wo 2010/021801 A2 | I}V 00T R

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(19) World Intellectual Property Organization /g [} 1M1 AN 0000 1.0 OO O
ernational Bureau S,/ ‘ 0 |
. . . ME' (10) International Publication Number

(43) International Publication Date \,!:,: #

25 February 2010 (25.02.2010) WO 2010/021801 A2
(51) International Patent Classification: (74) Agents: VICCARO, Patrick, J. et al,; 1000 Six PPG

E21B 10/08 (2006.01) E21B 10/46 (2006.01) Place, Pittsburgh, PA 15222 (US).

E218 10/42 (2006.01) C22C 29/00 (2006.01) (81) Designated States (unless otherwise indicated, for every

(21) International Application Number: kind of national protection available): AE, AG, AL, AM,
PCT/US2009/051116 AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

. . CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(22) International Filing Date: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
20 July 2009 (20.07.2009) HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(25) Filing Language: English KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(26) Publication Language: BEnglish NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

(30) Priority Data: SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
12/196,951 22 August 2008 (22.08.2008) Us TZ,UA, UG, US, UZ, VC, VN, ZA, ZM, ZW .

(71) Applicant (for all designated States except US): TDY (84) Designated States (unless otherwise indicated, for every
INDUSTRIES, INC. [US/US], 1000 Six PPG Place, kind ofregional p}"Ol@C’ﬁOI’Z avaz'lable): ARIPO (BW, GH,
Pittsburgh, PA 15222 (US). GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TI,

(72) Inventor; and TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

(75) Inventor/Applicant (for US only): MIRCHANDANI, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Prakash, K. [US/US]; 11323 Pampass Pass, Houston, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

TX 77095 (US).

[Continued on next page]

(54) Title: EARTH-BORING BIT PARTS INCLUDING HYBRID CEMENTED CARBIDES AND METHODS OF MAKING
THE SAME

(57) Abstract: An earth-boring bit part such as, for example, a
bit body, roller cone, or mud nozzle includes a hybrid cemented
carbide composite. The hybrid cemented carbide includes a ce-
mented carbide dispersed phase, and a cemented carbide contin-
uous phase. A method of manufacture also is disclosed.




WO 2010/021801 A2 I 00000 UV A

TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW, __
ML, MR, NE, SN, TD, TG).

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

Published:
— as to applicant'’s entitlement to apply for and be granted
a patent (Rule 4.17(i1))

Declarations under Rule 4.17:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2010/021801 PCT/US2009/051116

TITLE

EARTH-BORING BIT PARTS INCLUDING HYBRID CEMENTED CARBIDES
AND METHODS OF MAKING THE SAME

INVENTOR
Prakash K. Mirchandani

BACKGROUND OF THE TECHNOLOGY
FIELD OF THE TECHNOLOGY |

[0001] The present disclosure is directed to parts for earth-boring bits including
hybrid cemented carbide composites, and also to methods of making parts for earth-
boring bits including hybrid cemented carbide composites. Examples of parts for earth-
boring bits included within the present disclosure include earth-boring bit bodies, roller

cones, and mud nozzles.

DESCRIPTION OF THE BACKGROUND OF THE TECHNOLOGY

[0002] Earth-boring bits used for oil and gas well drilling may have fixed or
rotatable cutting elements.” Fixed-cutter earth-boring bits typically include polycrystalline
diamond compacts (PDCs) attached to a solid holder or bit body. Roller cone earth-
boring bits typically include cemented carbide cutting inserts attached to multiple
rotatable conical holders that form part of the bit. The rotatable conical holders are
variously referred to in the art as “roller cones”, “insert roller cones”, or simply as
“‘cones”. Earth-boring bits typically are secured to the terminal end of a drill string,
which is rotated from the surface or by mud motors located just above the bit on the drill
string. Drilling fluid or mud is pumped down the hollow drill string and “mud nozzles”
formed in the bit body. The drilling fluid or mud cools and lubricates the bit as it rotates

and also carries material cut by the bit to the surface.

[0003] The bit body and other parts of earth-boring bits are subjected to many
forms of wear as they operate in the harsh downhole environment. A common form of

wear is abrasive wear caused by contact with abrasive rock formations. In addition, the
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drilling mud, which is laden with rock cuttings, causes erosive wear on the bit. The
service life of an earth-boring bit is a function not only of the wear properties of the
cutting elements (for example, PDCs, cemented carbide cutting inserts, or milled cutting
teeth), but also is a function of the wear properties of the bit body (in the case of fixed-
cutter bits) or the roller cones (in the case of roller cone bits). One way to increase the
service life of an earth-boring bit is to employ bit bodies or roller cones made of
materials having improved combinations of strength, toughness, and abrasion/erosion

(wear) resistance.

[0004] FIG. 1 depicts a conventional roller cone earth-boring bit used for oil
and gas well drilling. Roller cone earth-boring bit 10 includes bit body 12 and three
rotatable conical cutters or “roller cones” 14. The bit body 12 and roller cones 14
typically are made of alloy steel. Cemented carbide cutting inserts 16 are attached
about the circumference of each roller cone 14. Alternatively, the roller cones 14 may
include milled cutting teeth hardfaced with tungsten carbide to improve wear resistance.
Rotating the drill string causes the roller cones 14 to roll along the bottom of the drill
hole, and the cutting inserts 16 sequentially contact and crush the rock in the bottom of
the hole. High velocity jets of fluid pumped through fiuid holes or “mud nozzles” 18
sweep the crushed rock from the bottom region and up through the drill hole. The
cutting inserts 16 or teeth typically mesh to some degree as the roller cones 14 rotate,
and this meshing action assists in cleaning rock from the face of the bit body 12.
Attachment region 19 may be threaded and/or include other features adapted to allow

the bit 10 to be connected to an end of a drill string.

[0005] FIG. 2 depicts a conventional fixed-cutter earth-boring bit body. The bit
body 20 is typically made of alloy steel. According to one recent development, if a
higher degree of wear and erosion resistance is desired, the bit body 20 may be formed
from a cast metal-matrix composite. The composite may include, for example, carbides
of tungsten bound together by a matrix of bronze, brass, or another suitable alloy
characterized by a relatively low melting point. Several PDC cutters (not shown) are

secured to the bit body in pockets 28, which are positioned at predetermined positions
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to optimize cutting performance. The bit body 20 is secured to a steel shank (not
shown) that typically includes a threaded pin connection by which the bit is secured to a

drive shaft of a downhole motor or a drill collar at the distal end of a drill string.

[0008] Steel bodied bits are typically machined from round stock to a desired
shape, with topographical and internal features. Hard-facing techniques may be used to
apply wear-resistant materials to the face of the bit body and other critical areas of the

surface of the bit body.

[0009] In the conventional method for manufacturing a bit body from hard
particles and a binder, a mold is milled or machined to define the exterior surface
features of the bit body. Additional hand milling or clay work may also be required to
create or refine topographical features of the bit body. Once the mold is complete, a
preformed bit blank of steel may be disposed within the mold cavity to internally
reinforce the bit body and provide a pin attachment matrix upon fabrication. Other sand,
graphite, or transition or refractory metal-based inserts, such as those defining internali
fluid courses, pockets for cutting elements, ridges, lands, nozzle displacements, junk
slots, and/or other internal or topographical features of the bit body, may also be
inserted into the cavity of the mold. Any inserts used must be pléced at precise
locations to ensure proper positioning of cutting elements, nozzles, junk slots, etc., in
the final bit. The desired hard particles may then be placed within the mold and packed
to the desired density. The hard particles are then infiltrated with a molten binder, which
freezes to form a solid bit body including a discontinuous phase of hard particles

embedded within a continuous phase of binder.

[0010] Recently, it has been discovered that fixed-cutter bit bodies may be
fabricated from cemented carbides employing standard powder metallurgy practices
(powder consolidation, followed by shaping or machining the green or presintered
powder compact, and high temperature sintering). Co-pending U.S. patent application
Serial Nos. 10/848,437 and 11/116,752 disclose the use of cemented carbide
composites in bit bodies for earth-boring bits, and each such application is hereby

incorporated herein by reference in its entirety.

-3-
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[0011] In general, cemented carbide based bit bodies provide substantial
advantages over the bit bodies of the prior art, which typically are machined from steel
or infiltrated carbides, since cemented carbides offer vastly superior combinations of
strength, toughness, and abrasion/erosion resistance compared to steels or infiltrated

carbides with copper based binders.

[0012] Referring again to FIG. 2, a typical solid, one-piece, cemented carbide
bit body 20 is depicted that can be employed to make a PDC-based earth-boring bit. As
can be observed, the bit body 20 essentially consists of a central portion 22 having
holes 24 through which mud may be pumped, as well as arms or blades 26 having
pockets 28 into which the PDC cutters are attached. The bit body 20 of FIG. 2 may be
prepared by powder metal technologies. Typically, to prepare such a bit body, a mold is
filled with powders that include both the binder metal and the carbide. The mold is then
compacted to densify the powders and form a green compact. Due to the strength and
hardness of sintered cemented carbides, the bit body is usually machined in the green
compact form. The green compact may be machined to include any features desired in

the final bit body. The green compact may then be sintered to achieve full or near-full

density

[0013] While bit bodies and holders fabricated with cemented carbide may
exhibit an increased service life compared with bit bodies and holders fabricated from
conventional materials, limitations remain in using cemented carbides in these
applications. The grades of cemented carbide that would be suitable for use in bit
bodies and holders is limited. High toughness levels are needed to withstand the high
impact forces encountered during earth-boring operations but, in general, higher
toughness grades are characterized by low hardness and poor wear resistance. The
cemented carbide grades commonly selected for use in bit bodies and holders,
therefore, typically include relatively high binder contents, such as 20 weight percent or
greater, and coarse hard particle grain sizes, having an average grain size of at least
4-5 microns. Such grades typically exhibit relatively limited wear and erosion resistance

levels. Therefore, although the service lives of bit bodies and holders based on such
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cemented carbide grades typically exceed those of brass, bronze, and steel based
bodies and holders, the increase in service life has been limited by the properties of the

cemented carbide grades suitable for earth-boring applications.

[0014] Accordingly, there continues to be a need for bit bodies, roller cones,
mud nozzles, and other parts for earth-boring bits having an advantageous combination

of wear resistance, strength, and toughness.

SUMMARY

[0015] The present disclosure addresses the foregoing need by providing
articles of manufacture selected from bit bodies, roller cones, mud nozzles, and other
earth-boring bit parts that include a hybrid cemented carbide composite, and to methods
of making such articles. The hybrid cemented carbide composite included within
articles according to the present disclosure includes a cemented carbide dispersed
phase and a cemented carbide continuous phase. In one non-limiting embodiment
according to the present disclosure, the contiguity ratio of the dispersed phase of the
hybrid cemented carbide composite included in the article of manufacture is no greater
than 0.48. In another non-limiting embodiment according to the present disclosure, the
contiguity ratio of the dispersed phase of the hybrid cemented carbide composite of the
article of manufacture is less than 0.4. In yet another non-limiting embodiment
according to the present disclosure, the contiguity ratio of the dispersed phase of the
hybrid cemented carbide composite of the article of manufacture is less than 0.2.

[0016] According to one non-limiting embodiment of an article according to the
present disclosure, the hardness of the dispersed phase of a hybrid cemented carbide
composite included in the part is greater than a hardness of the continuous phase of the
hybrid cemented carbide composite. In another non-limiting embodiment, a hybrid
cemented carbide composite included in the article includes a first cemented carbide
dispersed phase and a second cemented carbide dispersed phase, wherein at least one
of a composition and a physical property of the second cemented carbide dispersed

phase differs from that of the first cemented carbide dispersed phase. In certain non-
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limiting embodiments, the physical property is selected from hardness, Palmquist

toughness, and wear resistance.

[0017] In an exemplary non-limiting embodiment of the article according to the
present disclosure, the cemented carbide dispersed phase of a hybrid cemented
carbide included in the article is 2 to 50 volume percent of the hybrid cemented carbide.
In another non-limiting embodiment of the article, the cemented carbide dispersed
phase of a hybrid cemented carbide included in the article is 2 to 25 volume percent of

the hybrid cemented carbide.

[0018] According to certain non-limiting embodiments of the article of
manufacture according to the present disclosure, a hardness of the cemented carbide
dispersed phase of a hybrid cemented carbide included in the article is at least 88 HRA
and no greater than 95 HRA. In another non-limiting embodiment of the article, the
Palmquist toughness of the cemented carbide continuous phase of a hybrid cemented
carbide included in the article is greater than 10 MPa-m”. In still another non-limiting
embodiment of the article, the hardness of the cemented carbide continuous phase of a
hybrid cemented carbide included in the article is at least 78 HRA and no greater than

91 HRA.

[0019] Non-limiting embodiments of an article of manufacture, as disclosed
herein, include those wherein the cemented carbide dispersed phase and the cemented
carbide continuous phase of a hybrid cemented carbide composite included in the
article independently include at least one carbide of a metal selected from Groups IVB,
VB, and VIB of the Periodic Table, and a binder that includes at least one of cobalt, a
cobalt alloy, nickel, a nickel alloy, iron, and an iron alloy. The binder of at least one of
the cemented carbide dispersed phase and the cemented carbide continuous phase of
the hybrid cemented carbide optionally may further include at least one alloying agent
selected from tungsten, titanium, tantalum, niobium, aluminum, chromium, copper,
manganese, molybdenum, boron, carbon, silicon, and ruthenium. In one non-limiting

embodiment of an article of manufacture according to the present disclosure, the
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alloying agent is present in a concentration of up to 20 weight percent of the binder of a

hybrid cemented carbide included in the article.

[0020] According to certain non-limiting embodiments of articles according to
the present disclosure, the binder concentration of the dispersed phase of a hybrid
cemented carbide included in the article is 2 to 15 weight percent of the dispersed
phase, and the binder concentration of the continuous phase is 6 to 30 weight percent
of the continuous phase. According to yet another non-limiting embodiment, both the
cemented carbide dispersed phase and the cemented carbide continuous phase of a
hybrid cemented carbide includéd in the article include tungsten carbide and cobalt.

[0021] Aspects of the instant disclosure include earth-boring bit parts that
include a hybrid cemented carbide. In a non-limiting embodiment the hybrid cemented
carbide includes: a cemented carbide dispersed phase wherein the volume fraction of
the dispersed phase is less than 50 volume percent of the hybrid cemented carbide
composite; and a cemented carbide continuous phase. A physical property of the
cemented carbide dispersed phase and the cemented carbide continuous phase differs,
and the cemented carbide dispersed phase has a contiguity ratio less than 1.5 times the

volume fraction of the cemented carbide dispersed phase in the hybrid cemented

carbide.

[0022] In non-limiting embodiments of an earth-boring bit part disclosed herein,
the cemented carbide dispersed phase and the cemented carbide continuous phase
each independently include at least one carbide of at least one transition metal selected
from the group consisting of titanium, chromium, vanadium, zirconium, hafnium,
tantalum, molybdenum, niobium, and tungsten; and a binder that includes at least one
of cobalt, a cobalt alloy, nickel, a nickel alloy, iron, and an iron alloy. In another non-
limiting embodiment of an earth-boring bit part according to the present disclosure, the
binder further includes at least one alloying agent selected from tungsten, titanium,
tantalum, niobium, aluminum, chromium, copper, manganese, molybdenum, boron,

carbon, silicon, and ruthenium.
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[0023] Inan exemplary, non-limiting embodiment according to the present
disclosure, a hybrid cemented carbide composite included in an earth-boring bit part
has a wear resistance greater than 0.7 mm™ and a Palmquist toughness greater than
10 MPa-m'2. In certain non-limiting embodiments, the earth-boring bit part is one of a

bit body, a roller cone, and a mud nozzle.

[0024] According to an aspect of the present disclosure, a method of making a
part for an earth-boring bit part includes: combining a portion of a first grade of a
cemented carbide powder and a portion of a second grade of a cemented carbide
powder to provide a powder blend; consolidating at least a portion of the powder blend
into a green compact, where the first grade of a cemented carbide powder is a
dispersed phase of the green compact and the second grade of a cemented carbide
powder is a continuous phase of the green compact; and partially or fully sintering the
green compact to form a densified compact comprising a hybrid cemented carbide
composite including a cemented carbide dispersed phase and a cemented carbide
continuous phase. In a non-limiting embodiment, the contiguity ratio of the dispersed
phase of the hybrid cemented carbide composite is no more than 0.48. In another non-
limiting embodiment, the contiguity ratio of the dispersed phase of the hybrid cemented
carbide composite is less than 0.4. In yet another non-limiting embodiment, the
contiguity ratio of the dispersed phase of the hybrid cemented carbide composite is less

than 0.2.

[0025] Another non-limiting embodiment of a method of making a part for an
earth-boring bit as disclosed herein includes selecting first and second cemented
carbide powders for the powder blend so that a dispersed phase of a hybrid cemented
carbide composite included in the part has a hardness greater than the hardness of the
continuous phase of the hybrid cemented carbide composite. In still another non-
limiting embodiment, a third cemented carbide powder is combined with the first and
second cemented carbide powders to provide the powder blend so that a hybrid
cemented carbide composite included in the part includes a cemented carbide
continuous phase, a first cemented carbide dispersed phase suspended in the

8-
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continuous phase, and a second cemented carbide dispersed phase suspended in the
continuous phase. According to one non-limiting embodiment, at least one of a
composition and a property of the first cemented carbide dispersed phase of the hybrid
cemented carbide differs from the second cemented carbide dispersed phase. In
certain non-limiting embodiments, the property that differs is selected from hardness,

Palmquist toughness, and wear resistance.

[0026] In one non-limiting embodiment of a method of making an earth-boring
bit part according to the present disclosure, the cemented carbide dispersed phase of a
hybrid cemented carbide included in the part is between 2 and 50 percent by volume of
the hybrid cemented carbide composite. In another non-limiting method embodiment,
the cemented carbide dispersed phase of the hybrid cemented carbide composite is
between 2 and 25 percent by volume of the hybrid cemented carbide composite. Also,
in certain non-limiting method embodiments, the cemented carbide grades are chosen
so that the hardness of the cemented carbide dispersed phase of a hybrid cemented
carbide composite included in the part is at least 88 HRA and no greater than 95 HRA.
In another non-limiting embodiment, the Palmquist toughness of the cemented carbide
continuous phase of the hybrid cemented carbide composite is greater than 10
MPasm”. In another non-limiting method for making an earth-boring bit part, the
hardness of the cemented carbide continuous phase of a hybrid cemented carbide
composite included in the part is at least 78 HRA and no greater than 91 HRA.

[0027] According to one non-limiting embodiment of a method of making an
earth-boring bit part according to the present disclosure, the cemented carbide
dispersed phase and the cemented carbide continuous phase of a hybrid cemented
carbide composite included in the part are independently chosen and each inciude at
least one carbide of a metal selected from Groups VB, VB, and VIB of the Periodic
Table, and a binder that includes at least one of cobalt, a cobalt alloy, nickel, a nickel
alloy, iron, and an iron alloy. In a non-limiting embodiment, the continuous phase
(binder) of at least one of the cemented carbide dispersed phase and the cemented

carbide continuous phase includes at least one alloying agent selected from tungsten,
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titanium, tantalum, niobium, aluminum, chromium, copper, manganese, molybdenum,
boron, carbon, silicon, and ruthenium. According to certain non-limiting embodiments,
the alloying agent is included in a concentration that is up to 20 weight percent of the

binder.

[0028] One non-limiting embodiment of a method for making an earth-boring bit
part, as disclosed herein, includes providing a hybrid cemented carbide in the part
wherein a binder concentration of the dispersed phase of the hybrid cemented carbide
is 2 to 15 weight percent of the dispersed phase, and a binder concentration of the

continuous phase of the hybrid cemented carbide is 6 to 30 weight percent continuous

phase.

[0029] According to a non-limiting embodiment of a method for making an
earth-boring bit part according to the present disclosure, the part includes a hybrid
cemented carbide wherein the volume fraction of the cemented carbide dispersed
phase of the hybrid cemented carbide is less than 50 volume percent of the hybrid
cemented carbide, and wherein the cemented carbide dispersed phase of the hybrid
cemented carbide has a contiguity ratio that is less than 1.5 times the volume fraction of
the cemented carbide dispersed phase in the hybrid cemented carbide composite.

[0030] In one non-limiting embodiment of a method for making an earth-boring
bit part according to the present disclosure, a hybrid cemented carbide composite
included in the part has a wear resistance greater than 0.7 mm™ and a Palmquist

toughness greater than 10 MPasm"?,

[0031] According to one non limiting embodiment of a method for making an
earth-boring bit part, the method includes: combining a portion of a first grade of a
cemented carbide powder and a portion of a second grade of a cemented carbide
powder to provide a powder blend; consolidating at least a portion of the powder blend
into a green compact, wherein the first grade of a cemented carbide powder is a
dispersed phase of the green compact and the second grade of a cemented carbide
powder is a continuous phase of the green compact; presintering the green compact to

form a brown compact; and sintering the brown compact to form a densified compact
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comprising a hybrid cemented carbide composite including a cemented carbide
dispersed phase and a cemented carbide continuous phase. In a non-limiting
embodiment, prior to sintering the brown compact, the brown compact is machined. In
another non-limiting embodiment of the method, machining the brown compact includes
machining at least one cutter insert pocket in the brown compact. In still another non-
limiting embodiment, prior to presintering the green compact, the green compact is
machined. In yet another embodiment, machining the green compact includes

machining at least one cutter insert pocket in the green compact.

[0032] According to certain non-limiting embodiments of the above method,
consolidating at least a portion of the powder blend includes pressing the at least a
portion of the powder blend. In still another non-limiting embodiment, pressing the at
least a portion of the powder blend includes isostatically pressing the at least a portion

of the powder blend.

[0033] According to certain non-limiting embodiments of the above method,
the first grade of a cemented carbide powder and the second grade of a cemented
carbide powder combined to form the powder blend each independently include a
transition metal carbide selected from the group consisting of titanium carbide,
chromium carbide, vanadium carbide, zirconium carbide, hafnium carbide, tantalum
carbide, molybdenum carbide, niobium carbide, and tungsten carbide.

[0034] According to certain non-limiting embodiments of the above method,
sintering the brown compact to form a densified compact includes sintering the brown
compact at a liquid phase temperature. Another non-limiting embodiment of the method
includes sintering the brown compact at a pressure of 300 to 2000 psiand a
temperature of 1350°C to 1500°C.

[0035] According to one non-limiting method, the hybrid cemented carbide
composite included in an earth-boring bit part accordingk to the present disclosure
includes a first region having a first hybrid cemented carbide composite composition
and a second region having a second hybrid cemented carbide composite composition.

In one non-limiting embodiment of the above method the method inciudes, prior to
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consolidating at least a portion of the powder blend into a green compact: placing at
least a portion of a first powder blend for forming a first hybrid cemented carbide
composite composition into a first region of a void of a mold; placing at least a portion of
a second powder blend for forming a second hybrid cemented carbide composite
composition into a second region of the void of a mold; and consolidating the powder
blends placed in the void of the mold by pressing the powder blends within the void of
the mold, thereby providing the green compact.

[0036] Inan embodiment that is not meant to be limiting, a method for making
an earth-boring bit part according to the present disclosure includes forming a fixed-
cutter bit body including a hybrid cemented carbide having transverse rupture strength
greater than 300 ksi. In another non-limiting embodiment, the hybrid cemented carbide
in the formed fixed-cutter bit body has a Young's modulus greater than 55,000,000 psi.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The features and advantages of articles and methods described herein

may be better understood by reference to the accompanying drawings in which:

[0038] FIG. 1 is a schematic perspective view of a conventional roller cone
earth-boring bit;

[0039] FIG. 2 is a schematic perspective view of a conventional fixed-cutter
earth-boring bit;

[0040] FIG. 3 is a schematic cross-sectional view on an embodiment of a bit

body for an earth-boring bit;

[0041] FIG. 4 is a photomicrograph of the microstructure of a hybrid cemented
carbide composite in one non-limiting embodiment of an earth-boring bit according to
the present disclosure;

[0042] FIG. 5 schematically illustrates a method for determining contiguity

values of hybrid cemented carbide composites;
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[0043] FIG. 6 is a graph of fracture toughness as a function of relative wear
resistance and illustrates the enhanced wear resistance of hybrid cemented carbide
composites useful in non-limiting embodiments according to this disclosure compared

with conventional single-grade cemented carbide composites;

[0044] FIG. 7A is a photomicrograph of a hybrid cemented carbide composite
having a contiguity ratio greater than 0.48; and

[0045] FIG. 7B is photomicrograph of a hybrid cemented carbide composite

having a contiguity ratio no greater than 0.48.

[0046] The reader will appreciate the foregoing details, as well as others, upon
considering the following detailed description of certain non-limiting embodiments

according to the present disclosure.

DETAILED DESCRIPTION OF CERTAIN NON-LIMITING EMBODIMENTS

[0047] In the present description of non-limiting embodiments, other than in the
operating examples or where otherwise indicated, all numbers expressing quantities or
characteristics are to be understood as being modified in all instances by the term
“about”. Accordingly, unless indicated to the contrary, any numerical parameters set
forth in the following description are approximations that may vary depending on the
desired properties one seeks to obtain in the parts and methods according to the
present disclosure. Atthe very least, and not as an attempt to limit the application of
the doctrine of equivalents to the scope of the claims, each numerical parameter
described in the present description should at least be construed in light of the number

of reported significant digits and by applying ordinary rounding techniques.

[0048] Any patent, publication, or other disclosure material, in whole or in part,
that is said to be incorporated by reference herein is incorporated herein only to the
extent that the incorporated material does not conflict with existing definitions,
statements, or other disclosure material set forth in this disclosure. As such, and to the
extent necessary, the disclosure as set forth herein supersedes any conflicting material

incorporated herein by reference. Any material, or portion thereof, that is said to be
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incorporated by reference herein, but which conflicts with existing definitions,
statements, or other disclosure material set forth herein is only incorporated to the
extent that no conflict arises between that incorporated material and the existing

disclosure material.

[0049] Embodiments according to the present disclosure are directed to novel
parts for earth boring bits. Such parts include, for example, earth-boring bit bodies,
rofler cones, mud nozzles, and teeth for roller cone earth-boring bits. Embodiments
according to the present disclosure also are directed to methods of making the novel
parts for earth boring bits described herein. Although the present description
necessarily only refers to a limited number of parts for earth boring bits, it will be
understood that the present invention is broad enough to encompass any earth-boring

bit part that would benefit from the novel design and/or the novel method of making

discussed herein.

[0050] Embodiments of the earth-boring bit body parts according to the present
description include hybrid cemented carbide composites or, simply, “hybrid cemented
carbides”. As is known to those having ordinary skill, a cemented carbide is a
composite material that typically includes a discontinuous phase of hard metal carbide
particles dispersed throughout and embedded within a continuous binder phase. As is
also known to those having ordinary skill, a hybrid cemented carbide is a composite that
may include a discontinuous phase of hard particles of a first cemented carbide grade
dispersed throughout and embedded within a continuous binder phase of a second
cemented carbide grade. As such, a hybrid cemented carbide may be a composite of

cemented carbides.

[0051] The hard metal carbide phase of each cemented carbide of a hybrid
cemented carbide typically comprises a carbide of one or more of the transition metals,
which are the elements found in Groups VB, VB, and VIB of the Periodic Table.
Transition metals typically applied in cemented carbides include, for example, titanium,
vanadium, chromium, zirconium, hafnium, molybdenum, niobium, tantalum, and

tungsten. The continuous binder phase, which binds or "cements" together the metal
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carbide grains typically is selected from cobalt, a cobalt alloy, nickel, a nickelalioy, iron,
and an iron alloy. Additionally, one or more alloying elements such as, for example,
tungsten, titanium, tantalum, niobium, aluminum, chromium, copper, manganese,
molybdenum, boron, carbon, silicon, and ruthenium, may be added to enhance certain
properties of the composites. In one non-limiting embodiment of a earth—boring bit part
selected from a bit body, a ml}er cone, and a mud nozzle according to the present
disclosure, the part is made of a hybrid cemented carbide in which the binder
concentration of the dispersed phase of the hybrid cemented carbide is 210 15 weight
percent of the dispersed phase, and the binder concentration of the continuous binder
phase of the hybrid cemented carbide is 6 to. 30 weight percent of the continuous binder
phase.

[0052] The hybrid cemented carbides of certain non-limiting embodiments of
earth-boring bit parts described herein have relatively low contiguity ratios, which
improves certain properties of the hybrid cemented carbides relative to other cemented
carbides. Non-limiting examples of hybrid cemented carbides that may be used in
embodiments of earth-boring bit parts according to the present disclosure are found in
U.S. Pat. No. 7,384,443, which is hereby incorporated by reference herein in its entirety.

[0053] A cross-section of a fixed-cutter earth-boring bit body 30 is shown in the
schematic cross-sectional view of FIG. 3, and is provided as a non-limiting example of
an earth-boring bit body according to the present disclosure. Generally, bit body 30
may include attachment means 32 (threads are shown in FIG. 3) on shank 34, which is
attached to the bit body 30. In certain non-limiting embodiments disclosed herein,
shank 34 and attachment means 32 may each independently be made of steel, another
metallic alloy, a composite of a discontinuous hard phase and a continuous binder
phase, or a hybrid cemented carbide. Shank 34 may be attached to the bit body 30 by
any method such as, but not limited to, brazing, threaded connection, pins, keyways,
shrink fits, adhesives, diffusion bonding, interference fits, or any other suitable

mechanical or chemical connection.
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[0054] Bit body 30 may be constructed to include various regions, wherein at
least one region includes a hybrid cemented carbide. In one non-limiting embodiment,
a hybrid cemented carbide composite included in a region of bit body 30 has a
contiguity ratio of 0.48 or less. In another non-limiting embodiment, each of several
regions of bit body 30 includes a hybrid cemented carbide, and each such hybrid
cemented carbide may be the same as or different from other hybrid cemented carbides
in the bit body 30. In one non-limiting embodiment, the hybrid cemented carbide in
each region of bit body 30 differs from another hybrid cemented carbide in the bit body
10 in terms of at least one of composition and properties. Differences in hybrid
cemented carbides within bit body 30 may resuit from differences in concentration, size,
and/or composition of the metal carbide particles in the discontinuous and/or continuous
phase of the hybrid cemented carbides. Differences in hybrid cemented carbides within
bit body 30 also may result from differences in the binders in the discontinuous and/or
continuous phase of the hybrid cemented carbides. Also, differences in hybrid
cemented carbides within the bit body 30 may be the result of differences in the
concentration of one cemented carbide grade dispersed in (i.e., discontinuous)
throughout a second cemented carbide continuous phase. The use of any combination
ofmﬂdpamdestesandbMdmsmedmgahWNmcemeMedcmbHehaansmmbb
properties for earth-boring applications is within the scope of the present disclosure.
The present disclosure encompasses any earth-boring bit part possible wherein at a
portion of a region of the part is composed of a hybrid cemented carbide including a
cemented carbide dispersed phase dispersed and embedded in a cemented carbide
continuous phase. In a non-limiting embodiment, at least a portion of the bit body, a
roller cone, or a mud nozzle includes a hybrid cemented carbide composite having a
contiguity ratio of the dispersed phase that is no greater than 0.48. Providing different
hybrid cemented carbides in different regions or portions of regions in the bit body
allows one to tailor the properties in specific regions or region portions to address the
particular physical demands on the region or portion during the earth boring operation.
As such, the earth-boring bit body or other part may be designed according to the
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present invention so that the properties or composition of regions or region portions

change abruptly or more gradually between different regions or portions.

[0055] In a non-limiting embodiment of a bit body, roller cone, or mud nozzle,
the dispersed phase of the hybrid cemented carbide includes between 2 and 50 volume

percent of the total hybrid cemented carbide.

[0056] In one non-limiting example of a bit body according to the present
discloéure, bit body 30 of FIG. 3 includes three distinct regions: top region 36, mid-
region 38, and bottom region 40. In one non-limiting embodiment, each of the top 36,
mid 38, and bottom 40 regions are fabricated from a hybrid cemented carbide
composite. The hybrid cemented carbides in each of regions 36, 38, and 40 may all be
of the same composition, including hybrid cemented carbides with dispersed and
continuous phases composed of like cemented carbide grades. In another non-limiting
embodiment, each region 36, 38, and 40 includes a different hybrid cemented carbide.
It will be understood that the variations between hybrid cemented carbides in the
regions 36, 38, and 40 may be achieved by, for example, one or more of: varying the
concentrations of dispersed and continuous phases in a hybrid cemented carbide;
varying the identities of the cemented carbides used to form the dispersed and/or
continuous phases of a hybrid cemented carbide; and varying the morphology (e.g.,
size and/or shape) of the cemented carbide particles forming the discontinuous phase
of hybrid cemented carbide. In certain non-limiting embodiments, the hybrid cemented
carbide in at least one region of the bit body 30 includes a dispersed phase having a
contiguity ratio no greater than 0.48. It is noted that although FIG. 3 depicts an
exemplary fixed-cutter earth boring bit, the discussion herein regarding variations
between regions and region portions in bit body 30 applies equally to all earth-boring bit

parts encompassed by the present disclosure.

[0057] In another non-limiting embodiment of an earth-boring bit part according
to the present disclosure, an earth-boring bit body, roller cone, or mud nozzle includes
at least a region composed of a hybrid cemented carbide, and other regions of the

body, cone, or nozzle are fabricated from other, conventional materials. Such
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conventional materials include, for example, steel, or a composite including hard
particles dispersed in a copper-containing alloy such as, for example, a brass, a bronze,
cobalt, a cobalt alloy, nickel, a nickel alloy, iron, or an iron alloy. For example, referring
to FIG. 3, top region 36 may include a discontinuous hard phase of tungsten and/or
tungsten carbide particles, mid region 38 may include a discontinuous hard phase of
cast carbide, tungsten carbide, and/or sintered cemented carbide particles, and bottom
region 40 may include a hybrid cemented carbide composite. In a non-limiting
embodiment, the contiguity ratio of the dispersed phase of the hybrid cemented carbide
in bottom region 40 is no greater than 0.48. Any arrangement of materials of an earth-
boring bit part is within the scope of embodiments herein, so long as a region or portion

of a region of the part includes a hybrid cemented carbide.

[0058] Again referring to FIG. 3, bit body 30 may include a series of cutting
insert pockets 42 disposed along a peripheral portion of bottom region 40, and cutting
inserts may be secured within the pockets. The pockets 42 may be directly molded into
the bit body 30 or may be machined into a green or brown compact formed as an
intermediate during fabrication of the bit body 30. Cutting inserts, such as, but not
limited to polycrystalline diamond compacts (PCD), may be attached in the pockets
brazing or other attachment methods, as described above, for example. Bit body 30
may also include internal fluid courses, ridges, lands, nozzles, junk slots, and other
conventional topographical features of earth-boring bit bodies. Optionally, these
topographical features may be provided by incorporating preformed inserts into the bit
body 30 during its manufacture. An example is insert 44 that defines the insert pockets
and that has been positioned and secured at a peripheral location on bit body 30 by
suitably positioning the insert 44 in the mold used to form the bit body 30. According to
certain non-limiting embodiments, an insert such as, for example, insert 44 of bit body
30, is composed of a hybrid cemented carbide. In certain non-limiting embodiments,
the contiguity ratio of the dispersed phase of a hybrid cemented carbide included in bit
body 30, such as the hybrid cemented carbide included in insert 44. is no greater than
0.48. It will be understood that although the foregoing description of the use and
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construction of inserts is provided in connection with insert 44 of bit body 30, inserts
composed of hybrid cemented carbide or other materials and having a desired
construction may be included in any earth-boring bit part according to the present

disclosure.

[0059] Certain embodiments of methods of forming hybrid cemented carbide
composites having a contiguity ratio of the dispersed phase that is no greater than 0.48
are found in U.S. Patent No. 7,384,443, which is hereby incorporated by reference
herein in its entirety. FIG. 4 is a photomicrograph of one non-limiting embodiment of a
hybrid cemented carbide useful in the present invention and having a dispersed phase
contiguity ratio equal to 0.26, as disclosed herein. The light material matrix in FIG. 4 is
the cemented carbide continuous binder phase, and the dark islands of material are the
cemented carbide particles dispersed and embedded within the binder phase of the
dispersed phase of the hybrid cemented carbide. A brief discussion of a method for
measuring contiguity ratios of hybrid cemented carbide composites follows. Also
provided below are non-limiting examples of methods of preparing hybrid cemented
carbides for use in earth-boring bit bodies, rolier cones, mud nozzles, and other earth-
boring bit parts.

[0060] The degree of dispersed phase contiguity in composite structures may
be characterized as the “contiguity ratio”, C,. Cy may be determined using a quantitative
metallography technique described in Underwood, Quantitative Stereology, pp. 25-103
(1970), which is hereby incorporated herein by reference. The technique consists of
determining the number of intersections that randomly oriented lines of known length,

placed on the microstructure of a photomicrograph of the material, make with specific
structural features. The total number of intersections of the lines (L) with dispersed
phase/dispersed phase interfaces (aa) are counted and are designated as N;qq. The
total number of intersections of the lines (L) with dispersed phase/continuous phase
interfaces (ap) also are counted and are designated as Nigs. FIG. 5 schematically
illustrates the procedure through which the values for Nyoy and Ny are obtained. In
FIG. 5, composite 50 includes dispersed phase particles 52 (a phase) in a continuous
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phase 54 (B phase). The topmost line in FIG. 5 intersect one aa interface and two ap
interfaces, and the lower line intersects two ap interfaces. The contiguity ratio, C, is

calculated by the equation Cy= 2N(4q/ (N1og+ 2N 40).

[0061] Contiguity ratio is a measure of the average fraction of the surface area
of dispersed phase particles in contact with other dispersed phase particles. The
contiguity ratio may vary from 0 to 1 and approaches 1 as the distribution of the
dispersed particles moves from completely dispersed (i.e., no particle-particle contact)
to a fully agglomerated structure. The contiguity ratio describes the degree of continuity
of dispersed phase irrespective of the volume fraction or size of the dispersed phase
regions. However, typically, for higher volume fractions of the dispersed phase, the

contiguity ratio of the dispersed phase will also be higher.

[0062] It has been observed that in the case of hybrid cemented carbides
having a hard cemented carbide dispersed phase, lower contiguity ratios correspond to
a lower risk that a crack in the composite will propagate through contiguous hard phase
regions. This cracking process may be a repetitive process, with cumulative effects
resulting in a reduction in the overall toughness of the hybrid cemented carbide article,

e.g., an earth-boring bit body, roller cone, or mud nozzle as described herein.

[0063] In certain non-limiting embodiments of bit bodies, roller cones, mud
nozzles, and other earth-boring bit parts as disclosed herein, the hybrid cemented
carbide included in such parts may include between about 2 to about 40 vol. % of the
cemented carbide grade forming the continuous binder phase of the hybrid cemented
carbide. In other embodiments, the hybrid cemented carbides may include between
about 2 to about 30 vol. % of the cemented carbide grade forming the continuous binder
phase of the hybrid cemented carbide. In certain applications, it may be desirable to
include between 6 and 25 volume % of the cemented carbide grade forming the
continuous binder phase of the hybrid cemented carbide in the hybrid cemented

carbide.

[0064] FIG.6 illustrétes the relationship that exists between fracture toughness

and wear resistance in conventional cemented carbide grades comprising tungsten
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carbide and cobalt. The fracture toughness and wear resistance of a particular
conventional cemented carbide grade will typically fall in a narrow band enveloping the

solid trend line 60 shown.

[0065] As FIG. 6 shows, conventional cemented carbides may generally be
classified in at least two groups: (i) relatively tough grades shown in Region I; and (ii)
relatively wear resistant grades shown in Region Il. Generally, the wear resistant
grades included in Region Il are based on relatively small metal carbide grain sizes
(typically about 2 ym and below) and binder contents ranging from about 3 weight
percent up to about 15 weight percent. Grades such as those in Region Il are most
often used for tools for cutting and forming metals due to their ability to retain a sharp
cutting edge and their relatively high level of wear resistance. Conversely, the relatively
tough grades included in Region | are generally based on relatively coarse metal
carbide grains (typically about 3 pm and above) and binder contents ranging from about
6 weight percent up to about 30 weight percent. Grades based on coarse metal carbide
grains find extensive use in applications in which the material is subjected to shock and
impact, and undergoes abrasive wear and thermal fatigue. Common applications for
coarse-grained cemented carbide grades include tools for mining and earth drilling, hot

rolling of metals, and impact forming of metals (such as, for example, cold heading).

[0066] As discussed above, hybrid cemented carbides may be defined as a
composite of cemented carbides. Non-limiting examples of hybrid cemented carbides
may comprise a cemented carbide grade selected from Region | and a cemented
carbide grade selected from Region Il of FIG. 6. In such case, one cemented carbide
grade would be present as the dispersed phase and would be embedded within a
continuous phase of the second cemented carbide grade. Certain non-limiting
embodiments of a hybrid cemented carbide that may be included in the earth-boring bit
parts according to the present disclosure include a cemented carbide dispersed phase
and a cemented carbide continuous phase wherein the cemented carbide continuous
phase has at least one property, such as, for example, strength, abrasion resistance, or
toughness, that differs from that of the cemented carbide dispersed phase. In one non-

-21-



WO 2010/021801 PCT/US2009/051116

limiting embodiment, the hardness of a cemented carbide dispersed phase of a hybrid
cemented carbide included in bit bodies, roller cones, mud nozzles, and other earth-
boring bit parts according to the present disclosure is at least 88 HRA and is no greater
than 95 HRA. In another non-limiting embodiment, the Palmquist toughness of the
cemented carbide continuous phase of a hybrid cemented carbide included in earth-
boring bit parts according to the present disclosure is greater than 10 MPa-m™2. In still
another non-limiting embodiment, the hardness of the cemented carbide continuous
phase of a hybrid cemented carbide included in bit bodies, roller cones, mud nozzles,
and other earth-boring bit parts according to the present disclosure is at least 78 HRA

and no greater than 91 HRA.

[0067j In a non-limiting embodiment, a hybrid cemented carbide used in bit
bodies, roller cones, mud nozzles, and other earth-boring bit parts may include a
second cemented carbide dispersed phase having at least one of a composition and a
property that differs from that of the first cemented carbide dispersed phase.
Differences in properties of the two dispersed phases may include, but are not limited
to, one or more of hardness, Palmquist toughness, and wear resistance. In other
possible embodiments, more than two different cemented carbide dispersed phases are

included in a single hybrid cemented carbide.

[0068] Non-limiting examples of certain hybrid cemented carbides useful in the
parts according to the present disclosure are illustrated in FIGS. 7A and 7B. A known
hybrid cemented carbide material 70 is shown in the photomicrograph of FIG. 7A.
Material 70 includes a continuous phase 71 of a cemented carbide grade commercially
available as grade 2055™ cemented carbide from ATI Firth Sterling, Madison, Alabama.
As is familiar to those of ordinary skill in the art, Firth Sterling™ grade 2055™ cemented
carbide is sold in a powder form and must be processed using conventional press-and-
sinter techniques to form the cemented carbide composite material from the powder.
(The present disclosure may refer to a cemented carbide “powder” when discussing the
powdered material from which a final cemented carbide composite material is made.)
Grade 2055™ cemented carbide is a wear resistant cemented carbide of moderate
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hardness and includes 90 wt. % of tungsten carbide particles having an average grain
size of 4 to 6 ym as a discontinuous phase, and 10 wt. % of cobalt as a continuous
binder phase. The properties of grade 2055™ cemented carbide include hardness of
87.3 HRA, wear resistance of 0.93 mm™, and Palmquist toughness of 17.4 MPa-m"2.
Again referring to FIG. 7A, hybrid cemented carbide 70 also includes a dispersed phase
72 of a cemented carbide commercially available as Firth Sterling ™ grade FK10F ™
cemented carbide, which is a relatively hard cemented carbide with relatively high wear
resistance. Grade FK10F™ cemented carbide includes 94 wt. % of tungsten carbide
particles with an average grain size of approximately 0.8 ym as a discontinuous phase,
and 6 wt. % of a cobalt binder. The properties of Firth Sterling™ grade FK10F™
cemented carbide include hardness of 93 HRA, wear resistance of 6.6 mm3, and

‘Palmquist toughness of 9.5 MPa-m"?.

[0069] The hybrid cemented carbide 70 was produced by blending 30 vol. % of
unsintered or "green” granules of grade FK10F™ cemented carbide powder to form the
dispersed phase, with 70 vol. % of unsintered or "green" granules of grade 2055™
cemented carbide powder to form the continuous phase. The blended cemented
carbide powders formed a powder blend. A portion of the blend was consolidated, such
as by compaction, to produce a green compact. The green compact was subsequently
sintered using conventional means to further densify the material and fuse the powder
particles together. The resuitant hybrid cemented carbide 70 had a hard discontinuous
phase contiguity ratio of 0.5 and a Palmquist toughness of 12.8 MPa-m"2. As can be
seen in FIG. 7A, the unsintered granules of the dispersed phases collapsed in the
direction of the application of pressure during compaction of the powder blend, resulting
in the formation of physical connections between previously unconnected domains of
the powder grade that became the dispersed phase 72. Due to the connections that
formed between the domains of the dispersed phase cemented carbide powder during
consolidation, the hybrid cemented carbide produced by sintering hand a relatively high
discontinuous phase contiguity ratio of approximately 0.5. Physical contact between the

dispersed phase regions 70 in the material of FIG. 7A, for example, allows cracks
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beginning in one dispersed phase domain to more readily propagate by following a
continuous path through the hard dispersed phase and without encountering the
tougher continuous phase 71. Therefore, although the hybrid cemented carbide 70 may
exhibit some improvement in toughness relative to certain conventional (i.e., non-hybrid)
cemented carbides, the hybrid composite 70 will tend to have toughness closer to the

hard dispersed phase 72 than to the tougher continuous phase 71.

[0070] A hybrid cemented carbide 75, shown in FIG. 5B, was prepared for use
in earth-boring bit bodies, roller cones, mud nozzles, and other parts according to the ‘
present disclosure. Hybrid cemented carbide 75 includes a relatively tough and crack-
resistant continuous cemented carbide phase 76, and a relatively hard and wear-
resistant dispersed cemented carbide phase 77. The composition and the volume ratio
of the two cemented carbide grades forming the dispersed and continuous phases of
hybrid cemented carbide 75 was the same as the hybrid cemented carbide of FIG. 7A.
However, the method of producing hybrid cemented carbide 75 differed from the
method of producing hybrid cemented carbide 70, which resulted in differing composite
microstructures and significantly different properties. Specifically, the cemented carbide
powder that formed dispersed phase 77 was sintered prior to being combined with the
cemented carbide powder that became continuous phase. The sintered granules that
became the dispersed phase 77 did not collapse significantly upon consolidation of the
powder blend, and this resulted in the much lower contiguity ratio of 0.31 for the
dispersed phase of the hybrid cemented carbide 75. A reduced contiguity ratio may
have a significant effect on the bulk properties of a hybrid cemented carbide. The
hardness of hybrid cemented carbide 75 shown in FIG. 7B was measured as 15.2
MPa-m"?, which was more than 18% greater than the hardness measured for hybrid
cemented carbide 70 shown in FIG. 7A. The relative increased hardness of hybrid
material 75 was believed to be a result of the lower frequency of interconnections
between dispersed phase regions in the material. As such, it is more likely that a crack
beginning in any of the hard dispersed phase regions 77 and propagating through
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hybrid material 75 will encounter the tougher continuous phase 76, which is more

resistant to further propagation of the crack.

[0071] Non-limiting examples of powder blends for producing hybrid cemented
carbides that may be used in articles according to the present disclosure are described
below. It will be understood that necessarily only a limited number of possible powder
blends are presented herein and that such blends are in no way exhaustive of the
possible blends that may be used to produce hybrid cemented carbides useful in the

present invention.

Example 1

[0072] A powder blend that may be used to make a hybrid cemented carbide
useful in the present invention is prepared by combining the following powder grades:
85% by weight of ATI Firth Sterling grade FL30 powder (forms continuous phase of
hybrid cemented carbide) powder, and 15% by weight of ATl Firth Sterling grade HU6C
powder (forms dispersed phase). The continuous phase powder grade (FL.30 powder)
is initially in the form of relatively spherical powder granules in the as-spray dried
condition, which also referred to as the “green” powder condition. The dispersed phase
powder grade (HUBC powder) is also initially in the as-spray dried condition, but the
green granules are heat-treated (presintered) in a vacuum environment at about 800°C
prior to blending The green FL30 powder granules are blended with the presintered
HUBC powder granules in a V-blender for about 45 minutes. The composition and
properties of the two powders are listed in Table 1, wherein TRS is transverse rupture

strength.
Table 1
Grade FL-30 Powder Grade HU6C Powder
Composition WC particles and Co+Ni binder | WC particles and Co binder
Hardness (HRA) 79.0 92.7
Binder Content (wt.%) 30.0 (Co+Ni) 6.0 (Co)

Density (g/cc) 12.70 14.90

TRS (ksi) 320 500
Average WC Grain Size (um) 3tob 0.8
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Example 2

[0073] An additional powder blend that may be used to make a hybrid
cemented carbide useful in the present invention is prepared by combining the following
powder grades: 80% by weight of ATl Firth Sterling grade FL25 powder (forms
continuous phase), and 20% by weight of ATl Firth Sterling grade P40 powder (forms
dispersed phase). The continuous phase powder grade (FL25 powder) is initially in the
form of relatively spherical powder granules in the as-spray dried (green powder)
condition. The dispersed phase powder grade (P40 powder) is also initially in the as-
spray dried condition. The green FL25 powder granules are blended with the green
HUBC powder granules in a double-cone blender for about 60 minutes. The composition

and properties of the two powder grades are listed in Table 2.

Table 2
Grade FL-25 Powder Grade P40 Powder
Composition WC particles and Co+Ni binder | WC particles and Co binder
Hardness (HRA) 81.0 91.2
Binder Content (wt.%) 25.0 (Co+Ni) 6.0 (Co)

Density (g/cc) 13.00 14.90

TRS (ksi) 350 475

Average WC Grain Size (um) Jto5 1.6

Example 3

[0074] Another powder blend that may be used to make a hybrid cemented
carbide useful in the present invention is prepared by combining the following powder
grades: 90% by weight of ATI Firth Sterling grade H20 powder (forms continuous
phase), and 10% by weight of ATI Firth Sterling grade H17 powder (forms dispersed
phase). The continuous phase powder grade (H20 powder) is initially in the form of
relatively spherical powder granules in the as-spray dried (green powder) condition.
The dispersed phase powder grade (H17 powder) is also initially in the as-spray dried
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condition, but the powder granules are heat-treated in a vacuum (presintered) at about
1000°C prior to blending. The green H20 powder granules are blended with the
presintered powder H17 granules in a V-blender for about 45 minutes. The composition

and properties of the two powder grades are listed in Table 3.

Table 3
H20 H17
Compaosition WC particles and Co binder WC particles and Co binder
Hardness (HRA) 84.5 91.7
Binder Content (wt.%) 20.0 (Co) 10.0 (Co)
Density (g/cc) 13.50 14.50
TRS (ksi) 400 550
Average WC Grain Size 3to5 0.8
(Hm)
Example 4

[0075] Yet another powder blend that may be used to make a hybrid cemented
carbide useful in the present invention is prepared by combining the following powder
grades: 80% by weight of ATl Firth Sterling grade ND30 powder (forms continuous
phase), 10% by weight of AT! Firth Sterling grade HU6C powder (forms first dispersed
phase), and 10% by weight of ATI Firth Sterling grade AF63 powder (forms second
dispersed phase). The continuous phase powder grade (ND30 powder) is initially in the
form of relatively spherical powder granules in the as-spray dried, "green” condition.
The dispersed powder grades (HU6C and AF63 powders) are also initially in the as-
spray dried condition. The HUBC powder granules, however, are heat-treated in a
vacuum (presintered) at about 800°C prior to blending. The green ND30 powder
granules are blended with the presintered HUBC and the green AF63 powder granules
in a Turbula blender for about 30 minutes. The properties of the three powder grades

are listed in Table 4.
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Table 4
ND30 HU6C AF63
Composition WC particles and Co WC particies and Co WC particles and Co
binder binder binder
Hardness (HRA) 81.0 92.7 89.5
Binder Content (wt.%) 30.0 Co 6.0 (Co) 6.0 (Co)
Density (g/cc) 12.7 14.90 14.90
TRS (ksi) 340 500 480
Average WC Grain Size 3to5 0.8 3to s
(um)

[0076] According to one aspect of the present disclosure, a method of making
an earth-boring bit part includes providing a hybrid cemented carbide in the part wherein
the hybrid material has a contiguity ratio that is less than 1.5 times the volume fraction
of the dispersed phase in the hybrid material. In certain earth-boring bit bodies, roller
cones, mud nozzles, and other related parts it may be advantageous to further limit the
contiguity ratio of a hybrid cemented carbide included in the parts to less than 1.2 times
the volume fraction of the dispersed phase within the hybrid cemented carbide. The
contiguity ratio may be lowered, for example, by partially or fully presintering the
cemented carbide powder to be included as the discontinuous phase. Alternatively, the
contiguity ratio may be lowered by reducing the volume percentage of the dispersed
cemented carbide phase within the hybrid material, with or without presintering the
powder included in the powder mix as the dispersed phase prior to blending with the

powder of the continuous cemented carbide phase to produce the powder biend.

[0077] Embodiments disclosed herein are directed to methods of producing
hybrid cemented carbide composites having improved properties, and also are directed
to earth-boring bit parts incorporating hybrid cemented carbides in at least a region or a
portion of a region of the parts. One non-limiting method of producing hybrid cemented
carbides useful in earth-boring bit parts includes blending a green, unsintered cemented
carbide grade that forms the dispersed phase of the hybrid material with a green,
unsintered cemented carbide grade that forms the continuous phase of the hybrid

material. In another non-limiting embodiment, a method of producing a hybrid
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cemented carbide useful in earth-boring bit parts includes forming a powder blend by
combining a quantity of at least one of partially and fully sintered granules of the
cemented carbide grade that forms the dispersed phase of the hybrid material, with a
quantity of at least one of green and unsintered granules of the cemented carbide grade
that forms the continuous phase of the hybrid material. At least a portion of the powder
blend is consolidated to form, a green compact, and the green compact is sintered
using conventional sintering means. Partial or full sintering of the granules of the
cemented carbide that is to from the dispersed phase results in strengthening of those
granules (as compared with unsintered or “green" granules), and the strengthened
granules will have improved resistance to collapse during consolidation of the powder
blend, thereby reducing contiguity ratio in the final hybrid material. The granules of the
dispersed phase may be partially or fully sintered at temperatures ranging from about
400°C to about 1300°C, depending on the strength of the final dispersed phase desired
in the hybrid cemented carbide. The cemented carbide powder granules may be
sintered using any of a variety of means known in the art, such as, but not limited to,
hydrogen sintering and vacuum sintering. Sintering of the granules may result in
removal of lubricant, oxide reduction, densification, and microstructure development.

[0078] Embodiments of a method of producing hybrid cemented carbides for
earth-boring bit parts that includes presintering of the cemented carbide powder
granules that forms the discontinuous phase of the hybrid material allows for forming
hybrid cemented carbides having relatively low dispersed phase contiguity ratios, such
as the hybrid material illustrated in FIG. 7B. Because the granules of at least one
cemented carbide are partially or fully presintered prior to combining with other powders
to form the powder blend, the sintered granules are less likely to collapse during
consolidation of the powder blend in the way shown in FIG. 7A and the contiguity of the
resultant hybrid cemented carbide is relatively low. Generally speaking, the larger the
dispersed phase cemented carbide granule size and the smaller the continuous
cemented carbide phase granule size, the lower the contiguity ratio at any volume
fraction of the hard discontinuous phase grade. Hybrid cemented carbide 75, for
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example, shown in FIG. 7B, was produced by first presintering the dispersed phase

cemented carbide grade powder granules at about 1000°C.

[0079] In one non-limiting embodiment of a method for making an earth-boring
bit part including a hybrid cemented carbide according to the present disclosure, a
quantity of a first grade of cemented carbide powder is combined with a quantity of a
second grade of cemented carbide power to provide a powder blend. As used herein; a
“grade” of cemented carbide powder refers to a cemented carbide powder having a
particular hard metal carbide particle composition and size distribution, together with a
particular binder composition and volume percentage. One having ordinary skill in the
art recognizes that different grades of cemented carbide powders are used to impart
desired levels of differing properties, such as hardness and toughness, to a sintered
cemented carbide part. In one non-limiting embodiment of the method, the first grade of
cemented carbide is partially or fully presintered prior to being combined with the
second grade of cemented carbide powder to form the powder blend. At least a portion
of the powder blend is consolidated, such as in the void of a suitably configured mold, to
form a green compact of a desired configuration and size. Consolidation may be
conducted using conventional techniques such as, for example, mechanical or hydraulic

pressing in rigid dies, and wet-bag or dry-bag isostatic pressing techniques.

[0080] The green compact may be presintered or fully sintered to further
consolidate and densify the powders. Presintering results occurs at a lower
temperature than the temperature to be used in the final sintering operation and results
in only partial consolidation and densification of the compact. The green compact may
be presintered to provide a presintered or “brown” compact. A brown compact has
relatively low hardness and strength as compared to the final fully sintered article, but
has significantly higher strength and hardness than the green compact. During
manufacturing, the green compact, brown compact, and/or fully sintered article may be
machined to further modify the shape of the compact or article and provide the final
earth-boring bit part. Typically, a green or brown compact is substantially easier to

machine than the fully sintered article. Machining the green or brown compact may be

-30-



WO 2010/021801 PCT/US2009/051116

advantageous if the fully sintered part is difficult to machine and/or would require
grinding to meet the required final dimensional final tolerances. Other means to
improve machinability of the green or brown compacts also may be employed such as,
for example, addition of machining agents to the powder mix to close porosity within the
compacts. One conventional machining agent is a polymer. In certain non-limiting
embodiments, sintering may be conducted at liquid phase temperature in a conventional
vacuum furnace or at high pressures in a SinterHIP-type furnace. For example, in one
non-limiting embodiment of a method according to the present disclosure, the compact
is over-pressure sintered at‘300-2000 pounds per square inch (psi) and at 1350 to
1500°C. Pre-sintering and sintering of the compact removes lubricants, and results in
oxide reduction, densification, and microstructure development. After sintering, the first
grade of cemented carbide powder included in the powder blend forms a cemented
carbide dispersed phase, and the second grade of cemented carbide powder forms a
cemented carbide continuous phase in the resulting hybrid cemented carbide
composite. As stated above, subsequent to sintering, the resulting part may be used
as-sintered or may be further appropriately machined or grinded to form the final
configuration of a bit body, roller cone, mud nozzle, or other earth-boring bit part

including a hybrid cemented carbide.

[0081] Embodiments disclosed herein include a method of producing a earth-
boring bit part, such as, but not limited to, a bit body, a roller cone, or a mud nozzle
including at least two cemented carbides in different regions or in different portions of a
single region. The two cemented carbides may have different properties or
compositions. A non-limiting embodiment of a method for making such a part includes
placing quantity of a first hybrid cemented carbide powder into a first region of a void of
a mold, and placing a portion of a second hybrid cemented carbide powder into a
second region of the void of the mold. The void of the mold has a desired shape, which
may be the shape of the part or, alternatively, may have a suitable intermediate shape.
In certain non-limiting embodiments of the method, the void of the mold may be

segregated into the two or more regions by, for example, placing a physical partition,
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such as paper, wax, or a polymeric material, in the void of the mold to separate the
regions. In another non-limiting embodiment the powders of the first and second hybrid
cemented carbide may be place in separate sections of the mold with a physical
partition, and thus be in contact. The first and second hybrid cemented carbide
compositions may be chosen to provide, after consolidation and sintering, a hybrid
cemented carbide composite having the desired properties for each region of an earth-
boring bit part. '

[0082] An earth-boring bit component with a gradient of a property or
composition also may also be formed by, for example, placing a quantity of a first hybrid
cemented carbide powder blend in a first region of a void of a mold. A second region of
the mold void may be filled with a blend of the first hybrid cemented carbide powder a
second hybrid cemented carbide powder blend. The blend of the two hybrid cemented
carbide powder blends will result in a region having a property of a level intermediate
that of a sintered material formed solely from the first hybrid cemented carbide powder
and a sintered material formed solely from the second cemented carbide powder. This
process may be repeated in separate regions of the mold void until the desired
composition gradient or compositional structure is achieved, and typically would end
with filling a region of the mold void with the second hybrid cemented carbide powder
alone. Embodiments of this technique may also be performed with or without physical
partitions in the mold void. The powders in the mold void may then be isostatically
compressed to consolidate the different hybrid cemented carbide powder regions and
form a green compact. The compact subsequently may be sintered to further densify
the powders and form an autogenous bond between all of the regions established within

the mold through addition of different blends.

[0083] Two non-limiting examples of methods of making earth-boring bit parts
including hybrid cemented carbide according to the present disclosure follow. It will be
understood that necessarily only a limited number of method examples are presented
herein and are in no way exhaustive of the possible method embodiments that may be

used to produce articles of manufacture according to the present disclosure.
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Example 5
[0084] A fixed cutter earth-boring bit body based on a hybrid cemented carbide

may be made as follows. A hybrid cemented carbide powder blend is prepared as
described above in Example 1. At least a portion of the powder blend is consolidated
by cold isostatic pressing at a pressing pressure of 25,000 psi to form a billet-shaped
“green” powder compact. The compact is presintered in a hydrogen atmosphere at
700°C. The billet is machined using a five-axis milling machine to incorporate the
conventional shape features of a finished fixed-cutter bit body, for example, as generally
shown in FIG. 2. The machined pre-sintered part is sintered using ovér—pressure
sintering (also referred to as “SinterHIP") at a temperature of 1380°C and a pressure of

800 psi to produce the final bit body composed of hybrid cemented carbide.

Example 6

[0085] A roller cone for a roller cone earth-boring bit based on a hybrid
cemented carbide may be made as follows. A hybrid cemented carbide powder blend is
prepared as described in Example 4 above. At least a portion of the powder blend is
consolidated by cold isostatic pressing at a pressing pressure of 30,000 psi to form a
billet-shaped “green” compact. The billet is presintered in a hydrogen atmosphere at
700°C. The billet is machined using a five-axis milling machine to incorporate the
conventional shape features of a finished roller cone, for example, as generally shown
in FIG. 1 as roller cone 14. The machined pre-sintered part is sintered using over-
pressure sintering (SinterHIP) at a temperature of 1380°C and a pressure of 800 psi to

produce the final roller cone composed of hybrid cemented carbide.

[0086] It will be understood that the present description illustrates those
aspects of the invention relevant to a clear understanding of the invention. Certain
aspects that would be apparent to those of ordinary skill in the art and that, therefore,
would not facilitate a better understanding of the invention have not been presented in
order to simplify the present description. Although only a limited number of

embodiments of the present invention are necessarily described herein, one of ordinary
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skill in the art will, upon considering the foregoing description, recognize that many
modifications and variations of the invention may be employed. All such variations and
modifications of the invention are intended to be covered by the foregoing description

and the following claims.
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CLAIMS
We claim:
1. An article of manufacture selected from a bit body, a roller cone, and a mud

nozzle, the article of manufacture comprising:
a hybrid cemented carbide composite, comprising:
a cemented carbide dispersed phase; and

a cemented carbide continuous phase.

2. The article of manufacture of claim 1, wherein a contiguity ratio of the dispersed

phase of the hybrid cemented carbide composite is no greater than 0.48.

3. The article of manufacture of claim 1, wherein a contiguity ratio of the dispersed

phase of the hybrid cemented carbide composite is less than 0.4.

4. The article of manufacture of claim 1, wherein the contiguity ratio of the

dispersed phase of the hybrid cemented carbide composite is less than 0.2.

5. The article of manufacture of claim 1, wherein a hardness of the dispersed phase
of the hybrid cemented carbide composite is greater than a hardness of the continuous

phase of the hybrid cemented carbide composite.

6. The article of manufacture of claim 1, wherein the hybrid cemented carbide
composite comprises a first cemented carbide dispersed phase and a second cemented
carbide dispersed phase, and wherein at least one of a composition and a physical
property of the second cemented carbide dispersed phase differs from the first

cemented carbide dispersed phase.

7. The article of manufacture of claim 6, wherein the physical property is selected

from the group consisting of hardness, Palmquist toughness, and wear resistance.
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8. The article of manufacture of claim 1, wherein the cemented carbide dispersed
phase of the hybrid cemented carbide is between 2 and 50 percent by volume of the

hybrid cemented carbide.

9. The article of manufacture of claim 1, wherein the cemented carbide dispersed
phase of the hybrid cemented carbide is between 2 and 25 percent by volume of the

hybrid cemented carbide.

10.  The article of manufacture of claim 1, wherein the hardness of the cemented
carbide dispersed phase of the hybrid cemented carbide is at least 88 HRA and no
greater than 95 HRA.

11. The article of manufacture of claim 10, wherein the Palmquist toughness of the

cemented carbide continuous phase of the hybrid cemented carbide is greater than 10

MPa-m” .

12.  The article of manufacture of claim 10, wherein the hardness of the cemented
carbide continuous phase of the hybrid cemented carbide is at least 78 HRA and no
greater than 91 HRA.

13.  The article of manufacture of claim 1, wherein the cemented carbide dispersed
phase and the cemented carbide continuous phase of the hybrid cemented carbide

composite independently comprise:
at least one carbide of a metal selected from Groups VB, VB, and VIB of

the Periodic Table; and
a binder comprising at least one of cobalt, a cobalt alloy, nickel, a nickel

alloy, iron, and an iron alloy.
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14.  The article of manufacture of claim 13, wherein the binder of at least one of the
cemented carbide dispersed phase and the cemented carbide continuous phase of the
hybrid cemented carbide further comprises an alloying agent selected from tungsten,
titanium, tantalum, niobium, aluminum, chromium, copper, manganese, molybdenum,

boron, carbon, silicon, and ruthenium.

15.  The article of manufacture of claim 14, wherein the alloying agent comprises up

to 20 weight percent of the binder.

16.  The article of manufacture of claim 13, wherein a binder concentration of the
dispersed phase is between 2 weight percent and 15 weight percent, and wherein a
binder concentration of the continuous phase is between 6 weight percent and 30

weight percent.

17. The article of manufacture of claim 13, wherein the cemented carbide dispersed
phase and the cemented carbide continuous phase both comprise tungsten carbide and

cobalt.

18.  An earth-boring bit part, the part comprising:
a hybrid cemented carbide composite, comprising
a cemented carbide dispersed phase, wherein a volume fraction of the
dispersed phase is less than 50 volume percent of the hybrid cemented carbide
composite; and
a cemented carbide continuous phase;
wherein a physical property of the cemented carbide dispersed phase and the
cemented carbide continuous phase differs, and wherein the cemented carbide

dispersed phase has a contiguity ratio less than 1.5 times the volume fraction of the

cemented carbide dispersed phase.
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19.  The earth-boring bit part of claim 18, wherein the cemented carbide dispersed
phase and the cemented carbide continuous phase each independently comprise:
at least one carbide of at least one transition metal selected from the
group consisting of titanium, chromium, vanadium, zirconium, hafnium, tantalum,

molybdenum, niobium, and tungsten; and
a binder comprising at least one of cobalt, a cobalt alloy, nickel, a nickel

alloy, iron, and an iron alloy.

20.  The earth-boring bit part of claim 19, wherein the binder further comprises an
alloying agent selected from tungsten, titanium, tantalum, niobium, aluminum,

chromium, copper, manganese, molybdenum, boron, carbon, silicon, and ruthenijum.

21.  The earth-boring bit part of claim 19, wherein the hybrid cemented carbide
composite has a wear resistance greater than 0.7 mm™, and a Palmquist toughness

greater than 10 MPa-m'2.

22.  The part of claim 18, wherein the earth-boring bit part is selected from a bit body,

a roller cone, and a mud nozzle.

23. A method of making a part for an earth-boring bit, the method comprising:

combining a portion of a first grade of a cemented carbide powder and a portion
of a second grade of a cemented carbide powder to provide a powder blend;

consolidating at least a portion of the powder blend into a green compact,
wherein the first grade of a cemented carbide powder is a dispersed phase of the green
compact and the second grade of a cemented carbide powder is a continuous phase of
the green compact; and

at least one of partially and fully sintering the green compact to form a densified
compact comprising a hybrid cemented carbide composite including a cemented

carbide dispersed phase and a cemented carbide continuous phase.
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24.  The method of claim 23, wherein a contiguity ratio of the dispersed phase of the

hybrid cemented carbide composite is no more than 0.48.

25.  The method of claim 23, wherein a contiguity ratio of the dispersed phase of the

hybrid cemented carbide composite is less than 0.4.

26.  The method of claim 23, wherein a contiguity ratio of the dispersed phase of the

hybrid cemented carbide composite is less than 0.2.

27.  The method of claim 23, wherein a hardness of the dispersed phase of the hybrid
cemented carbide composite is greater than a hardness of the continuous phase of the

hybrid cemented carbide composite.

28.  The method of claim 23, wherein:

a third grade of a cemented carbide powder is combined with the first and
second grades of a cemented carbide powder into the powder blend;

the hybrid cemented carbide composite includes the cemented carbide

continuous phase, a first cemented carbide dispersed phase, and a second cemented

carbide dispersed phase; and
at least one of a composition and a property of the first cemented carbide

dispersed phase is different than the second cemented carbide dispersed phase.

29.  The method of claim 28, wherein the property is selected from the group

consisting of hardness, Palmquist toughness, and wear resistance.

30.  The method of claim 23, wherein the cemented carbide dispersed phase of the
hybrid cemented carbide is between 2 and 50 percent by volume of the hybrid

cemented carbide composite.
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31.  The method of claim 23, wherein the cemented carbide dispersed phase of the
hybrid cemented carbide composite is between 2 and 25 percent by volume of the

hybrid cemented carbide composite.

32. The method of claim 23, wherein the hardness of the cemented carbide
dispersed phase of the hybrid cemented carbide composite is at least 88 HRA and no
greater than 95 HRA.

33.  The method of claim 32, wherein the Palmquist toughness of the cemented
carbide continuous phase of the hybrid cemented carbide composite is greater than 10

MPa-m*.

34. The method of claim 33, wherein the hardness of the cemented carbide
continuous phase of the hybrid cemented carbide composite is at least 78 HRA and no
greater than 91 HRA.

35.  The method of claim 23, wherein the cemented carbide dispersed phase and the
cemented carbide continuous phase of the hybrid cemented carbide composite

independently comprise:
at least one carbide of a metal selected from Groups IVB, VB, and VIB of

the Periodic Table; and
a binder comprising at least one of cobalt, a cobalt alloy, nickel, a nickel

alloy, iron, and an iron alloy.

36. The method of claim 35, wherein the binder further comprises at least one
alloying agent selected from the group consisting of tungsten, titanium, tantalum,
niobium, aluminum, chromium, copper, manganese, molybdenum, boron, carbon,

silicon, and ruthenium.
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37.  The method of claim 36, wherein the alloying agent comprises up to 20 weight

percent of the binder.

38.  The method of claim 35, wherein a binder concentration of the dispersed phase
is between 2 weight percent and 15 weight percent and a binder concentration of the

continuous phase is between 6 weight percent and 30 weight percent.

39.  The method of claim 35, wherein the cemented carbide dispersed phase
comprises tungsten carbide and cobalt and the cemented carbide continuous phase

comprises tungsten carbide and cobalt.

40. The method of claim 23,
wherein a volume fraction of the cemented carbide dispersed phase is less than

50 volume percent of the hybrid cemented carbide composite; and
wherein the cemented carbide dispersed phase has a contiguity ratio less than
1.5 times the volume fraction of the cemented carbide dispersed phase in the hybrid

cemented carbide composite.

41.  The method of claim 23, wherein the hybrid cemented carbide composite has a
wear resistance greater than 0.7 mm™, and a Palmquist toughness greater than 10

MPa-m"2.

42.  The method of claim 23, wherein the part for an earth-boring bit is selected from

a bit body, a roller cone, and a mud nozzle.

43.  The method of claim 23, wherein the part for an earth-boring bit is a formed fixed-

cutter bit body.

44.  The method of claim 43, further comprising disposing a cutting insert into a
pocket defined by the formed fixed-cutter bit body.
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45.  The method of claim 23, wherein at least one of partially and fully sintering the

green compact comprises:
presintering the green compact to form a brown compact; and

sintering the brown compact.

46.  The method of claim 45, further comprising, prior to sintering the brown compact,

machining the brown compact.

47.  The method of claim 47, wherein machining the brown compact comprises

machining at least one cutter insert pocket in the brown compact.

48.  The method of claim 45, further comprising, prior to presintering the green

compact, machining the green compact.

49.  The method of claim 47, wherein machining the green compact comprises

machining at least one cutter insert pocket in the green compact.

50.  The method of claim 23, wherein consolidating at least a portion of the powder

blend comprises pressing the at least a portion of the powder blend.

51.  The method of claim 49, wherein pressing the at least a portion of the powder

blend comprises isostatically pressing the at least a portion of the powder blend.

52.  The method of claim 23, wherein the first cemented carbide grade and the
second cemented carbide grade each independently comprise a transition metal
carbide selected from the group consisting of titanium carbide, chromium carbide,
vanadium carbide, zirconium carbide, hafnium carbide, tantalum carbide, molybdenum

carbide, niobium carbide, and tungsten carbide.

42



WO 2010/021801 PCT/US2009/051116

53.  The method of claim 45, wherein sintering the brown compact comprises

sintering the brown compact at a liquid phase temperature.

54.  The method of claim 45, wherein sintering the brown compact comprises
sintering the brown compact at a pressure of 300 to 2000 psi and a temperature of
1350°C to 1500°C.

55.  The method of claim 23, wherein the hybrid cemented carbide composite
comprises a first region having a first hybrid cemented carbide composite composition

and a second region having a second hybrid cemented carbide composite composition.

56.  The method of claim 54, further comprising, prior to consolidating:

placing at least a portion of a first powder blend for forming the first hybrid
cemented carbide composite composition into a first region of a void of a mold:

placing at least a portion of a second powder blend for forming the second
cemented carbide composite composition into a second region of the void: and

wherein consolidating at least a portion of the powder blend comprises pressing
the powder blends within the void of the mold to provide the green compact.

57.  The method of claim 43, further comprising attaching a shank to the formed

fixed-cutter bit body.

58.  The method of claim 43, wherein the formed fixed-cutter bit body has a

transverse rupture strength greater than 300 ksi.

59.  The method of claim 58, wherein the formed fixed-cutter bit body has a Young's

modulus greater than 55,000,000 psi.
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