Office de la Proprieté Canadian CA 2551389 C 2010/12/14

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 551 389
Findustie Canada Industry Ganada 1R BREVET GANALIEN
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 2006/06/30 (51) Cl.Int./Int.Cl. £E278 70/46 (2006.01),
s : : . C23C 714/04 (2006.01), C23C 74/58 (2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 200/7/01/01 C23C 16/04(2006.01) C23C 16/56 (2006.01)
(45) Date de délivrance/lssue Date: 2010/12/14 _
(72) Inventeurs/Inventors:
(30) Priorites/Priorities: 2005/07/01 (US60/696,061); VISWANADHAM, RAMAMURTHY, US:
2006/06/29 (US11/478,559) LIANG, DAH-BEN, US;

LOCKWOOD, GREGORY T., US

(73) Proprietaire/Owner:
SMITH INTERNATIONAL, INC., US

(74) Agent. KIRBY EADES GALE BAKER

(54) Titre : MATERIAUX COMPOSITES A CARACTERISTIQUES ASYMETRIQUES POUR TAILLANTS AMELIORES
54) Title: ASYMMETRIC GRADED COMPOSITES FOR IMPROVED DRILL BITS

(57) Abrégée/Abstract:

A cutting tool that includes at least one tungsten carbide cutting element disposed on a support, wherein at least one tungsten
carbide cutting element has at least one localized region having a material property different from the remaining region, wherein the

‘ an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca oPIC & ——

OPIC - CIPO 191




CA 2551389 C 2010/12/14

anen 2 551 389
13) C

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

at least one localized region having a different material property Iis prepared by a method including determining at least one
localized region needing a variation in a material property different from the remaining region; coating a portion of a surface of the at
least one tungsten carbide cutting element with a refractory material such that a surface corresponding to the localized region Is left

uncoated; and treating the coated cutting element with a selected agent to diffuse the selected agent into the localized region Is
disclosed.
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Abstract

A cutting tool that includes at least one tungsten carbide cutting element disposed
on a support, wherein at least one tungsten carbide cutting element has at least one
localized region having a matenal property different from the remaining region,
wherein the at least one localized region having a different material property is prepared
by a method including determining at least one localized region needing a variation in a
material property different from the remaining region; coating a portion of a surface of
the at least one tungsten carbide cutting element with a refractory material such that a
surface corresponding to the localized region is left uncoated; and treating the coated
cutting element with a selected agent to diffuse the selected agent into the localized

region 1s disclosed.
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ASYMMETRIC GRADED COMPOSITES FOR IMPROVED DRILL
BITS

Field of the Invention

[0002] The invention relates generally to methods for providing improved drill bits.
In particular, the present invention relates to methods for generating localized and/or

asymmetrically graded compositions in cutting elements.

Background

[0003] Roller cone rock bits and fixed cutter bits are commonly used in the oil and
gas industry for drilling wells. FIG. 1 shows one example of a conventional drilling
system drilling an earth formation. The drilling system includes a drilling rig 10 used
to turn a drill string 12, which extends downward into a well bore 14. Connected to

the end of the drill string 12 is roller cone-type drill bit 20, shown in further detail in
FIG. 2.

[0004] As shown in FIG. 2, a roller cone bit 20 typically comprises a bit body 22
having an externally threaded connection at one end 24, and a plurality of roller cones
26 (usually three as shown) attached to the other end of the bit body 22 and able to
rotate with respect to the bit body 22. Attached to the roller cones 26 of the bit 20 are
a plurality of cutting elements 28, typically arranged in rows about the surface of the
roller cones 26. The cutting elements 28 can be inserts, polycrystalline diamond
compacts, or milled steel teeth. If the cutting elements 28 are milled steel teeth, they
may be coated with a hardfacing material. One particular type of insert uses tungsten

carbide and thus are known as TCI.
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[0005] Many factors affect the durability of a TCI bit in a particular application. These
factors include the chemical composition and physical structure (size and shape) of the
carbides, the chemical composition and microstructure of the matrix metal or alloy, and

the relative proportions of the carbide matenals to one another and to the matnx metal

or alloy.

[0006] Many different types of tungsten carbides are known based on their different
chemical compositions and physical structure. Three types of tungsten carbide
commonly used in manufacturing drill bits are cast tungsten carbide, macro-crystalline

tungsten carbide, and cemented tungsten carbide (also known as sintered tungsten

carbide).

[0007] Cemented carbides, as exemplified by WC-Co, have a unique combination of
high elastic modulus, high hardness, high compressive strength, and high wear and
abrasion resistance with reasonable levels of fracture toughness. See Brookes, Kenneth
J.A., “World Directory and Handbook of Hardmetals and Hard Materials,”
International Carbide Data, 1997. This unique combination of properties makes them
ideally suited for a variety of industrial applications, such as drill bits. See “Powder
Metal Technologies and Applications, Powder Metallurgy Cermets and Cemented
Carbides, section on Cemented Carbides,” Metals Handbook, Vol. 7, ASM
International, Metals Park, Ohio, 1998, pp. 933-937. The very high modulus of WC, its
ability to plastically deform at room temperature, excellent wetting of WC by cobalt,
good solubility and reasonable diffusivity of W and C in cobalt, retention of the face

centered cubic form of cobalt in the as sintered condition all contribute to this

versatility.

[0008] Attempts to develop alternate cemented carbide systems that can provide higher
levels of fracture toughness for a given hardness (resistance to wear) have only resulted
in limited success. These alternate materials often find niche applications but lack the
versatility of WC-Co. See Viswanadham et al., “Transformation Toughening in

Cemented Carbides, 1. Binder Composition Control”’, Met. Trans. A. Vol. 18A, 1987,
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p. 2163; and “Transformation Toughening in Cemented Carbides, Il. Themomechanical
Treatments”, Met. Trans. A., Vol. 18A, 1987, p. 2175.

Property changes in WC-Co and other similar systems are often accomplished by
variations in binder contents and/or grain sizes. Higher binder contents and larger grain
sizes lead to increased fracture toughness at the expense of wear resistance (hardness),
and vice versa. This inverse relationship between the wear resistance an-d fracture
toughness of these materials makes the selection of a particular cemented carbide grade
for a given application an exercise in compromise between resistance to wear and

resistance to catastrophic crack growth.

Over the years, many attempts have been made to increase the fracture resistance
of WC-Co without sacrificing wear resistance. Two approaches have produced
successful results: (1) producing surface compressive stresses through mechanical
means; and (2) producing dual-property cemented carbides by carburizing carbon-
deficient cemented carbides (WC-Co) having uniformly distributed eta carbide. The
mechanically imposed compressive stresses increase the apparent fracture toughness
with essentially no change in wear resistance. Dual-property carbides, such as the DP
carbides from Sandvik AB Corporation (Sandviken, Sweden), have carbon gradients
near the surface during processing, which result in binder (Co) depletion near the
surface that results in significant residual surface compressive stress. The high level of
compressive stress results in an increase in the apparent fracture toughness of the

material, while the wear resistance also increases due to lower binder contents near the
surface.

While these prior art treatments are capable of producing improved inserts, they
are applied to the entire insert and are not suitable for localized variations in material
properties of an insert (cutting element). Therefore, there still exists a need for methods

that can provide localized variations in material properties in an insert.
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Summary of Invention

In accordance with one aspect of the present invention there is provided a cutting
tool, comprising: at least one tungsten carbide cutting element disposed on a support,
whereln at least one tungsten carbide cutting element has at least one asymmetrically
localized region having a material property different from the remaining region,
wherein the at least one asymmetrically localized region having a different maternal

property has at least one selected agent diffused therein, wherein the selected agent 1s

selected from carbon (C), boron (B), and nitrogen (N).

In accordance with another aspect of the present invention there 1s provided a
cutting tool, comprising: at least one gage element disposed on a support; wherein at
least one gage clement has at least one asymmetrically localized region having a
material property different from the remaining region, wherein the at least one
asymmetrically localized region having a different material property has at least one

selected agent diffused therein, wherein the selected agent i1s selected from

carbon (C), boron (B) and nitrogen (N).

In accordance with still yet another aspect of the present invention there is
provided a method for creating localized variation in a material property of a tungsten
carbide cutting element, comprising: determining at least one localized region of a
tungsten carbide cutting element needing a variation in a material property different
from the remaining region; coating at least one area on a surface of the tungsten
carbide cutting element with a refractory material, wherein the coating leaves at least
one uncoated area on the surface of the tungsten carbide cutting element; and treating
the coated cutting element with a selected agent to diffuse the selected agent into the
at least one uncoated area, creating a binder gradient in the tungsten carbide cutting

element 1n the at least one uncoated area.
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Other aspects and advantages of the invention will be apparent from the following

description and the appended claims.

Brief Description of Drawings

FIG. 1 shows an example of a conventional drill system dnlling an earth

formation.
FIG. 2 shows a conventional roller cone dnll bat.
FIG. 3 shows a roller cone drill bit according to one embodiment disclosed herein.

FIG. 4 shows a schematic of an insert illustrating different regions that are prone

to wear and fracture.

FIG. 5 shows a schematic of an insert illustrating different regions that are prone

to wear and fracture.

FIGs. 6A and 6B show a side view and a top view of an 1insert, respectively,

illustrating asymmetric load distributions on the insert.

FIG. 7 shows a chart illustrating binder content changes in a cemented tungsten

carbide as an interstitial additive is diffused into it.

FIG. 8 shows a cemented tungsten carbide having boron diffused into 1t in

accordance with one embodiment of the invention.

FIG. 9 shows that the refractory material (TiN) successfully prevents boron

diffusion into regions coated with it in accordance with one embodiment of the

invention.

FIG. 10 shows variations in hardness as a function of variations in boron diffusion

as in Dyanite™ cemented carbides.

FIG. 11 shows a flow chart of a method for producing localized variations in

material properties in accordance with one embodiment of the invention.

Detailed Description

3
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[0027] Embodiments of the invention relate to methods for producing localized
variations in the material properties of mserts (cutting elements). Some embodiments
of the invention relate to drill bits that include inserts having localized gradients of
material compositions therem, wherein the gradients of material compositions
comprising gradients of the binder (e.g., cobalt) in the tungsten carbide. Some
embodiments of the invention provide methods for altering material properties of an
insert locally and/or asymmetrically by generating areas with variations in the material
compositions. Being able to generate localized variations in material properties on an
insert 1s desirable. For example, lower binder content regions may be generated locally
(e.g., on the cutting surface of an insert) to have increased wear resistance without

significantly lowering fracture toughness.

[0028] The use of localized or asymmetric material composites for a cutting element may
be used on a variety of cutting elements, include gage and inner row elements. As
shown in FIG. 3, a roller cone of a drill bit is illustrated. Cone 26 includes a plurality of
heel row inserts 60 and gage inserts 70 having base portions secured by interference fit
into mating sockets drilled into cone 26, and cutting portions connected to the base
portions having cutting surfaces that extend for cutting formation material. Cone 26
further includes a plurality of radially-extending, inner row cutting elements 80. Heel
inserts 60 generally function to scrape or ream the borehole sidewall 5 to maintain the
borehole at full gage and prevent erosion and abrasion of heel surface 62. Inner row

“ cutting elements 80 are employed primarily to gouge and remove formation material

from the borehole bottom 7. Gage 1nserts 70 and the upper portion of first inner row

teeth 80 cooperate to cut the comer 6 of the borehole.

[0029] As described above, in rock drilling applications, cutting elements undergo a
variety of stress and wear that may have localized variations in stress depending on
factors, such as cutting action and location. Cutting wear and fracture events on an
insert or a drill bit are thusly localized and often do not occur at the same locations.
For example, as shown in FIG. 4, a gage element 70 may be need to withstand stress 74
related to maintaining the gage diameter in the borehole, stress 76 related to scraping

the borehole bottom, and a typical insert protruding bending loads 78.

6
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As shown in FIG. 5, the top surface (cutting surface) of an insert may suffer more
from wear, while the neck region (the region between the cutting surface and the section
held in the insert hole) 1s more prone to facture. This observation suggests that high
levels of wear resistance and fracture resistance are not needed throughout an insert, nor
are they needed at the same locations on an insert. Therefore, it 1s inetficient to
optimize the composition for the entire insert because that necessarily leads to a
compromise between wear resistance and toughness. Furthermore, due to the
asymmetric nature of loading in rock drilling, the regions prone to wear and fracture are
not symmetrically located in the insert. This 1s illustrated in FIGs. 6A (side view) and
6B (top view), which show load distributions on an insert. “Asymmetric” as used
herein 1s with reference to a symmetry element (e.g., a center point, an axis or a plane)
of an insert. As shown in FIGs. 6A and 6B, load distributions on this particular insert

are asymmetric with respect to the longitudinal axis of the insert.

Two approaches may be used to produce the desired local variations in the
material compositions and properties of an insert. In the first approach, the required
variations in the material compositions and properties of the insert may be created from
the beginning (1.e., using different materials) and preserved throughout the subsequent
processing steps. Altematively, an insert may be made of a homogenous material, and

the desired local vanations in the material properties may be created in a later step.

Many prior art methods for producing functionally graded materials fall in the
first category. Embodiments of the invention belong to the second category. Although

DP™ concept, noted above, also belongs to the second category, this method subjects

an entire insert to recarburization treatment, i1.e., the DP™ method cannot produce
localized variations in material properties. U.S. Patent No. 6,869,460 issued to Bennett
et al. discloses a method for creating binder gradients in a carbide article (e.g., an
insert). According to the disclosed method, an insert 1s formed by standard sintering

practices, followed by chemical removal of the binder phase from the surface and near

- surface regions of the insert. The insert 1s then heat treated at a temperature of 1300-

1350° C. 1n a carburizing atmosphere, for a time of 5-400 minutes to cause diffusion of

the binder phase from the interior into the binder depleted surface regions. Similar to

7
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the DP™ process, this method also produces a gradient throughout the insert. In
contrast, embodiments of the invention can produce variations in material

compositions and properties of an insert in a localized and/or asymmetric manner.

Embodiments of the invention are based on the observation that generation of
binder gradients in cemented tungsten carbides (WC-Co) would produce material
property changes in the cemented tungsten carbides, as shown in FIG. 7, and that
binder gradients can be generated by diffusion an interstitial agent (an additive), such
as carbon, boron, and nitrogen, into the cemented tungsten carbides. For example,
carbon gradients may be produced by re-carburization of cemented tungsten carbides
that may have been intentionally under-carburized. Examples of cemented tungsten

carbides having carbon gradients include the DP™ carbides available from Sandvik

AB Corporation (Sandviken, Sweden). DP™ carbides are produced by
recarburization of cemented tungsten carbides that creates a carbon gradient near the
surface. The carbon gradient near the surface resuits in a binder gradient, leading to

property changes in the cemented tungsten carbides.

Similarly, nitrogen gradients may be generated, for example, by adding a
decomposable nitride to the cemented tungsten carbides. The decomposable nitride
will produce low nitrogen contents in the cemented tungsten carbides near the surface
when heated to high temperatures. This nitrogen gradient in turn produces alloy
carbide depletion and binder enrichment near the surface. Metal cutting inserts with
nitrogen gradients generated near the surfaces have been shown to produce binder-

enriched surfaces that have better fracture resistance.

Similarly, boron gradients may be introduced into cemented tungsten carbides
to provide altered properties. Boron gradients can be generated wusing, for
example, boron nitride (BN) 1n an atmosphere furnace. Methods for
infusion of boron into cemented carbides can be found, for example, iIn
U.S. Patent Nos. 4,961,780 1ssued to Pennington, Jr. etal. and 5,116,416 issued
to Knox et al. An exemplary method disclosed in these two patents includes

sintering tungsten carbides in a continuous stoking furnace in a disassociated
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ammonia atmosphere at 1450 °C for one hour while surrounded by an alumina sand

heavily saturated in carbon and including 1% boron nitride.

Embodiments of the invention are based on a similar concept — creating interstitial
gradients to induce binder gradients. However, embodiments of the invention produce
localized interstitial gradients, and hence localized binder gradients and localized
variations in matenial properties. In accordance with some embodiments of the
invention, localized gradients may be created by coating an insert with a diffusion
barrier (i.e., a refractory material) in areas where the interstitial composition are to be
maintained (i1.e., where no gradient is to be created). Then, a selected additive is
diffused into the insert in areas not protected by the refractory material (diffusion
barrier). One of ordinary skill in the art would appreciate that a suitable diffusion
barrier (refractory material) will depend on the selected additive that is to be used in the
diffusion step. In accordance with some embodiments of the invention, materials that
can withstand the high temperatures required for additive diffusion (e.g., sintering
temperature for the additive material) can be used as refractory materials. For example,
group VI, group V and most group VI transition metal carbides, nitrides, or
carbonitrides may be used as refractory materials to coat the inserts and create localized
gradients of material properties. In accordance with one embodiment of the invention,
titantum nitride (TiN) 1s used as a refractory material, particularly when boron is

selected as the additive.

To 1illustrate a method 1n accordance with one embodiment of the invention,

rectangular bars of WC-Co (1.5 inch x 1 inch x 0.25 inch in size; about 10 wt.% Co)
were coated with a refractory material (e.g., TiN) using a suitable method, such as
physical vapor deposition (PVD), to a proper thickness (e.g., about 2 um) on all sides
except one. One of ordinary skill in the art would appreciate that other suitable coating
methods, such as chemical vapor deposition (CVD), may also be used without departing
from the scope of the invention. In general, particular coating methods may be selected

based on the properties of the refractory materials used.
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The coated bars were treated to produce a gradient in boron concentration near the

uncoated side. The boron treatment may use any method known in the art. One
example method for the introduction of boron into cemented fungsten carbides i1s
disclosed in U.S. Patent Nos. 4,961,780 and 5,116,416, noted above. The method
disclosed in these patents, as described above, has been used to produce Dyanite™

tungsten carbides, which is a trade name of Credo Co., a part of the Vermont American
Corporation (Louisville, KY).

Dyanite™ is a WC-Co composition modified by addition of boron (B). The
microstructure of Dyanite™ consists of WC grains distributed in the cobalt (binder)

matrix, along with a boron-rich phase containing W, Co, B and carbon (C). For a given
cobalt content and WC grain size, Dyanite™ has a slightly higher hardness and a

substantially increased fracture toughness.

The microstructures of the test bars after boron treatment are shown in FIGs. 8

and 9. FIG. 8 shows areas on the uncoated sides, and FIG. 9 shows the coated sides.

The dark areas in FIG. 8 (uncoated sides), shown in 85 includes boron-rich phase that
resulted from boron treatment. The dark areas are absent on the coated sides (FIG. 9),
indicating that the refractory coating (TiN) acted as a diffusion barrier to successfully

prevent the diffusion of boron into the coated sides.

As shown in FIG. 7, binder gradients in cemented tungsten carbides may be
created by generation of gradients of an additive (e.g., C, B, or N). It is known that
alteration of binder compositions will result in property changes in the cemented
tungsten carbides. For example, significant hardness gradients were previously found
in low-cobalt content WC-Co samples that had been Dyanite™ treated, as shown in
FIG. 10. Accordingly, the local concentration gradients in boron, as seen in FIG. 8, are
expected to result in local hardness gradients. Indeed, hardness gradients in boron
diffused WC-Co were detected in these samples, albeit not very large (data not shown).

The low hardness gradients observed in this example is most likely due to the relatively

high cobalt contents in the starting cemented carbide samples because the degree of

10
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binder gradient created will be relatively less significant when the starting binder

concentration is high.

The above description illustrates some embodiments of the invention, which
relate to inserts having localized material property changes. Some embodiments of the
invention relate to dill bits having inserts that include local vanations in material
properties therein. The drill bits may be fixed cutter drill bits or roller cone drill bits. In
addition, some embodiments of the invention relate to methods for generating localized

(and/or asymmetric) variations in a material property of an insert.

FIG. 11 shows a method 110 1n accordance with one embodiment of the invention
for forming localized material property gradient in an insert. As shown, the areas on an
insert in need of altered material properties (e.g., enhanced hardness or enhanced
fracture toughness) are determined (shown at 112). This determination may be based
on simulation of the insert performance in drilling a selected formation or from prior
examination of inserts used iIn drilling operations. Note that these arecas may be
asymmetric with respect to an axis or a plane of an insert. Once the areas needing
altered material properties are determined, the other areas may then be coated with a
refractory material, such as TiN (shown at 114). Then, the insert is subjected to
additive diffusion treatments in a suitable process (shown at 116). The additive

diffusion method will depend on the agent to be diffused. For example, to diffuse boron
into cemented tungsten carbides, the method used for the production of the Dyanite™

carbides may be used.

Embodiments of the present invention may also find use in any downhole cutting
application in which there exists potential wear failure. Further, while the present
disclosure refers to inserts of a drill bit, 1t 1s expressly within the scope of the present
invention, that the localized or asymmetric material composites disclosed herein may be
used in a variety of cutting structures or bodies for cutting structures, and in other
downhole cutting tools including, for example, reamers, continuous miners, or various
types of drill bits including roller cone bits, drag bits. One of skill in the art would

recognize that cutting tools that may be provided with the localized material

11
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compositions and properties disclosed herein are not necessarily himited to tools using
in o1l and gas exploration, but rather include all types of cutting tools used in dnlling

and mining.

Advantageously, embodiments of the present invention provide methods for
producing inserts, roller cones or drill bits having localized variations in material
properties (hence localized vanations in wear resistance and fracture toughness). An
insert having areas of increased wear resistance and fracture toughness where needed
would have an improved performance and life because the insert would not have to
compromise the wear resistance with the fracture toughness. In addition, methods of
the invention can provide such variations in material properties In an asymmetric
manner; this can further enhance the selective improvement of wear resistance and

fracture toughness according to the need of the particular regions.

While the invention has been described with respect to a limited number of
embodiments, those skilled i the art, having benefit of this disclosure, will appreciate
that other embodiments can be devised which do not depart from the scope of the
invention as disclosed herein. Accordingly, the scope of the invention should be limited

only by the attached claims.

12
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Claims

What 1s claimed 1s:

1. A cutting tool, comprising:
at least one tungsten carbide cutting element disposed on a support,
wherein at least one tungsten carbide cutting element has at least one
asymmetrically localized region having a material property different from the
remaining region, wherein the at least one asymmetrically localized region
having a different material property has at least one selected agent diffused

therein, wherein the selected agent 1s selected from carbon (C), boron (B), and

nifrogen (N).
2. The cutting tool of claim 1, wherein the cutting tool 1s a reamer.

3. The cutting tool of claim 1, wherein the cutting tool is a drill bit comprising:
a bit body;
at least one roller cone mounted on the bit body;
at least one gage element disposed on the at least one roller cone; and

at least one tungsten carbide cutting element disposed on the at least one roller cone.

4. A cutting tool, comprising:
at least one gage element disposed on a support;
wherein at least one gage element has at least one asymmetrically localized region
having a material property different from the remaining region, wherein the at
least one asymmetrically localized region having a different material property

has at least one selected agent diffused therein, wherein the selected agent is

selected from carbon (C), boron (B) and nitrogen (N).
5. The cutting tool of claim 4, wherein the cutting tool is a reamer.

6. The cutting tool of claim of claim 4, wherein the cutting tool is a drill bit comprising:
a bit body;

at least one roller cone mounted on the bit body;

13
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at least one gage element disposed on the at least one roller cone; and

at least one inner row cutting element disposed on the at least one roller cone.

7. A method for creating localized variation in a material property of a tungsten carbide
cutting element, comprising;:
determining at least one localized region of a tungsten carbide cutting element
needing a variation in a material property different from the remaining region;
coating at least one area on a surface of the tungsten carbide cutting element with a
refractory material, wherein the coating leaves at least one uncoated area on
the surface of the tungsten carbide cutting element; and
treating the coated cutting element with a selected agent to diffuse the selected agent
into the at least one uncoated area, creating a binder gradient in the tungsten

carbide cutting element in the at least one uncoated area.

8. The method of claim 7, wherein the refractory matenal 1s selected from a carbide, a
boride, a nitride, or a carbonitride of a group IV, group V, or group VI transition metal,

or a mixture thereof.

9. The method of claim 7, wherein the refractory material comprises titanium nitride (TiN).

10. The method of claim 7, wherein the treating 1s performed by heating the cutting element

in a furnace in the presence of the selected agent.

11. The method of claim 7, wherein the coating uses a method selected from physical vapor

deposition (PVD) and chemical vapor deposition (CVD).

12. The method of claam 7, wherein the selected agent is selected from boron (B),

carbon (C), and nitrogen (N).

14
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