodiments, the recesses 116 may be formed in the cutting table 

102 by removing a portion of the cutting table 102 through processes such as, for example, a 

laser cutting process, an electric discharge machining (EDM) process, or any other suitable 

machining or material removal processes. For example, the recesses 116 may be formed in a 

laser cutting process such as, for example, the processes described in pending United States 

Patent Application Serial No. 12/265,462, filed November 5, 2008, which is assigned to the 

assignee of the present disclosure, and the entire disclosure of which is incorporated herein 

by this reference. In some embodiments and as described below with reference to FIGS. 3 

and 4, the recesses 116 may be formed (e.g., laser cut) into the cutting table 102 to form a 

chamfer on one or more sides of the cutting table 102 forming the recesses 116. As used 

herein, the term "chamfer" refers to any surface formed along at least a portion of a 

peripheral edge of a section of a cutting element and may refer to a single-surface chamfer, a 
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dual-surface chamfer, a triple-surface chamfer, a rounded edge, or any other protective 

structural configuration for a cutting edge. 

[0032] 	In some embodiments, the recesses 116 may be formed (e.g., machined, 

molded, etc.) in the material forming the cutting table 102 during manufacture of the cutting 

table 102 (e.g., as in the embodiments described below with reference to FIGS. 9 and 10). 

[0033] 	It is noted that while the embodiment of FIG. 2 illustrates the recesses 116 

as having a substantially arced shape, the recesses 116 may be formed in any suitable shape. 

For example, FIGS. 2A through 2D each show a top view of a cuffing table 102 of a cutting 

element 100 having recesses 166 (e.g., cutting table 102 of cutting element 100 having 

recesses 116 (FIG. 2)) formed in an arc shape (FIG. 2A), a linear shape (FIG. 2B), an 

undulated shape (FIG. 2C), and yet another arced shape forming a point proximate to a 

midline of the cutting table (FIG. 2D). 

[0034] 	As shown in FIG. 2, the sections 110 of the cutting table 102 may each form 

a cutting edge (e.g., a discrete cutting edge) of the cutting table 102. For example, each 

section 110 of the cutting table 102 may comprise a cutting edge (e.g., cutting edges 118). 

The cutting edges 118 may be substantially similar (e.g., in one or more of shape, orientation, 

and extent along a portion of the cutting table 102) and may each be offset from one or more 

adjacent cutting edges 118 along the cutting surface 106 of the cutting table. 

[0035] 	The cutting edge 118 of each section 110 may be formed and positioned to 

be exposed at different times during downhole operation of an earth-boring tool including the 

cutting element 100 (e.g., during drilling or reaming a bore hole). For example, during a 

drilling operation, the cutting element 100 may at least partially engage the formation being 

drilled with the cutting edge 118 of section 110 of the cutting table 102. After the cutting 

edge 118 of an initial section 110 begins to wear to an undesirable extent from contact with 

the formation (e.g., due to high temperatures, high loads, and high impact forces experience 

during drilling operations), that section 110 may be removed (e.g., detached) from the cutting 

element 100. For example, portions of the cutting element 100 (e.g., the cutting table 102, 

the substrate 104, the interface between the cutting table 102 and the substrate 104, or 

combinations thereof) may be configured such that initial section 110 will detach from the 

remaining cutting table 102. The recesses 116 may be formed in the cutting table 102 such 

that after the cutting edge 118 of each section 110 has been subjected to a selected amount of 

stress (e.g., from being dragged along the formation under the forces and loads applied from 
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rotation of the drill bit under WOB), the interface between that section 110 of the cutting 

table 102 and the substrate 104 will be weakened enough that the section 110 will detach 

(e.g., delaminate) from the substrate 104 (or any other surface or element to which the cutting 

table 102 is attached), exposing the cutting edge 118 of the next, adjacent section 110 to 

engage the formation being cut. 

[0036] 	In some embodiments, the recesses 116 may extend only partially through 

the cutting table 102. In such an embodiment, the reduced cross-sectional area of the cutting 

table 102 at the recesses 116 will create a stress concentration due the forces and loads 

applied at the cutting edge 118 of the section 110 of the cutting table 102 proximate to the 

recesses 116 (e.g., at the rotationally trailing end of the section 110 of the cutting table 102) 

during a drilling operation. Such stress concentrations may enable the cutting table 102 to 

preferentially fail (e.g., fracture) along the recesses 116, detaching only one section 110 of 

the cutting table 102 rather than the entire cutting table 102. In other embodiments, the 

recesses 116 may extend entirely through the cutting table 102 to the substrate 104 and may 

enable one section 110 of the cutting table 102 while leaving the remaining sections of the 

cutting table 102 intact.. 

[0037] 	Detachment of one of the sections 110 of the cutting table 102 (e.g., section 

111) from the substrate may then expose an adjacent section 110 of the cutting table 102 

(e.g., section 112) at a leading edge of the cutting table 102. The drilling operation may 

continue with the cutting element 100 engaging the formation being drilled with the cutting 

edge 118 of section 112 of the cutting table 102. Drilling in a similar manner may continue 

as each section 110 of the cutting table 102, in turn, provides a cutting edge 118 at a leading 

portion of the cutting table 102 engaging the formation and then subsequently is removed to 

expose another section 110 of the cutting table 102. In some embodiments, after one or more 

sections 110 of the cutting table 102 have been removed, any remaining portions of the 

substrate 104 that were previously underlying the removed sections 110 may be subsequently 

worn away in the drilling process through contact with the formation, forming a so-called 

wear flat. 

[0038] 	It is noted that while the embodiment of FIG. 2 illustrates recesses 116 in the 

cutting table 116 to enable detachment of sections 110 of the cutting table 102 substantially at 

predetermined locations of the cutting table 110 (e.g., substantially between sections 110 of 

the cutting table 102), in other embodiments, the cutting table 102 may include other features 
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to enable detachment of sections 110 of the cutting table 102. For example, a heat source 

(e.g., a laser) may be applied to the cutting table 102 to heat portions of the cutting table 102 

(e.g., to a temperature greater than 750 °C) to form the discontinuities. The heating of the 

portions of the cutting table 102 may act to graphitize a portion of the diamond crystals 

forming the cutting table, which may substantially at least partially weaken portions of the 

cutting table 102 forming the discontinuities therein. As the cutting table 102 is subjected to 

heating during a drilling process, the graphitization of the cutting table 102 may continue at 

the discontinuities. Such heating may be applied to the cutting table 102 in a separate process 

or may be applied during the laser cutting of the recesses 116. In some embodiments, 

portions of the cutting table may have reduced cross-sectional areas due to protrusions 

formed on the substrate and extending into the cutting table (e.g., as discussed below with 

reference to FIG. 5) to enable detachment of sections of the cutting table. In some 

embodiments, portions of the cutting table may be formed from materials (e.g., diamond 

material) having differing properties such as, for example, particle size (e.g., as discussed 

below with reference to FIG. 7) to facilitate selective detachment of sections of the cutting 

table 102. In some embodiments, combinations of the features enabling detachment of 

sections of the cutting table described herein may be implemented in unison. 

[0039] 	FIGS. 3 and 4 are a top view and a cross-sectional side view, respectively, of 

a portion of a cutting element 200 including a sectioned cutting table 202 disposed over a 

substrate 204 that may be somewhat similar to the cutting element 100 shown and described 

with reference to FIG. 2. As shown in FIGS. 3 and 4, the cutting element 200 may comprise 

an elongated shape (e.g., a tombstone shape). The cutting table 202 may include two or more 

sections 210 separated by recesses 216 in the cutting table 202. The sections 210 may be 

formed at regular intervals, irregular intervals, or combinations thereof along the cutting 

surface 206. In some embodiments, portions of the cutting table 202 adjacent the recesses 

216 may include a chamfered surface 222. The chamfered surface 222 may be formed on 

leading portions of the sections 210 (e.g., cutting edges 218) at an oblique angle to the cutting 

surface 206 of the cutting table 202. 

[0040] 	In some embodiments, the recesses 216 and the chamfered surface 222 may 

be formed in the cutting table 202 after the cutting table 202 has been substantially formed. 

In some embodiments, the recesses 216 and the chamfered surface 222 may be formed in the 
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cutting table 202 during formation of the cutting table 202 (e.g., as described below with 

reference to FIGS. 9 and 10). 

[0041] 	In some embodiments, and as shown in FIG. 4, the recesses 216 may extend 

entirely through portions of the cutting table 202 to the substrate 204. 

[0042] 	As above, the location and orientation of sections 210 of the cutting table 

202 may enable a first section 210 of the cutting table 202 to engage a formation during an 

initial phase of a drilling operation. The first section 210 of the cutting table 202 may then be 

detached from the cutting table 202 after it has worn substantially to an expected extent, 

enabling a second section 210 of the cutting table 202 to engage the formation, and so on. 

(0043) 	FIG. 5 is a cross-sectional side view of a portion of a cutting element 300 

including a sectioned cutting table 302 disposed over a substrate 304 that may be somewhat 

similar to the cutting elements 100, 200 shown and described with reference to FIGS. 2 

through 4. As shown in FIG. 5, the substrate 304 may include one or more protrusions 324 

extending from the substrate 304 at the interface between the substrate 304 and the cutting 

table 302. The protrusions 324 may form portions of reduced cross-sectional area of the 

cutting table 302 in order to at least partially define sections 310 of the cutting table 302. 

Where implemented together, recesses 316 in the cutting table 302 and the protrusions 324 of 

the substrate 304 may be positioned to proximate to each other (e.g , substantially 

coextensive with each other). For example, the recesses 316 may be positioned substantially 

over in alignment with the protrusions 324. As shown in FIG. 5, in some embodiments, the 

recesses 316 may not extend entirely through the cutting table 302. 

[0044] 	FIG. 6 is a cross-sectional side view of a portion of a cutting element 400 

including a sectioned cutting table 402 disposed over a substrate 404 that may be somewhat 

similar to the cutting elements 100, 200, 300 shown and described with reference to FIGS. 2 

through 5. As shown in FIG. 6, the substrate 404 may include one or more recesses 426 

formed in the substrate 404 at a surface of the substrate 404 distant from (e.g., opposing) the 

interface between the substrate 404 and the cutting table 402 (e.g., at a surface of the 

substrate 404 to be secured to an earth-boring tool). The recesses 426 in the substrate 404 

may define sections 430 of the substrate 404 that may be similar to the sections 410 of the 

cutting table 402. The recesses 426 in the substrate 404 may enable the sections 410 of the 

cutting table 402 and the corresponding sections 430 of the substrate 404 to detach together 

from an earth-boring tool to which the substrate 404 is secured (e.g., by creating stress 
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concentrations at or proximate the recesses 426 in order to increase the probability of failure 

of the cutting table 402 and the substrate 404 at or proximate the recesses 416, 426). In some 

embodiments, the sections 430 of the substrate 404 formed by the recesses 426 may be 

formed to be substantially coextensive with sections 410 of the cutting table 402. For 

example, the recesses 426 in the substrate 404 may be formed proximate to (e.g., 

substantially coextensive with) one or more detachment features of the cutting table 402 (e.g., 

with recesses 416 in the cutting table 402, protrusions in the substrate 404, or combinations 

thereof). 

[0045] 	FIG. 7 is a cross-sectional side view of a portion of a cutting element 500 

including a sectioned cutting table 502 disposed over a substrate 504 that may be somewhat 

similar to the cutting elements 100, 200, 300, 400 shown and described with reference to 

FIGS. 2 through 6. As shown in FIG. 7, the cutting table 502 may include a detachment 

feature formed by variations in the properties of the materials forming the cutting table 502. 

For example, the cutting table 502 may include one or more portions formed from a material 

comprising relatively coarser particles (e.g., a diamond material having an average particle 

size greater than 1.0 mm) while one or more other portions of the cutting table 502 may be 

formed from a material comprising relatively finer particles (e.g., a diamond material having 

an average a particle size less than 1.0 mm (e.g., less than 100 microns (µm))). In some 

embodiments, such variations in the particle size of the material forming the cutting table 502 

may be implemented by, for example, forming from multiple layers of material, each layer 

having a different average particle size, by using a material having a bi-modal or multi-modal 

particle size distribution, or combinations thereof. In some embodiments, the coarser 

particles may be positioned in the cutting table 502 at portions of the cutting table 502 

configured to be detached from the substrate 504. Stated in another way, a portion of the 

cutting table 502 formed from the coarser particles may increase the likelihood of detachment 

of a section 510 of the cutting table 502 from the substrate 504 or fracture of sections 510 of 

the cutting table 502 as compared to portions of the cutting table 502 formed from relatively 

finer particles. 

[0046j 	The cutting table 502 may include one or more detachment portions 

comprising materials having relatively coarser particles located proximate to the interface 

between the substrate 504 and the cutting table 502, proximate to the recesses 516 formed in 

the cutting table 502 (where implemented), or combinations thereof. For example, portion 
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532 of the cutting table 502 that is located proximate to interface between the cutting table 

502 and the substrate 504 may be formed from a material comprising relatively coarser 

particles while portion 534 of the cutting table 502 that is relative more distant from the 

interface between the cutting table 502 and the substrate 504 (e.g., proximate to the cutting 

surface 506) may be formed from a material comprising relatively finer particles. In some 

embodiments and where implemented together, portions of the cutting table 502 proximate to 

the recesses 516 may be formed from a material comprising relatively coarser particles. 

[00471 	In some embodiments, the portion 532 of the cutting table 502 that is located 

proximate to interface between the cutting table 502 and the substrate 504 may be formed 

from a material comprising relatively finer particles while portion 534 of the cutting table 502 

that is relative more distant from the interface between the cutting table 502 and the substrate 

504 (e.g., proximate to the cutting surface 506 or recesses 516) may be formed from a 

material comprising relatively coarser particles. 

[00481 	In some embodiments, the material forming the cutting table 502 may be 

formed as a gradient that gradually transitions from relatively coarser particles to relatively 

finer particles and vice versa. For example, the material forming the cutting table 502 may be 

formed from as a gradient having relatively coarser particles at the portion 532 of the cutting 

table 502 that is located proximate to interface between the cutting table 502 and the substrate 

504 that gradually transitions to relatively finer particles at the portion 534 of the cutting 

table 502 located proximate to the cutting surface 506. In other embodiments, the cutting 

table 502 may be formed a discrete layer of relatively coarser particles having another 

discrete layer of relatively finer particles disposed thereover. 

[00491 	FIG. 8 is a cross-sectional side view of a portion of a cutting element 600 

including a sectioned cutting table 602 disposed over a substrate 604 that may be somewhat 

similar to the cutting elements 100, 200, 300, 400, 500 shown and described with reference to 

FIGS. 2 through 7. As shown in FIG. 8, a portion of the cutting table 602 may have a catalyst 

material used to form the cutting table 602 at least partially removed therefrom (e.g., by 

leaching, electrolytic processes, etc.). In some embodiments, the catalyst material may be 

removed after recesses 616 have been formed in the cutting table 602. For example, where 

the recesses 616 are formed in an EDM process. Such a process may enable each surface 

forming the cutting surface 606 (e.g., the sections 610 of the cutting table 602 and the 

portions of the sections 610 forming the recesses 616) to have the catalyst material removed 
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to a substantially similar depth (e.g., as indicated by dashed line 628) below the surface (e.g., 

leached to a similar depth). In other embodiments, the cutting table 602 may have the 

catalyst at least partially removed therefrom before forming the recesses 616. 

[00501 	In some embodiments, the removal a catalyst from the cutting table 602 may 

be used to form the discontinuities in the cutting table 602. For example, as shown in FIG. 8, 

a relatively deeper catalyst removal process (e.g., leaching to a depth extending to or 

proximate the substrate 604 as indicated by dashed line 629) may be performed at one or 

more select locations to weaken the cutting table 602 (e.g., through embrittlement) at the 

select locations. Such a process may be used to form discontinuities with or without the use 

of the recesses 616. In some embodiments, the cutting table 602 may be subjected to a 

catalyst removal process to improve the thermal stability thereof and then select locations 

may be subjected to the relatively deeper catalyst removal process to form the discontinuities. 

[00511 	FIG. 9 is a cross-sectional side view of a portion of a cutting element 

illustrating a method of forming a cutting element (e.g., cutting elements 100, 200, 300, 400, 

500, 600 shown and described with reference to FIGS. 2 through 8). As shown in FIG. 9, 

cutting element 700 may be formed in a mold assembly 736 (e.g., a mold assembly 

comprising a refractory metal). For example, a cutting table 702 may be formed from a 

plurality of particles (e.g., diamond particles, cubic boron nitride (CBN)) particles, etc.) 

disposed over a substrate 704 through a high temperature, high pressure (HTHP) process. 

The mold assembly 736 may include one or more protrusions 738 configured to form 

recesses 716 in the cutting table 702 during formation of the cutting table 702. 

[0052] 	FIG. 10 is a cross-sectional side view of a portion of a cutting element 

illustrating a method of forming the cutting element (e.g., cutting elements 100, 200, 300, 

400, 500, 600 shown and described with reference to FIGS. 2 through 8). As shown in FIG. 

10, the mold assembly 736 may include an additional portion 740 configured to secure a 

supporting structure (e.g., rods 742) at least partially within the one or more protrusions 738 

at a surface opposite to the interface between the mold assembly 736 and the cutting table 

702. Such a configuration may act to reinforce the protrusions 738 of the mold assembly 

736 as the mold assembly 736 is subjected to a process (e.g., a HTHP process) during 

formation of the cutting table 702. 

[00531 	FIG. 11 is an embodiment of an earth-boring tool (e.g., a fixed cutter drill bit 

850 (often referred to as a "drag" bit)) including a plurality of cutting elements 800 that may 
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be similar to cutting elements 100, 200, 300, 400, 500, 600 shown and described with 

reference to FIGS. 2 through 8 or combinations thereof The drill bit 850 may include a bit 

body 852 having a face 854 and generally radially extending blades 856, forming fluid 

courses 858 therebetween extending to junk slots 860 between circumferentially adjacent 

blades 856. Bit body 852 may comprise a metal or metal alloy, such as steel, or a 

particle-matrix composite material, as are known in the art. 

[0054] 	Blades 856 may include a gage region 862 which is configured to define the 

outermost radius of the drill bit 850 and, thus, the radius of the wall surface of a bore hole 

drilled thereby. The gage regions 862 comprise longitudinally upward (as the drill bit 850 is 

oriented during use) extensions of blades 856. 

[0055] 	The drill bit 850 may be provided with pockets 864 in blades 856 which may 

be configured to receive the cutting elements 800. The cutting elements 800 may be affixed 

within the pockets 864 on the blades 856 of drill bit 850 by way of brazing, welding, or as 

otherwise known in the art, and may be supported from behind by buttresses 866. 

[0056] 	In some embodiments, portions of the blades 856 (e.g., portions of the 

blades 856 proximate cutting elements 800) may have inserts or coatings, secondary cutting 

elements, or wear resistant pads, bricks, or studs, on outer surfaces thereof configured for 

wear in a manner similar to sections 810 of the cutting elements 800. In other words, 

portions of the blades 856 may be formed from a material or have elements attached thereto 

configured for wear at a similar rate as the sections 810 of the cutting elements 800 or 

configured for wear once one or more sections of the cutting elements 800 have been 

detached such that remaining sections 810 of the cutting element 800 (e.g., the sections 810 

most proximate to blades 856) are enabled to engage the formation after a preceding section 

810 has broken away. Stated in yet another way, portions of the drill bit 850 may be 

configured for wear such that the blades 856 will not substantially inhibit the sections 810 of 

the cutting elements 800 from engaging a formation. 

100571 	FIG. 12 is partial front view of a blade 856 of the drill bit 850 carrying a 

plurality of cutting elements 800. As shown in FIG. 11 and in some embodiments, recesses 

816 formed in the cutting table 802 of the cutting element 800 may be formed to approximate 

the curvature (e.g., the blade profile) of the portion of the blade 856 to which the cutting 

element 800 is attached. Stated in another way, cutting edges 818 of the sections 810 of the 

cutting table 802 may be formed to exhibit a curvature substantially similar to the curvature 
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of an outer surface the blade 856 most proximate to the cutting element 800. In some 

embodiments, the cutting element 800 may include a tapered end 842 (e.g., at an end of the 

cutting element 800 most proximate to the fluid courses 858 (FIG. 11) of the drill bit 850). 

For example, the cutting elements 800 positioned at one or more regions of the blades 856 

(e.g., the shoulder region) may include a tapered end 842 to enable desired spacing of the 

cutting elements 800 along the curvature of the blades 856. 

100581 	In some embodiments and as shown by cutting elements 800, the recesses 

816 may be formed to extend past an outer extent of the blades 856 at a rotationally leading 

side thereof. In such an embodiment, the cutting elements 800 extending past the blades 856 

may be supported, for example, by the buttresses 866 (FIG. 11). In some embodiments and as 

shown by cutting elements 801, one or more recesses 816 may be positioned inside of an outer 

extent of the blades 856 at a rotationally leading side thereof. In such an embodiment, a 

section 810 of the cutting table 802 of the cutting elements 801 that does not extend past an 

outer extent of the blades 856 may engage a formation after a portion the blades 856 (e.g., the 

blades 856 of a steel bit body) have worn away, thereby, exposing the section 810 to the 

formation. 

[0059] 	Although embodiments of the present disclosure have been described 

hereinabove with reference to cutting elements for earth-boring rotary drill bits, embodiments 

of the present disclosure may be used to form cutting elements for use with earth-boring tools 

and components thereof other than fixed-cutter rotary drill bits including, for example, other 

components of fixed-cutter rotary drill bits, roller cone bits, hybrid bits incorporating fixed 

cutters and rolling cutting structures, core bits, eccentric bits, bicenter bits, reamers, mills, 

and other such tools and structures known in the art. 

[0060] 	Embodiments of the present disclosure may be particularly useful in forming 

cutting elements for earth-boring tools that provide more than one cutting edge for removing 

material of a formation. For example, a cutting element may initially engage the formation 

with a first section of the cutting element. After the section of the cutting element has 

experienced an amount of wear, the cutting element may be configured such that the first 

section may detach from the cutting element. The detachment of the first section will expose 

another section of the cutting element, which has experienced substantially less or no wear, 

for engagement with the formation. Stated in another way, through selective detachment of 
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the sections of the cutting element, the cutting element may exhibit a so-called "self-

sharpening" feature during a downhole operation. 

10061] 	While the present disclosure has been described herein with respect to 

certain embodiments, those of ordinary skill in the art will recognize and appreciate that it is 

not so limited. Rather, many additions, deletions and modifications to the described 

embodiments may be made without departing from the scope of the disclosure as hereinafter 

claimed, including legal equivalents. In addition, features from one embodiment may be 

combined with features of another embodiment while still being encompassed within the 

scope of the disclosure as contemplated by the inventors. 
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CLAIMS 

What is claimed is: 

1. 	A cutting element for use with an earth-boring tool, comprising: 

a cutting table having a cutting surface, the cutting table comprising at least two sections, 

wherein a boundary between the at least two sections is at least partially defined by a 

discontinuity formed in the cutting table and extending across the cutting table from a 

first portion of a peripheral edge of the cutting table to a second, opposing portion of 

the peripheral edge of the cutting table. 

2. The cutting element of claim 1, wherein the discontinuity comprises at least 

one recess formed in the cutting table. 

3. The cutting element of claim 2, wherein at least one surface of the cutting 

table forming a portion of the recess comprises a chamfer. 

4. The cutting element of claim 2, wherein the at least two sections of the cutting 

table comprise at least three sections, each section being separated from another section of 

the at least three sections by one recess of a plurality of recesses, each recess being formed in 

the cutting table and extending across the cutting surface from the first side of the cutting 

table to the second, opposing side of the cutting table. 

5. The cutting element of claim 1, wherein the cutting element further comprises 

a substrate. 

6. The cutting element of claim 5, wherein the discontinuity in the cutting table is 

at least partially formed by at least one protrusion of the substrate extending into a portion of 

the cutting table. 
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7. The cutting element of claim 6, wherein the at least two sections of the cutting 

table comprise at least three sections, each section being separated from another section of 

the at least three sections by one recess of a plurality of recesses formed in the cutting table 

and wherein the at least one protrusion extending from the substrate comprises a plurality of 

protrusions extending from the substrate, each protrusion being substantially coextensive 

with a respective recess of the plurality of recesses formed in the cutting table. 

8. The cutting element of claim 7, wherein the substrate further comprise a 

plurality of recesses formed in a side of the substrate opposing the plurality of protrusions 

and wherein each recess of the plurality of recesses is substantially coextensive with a 

respective protrusion of the plurality of protrusions extending from the substrate. 

9. The cutting element of claim 5, wherein a portion of the cutting table at the 

interface between the cutting table and the substrate comprises a plurality of relatively coarse 

particles as compared to another portion of the cutting table. 

10. The cutting element of claim 1, wherein the discontinuity exhibits a 

substantially arced shape. 

11. The cutting element of claim 1, wherein the cutting surface of the cutting table 

exhibits an elongated shape comprising at least one of an oval shape and a tombstone shape. 

12. The cutting element of claim 1, wherein the discontinuity comprises a material 

formed from a plurality of relatively coarse particles as compared to another material forming 

a portion of the cutting table. 
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13. An earth-boring tool, comprising: 

a tool body; and 

a plurality of cutting elements carried by the tool body, each cutting element comprising: 

a substrate; and 

a cutting table secured to the substrate and having a plurality of mutually adjacent 

sections, each section comprising a discrete cutting edge, wherein at least one 

section of the plurality of mutually adjacent sections is configured to be 

selectively detached from the substrate in order to substantially expose a 

cutting edge of an adjacent section of the plurality of mutually adjacent 

sections. 

14. The earth-boring tool of claim 13, wherein each section of the plurality of 

mutually adjacent sections substantially extends from a fist side of the cutting table to a 

second, opposing side of the cutting table. 

15. The earth-boring tool of claim 13, wherein each section of the plurality of 

mutually adjacent sections of the cutting table is separated from at least one adjacent section 

of the plurality of mutually adjacent sections by a recess formed in the cutting table. 

16. The earth-boring tool of claim 13, wherein a cutting surface of the cutting 

table comprises an elongated shape having at least one end comprising an arced shape. 

17. The earth-boring tool of claim 13, wherein the tool body comprises at least 

one blade having at least one cutting element of the plurality of cutting elements secured 

thereto and wherein the cutting edge of each section of the plurality of mutually adjacent 

sections of the cutting table each comprise an arced shape that is substantially similar to a 

profile of a portion of at least blade of the earth-boring tool to which the at least one cutting 

element is secured, 
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18. 	A method for fabricating a cutting element for use with an earth-boring tool, 

comprising: 

forming a cutting table comprising a plurality of adjacent sections comprising: 

forming a plurality of recesses in the cutting table extending along a cutting surface of 

the cutting table; and 

forming a discrete cutting edge on each section of the plurality of adjacent sections of 

the cutting table. 

19. The method of claim 18, further comprises at least partially removing a 

catalyst from the cutting table at the cutting surface of the cutting table and at each recess of 

the plurality of recesses. 

20. The method of claim 18, wherein forming a plurality of recesses in the cutting 

table comprises forming the plurality of recesses in the cutting table after forming the cutting 

table. 

21. The method of claim 18, wherein forming a plurality of recesses in the cutting 

table comprises forming the plurality of recesses in the cutting table during formation the 

cutting table in a HTHP process. 


