
TITLE 

CUTTING ELEMENTS FOR EARTH-BORING TOOLS, EARTH-BORING 
TOOLS INCLUDING SUCH CUTTING ELEMENTS, AND RELATED 

5 METHODS 

PRIORITY CLAIM 

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

10 No. 13/477,905, filed May 22, 2012, for "Cutting Elements for Earth-Boring Tools, 

Earth-Boring Tools Including Such Cutting Elements, and Related Methods." 

TECHNICAL FIELD 

Embodiments of the present invention relate to earth-boring tools, cutting 

15 elements for such earth-boring tools, and related methods, 

BACKGROUND 

Well bores are formed in subterranean formations for various purposes 

including, for example, extraction of oil and gas from the subterranean formation and 

20 extraction of geotheraiai heat from the subterranean formation. Well bores may be 

formed in a subterranean formation using a drill bit such as, for example, an 

earth-boring rotary drill bit. Different types of earth-boring rotary drill bits are known 
in the art including, for example, fixed-cutter bits (which are often referred to in the ail-

as "drag" bits), rolling-cutter bits (which are often referred to in the art as "rock" bits). 

25 diamond-impregnated bits, and hybrid bits (which may include, for example, both 

fixed cutters and roiling cutters). The drill bit is rotated and advanced into the 

subterranean formation. As the drill bit rotates, the cutters or abrasive structures 

thereof cut crush, shear, and/or abrade away the formation material to form the 

wellbore. A diameter of the well bore drilled by the drill bit may be defined by the 

30 cutting structures disposed at the largest outer diameter of the drill bit. 
The drill bit is coupled, either directly or indirectly, to an end of what is 

referred to in the art as a "drill string," which comprises a series of elongated tubular 

segments connected end-to-end that extends into the wellbore from the surface of the 

formation. Often various tools and components, including the drill bit, may be coupled 

35 together at the distal end of the drill string at the bottom of the wellbore being drilled. 
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This assembly of tools and components is referred to in the art as a "bottom-hole 
assembly" (BRA). 

The drill bit may be rotated within the wellbore by rotating the drill string from 
the surface of the formation, or the drill bit may be rotated by coupling the drill bit to a 

5 downhofe motor, which is also coupled to the drill string and disposed proximate the 

bottom of the wellbore. The downhoie motor may comprise, for example, a hydraulic 

Moineau-type motor having a shaft, to which the drill bit is mounted, that may be 

caused to rotate by pumping fluid (e.g., drilling mud or fluid) from the surface of the 

formation down through the center of the drill string, through the hydraulic motor, out 

10 from nozzles in the drill bit, and back up to the surface of the formation through the 

annular space between the outer surface of the drill string and the exposed surface of 

the formation within the wellbore. 

DISCLOSURE 

15 In some embodiments, the present disclosure includes a shaped cutting element 

for an earth-boring tool. The cutting element includes a substrate and a volume of 

superabrasive material disposed on the substrate. The volume of superabrasive 

materia! has a non-planar front cutting face and a lateral side surface. The cutting 

element further includes at least one of a recess extending into the volume of 

2.0 superabrasive material from the front cutting face, arid a protrusion extending outward 

from the front cutting face of the volume of superabrasive material. 

In additional embodiments, the present disclosure includes a cutting element for 

an earth-boring tool that includes a substrate and a volume of superabrasive material 

disposed on the substrate. The volume of superabrasive material has a front cutting 

25 face and a lateral side surface. The cutting element further includes at least one of a 
recess extending into the volume of superabrasive material from the front cutting face, 

and a protrusion extending outward from the front cutting face of the volume of 

superabrasi ve material. The at least one of a recess and a protrusion includes at least 

one linear segment extending linearly across the front cutting face in a direction 

30 oriented at least substantially transverse to a central axis of the cutting element. 

hi additional embodiments, the present disclosure includes a cutting element for 

an earth-boring tool. The cutting element includes a substrate and a volume of 

superabrasive material disposed on the substrate. The volume of superabrasive 
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rnaterial has a front cutting face and a lateral side surface. The cutting element further 

includes at least one of a plurality of discrete, laterally isolated recesses extending into 

the volume of superabrasive material from the front cutting face, and a plurality of 

discrete, laterally isolated protrusions extending outward from the front cutting face of 

5 the volume of superabrasive material. 

In additional embodiments, the present disclosure includes a cutting element for 

an earth-boring tool The cutting element includes a substrate and a volume of 

superabrasive material disposed on the substrate. The volume of superabrasive 

material has a front cutting face and a lateral side surface. The cutting element further 

10 includes at least one of an elongated recess extending into the front cutting face and 

extending along a helical path from a location proximate a central axis of the cutting 

element to a lateral, peripheral edge of the cutting el ement, and an elongated protrusion 

extending outward from the front cutting face and extending along a helical path from a 

location proximate a central axis of the cutting element to a lateral, peripheral edge of 

15 the cutting element. 

In additional embodiments, the present disclosure includes a cutting element for 

an earth-boring tool. The cutting element includes a substrate and a volume of 

superabrasive material disposed on the substrate. The volume of superabrasive 

material has a front cutting face and a lateral side surface. The cutting element further 

20 includes at least one of a recess extending into the. volume of superabrasive material 

from the front cutting face and a protrusion extending outward from the front cutting 

face of the volume of superabrasive material. Additionally, a recess extends into the 

volume of superabrasive material from the lateral side surface of the volume of 

Superabrasive material. 

25 Additional embodiments of the present disclosure include earth-boring tools 

that include one or more of any of the embodiments of cutting elements as described 

herein attached to bodies of the earth-boring tools. Such an earth-boring tool may 

include, for example, a rotary drill bit, such as a fixed-cutter rotary drill bit or a roller 

cone rotary drill bit. 

30 Additional embodiments of the present disclosure include methods of forming 

cutting elements as described herein. 

In some embodiments, the present disclosure includes a method of forming a 

shaped cutting element for an earth-boring tool. A volume of superabrasive material is 
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disposed on a substrate. A non-planar front cutting face and a lateral side surface is 

formed on the volume of superabrasive material The method further includes forming 

at least one of a recess extending into the volume of superabrasive material from the 

front cutting face, and a protrusion extending outward from the front cutting face of the 

5 volume of superabrasive material. 

In yet further embodiments, the present disclosure includes a method of 

forming a cutting element for an earth-boring tool in which a volume of superabrasive 

material is disposed on a substrate. The volume of superabrasive material is formed to 

have a front cutting face and a lateral side surface. Additionally, the method includes 

10 forming at least one of a recess extending into the volume of superabrasive materia! 

from the front cutting face, and a protrusion extending outward from the front cutting 

face of the volume of superabrasive material. The at least one of a recess and a 

protrusion is formed to include at least one linear segment extending linearly across the 

front cutting face in a direction oriented at least substantially transverse to a central axis 

15 of the cutting element. 

In additional embodiments, the present disclosure includes a method of forming 

a cutting element for an earth-boring tool. A volume of superabrasive material is 

disposed on a substrate, and the volume of superabrasive material is formed to have a 

front cutting face and a lateral side surface. The method further includes forming at 
20 least one of a plurality of discrete, laterally isolated recesses extending into the volume 

of superabrasive material from the front cutting face and a plurality of discrete, laterally 

isolated protrusions extending outward from the front cutting face of the volume of 

superabrasive material. 

In additional embodiments, the present disclosure includes a method of forming 

25 a cutting element for an earth-boring tool, A volume of superabrasive materia! is 

disposed on a substrate, and the volume of superabrasive materia! is formed to have a 

front cutting face and a lateral side surface. The method further includes forming at 

least one of an elongated recess extending into the front cutting face and extending 

along a helical path from a location proximate a central axis of the cutting element to a 

30 lateral, peripheral edge of the cutting element, and an elongated protrusion extending 

outward from the front cutting face and extending along a helical path from a location 

proximate a central axis of the cutting element to a lateral, peripheral edge of the 

cutting element. 



In additional embodiments, the present disclosure includes a method of forming 

a cutting element for an earth-boring tool. A volume of superabrasive material is 

disposed on a substrate, and the volume of superabrasive material is formed to have a 

front cutting face and a lateral side surface. The method further includes forming at 

least one of a recess extending into the volume of superabrasive material from the front 

cutting face and a protrusion extending outward from the front cutting face of the 

volume of superabrasive material. The method additionally includes forming a recess 

extending into the volume of superabrasive materia! from the lateral side surface of the 

volume of superabrasive material. 

Yet further embodiments of the present disclosure include forming a cutting 

element using a method as described herein, and attaching the cutting element to a 

body of an earth-boring tool. 

BRIEF DESCRIPTION OF DRAWINGS 

While the specification concludes with claims particularly pointing out and 

distinctly claiming what are regarded as embodiments of the present invention, various 

features and advantages of this invention may be more readily ascertained from the 

following description of example embodiments of the invention provided with 

reference to the accompanying drawings. 

FIG. 1 is a perspective view of an earth-boring tool comprising a fixed-cutting 

rotary drill bit, which includes cutting elements as described herein attached to a body 

of the drill bit. 

FIG. 2 is a partially cut-away side view of a shaped cutting element having a 

recessed surface in a non-planar front cutting face of a volume of superabrasive 

material of the cutting element. 
FIG. 3 is a perspective view of the cutting element of FIG. 2. 

FIG. 4 is a perspective view of another shaped cutting element having recessed 

surfaces in a non-planar front cutting face, 

FIG. 5 is a perspective view of a cutting element having an oval shape, and 

which includes a recessed surface formed in a front cutting face of a volume of 

superabrasive material of the cutting element. 

FIG. 6 is a top plan view of the front cutting face of the cutting element of 
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FIG. 7 is a top plan view like that of FIG. 6 illustrating another cutting element 

having a triangular shape, and which includes a recessed surface in a front cutting face 

of a volume of superabrasive material of the cutting element. 

FIG. 8 is a top plan view like that of FIG. 6 illustrating another cutting element 

5 that includes two chevron-shaped recessed surfaces in a front cutting face of a volume 
of superabrasive material of the cutting element. 

FIG, 9 is a top plan view of another cutting element including two chevron-

shaped recessed surfaces in a front cutting face of a volume of superabrasive material 

of the cutting element, which are oriented differently on the cutting face from the 

10 chevron-shaped recessed surfaces of the cutting element of FIG. 8. 

FIG. 10 is a top plan view of another cutting element that includes two linear 

recessed surfaces in a front cutting face of a volume of superabrasive material of the 

cutting element. 

FIG. 11 is a top plan view of another cutting element that includes a plurality of 

15 linear recessed surfaces in a front cutting face of a volume of superabrasive material of 

the cutting element, wherein the recessed surfaces are disposed across an entirety of the 

cutting face. 

FIG. 12 is a top plan view of another cutting element that includes a plurality of 

discrete, laterally isolated recessed surfaces in a front cutting face of a volume of 

20 superabrasive material of the cutting element, wherein the recessed surfaces are 

disposed across an entirety of the cutting face. 

FIG. 13 is a top plan view of another cutting element that includes a plurality of 

helically extending protrusions extending outward from a front cutting face of a 

volume of superabrasive material of the cutting element. 

25 FIG. 14 is a perspective view of another cutting element that includes a 

plurality of discrete, laterally isolated protrusions that extend outwardly from a front 

cutting face of a volume of superabrasive material of the cutting element. 
FIG, 15 is a partial cross-sectional side view of the cutting element of FIG. 14. 

FIG. 16 is a partial cross-sectional side view of another cutting element that 

30 includes a recessed surface in a front cutting face of a volume of superabrasive materia! 

of the cutting element, and that includes another recessed surface extending into the 

volume of superabrasive material from a lateral side surface of the volume of 

superabrasive material. 



FIG, 17 Is a perspective view of the cutting element of FIG. 16. 

FIG, 18 is a cross-sectional side view of another cutting element having a 

recessed surface in a front cutting face of a volume of superabrasive material of the 

cutting element, and farther including a fluid passageway extending through the cutting 

5 element to the front cutting face of the volume of superabrasive material. 

MODE(S) FOR CARRYING OUT THE INVENTION 

The illustrations presented herein are not actual views of any particular 

earth-boring tool, drill bit, or component of such a tool or hit, but are merely idealized 

10 representations which are employed to describe embodiments of the present invention. 

As used herein, the term earth-boring tool means and includes any too! used to 

remove formation material and form a bore (e.g., a wellbore) through the formation by­

way of the removal of the formation material, Earth-boring tools include, for example, 

rotary drill bits (e.g.. fixed-cutter or "drag" bits and roller cone or "rock" bits), hybrid 

15 bits including both fixed cutters and roller elements, coring bits, percussion bits, 

bi-ceilter bits, reamers (including expandable reamers and fixed-wing reamers), and 

other so-called "hole-opening" tools. 
As used herein, the term "cutting element" means and includes any element of 

an earth-boring tool that is used to cut or otherwise disintegrate formation material 

20 when the earth-boring tool is used to form or enlarge a bore in the formation, 

FIG. 1 illustrates an embodiment of an earth-boring tool of the present 

invention. The earth-boring too! of FIG, 1 is a fixed-cutter rotary drill bit 10 having a 

bit body 11 that includes a plurality of blades 12 that project outwardly from the bit 
body 11 and are separated from one another by fluid courses 13. The portions of the 

25 fluid courses 13 that extend along the radial sides (the "gage55 areas of the drill bit! 0) 

are often referred to in the art as "junk slots," The bit body 11 farther includes a 

generally cylindrical internal fluid plenum, and fluid passageways that extend through 

the bit body 11 to the exterior surface of the bit body 11. Nozzles 18 may be secured 

within the fluid passageways proximate the exterior surface of the bit body 11 for 

30 controlling the hydraulics of the drill bit 10 during drilling. A plurality of cutting 

elements 20, various embodiments of which are described in further detail herein 

below, is mounted to each of the blades 12. 
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During a drilling operation, the drill bit 10 may be coupled to a drill string (not 
shown). As the drill bit 10 is rotated within the wellbore, drilling fluid may be pumped 

down the drill string,, through the internal fluid plenum and fluid passageways within 

the bit body 11 of the drill bit 10, and out from the drill bit 10 through the nozzles 18. 

5 Formation cuttings generated by the cutting elements 20 of the drill bit 10 may be 

carried with the drilling fluid through the fluid courses 13, around the drill bit 10, and 

back up the wellbore through the angular space within the wellbore outside the drill 

string. 

At least one of the cutting elements 20 may have any of a number of different 

10 configurations described herein in accordance with the present disclosure. In 

particular, at least one of the cutting elements 20 has a three dimensional cutting face 

including at least one feature, such as a recess or a protrusion, that may affect the 

aggressiveness of the cutting element, the durability of the cutting element, and the 

degree to which formation cuttings stick to the cutting face of the cutting element 

15 in some embodiments, at least one of the cutting elements 20 of FIG. 1 may 

comprise what is often referred to the in art as a "shaped cutting element" having a 

non-planar front cutting face. Examples of such cutting elements are shown in FIGS. 2 

through 4. 

For example, FIGS, 2 and 3 illustrate a shaped cutting element 100. The 

20 shaped cutting element 100 includes a cutting element substrate 102, and a volume of 

superabrasive material 104 on the substrate 102, The volume of superabrasive 

material 104 may comprise, for example, polycrystailine diamond (PCD) or 

polycrystailine cubic boron nitride. When the volume of superabrasive material 104 

comprises diamond, the volume of superabrasive material 104 is often referred to in the 

25 art as a "diamond table," As shown in FIGS. 2 and 3, a front cutting face 106 of the 

volume of superabrasi ve material 104 is not planar, but rather has a dome shape. 

Stated another way, the profile of the front cutting face 106 has an arcuate, convex 

shape, as illustrated in the cross-sectional view of FIG. 2, Additionally, an 

interface 108 may be defined between the cutting element substrate 102 and the 

30 volume of superabrasive material 104, Optionally, the volume of superabrasive 

material 104 may have a chamfered peripheral edge 110. The chamfered peripheral 

edge 110 of the volume of superabrasive material 104 shown in FIGS, 2 and 3 has a 

single chamfer surface 112, although the chamfered peripheral edge 110 also may have 



additional chamfer surfaces, and such additional chamfer surfaces may be oriented at 

chamfer angles that differ from the chamfer angle of the chamfer surface 112, as 

known in the art. The cutting element substrate 102 may have a generally cylindrical 

shape in some embodiments, as shown in FIGS. 2 arid 3. One or more arcuate, or 

5 "radiused" edges or edge portions may be employed In lieu of, or in addition to, one or 

more chamfered surfaces at a peripheral edge of a volume of superabrasive material, as 

known to those of ordinary skill in the art. 

The volume of superabrasive material 104 may be formed on the cutting 

element substrate 102, or the volume of superabrasive material 104 and the cutting 

10 element substrate 102 may be separately formed and subsequently attached together, 

The cutting element substrate 102 may be formed from a material that is relatively hard 

and resistant to wear. For example, the cutting element substrate 102 may be formed 

from and include a ceramic-metal composite material (which is often referred to as a 

"cermet" material), such as a cemented carbide material. As one non-limiting 

15 particular embodiment, the cutting element substrate may comprise a cobalt-cemented 

tungsten carbide material, in which tungsten carbide particles are cemented together in 

a metallic binder matrix comprising cobalt or a cobalt alloy. Other metals may be used 

as the metallic binder matrix, such as nickel, iron, or alloys thereof. 

As previously mentioned, the front cutting face 106 of the volume of 

20 superabrasive material 104 may include one or more three-dimensional surface 

features. By way of example and not limitation, the front cutting face 106 of the 

volume of superabrasive material 104 may include one or more recesses as disclosed in 

LIS. Patent Application Serial No. 13/092,396, filed April 22,2011, in the name of 

DiGiovanni et ah, and/or U.S. Provisional Patent Application Serial No. 61/535,766, 

25 filed September 16, 2011, in the name of DiGiovanni et al. In other embodiments, the 

front cutting face 106 of the volume of superabrasive material 104 may include one or 

more recesses or protrusions as described in the present application. 
As one non-limiting example, a recessed surface 114 may be defined in the 

cutting face 106 of the cutting element 100. For example, a generally annular, recessed 

30 surface 114 may be defined in the cutting face 106 of the cutting element 100, as 

shown in FIGS. 2 and 3. The recessed surface 114 may be positioned proximate to the 

chamfered peripheral edge 110 of the cutting element 100, such as proximate to the 

chamfer surface 112, In some embodiments, the recessed surface 114 may be arcuate 
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and concave, as shown in FIGS. 2 and 3, The recessed surface may have any shape in 

accordance with additional embodiments. 

As non-limiting examples, the recessed surface 114 may extend a depth of 

between about 0.0254 mm and about 2.54 mm into the volume of superabrasive 

5 material 104 from the front cutting face 106. Additionally, the recessed surface 114 

may have a width of between about 0.1 millimeter to about 10.0 millimeters, from 

about 0.5 millimeter to about 8.0 millimeters, or even from about 1.0 millimeter to 
about 5.0 millimeters. The radially outer edge of the recessed surface 114 may be 

positioned a distance of between about 0.1mm and about 8.0 mm from the chamfer 

10 surface 112. The chamfered peripheral edge 110 may have a width (measured 

perpendicular to a central axis of the cutting element 100) of between about 0.254 mm 

and about 0.483 mm. In one non-limiting embodiment, the radially outer edge of the 

recessed surface 114 may be positioned a distance of about ! .0 mm from the chamfer 

surface 112, and the chamfered peripheral edge 110 may have a width of about 0.254 

15 mm. In another non-limiting embodiment, the radially outer edge of the recessed 

surface 114 may be positioned a distance of about 1.2 mm from the chamfer 

surface 112, and the chamfer edge 110 may have a width of about 0.406 mm. In a 

further non-limiting embodiment, the radially outer edge of the recessed surface 114 

may be positioned a distance of about 1.6 mm from the chamfer surface 112, and the 

2.0 chamfered peripheral edge 11.0 may have a width of about 0.483 mm. 

As shown in FIGS. 2 and 3, the recessed surface 114 may extend 

circumferentiaHy entirely around the cutting element 100 about a central axis of the 

cutting element 100, in an annular configuration. In additional embodiments, the 

recessed surface 114 may extend only partially around the cutting element 100 about 

25 the central axis thereof, and may include curved and/or linear segments. In some 

embodiments, the recessed surface 114 may include one or more sections that have a 

catenary shape (e.g., a shape of a hyperbolic cosine). 

FIG. 4 illustrates another embodiment of a shaped cutting element 120 having a 

non-planar cutting face 122. The cutting face 122 of the cutting element 120 of FIG. 4 

30 has a more pointed configuration relative to that of FIGS. 2 and 3, and includes a 

generally conical lateral side surface 124 extending to a generally domed end 

surface 126. The cutting element 120 also may include a cutting element substrate 128, 

and a volume of superabrasive material 130 on the substrate 128. The volume of 
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superabrasive material 130 and the substrate 128 may be as previously described in 

relation to the volume of superabrasive material 104 and the substrate 102 of FIGS, 2 

and 3. The volume of superabrasive material 130 may be sized and configured such 

thai the cutting face 122, which comprises the generally conical lateral side surface 124 

5 and the generally domed end surface 126, comprises exposed surfaces of the volume of 

superabrasive material 130, 

The cutting element 120 also includes one or more three-dimensional surface 
features. By way of example and not limitation, the cutting face 122 of the volume of 

superabrasive material 130 may include one or more recesses as disclosed in U.S. 

i 0 Patent Application Serial No. 13/092,396 and/or U.S. Provisional Patent Application 

Serial No, 61/535,766, filed September 16, 2011, In other embodiments, the cutting 

face 122 of the volume of superabrasive material 130 may include one or more 

recesses or protrusions as described in the present application, 

As one non-limiting example., a first recessed surface 132 and a second 

15 recessed surface 134 may be defined in the conical side surface 124 of the volume of 
abrasive material 130, Each of the first and second recessed surfaces 132, 134 may he 

similar to the previously described recessed surface 114 of FIGS. 2 and 3, and may be 

arcuate and concave, as shown in FIG. 4. The recessed surfaces 132, 134 may have 

any shape in accordance with additional embodiments. The recessed surfaces 132, 134 

20 may extend cireumferentially entirely around the cutting element 120 about a centra! 

axis of the cutting element 120, in an annular configuration. In additional 
embodiments, the recessed surfaces 132,134 may extend only partially around the 
cutting element 120 about the central axis thereof, and may include curved and/or 

lineal' segments. 

25 In additional embodiments of the present disclosure, cutting elements having 

non-cylindrical shapes include a non-planar front cutting face on a volume of 

superabrasive material. Examples of such embodiments are disclosed in FIGS. 5 

through 7. 

A cutting element 140 is shown in FIGS. 5 and 6 that has a generally oval 
30 shape (in a plane transverse to a central axis of the cutting element 140). The cutting 

element 140 includes a substrate 142 and a volume of superabrasive material 144 on 

the substrate 142, The volume of superabrasive material 144 includes a front cutting 

face 146. The volume of superabrasive material 144 and the substrate 142 may be as 
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previously described m relation to the volume of superabrasive material 194 and the 
substrate 102 of FIGS. 2 and 3, 

As shown in FIGS. 5 and 6, the substrate 142 includes a iateral side surface 143 

that has an ova! or elliptical shape in a plane transverse to a central axis of the cutting 

5 element 140, The volume of superabrasi ve material 144 also may have a lateral side 

surface 145 having an oval or elliptical shape in a plane transverse to a centra! axis of 

the cutting element 140. The lateral side surface 145 of the volume of superabrasive 

materia! 144 may be coextensive and continuous with the lateral side surface 143 of the 

substrate 142. 
10 The cutting face 146 of the volume of superabrasive material 144 of the cutting 

element 140 also includes one or more three-dimensional surface features. By way of 

example and not limitation, the cutting face 146 of the volume of superabrasive 

material 144 may include one or more recesses as disclosed in U.S. Patent Application 

Serial No. 13/092,396 and/or U.S. Provisional Patent Application Serial 

15 No. 61/535,766, filed September 16,2011. In other embodiments, the cutting face 146 

of the volume of superabrasive material 144 may include one or more recesses or 

protrusions as described in the present application. 

As one non-limiting example, a recessed surface 148 may be defined in the 

cutting face 146 of the volume of abrasi ve material 144. The recessed surface 148 may 

20 be similar to the previously described recessed surface 114 of FIGS. 2 and 3. The 

recessed surface 148, however, may be generally planar and oriented at least 

substantially transverse to a central axis of the cutting element 140, as shown in 

FIGS. 5 and 6. The recessed surface 148 may have any shape in accordance with 

additional embodiments. The recessed surface 148 may extend cireumferentially 

25 entirely around the cutting element 140 about a central axis of the cutting element 140 

in an annular configuration. In additional embodiments, the recessed surface 140 may 

extend only partially around the cutting element 140 about the central axis thereof, and 

may Include curved and/or linear segments, 

Although the cutting element 140 of FIGS. 5 and 6 has an oval or elliptical 

30 shape in a plane transverse to a central axis of the cutting element, additional 

embodiments of cutting elements according to the present disclosure may have any 

other shape, including a circular shape, a triangular shape, a rectangular shape, a 

tombstone shape, etc., in planes transverse to central axes of the cutting elements. 
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FIG. 7 is a lop view like that of FIG. 6 illustrating another cutting element 150 

having a triangular shape in a piane transverse to a central axis of the cutting 

element 150. The cutting element 150 may include a substrate (not shown) and a 

volume of superabrasive material 154 on the substrate. The volume of superabrasive 

5 material 154 includes a front cutting face 156. The volume of superabrasive 

material 154 and the substrate may be as previously described in relation to the volume 

of superabrasive material 104 and the substrate 102 of FIGS. 2 and 3, The substrate 
and the volume of superabrasive material 154 each may include a lateral side surface 

having a generally triangular shape in a piane transverse to a central axis of the cutting 

10 element 150 (i.e., in the plane of the view of FIG. 7). 

The cutting face 156 of the volume of superabrasive material 154 of the cutting 

element 150 also includes one or more three-dimensional surface features. By way of 

example and not limitation, the cutting face 156 of the volume of superabrasive 

material 154 may include one or more recesses as disclosed in U.S. Patent Application 

15 Serial No. 13/092,396 and/or U.S. Provisional Patent Application Serial 
No. 61/535,766, filed September 16, 2011. In other embodiments, the cutting face 156 

of the volume of superabrasive material 154 may include one or more recesses or 

protrusions as described til the present application. 
As one non-limiting example, a recessed surface 158 may be defined in the 

20 cutting face 156 of the volume of abrasive material 154, The recessed surface 158 may 

be generally planar and oriented at least substantially transverse to a central axis of the 
cutting element 150, as shown in FIG, 7. The recessed surface 158 may extend in 

along a triangular pathway proximate the peripheral cutting edge of the triangular 

cutting element 150, and may be generally centered along the central axis of the cutting 

25 element 150, as shown in FIG. 7. The recessed surface 158 may have any other shape 

in accordance with additional embodiments, 
The recessed surface 114 of FIGS. 2 and 3. the recessed surfaces 132 and 134 

of FIG. 4 and the recessed surface 148 of FIGS, 5 and 6 are curved in shape. The 

cutting element 150 of FIG, 7 includes a recessed surface 158 having linear segments. 

30 Thus, cutting elements according to the present disclosure may include features on a 

front cutting face of a volume of superabrasive material, wherein the features include 

one or more linear recessed surfaces, or recessed surfaces having one or more linear 

segments. FIGS. 8 through 10 illustrate additional examples of such embodiments. 
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Referring to FIG. 8, a cutting element 160 comprising a volume of 

superabrasive material 164 is illustrated. The cutting element 160 may include a 

substrate (not shown) and a volume of superabrasive material 164 on the substrate, 

The volume of superabrasive material 164 includes a front cutting face 166, The 

5 volume of superabrasive material 164 and the substrate may be as previously described 

in relation to the volume of superabrasive materia! 104 and the substrate 102 of 

FIGS. 2 and 3. The cutting face 166 of the volume of superabrasive material 164 of the 

cutting element 160 also includes one or more three-dimensional surface features that 

include at least one linear segment. By way of example and not limitation, the cutting 

10 (ace 166 of the volume of superabrasive material 164 may include one or more 

recesses as previously discussed, but wherein the recesses include at least one linear 

segment. As one non-limiting example, a first recessed surface 168 and a second 

recessed surface 170 may be defined in the cutting face 166 of the volume of abrasive 

material 164, The recessed surfaces 168, 170 may have a chevron shape in a lateral 

15 plane transverse to a central axis of the cutting element 160, as shown in FIG, 8. Thus, 

each recessed surface 168, 170 includes a first linear segment on a first side of an apex 

of the chevron-shaped recessed surface 168, 170, and a second linear segment on a 

second side of the apex of the chevron-shaped recessed surface 168,170. The apex of 

each chevron-shaped recessed surface 168, 170 may be located along a line intersecting 

20 a centra! axis of the cutting element, as shown in FIG, 8. Thus, the chevron-shaped 

recessed surface 168, 170 may be axi~symmetric in some embodiments. The chevron-

shaped recessed surface 168, 170 may not be axi-symmetric in other embodiments. In 

the embodiment of FIG, 8, the recessed surfaces 168, 170 are at least substantially 

located on one half of the front cutting face 166 of the volume of superabrasive 

25 material 164, and the apex of each chevron-shaped recessed surface 168, 170 points 

radially inward toward the opposing half of the front cutting face 166 of the volume of 

superabrasive material 164. 

FIG. 9 illustrates another embodiment of a cutting element 180 that is generally 

similar to the cutting element 160 of FIG. 8. The cutting element 180 may include a 

30 substrate (not shown) and a volume of superabrasive material 184 on the substrate. 

The volume of superabrasive material 184 includes a front cutting face 186. The 

volume of superabrasive material 184 and the substrate may be as previously described 

in relation to the volume of superabrasive material 104 and the substrate 102 of 
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FiGS. 2 and 3. The cutting face 1S6 of the volume of superabrasive material 3 84 of the 
cutting element 180 also includes a first recessed surface 188 and a second recessed 

surface 190 defined in the cutting face 186 of the volume of abrasive material 184. 
The recessed surfaces 188, 190 have a chevron shape in a lateral plane transverse to a 

5 central axis of the cutting element 180, as shown in FIG. 9. Thus, each recessed 

surface 188, 190 includes a first linear segment on a first side of an apes of the 

chevron-shaped recessed surface 188. 190, and a second linear segment on a second 

side of the apex of the chevron-shaped recessed surface 188, 190, The apex of each 

chevron-shaped recessed surface 188.190 may be located along a line intersecting a 

10 central axis of the cutting element, as shown in FIG. 9, In the embodiment of FIG, 9, 

the recessed surfaces 188,190 are at least substantially located on one half of the front 

cutting face 186 of the volume of superabrasive material 184, and the apex of each 

chevron-shaped recessed surface 188, 190 points radially outward from a central axis 

of the cutting element 180. 

15 FIG. 3 0 illustrates another embodiment of a cutting element 200, which may 

include a substrate (not shown) and a volume of superabrasive material 204 on the 

substrate. The volume of superabrasive material 204 includes a front cutting face 206. 

The volume of superabrasive material 204 and the substrate may be as previously 

described in relation to the volume of superabrasive material 104 and the substrate 102 

20 of FIGS. 2 and 3. The cutting face 206 of the volume of superabrasive material 204 of 

the cutting element 200 also includes a first linear recessed surface 208 and a second 

linear recessed surface 2 SO defined in the cutting face 206" of the volume of abrasive 

material 204. The recessed surfaces 208, 210 extend linearly across the cutting 

face 206 of the volume of superabrasive material 204, as shown in FIG. 10. The 

25 recessed surfaces 208, 201 may extend at least substantially parallel to one another as 

shown in FIG. 10. In other embodiments, they may be oriented at an angle relative to 

one another. 

The cutting elements of embodiments of FIGS. 8 through 10 each include two 

recessed surfaces. In additional embodiments, any of the cutting elements may include 

30 one, three, or any number of recessed surfaces in the cutting face of the volume of 

superabrasive material. Additionally, in embodiments of cutting elements that include 

two or more recessed surfaces in the cutting face of the volume of superabrasive 

material, the recessed surfaces may be located at the same, common depth within the 
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volume of superabrasive material, or the recessed surfaces may be located at different 

depths within the volume of superabrasive material . Further, in embodiments of 

cutting elements that inc lude two or more recessed surfaces in the cutting face of the 

volume of superabrasive material, the recessed surfaces may have the same cross-

5 sectional shape, or the recessed surfaces may have different cross-sectional shapes. 

In additional embodiments of cutting elements of the present disclosure, the 

cutting elements may include features disposed in a front cutting face of a volume of 

superabrasive material, wherein the features extend generally across an entirety of the 

cutting face. FIGS. 11 and 32 illustrate examples of such embodiments. 

10 FIG. 11 illustrates another embodiment of a cutting element 220, which may 
include a substrate (not shown) and a volume of superabrasive material 224 on the 

substrate. The volume of superabrasive materia! 224 includes a front cutting face 226. 

The volume of superabrasive material 224 and the substrate may be as previously 

described in relation to the volume of superabrasive material 124 and the substrate 122 

15 of FIGS, 2 and 3. The cutting face 226 of the volume of superabrasive material 224 of 

the cutting element 220 also includes a plurality of linear recessed surfaces 228 defined 

in the cutting face 226 of the volume of abrasive material 224. The recessed 

surfaces 228 extend linearly across the cutting face 226 of the volume of superabrasive 

material 224, as shown in FIG. 11, The recessed surfaces 228 may extend at least 

20 substantially parallel to one another as shown in FIG. 13. In other embodiments, they 

may be oriented at an angle to one another. For example, in another embodiment, each 

of the recessed surfaces 228 may extend in a radial direction from a location proximate 

the central axis of the cutting element to the outer peripheral edge of the cutting 

element, in a configuration similar to spokes of a wheel 

25 FIG. 12 illustrates another embodiment of a cutting element 240, which may 

include a substrate (not shown} and a volume of superabrasive material 244 on the 

substrate. The volume of superabrasive material 244 includes a front cutting face 246. 

The volume of superabrasive material 244 and the substrate may be as previously 

described in relation to the volume of superabrasive material 124 and the substrate 322 

30 of FIGS. 2 and 3. The cutting face 246 of the volume of superabrasive material 244 of 

the cutting element 240 also includes a plurality of recessed surfaces 248 defined in the 

cutting face 246 of the volume of abrasive material 244, The recessed surfaces 248 

each comprise a discrete, rectangular-shaped recess. The recessed surfaces 248 are 
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laterally isolated from one another, The recessed surfaces 248 are disposed across the 

entire cutting face 246 of the volume of superabrasive material 244, as shown in 

FIG. 12. In some embodiments, the recessed surfaces 248 may be disposed in an 

ordered array, such as in a plurality of rows and columns, as shown in FIG. 12. In 

5 other embodiments, they may he randomly located across the face 246 of the volume 

of superabrasive material 244. 

As a non-limiting example, the recessed surfaces of FIGS. 11 and 12 may have 

average cross-sectional dimensions of between about 0,1 micron and about 500 

microns, between about 10,0 microns and about 400 microns, or even between about. 

10 100 microns and about 300 microns. 

In the embodiments of cutting elements described with reference to FIGS, 2 

through 12, the non-planar front cutting faces on the volumes of superabrasive material 

include recesses that extend into the volumes of superabrasive material from the major 

surface of the volumes of superabrasive material. In additional embodiments of the 

15 present disclosure, cutting elements may include non-planar front cutting faces on 

volumes of superabrasive material having protrusions that extend outward from major 

surfaces of the volumes of superabrasive material. For example, additional 

embodiments of the present disclosure include cutting elements like those of FIGS, 2 

through 12, but wherein the cutting elements include protrusions instead of recessed 

20 surfaces. The protrusions may have cross-sectional geometries defined by mirror 

images of the recesses reflected across the surfaces defined by the front cutting faces of 

the volumes of superabrasive material. Additional examples of cutting elements that 

include protrusions that project outwardly from a front cutting face of a volume of 
superabrasive material are described below with reference to FIGS. 13 through 15. 

25 FIG, 13 illustrates another embodiment of a cutting element 260, which may 

include a substrate (not shown) and a volume of superabrasive material 264 on the 

substrate. The volume of superabrasive material 264 includes a front cutting face 266. 

The volume of superabrasive material 264 and the substrate may be as previously 

described in relation to the volume of superabrasive material 126 and the substrate 122 

30 of FIGS. 2 and 3. The cutting face 266 of the volume of superabrasive material 264 of 

the cutting element 260 also includes a plurality of protrusions 268 that extend outward 

from the cutting face 266 of the volume of abrasive material 264. As shown in FIG. 

13, each of the protrusions 268 may extend in a generally helical direction from a 
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location proximate a central axis of the cutting element 260 to the circumferential 
periphery of the cutting element 260, In the embodiment of FIG. 13. each of the 

protrusions 268 has a rounded outer surface. In other embodiments, each 

protrusion 268 may have a generally planar outer surface. Additionally, in the 

5 embodiment of FIG. 13, each of the protrusions 268 has a width that, increases in the 

direction extending along the protrusion 268 from the location proximate the central 

axis of the cutting element 260 to the circumferential periphery of the cutting 

element 260. In other embodiments, the width of each protrusion 268 may be constant, 

or may decrease in the direction extending along the protrusion 268 from the location 

10 proximate the central axis of the cutting element 260 to the circumferential periphery of 

the cutting element 260. The cutting element 260 includes five (5) protrusions, but 

other embodiments may have one or more protrusions. For example, another 

embodiment may have a single protrusion, similar to the protrusion 268, extending in a 

helical manner from a location proximate a central axis of the cutting element 260 to 

15 the circumferential periphery of the cutting element 260. Such a single helical 

protrusion may complete less than one complete circle as it extends helically around a 

central axis of the cutting element 260, or it may complete one or more complete 

circles. In additional embodiments, cutting elements as described with reference to 

FIG. 13 may be formed to include recessed surfaces in place of the protrusions 268, 

20 wherein the recessed surfaces have geometries defined by the mirror image of the 

protrusions reflected across the surface of the cutting face 266 of the volume of 

superabrasive material 264, or alternating protrusions and recesses as previously 

described. 

A Cartesian coordinate system having x, y, and z axes (at right angles to one 

25 another) may be defined to align the z axis with the central axis of the cutting 
element 260. Orthogonal planes may be defined by the x-y, the x~z, and the y-z planes. 

The coordinate system may also be defined to position the center (i.e., the intersection 

of the x, y, and z axes) on the central axis. In some embodiments, the protrusions 268 

may be rotations!Iv asymmetric about the central z axis. In some embodiments, the 

30 protrusions 268 may be reflectively asymmetric (also referred to as "mirror 

asymmetry," "mirror-image asymmetry," and "bilateral asymmetry") about at least two 

of the x~y, the x~z, and the y-z planes. In other words, a first half of a protrusion 268 

may not comprise a symmetric mirror image projection of a second half of the 
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protrusion 268 when. divided by ai least two of the x-y, the x-z, and the y-z planes. In 

other embodiments, the asymmetric protrusions 268 may be reflectively asymmetric 

about each of the x-y, the x-z, and the y-z planes. In addition, the asymmetric 

protrusions 268 may comprise a combination of rotational and reflective asymmetry. 

5 Furthermore, the asymmetric protrusions 268 may be rotationaiiy and reflectively 
asymmetric about all planes and axes intersecting with the substrate 48. The 

protrusions and/or recesses on the front cutting face of other embodiments of cutting 

elements as described previously and subsequently herein may similarly exhibit such 

asymmetry. 

10 FIGS 14 and 15 illustrate another embodiment of a cutting element 280 that 

includes protrusions extending outwardly from a cutting face thereof. The cutting 

element 280 may include a substrate 282 and a volume of superabrasive material 284 

on the substrate 282, The volume of superabrasive material 284 includes a front 

cutting face 286. The volume of superabrasive material 284 and the substrate may be 

15 as pre viously described in relation to the volume of superabrasive material 104 and the 

substrate 102 of FIGS. 2 and 3. The cutting face 286 of the volume of superabrasive 

material 284 of the cutting element 280 also includes a plurality of protrusions 288 that 

extend outward from the cutting face 286 of the volume of abrasive material 284. As 

shown in FIGS, 14 and 15, each of the protrusions 288 may comprise a discrete 

20 protrusion 288 that is laterally isolated from the other protrusions 288. The protrusions 

may be disposed in an ordered array across the cutting face 286, or they may be 

randomly located on the cutting face 286. In the embodiment of FIGS. 14 and 15, 

each of the protrusions 288 has a rounded outer surface, which may comprise a portion 

of a sphere (e.g., a hemisphere). The protrusions 288 may have other shapes in further 

25 embodiments. In additional embodiments, cutting elements as described with 

reference to FIGS.14 and 15 may be formed to include recessed surfaces in place of the 
protrusions 288, wherein the recessed surfaces have geometries defined by the mirror 

images of the protrusions reflected across the surface of the cutting face 286 of the 

volume of superabrasive material 284. 
30 In additional embodiments of the present disclosure, cutting elements having 

recesses and/or protrusions at a cutting face of a volume of superabrasive material. 

such as the cutting elements described above with reference to FIGS, 2 through 15, 

may further include one or more recessed surfaces that extend into a lateral side surface 
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of the volume of superabrasive materia!. A non-limiting example of such a cutting 

element is described below with reference to FIGS, 16 and 17. 

FIGS. 16 and 17 illustrate a cutting element 300 that includes a substrate 302 

and a volume of superabrasive material 304 on the substrate 302. The volume of 

5 superabrasive material 304 includes a front cutting face 306. Hie volume of 
superabrasive material 304 and the substrate 302 may be as previously described in 

relation to the volume of superabrasive material 104 and the substrate 102 of FIGS, 2 

and 3. As shown in FIGS. 16 and 17, the substrate 302 includes a lateral side 

surface 303. and the volume of superabrasive material 304 has a lateral side 

10 surface 305. The lateral side surface 305 of the volume of superabrasive material 304 

may be coextensive and continuous with the lateral side surface 303 of the 

substrate 302. The cutting face 306 of the volume of superabrasive material 304 of the 

cutting element 300 also includes one or more three-dimensional surface features. As 

one non-limiting example, a recessed surface 308 may be defined in the cutting 

15 face 306 of the volume of abrasive material 304. The recessed surface 308 may be 

similar to the previously described recessed surface 148 of FIGS. 5 and 6, The 

recessed surface 308 may have any other configuration as described herein in 

accordance with additional embodiments, and the cutting element 300 may include one 

or more protrusions that project outward from the cutting face 306 in place of the 

20 recessed surface 308, or in addition to the recessed surface 308. 

As shown in FIGS. 16 and 17, the cutting element 300 further includes at least 

one recessed surface 310 that extends into the volume of superabrasive material 304 

from the lateral side surface 305 of the volume of superabrasive material 304. The 

recessed surface 310 may extend circumferentially around the entire lateral periphery 

25 of the volume of superabrasive material 304 in some embodiments. In the embodiment 

shown in FIGS. 16 and 17, the recessed surface 310 has an arcuate cross-sectional 

shape. In other embodiments, the recessed surface 310 may be defined by a plurality 

of surfaces that are planar in one dimension (e.g.. the vertical or horizontal dimension 

within the piane of FIG. 16). As shown in FIGS. 16 and 17, the recessed surface 310 

30 may extend only into the volume of superabrasive material 304, and not into any 

portion of the substrate 302. In other embodiments, a portion of the recessed 

surface 310 may also extend into the substrate 302. In other words, the recessed 
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surface 310 may extend across the interface between the volume of superabrasive 

material 304 and the substrate 302, 

The recessed surface 310 may result in the formation of a radially extending lip 

at a wear scar formed on the cutting element during drilling. Such a radially extending 

5 tip is often referred to in the art as a "shear lip," and may result in concentrated stresses 

in the regions of the formation adjacent the shear lip, as they are sheared away and 

removed by the cutting element during drilling, Improved cutting efficiency may result 

from such a concentration of stresses caused by the presence of such a lip at the wear 

scar extending into the formation. 

10 Cutting elements according to the present disclosure, such as any of the cutting 

elements described with reference to FIGS. 2 through 17, may he formed to include 
one or more fluid passageways that extend through the cutting element to the cutting 
face on the volume of superabrasive material. An example of such a cutting element is 

shown below with reference to FIG. 18, 
15 FIG, 18 is a cross-sectional view of a cutting element 320 that is substantially 

similar to the cutting element 100 of FIGS. 2 and 3. The cutting element 320 includes 

a substrate 322 and a volume of superabrasive material 324 on the substrate 322. The 

volume of superabrasive material 324 includes a domed fron t cutting face 326, The 

volume of superabrasive material 324 and the substrate 322 may be as previously 

20 described in relation to the volume of superabrasive material 104 and the substrate 102 

of FIGS. 2 and 3. As shown in FIG. 18, the substrate 322 includes a lateral side 

surface 323, and the volume of superabrasive material 324 has a lateral side 

surface 325. The lateral side surface 325 of the volume of superabrasive material 324 

may be coextensive and continuous with the lateral side surface 323 of the 

25 substrate 322. The cutting face 326 of the volume of superabrasive material 324 of the 

cutting element 320 also includes one or more three-dimensional surface features. As 

one non-limiting example, a recessed surface 328 may be defined in the cutting 

face 326 of the volume of abrasive material 324. The recessed surface 328 may be 

similar to the previously described recessed surface 114 of FIGS. 2 and 3. Hie 

30 recessed surface 328 may have any other configuration as described herein in 

accordance with additional embodiments, and the cutting element 320 may include one 

or more protrusions that project outward from the cutting face 326 in place of the 

recessed surface 328, or in addition to the recessed surface 328. 
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As shown in FIG. 18, the cutting element 320 further includes a fluid 

passageway 330. The fluid passageway 330 may be used to allow drilling fluid to flow 

through the fluid passageway 330 to the cutting face 326 during use of the cutting 
element 320 in a drilling operation, which fluid flow may assist in removal of 

5 formation cuttings from the cutting face 326. Thus, formation cuttings may be 

hindered or precluded from sticking to the cutting face 326, which may reduce the 

occurrence of what is referred to as "balling" of a drill bit or other tool to which the 

cutting element 320 is attached. The fluid passageway 330 may he aligned with a 

complementary and corresponding fluid passageway extending through a body of an 

10 earth-boring tool, such as a rotary drill bit like that previously described with reference 

to FIG. 1, such that a portion of drilling fluid caused to flow through the body of the 

earth-boring tool during drilling will flow into and through the fluid passageway 330 

extending through the cutting element 320. 

As shown in FIG. 18, the fluid passageway 330 extends through the 

15 substrate 322 and through the volume of superabrasive material 324 to the front cutting 

face 326 of the volume of superabrasive material 324. In some embodiments, the fluid 

passageway may extend along the central axis of the cutting element 320, although the 

fluid passageway 330 may be located elsewhere within the cutting element 320 in other 

embodiments. The fluid passageway 330 may be straight or curved. The cutting 

20 element 320 shown in FIG. 18 includes a single fluid passageway 330. In other 

embodiments, a plurality of relatively smaller fluid passageways 330 that extend 

through the cutting element 320 to the cutting face 326. 

Cutting elements including volumes of superabrasive material having features 

as described hereinabove may be fabricated using any number of techniques. As 

25 known in the ait, the volume of superabrasive material may be formed by subjecting 

superabrasive grains (e.g., diamond or cubic boron nitride grains) to an HTHP sintering 

process in which direct, inter-granular atomic bonds are formed between the grains. A 

catalyst, such as a metal solvent catalyst (e.g., cobalt, iron, nickel, or an alloy of one or 

more such metals), may be employed to assist in the formation of the inter-granular 
30 atomic bonds. In such HTHP sintering processes, the grains are provided within a 

container, which is then subjected to elevated temperatures (e.g., a temperature greater 

than about JJ00°C) and elevated pressures (e.g., a pressure greater than about 5.0 
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GPa). Sintering presses for carrying out such HTHP sintering processes are 

commercially available. 

The recesses and/or protrusions at the cutting face (and, optionally, the iateral 

side surface) of the volume of polycrystailine diamond material) may be formed in situ 

5 during the HTHP sintering process. For example, an insert having a geometry 

corresponding to a recess to be formed in a volume of superabrasive material may be 

selectively positioned within a container in which superabrasive grains are to he 

subjected to an HTHP sintering process. The insert may comprise a material that will 

retain its shape throughout the HTHP sintering process, and that will not degrade or 

10 otherwise detrimentally affect the surrounding superabrasive material during the HTHP 

sintering process. By way of example and not limitation, the insert may comprise a 

ceramic, such as an oxide material (e.g., magnesium oxide (MgO)). Superabrasive 

grains may be positioned within the container around the insert. Optionally, a 

substrate, such as the substrate 102 of FIGS. 2 and 3, may be positioned within the 

15 container adjacent the superabrasive grains. Catalyst material may be supplied from 
the substrate, or may be provided within the superabrasive grains in the form of, for 
example, powdered catalyst material. The container may be subjected to an HTHP 

sintering process with the insert, the superabrasive grains, and an optional substrate 

contained therein to sinter the superabrasive grains and form a volume of superabrasive 

20 material within the container and around the insert. Alter the HTHP sintering process, 

the insert may be removed to form protrusions or recesses on or in surfaces of the 

volume of superabrasive material . Alternatively, the insert may be left in place on or in 
the volume of superabrasive material. During use of the resulting cutting element in a 

drilling operation, the material of the insert will abrade and/or erode away relatively 

25 rapidly during the initial stage of cutting, thereby resulting in a cutting element 

including a volume of superabrasive material having recesses and/or protrusions as 

described herein. 
As another example of a method that may be employed to form the recesses 

and/or protrusions at the cutting face of the volume of superabrasive material the 

30 volume of superabrasive material may be formed on a surface of a first sacrificial 

substrate in an HTHP sintering process. The surface of the first sacrificial substrate on 

which the volume of superabrasive material is formed may be sized, shaped, and 

configured such that the interface between the volume of superabrasi ve material and 
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the first sacrificial substrate has the size, shape, and configuration of the desired front 

cutting face for the volume of superabrasive material. After forming the volume of 

superabrasive material, the volume of superabrasive material may be removed from the 

first sacrificial substrate, inverted, and attached to a second substrate to form the 

5 cutting element. By inverting the superabrasive material, the surface of the volume of 

superabrasive material that was disposed at the interface with the first sacrificial 

substrate becomes the front cutting face of the volume of superabrasive material upon 

attachment of the volume of superabrasive material to the second substrate. The 

volume of superabrasive material may be attached to the second substrate using, for 

10 example, a brazing process, or by positioning the volume of superabrasive material on 

the second substrate in a container and subjecting the volume of superabrasive material 

and the second substrate to another HTHP sintering process to sinterbond the volume 

of superabrasive material to the second substrate. The second substrate may comprise 

a cemented tungsten carbide substrate, or another volume of superabrasive materia! 

15 (e.g., poiyerystalline diamond), for example. 
In additional embodiments, the recesses and/or protrusions formed in the 

surfaces of the volume of superabrasive material, as described in relation to the cutting 

elements of FIGS. 2 through 18, may be formed in and/or on the volume of 

superabrasive materia! after forming the superabrasive material in an HTHP sintering 

20 process. For example, a volume of superabrasive material without any such recesses 

and/or protrusions may be fabricated using an HTHP sintering process as previously 

described, after which the recesses and/or protrusions may be formed in and/or on the 

volume of superabrasive material, 
For example, a laser ablation process may be used to remove selected, localized 

25 regions of the volume of superabrasive material, and may be used to form recesses 

and/or protrusions, as described herein, in or on the volume of superabrasive material. 

As another example, and electro-discharge machining process may be used to remove 

selected, localized regions of the volume of superabrasive material, and may be used io 

form recesses and/or protrusions, as described herein, in or on the volume of 

30 superabrasive material. Mechanical machining processes also may be used to remove 

selected, localized regions of the volume of superabrasive material, and may be used to 

form recesses and/or protrusions. Such mechanical machining processes include, for 

example, milling processes, turning processes, drilling processes, grinding processes, 
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etc. In yet further embodiments, a laser may be used to degrade and weaken selected, 

localized regions of the volume of superabrasive material, after which one or more 

mechanical machining processes may be used to remove the degraded and weakened 

regions of the volume of superabrasive material. 

5 Optionally, any catalyst material present in interstitial spaces between 

superabrasive grains in the volume of superabrasive material of any of the cutting 

elements described hereinabove in relation to FIGS, 2 through IS may be removed 

from the volume of superabrasive material after the HTHP sintering process, as known 

in the art. For example, a. leaching process may be used to remove catalyst material 

i 0 from interstitial spaces between the inter-bonded superabrasive grains of the volume of 

superabrasive material. By way of example and not limitation, the volume of 
superabrasive material may be leached using a leaching agent and process such as 

those described more fully in, for example, U.S. Patent No. 5,127,923 to Bunting et al. 

(issued July 7, 1992), and U.S. Patent No. 4,224,380 to Bovenkerk et al, (issued 

15 September 23, 1980). Specifically, aqua regia (a mixture of concentrated nitric acid 

(HM03) and concentrated hydrochloric acid (HC1)) may be used to at least 

substantially remove catalyst material from the interstitial spaces between the inter-

bonded superabrasive grains in the volume of superabrasive material. It is also known 

to use boiling hydrochloric acid (HC1) and boiling hydrofluoric acid (HF) as leaching 

20 agents. One particularly suitable leaching agent is hydrochloric acid (HQ) at a 

temperature of 110°C or more-, which may be provided in contact with the volume of 

superabrasive material for a period of about 2 hours to about 60 hours, depending upon 

the size of the volume of superabrasive material. After leaching the volume of 

superabrasive material, the interstitial spaces between the inter-bonded superabrasive 

25 grains within the volume of superabrasive material may be at least substantially free of 

catalyst material used to catalyze formation of inter-granular bonds between the 

superabrasive grains. In some embodiments, leaching may be selectively applied to 

specific regions of the diamond table, and not to other regions. For example, in some 

embodiments, a mask may be applied to a region of one or more exterior surfaces of 

30 the volume of superabrasive material, and only the unmasked regions may be leached. 

For example, the leached regions may comprise selected regions of the volume of 

superabrasive material proximate the front cutting face of the volume of superabrasive 
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material, and/or selected regions of the volume of superabrasive material proximate the 

lateral side surfaces of the volume of superabrasive material, 

The surfaces of the volume within the recesses in the volume of superabrasive 

material may be leached or not leached. For example, In some embodiments, regions 

5 of the volume of superabrasive material exposed at the cutting face and/or the lateral 

side surface of the volume of superabrasive material may be leached, but the recesses 

extending into the cutting face and/or the lateral side surface of the volume of 

superabrasive material may be masked from the leaching agent so as to prevent regions 

of the volume of superabrasive materia! exposed within the recesses from being 

10 exposed to the leaching agent. For example, a polymeric resin resistant to the leaching 

agent may be provided within the recesses prior to subjecting the volume of 

superabrasive material to the leaching process. After the leaching process, the 

polymeric resin may be removed from within the recesses in the volume of 

superabrasive material using, for example, a sand or bead blasting process, a grinding 

15 process, a chemical etching process, etc. 

Additionally, one or more of the outer, exposed surfaces of the volume of 

superabrasive material of any of the cutting elements described hereinabove in relation 

to FIGS. 2 through 18 may be physically modified, such as by polishing to a smooth or 

mirrored finish. For example, an outer surface of the volume of superabrasive material 

20 may have a reduced surface roughness, such as described In U.S. Patent No, 6,145,608, 

which issued on November 14, 2000 to Lund et al.; U.S. Patent No. 5,653,300, which 

issued August 5, ! 997 to Lund et al.; and U.S. Patent No, 5,447,208, which issued 

September 5, 1995 to Lund et al. As a non-limiting example, at least a portion of the 

front cutting face of the volume of superabrasive material may be polished to a surface 

25 roughness of about 0.5 u in. (about 0,0127 ji.m) RMS or less. 

Cutting elements having recesses and/or protrusions in the front cutting face, as 

described herein, are believed to provide one or more of several different advantages 

during use of the cutting elements during use in a drilling operation. 

For example, as described in the aforementioned U.S. Patent Application Serial 

30 No. 13/092,396, such recesses and/or protrusions may be used to cause the cutting 

element to exhibit a selectively varying aggressiveness (e.g., effective rake angle) 

during drilling as a function of depth-of-cut of the cutting element into the formation. 

Thus, the aggressiveness of the cutting action may be selectively controlled by 
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seiectively controlling the depth-of-cut of the cutting element into the formation, which 

may be controlled by a drilling operator by controlling the so-called "weight-on-bit" 

(WOB). 

Additionally, as described in the aforementioned U.S. Provisional Patent 

5 Application Serial No. 61/535,766, such recesses and/or protrusions may also be used 

to reduce sticking of formation cuttings to the front cutting tace of the cutting element, 
which may reduce the occurrence of balling and maintain efficient removal of 

formation cuttings during use in a drilling operation. 

Additionally, the presence of such recesses and/or protrusions may allow for 

10 the management of (e.g., reduction of) thermal energy within the volume of 

superabrasive material during drilling, which thermal energy may result in degradation 

of the superabrasive material. Although the mechanism or mechanisms that result in 

such a decrease in thermal energy are not fully understood, it is currently believed that 

the reduction in thermal energy may be at least partially due to increased surface are of 

15 the volume of superabrasive materia! due to the presence of recesses and-'br 

protrusions, and/or due to alteration of the magnitude and/or distribution of 

compressive and shear forces within the volume of polycrystailine diamond imparted 

thereon by the formation during cutting of the formation with the cutting element, as 

well as the magnitude and distributions of residual stresses in the volume of 

20 superabrasive material. Such an alteration of the magnitude and/or distribution of the 

compressive and shear forces/residual stresses within the volume of polycrystailine 

diamond may result from the alteration of the geometry of the interface between the 

volume of polycrystalSine diamond and the formation when the depth-of-cut of the 

cutting element results in positioning of the recesses and/or protrusions at the interface 

25 between the formation and the front cutting face of the volume of superabrasive 

material 

Embodiments of cutting elements of the present disclosure may be used to 

attain one or more of the advantages described above. 

Additional non-limiting examples of embodiments of the present disclosure are 

30 set forth below. 

Embodiment 1: A shaped cutting element for an earth-boring tool, comprising: 

a substrate; a volume of superabrasive material disposed on the substrate, the volume 

of superabrasive material having a non-planar front cutting face and a lateral side 
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surface; and at least one of a recess extending into the volume of superabrasive 

material from the front cutting face and a protrusion extending outward from the front 

cutting face of the volume of superabrasive material 

Embodiment 2: The shaped cutting element of Embodiment 1, wherein the 

5 non-planar front cutting face has a dome shape. 

Embodiment 3: The shaped cutting element of Embodiment 1 or 
Embodiment 2, wherein the non-planar front cutting face has a pointed configuration 
including a generally conical lateral side surface and a domed end. 

Embodiment 4: The shaped cutting element of Embodiment 3, wherein the at 

10 least one of a recess extending into the volume of superabrasive material from the front 

cutting face and a protrusion extending outward from the front cutting face of the 

volume of superabrasive material comprises at least one recess extending into the 

generally conical lateral side surface. 
Embodiment 5: The shaped cutting element of Embodiment 4, wherein the at 

15 least one recess extending into the generally conical lateral side surface has an annular 

configuration extending at least substantially entirely around a central axis of the 

shaped cutting element. 
Embodiment 6: A cutting element for an earth-boring tool, comprising: a 

substrate; a volume of superabrasive material disposed on the substrate, the volume of 

20 superabrasive material having a front cutting face and a lateral side surface; and at least 

one of a recess extending into the volume of superabrasive material from the front 

cutting face and a protrusion extending outward from the front cutting face of the 

volume of superabrasive material, the at least one of a recess and a protrusion including 

at least one linear segment extending linearly across the front cutting face in a direction 

25 oriented at least substantially transverse to a central axis of the cutting element. 

Embodiment 7: The cutting element of Embodiment 6, wherein the at least one 

of a recess extending into the volume of superabrasive materia! from the front cutting 

face and a protrusion extending outward from the front cutting face of the volume of 

superabrasive material comprises at least one recess extending into the volume of 

30 superabrasive material from the front cutting face. 

Embodiment 8: The cutting element of Embodiment 7, wherein the at least one 

recess has a chevron shape. 
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Embodiment 9: The cutting element of Embodiment 7 or Embodiment 8, 
wherein the at ieast one recess comprises two recesses extending at least substantially 

parallel to one another across the front cutting face. 

Embodiment 10: The cutting element of any one of Embodiments 7 through 9, 

5 wherein the at least one recess comprises a plurality of recesses dispersed at least 

substantially entirely across the front cutting face of the cutting element. 

Embodiment 11: The cutting element of Embodiments 6 through 9, wherein 

the substrate has at least one lateral side surface having a non-circular shape in a plane 

transverse to a central axis of the cutting clement. 

10 Embodiment 12: The cutting element of Embodiment 11, wherein the at least 

one lateral side surface has an oval shape or a triangular shape. 

Embodiment 13: A cutting element for an earth-boring tool, comprising: a 

substrate; a volume of superabrasive material disposed on the substrate, the volume of 

superabrasive material having a front cutting face and a lateral side surface; and at least 

15 one of a plurality of discrete, laterally isolated recesses extending into the volume of 

superabrasive material from the front cutting face and a plurality of discrete, laterally 

isolated protrusions extending outward from the front cutting face of the volume of 

superabrasive material. 

Embodiment 14: The cutting element of Embodiment 13, wherein the at least 

20 one of a plurality of discrete, laterally isolated recesses and a plurality of discrete, 

laterally isolated protrusions are dispersed at least substantially entirely across the front 

cutting face of the cutting element. 

Embodiment 15: The cutting element of Embodiment 13 or Embodiment 14, 

wherein the at least one of a plurality of discrete, laterally isolated recesses and a 

25 plurality of discrete, laterally isolated protrusions are disposed in an ordered array over 

the front cutting face of the cutting element. 

Embodiment 16: The cutting element of any one of Embodiments 13 through 

15, wherein the at least one of a plurality of discrete, laterally isolated recesses and a 

plurality of discrete, laterally isolated protrusions comprises a plurality of protrusions 

30 extending outward from the front cutting face, each protrusion of the plurality of 

discrete, laterally isolated protrusions having a shape of a portion of a sphere. 

Embodiment 17: A cutting element for an earth-boring tool, comprising: a 

substrate; a volume of superabrasive material disposed on the substrate, the volume of 
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superabrasive material having a front cutting face and a lateral side surface; and at least 

one of an elongated recess extending into the front cutting face and extending along a 

helical path from a location proximate a central axis of the cutting element to a lateral, 
peripheral edge of the cutting element, and an elongated protrusion extending outward 

5 from the front cutting face and extending along a helical path from a location 

proximate a central axis of the cutting element to a lateral, peripheral edge of the 
cutting element, 

Embodiment 18: The cutting element of Embodiment 37, wherein the at least 
one of an elongated recess and an elongated protrusion comprises an elongated 

10 protrusion. 

Embodiment 19: The cutting element of Embodiment 18, wherein the 

elongated protrusion has a curved outer surface. 

Embodiment 20: The cutting element of Embodiment 19, wherein the 

elongated protrusion has a width increasing along the elongated protrusion in the 

15 direction extending along the elongated protrusion from the location proximate the 

central axis of the cutting element to the lateral, peripheral edge of the cutting element. 

Embodiment 2.1: A cutting element for an earth-boring tool, comprising: a 

substrate; a volume of superabrasive material disposed on the substrate, the volume of 

superabrasive material having a front cutting face and a lateral side surface; and at least 

20 one of a recess extending into the volume of superabrasive material from the front 

cutting face and a protrusion extending outward from the front cutting face of the 

volume of superabrasive material; and a recess extending into the volume of 
superabrasive material from the lateral side surface of the volume of superabrasive 

25 Embodiment 22: The cutting element of claim 21, wherein the recess 

extending into the volume of superabrasi ve material from the lateral side surface of the 

volume of superabrasive material extends circumferentiaily around an entire lateral 

periphery of the volume of superabrasive material. 

Embodiment 23: An earth-boring tool, comprising: a too! body; and at least 

30 one cutting element as recited in any one of Embodiments 1 through 22 bonded to the 

tool body. 

Embodiment 24: The earth-boring tool of Embodiment 23, wherein the earth-

boring tool comprises a fixed-cutter rotary drill bit. 
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Embodiment 25: A method of forming a shaped cutting element for an 
earth-boring tool, comprising: disposing a volume of superabrasive material on a 

substrate; forming a non-planar front cutting face and a lateral side surface on the 

volume of superabrasive material; and forming at least one of a recess extending into 

5 the volume of superabrasive material from the front cutting face and a protrusion 

extending outward from the front cutting face of the volume of superabrasive material. 

Embodiment 26: The method of Embodiment 25, wherein forming the non-

pianar front cutting face comprises forming the non-planar front cutting face to have a 

dome shape. 
10 Embodiment 27: The method of Embodiment 25 or Embodiment 26, wherein 

forming the non-planar front cutting face comprises forming the non-planar front 

cutting face to have a pointed configuration including a generally conical lateral side 

surface and a domed end. 

Embodiment 28: The method of any one of Embodiment 27, wherein forming 

15 the at least one of a recess extending into the volume of superabrasive material from 

the front cutting face and a protrusion extending outward from the front cutting face of 

the volume of superabrasive materia! comprises forming at least one recess extending 

into the generally conical lateral side surface, 

Embodiment 29: The method of Embodiment 28. wherein forming the at least 

20 one recess extending into the generally conical lateral side surface comprises forming 

the at least one recess to have an annular configuration extending at least substantially 

entirely around a central axis of the shaped cutting elemen t. 

Embodiment 30: A method of forming a cutting element for an earth-boring 

tool, comprising: disposing a volume of superabrasive material disposed on a substrate; 

25 forming the volume of superabrasive material to have a front cutting face and a lateral 

side surface; and forming at least one of a recess extending into the volume of 

superabrasive material from the front cutting face and a protrusion extending outward 

from the front cutting face of the volume of superabrasive material, and forming the at 

least one of a recess and a protrusion to include at least one linear segment extending 

30 linearly across the front cutting face in a direction oriented at least substantially 

transverse to a central axis of the cutting element. 

Embodiment 31: The method of Embodiment 30, wherein forming the at least 

one of a recess extending in to the volume of superabrasive material from the front 
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cutting face and a protrusion extending outward from the front cutting face of the 

volume of superabrasive material to comprise forming at least one recess extending 

into the volume of superabrasi ve material from the front cutting face. 

Embodiment 32; The method of Embodiment 31, wherein forming the at least 

5 one recess comprises forming the at least one recess to have a chevron shape. 

Embodiment 33: The method of Embodiment 31 or Embodiment 32. wherein 

forming the at least one recess comprises forming two recesses extending at least 
substantially parallel to one another across the front cutting face. 

Embodiment 34: The method of Embodiment 33, wherein forming the at least 

10 one recess comprises forming a plurality of recesses dispersed at least substantially 

entirely across the front cutting face of the cutting element. 

Embodiment 35: The method of any one of Embodiments 30 through 

Embodiment 34, further comprising forming the substrate to have at least one lateral 

side surface having a non-circular shape in a plane transverse to a central axis of the 

15 cutting element. 
Embodiment 36: The method of Embodiment 35, further comprising forming 

the at ieast one lateral side surface of the substrate to have an oval shape or a triangular 

shape. 

Embodiment 37: A method of forming a cutting element for an earth-boring 

20 tool, comprising: disposing a volume of superabrasive material on a substrate; forming 

the volume of superabrasive material to have a front cutting face and a lateral side 

surface; and forming at least one of a plurality of discrete, laterally isolated recesses 

extending into the volume of superabrasive material from the front cutting face and a 

plurality of discrete, laterally isolated protrusions extending outward from the front 

25 cutting face of the volume of superabrasive material. 
Embodiment 38: The method of Embodiment 37, wherein forming the at least 

one of a plurality of discrete, laterally isolated recesses and a plurality of discrete, 

laterally isolated protrusions comprises forming the at least one of a plurality of 

discrete, laterally isolated recesses and a plurality of discrete, laterally isolated 

30 protrusions to be dispersed at least substantially entirely across the front cutting face of 

the cutting element. 
Embodiment 39: The method of Embodiment 37 or Embodiment 38, wherein 

forming the at least one of a plurality of discrete, laterally isolated recesses and a 
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plurality of discrete, laterally isolated protrusions comprises disposing the at least one 

of a plurality of discrete, laterally isolated recesses and a plurality of discrete, laterally 

isolated protrusions in an ordered array over the front cutting face of the cutting 

element, 

5 Embodiment 40: The method of any one of Embodiments 37 through 39, 

wherein forming the at least one of a plurality of discrete, laterally isolated recesses and 
a plurality of discrete, laterally isolated protrusions comprises forming a plurality of 

protrusions extending outward from the front cutting face, each protrusion of the 

plurality of discrete, laterally isolated protrusions having a shape of a portion of a 

10 sphere. 

Embodiment 41: A method of forming a cutting element for an earth-boring 
tool, comprising: disposing a volume of superabrasive material on a substrate; forming 

the volume of superabrasive material to have a front cutting face and a lateral side 

surface; and forming at least one of an elongated recess extending into the front cutting 

15 face and extending along a helical path from a location proximate a central axis of the 

cutting element to a lateral, peripheral edge of the cutting element, and an elongated 

protrusion extending outward from the front cutting face and extending along a helical 

path from a location proximate a central axis of the cutting element to a lateral, 

peripheral edge of the cutting element, 
20 Embodiment 42: The method of Embodiment 41, wherein forming the at least 

one of an elongated recess and an elongated protrusion comprises forming an elongated 

protrusion. 

Embodiment 43: The method of Embodiment 42, wherein forming the 

elongated protrusion comprises forming the elongated protrusion to have a curved 

25 outer surface. 
Embodiment 44: The method of Embodiment 42 or Embodiment 43, further 

comprising forming the elongated protrusion to have a width increasing along the 

elongated protrusion in the direction extending along the elongated protrusion from the 

location proximate the central axis of the cutting element to the lateral, peripheral edge 

30 of the cutting element. 

Embodiment 45: A method of forming a cutting element for an earth-boring 

tool, comprising: disposing a volume of superabrasive materia! on a substrate; forming 

the volume of superabrasive materia! to have a front cutting face and a lateral side 
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surface; forming at least one of a recess extending into the volume of superabrasive 

material from the front cutting face and a protrusion extending outward from the front 

cutting face of the volume of superabrasive material; and forming a recess extending 

into the volume of superabrasive material from the lateral side surface of the volume of 
superabrasive material. 

Embodiment 46: The method of Embodiment 45, further comprising forming 
the recess extending into the volume of superabrasive materia! from the lateral side 

surface of the volume of superabrasive material to extend circumferemiaily around an 

entire lateral periphery of the volume of superabrasive material 

Embodiment 47: A method of forming an earth-boring tool, comprising: 

forming at least one cutting element as recited in any one of Embodiments 25 through 

46; and attaching the at least one cutting element to a body of an earth-boring tool. 

Embodiment 48: The method of Embodiment 47, further comprising selecting 
the body of the earth-boring tool to comprise a body of a fixed-cutter rotary drill bit. 

Although the foregoing description contains many specifics, these are not to be 

construed as limiting the scope of the present disclosure, but merely as providing 

certain example embodiments. Similarly, other embodiments of the disclosure may be 

devised which are within the scope of the present invention. For example, features 

described herein with reference to one embodiment may also be combined with 

features of other embodiments described herein. The scope of the invention is, 

therefore, indicated and limited only by the appended claims, rather than by the 

foregoing description. All additions, deletions, and modifications to the invention, as 

disclosed herein, which fall within the meaning and scope of the claims, are 

encompassed by the present invention. 
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Claims 

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

a substrate; 

a volume of superabrasive material disposed on the substrate, the volume of superabrasive 

material having a non-planar front cutting face, the non-planar front cutting face having a 

pointed configuration including a conical lateral side surface and a domed end, the 

substrate being a cylinder having a maximum diameter less than a maximum diameter of 

the volume of superabrasive material, an entire interface between the substrate and the 

volume of superabrasive material located rearward of the conical lateral side surface of 

the non-planar front cutting face of the volume of superabrasive material along a central 

axis of the shaped cutting element; and 

at least one recess extending into the conical lateral side surface of the non-planar cutting face of 

the volume of superabrasive material from the front cutting face. 

2. The shaped cutting element of claim 1, wherein the at least one recess extending 

into the conical lateral side surface has an annular configuration extending at least substantially 

entirely around the central axis of the shaped cutting element. 

3. The shaped cutting element of claim 1, wherein the conical lateral side surface 

and the generally domed end surface define the front cutting face of the shaped cutting element. 

4. The shaped cutting element of claim 1, wherein the at least one of a recess 

extending into the volume of superabrasive material from the front cutting face comprises a first 

recessed surface and a second recessed surface defined in the conical lateral side surface of the 

volume of superabrasive material. 

5. The shaped cutting element of claim 4, wherein each of the first recessed surface 

and the second recessed surface is arcuate and concave. 
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6. The shaped cutting element of claim 4, wherein each of the first recessed surface 

and the second recessed surface extends circumferentially entirely around the cutting element 

about a central axis of the cutting element. 

7. The shaped cutting element of claim 1, wherein the at least one recess is defined 

by an arcuate and concave recessed surface. 

8. The shaped cutting element of claim 7, wherein the recessed surface extends 

circumferentially entirely around the cutting element about a central axis of the cutting element. 

9. The shaped cutting element of claim 1, wherein the at least one recess extends 

circumferentially entirely around the cutting element about a central axis of the cutting element. 


