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(57) ABSTRACT 

The present invention relates to compositions and methods 
for forming a bit body for an earth-boring bit. The bit body 
may comprise hard particles, Wherein the hard particles 
comprise at least one carbide, nitride, boride, and oxide and 
solid solutions thereof, and a binder binding together the 
hard particles. The binder may comprise at least one metal 
selected from cobalt, nickel, and iron, and at least one 
melting point reducing constituent selected from a transition 
metal carbide in the range of 30 to 60 Weight percent, boron 
up to 10 Weight percent, silicon up to 20 Weight percent, 
chromium up to 20 Weight percent, and manganese up to 25 
Weight percent, Wherein the Weight percentages are based on 
the total Weight of the binder. In addition, the hard particles 
may comprise at least one of cast carbide (WC+W2C) 
particles, (ii) transition metal carbide particles selected from 
the carbides of titanium, chromium, vanadium, Zirconium, 
hafnium, tantalum, molybdenum, niobium, and tungsten, 
and (iii) sintered cemented carbide particles. 
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FIGURE 1 



Patent Application Publication Sep. 29, 2005 Sheet 2 0f 13 US 2005/0211475 Al 

N mmswE 
00 939352. 

003 8.2 com? 0mm? 

_ _ _ _ _ _ _ 
_ _ _ _ _ _ _ 

?mzUSUj — @ II 

9.22 n 22%: i oommchggow 
6 \ / i 

\ Q82 6/ E i 

m? 
(suowmlw) v10 



Patent Application Publication Sep. 29, 2005 Sheet 3 0f 13 US 2005/0211475 A1 

m m- E D .0 _ n_ 00 929853 

m 

82 8Q 89 o S 8: 

n n n A_ w u w u u u u “ -- oo? 

35 % 265% NW 

:mw 

QOQES. n 26:53 H 
0015: u 220w :om 

~|w. H 

Hmw 

/ H 0 

J11!!! \ // -- 8 (K \ / -I 

. mzgow v.5: H 

om 



US 2005/0211475 A1 

or 

v .u._ m D Q _ H_ 

00 238633 

om? P 00? w . omow " u n n u n n u . u n u I- m T 

I: : 2225 H 

) ml 

002: H @525 / 

00 $9 u 32cm 

8 . / 

llllllll 

Patent Application Publication Sep. 29, 2005 Sheet 4 0f 13 

O 

(sue/mow) v10 



Patent Application Publication Sep. 29, 2005 Sheet 5 0f 13 US 2005/0211475 A1 

m MMDQE 
cm: 00: 

gm: 22%: 

00%: H 22%: 0oz: W228 m 

220w 

(sue/wow) v10 



Patent Application Publication Sep. 29, 2005 Sheet 6 0f 13 US 2005/0211475 A1 

@ m m 3 Q _ n_ 

00 QBSSEE. 

com? om: 0o: omoF 
u w u n u . n w u n , u , w n on. 

4| 

22%: 2%: H 

mm 

038:‘ u 82%: i 00mg: u 26.6w H1 
m 1 - G 

.I 8 w. 

V H W 

\ m T 6 

\ mam: |I|||l||I|\\ II \I‘-/" 
r/ o T 

/ 22cm / i 

11 m 



Patent Application Publication Sep. 29, 2005 Sheet 7 0f 13 US 2005/0211475 Al 

(SIIOAOJQW) VlCl 





Patent Application Publication Sep. 29, 2005 Sheet 9 0f 13 US 2005/0211475 A1 

a imam 

. Awmw meaéhwhm mgmasmcmv 

g . mg, H 
, pmwugw Y i 

m 

g 



Patent Application Publication Sep. 29, 2005 Sheet 10 0f 13 US 2005/0211475 A1 

or MMDO 



Patent Application Publication Sep. 29, 2005 Sheet 11 0f 13 US 2005/0211475 A1 

kwuoimoU n mEmZ 2E. 

gem Es“ 9... 2mm E3303. :QI n $32.. E33om> 
n 

S‘ MEDQE 
mum-.05: Gnu-(n 

X can n 03: 

\E codw u hIm QmmO n howuwumQ 



Patent Application Publication Sep. 29, 2005 Sheet 12 0f 13 US 2005/0211475 A1 

NP MMDOE‘ 88 5a 2.. 2mm ., x 2:. " mus ammo " 362mm 

mkzmmmkn. mEm..._m> n mtg: E::um> 

X 02. 



Patent Application Publication Sep. 29, 2005 Sheet 13 0f 13 US 2005/0211475 A1 

m? MMDQE 
, t 

\Nmw . 1V . 



US 2005/0211475 A1 

EARTH-BORING BITS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a nonprovisional application 
claiming priority from US. Provisional Application Ser. No. 
60/556,063 ?led on Apr. 28, 2004. 

FIELD OF TECHNOLOGY 

[0002] This invention relates to improvements to earth 
boring bits and methods of producing earth-boring bits. 
More speci?cally, the invention relates to earth-boring bit 
bodies, roller cones, and teeth for roller cone earth-boring 
bits and methods of forming earth-boring bit bodies, roller 
cones, and teeth for roller cone earth-boring bits. 

BACKGROUND OF THE TECHNOLOGY 

[0003] Earth-boring bits may have ?xed or rotatable cut 
ting elements. Earth-boring bits With ?xed cutting elements 
typically include a bit body machined from steel or fabri 
cated by in?ltrating a bed of hard particles, such as cast 
carbide (WC+W2C), macrocystalline or standard tungsten 
carbide (WC), and/or sintered cemented carbide With a 
binder such as, for example, a copper-base alloy. Several 
cutting inserts are ?xed to the bit body in predetermined 
positions to optimiZe cutting. The bit body may be secured 
to a steel shank 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. 
[0004] 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. 

[0005] In the conventional method for manufacturing a bit 
body from hard particles and a binder, a mold is milled or 
machined to de?ne the exterior surface features of the bit 
body. Additional hand milling or clay Work may also be 
required to create or re?ne topographical features of the bit 
body. 
[0006] Once the mold is complete, a preformed bit blank 
of steel may be disposed Within the mold cavity to internally 
reinforce the bit body matrix upon fabrication. Other tran 
sition or refractory metal based inserts, such as those de?n 
ing internal ?uid courses, pockets for cutting elements, 
ridges, lands, noZZle displacements, junk slots, 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 placed at precise locations to ensure proper positioning of 
cutting elements, noZZles, junk slots, etc. in the ?nal bit. 

[0007] The desired hard particles may then be placed 
Within the mold and packed to the desired density. The hard 
particles are then in?ltrated With a molten binder, Which 
freeZes to form a solid bit body including a discontinuous 
phase of hard particles Within a continuous phase of binder. 

[0008] The bit body may then be assembled With other 
earth-boring bit components. For example, a threaded shank 
may be Welded or otherWise secured to the bit body, and 
cutting elements or inserts (typically diamond or a synthetic 
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polycrystalline diamond compact (“PDC”)) are secured 
Within the cutting insert pockets, such as by braZing, adhe 
sive bonding, or mechanical af?xation. Alternatively, the 
cutting inserts may be bonded to the face of the bit body 
during fumacing and in?ltration if thermally stable PDC’s 
(“TSP”) are employed. 

[0009] Rotatable earth-boring bits for oil and gas explo 
ration conventionally comprise cemented carbide cutting 
inserts attached to conical holders that form part of a 
roller-cone assembled bit. The bit body of the roller cone bit 
is usually made of alloy steel. 

[0010] Earth-boring bits typically are secured to the ter 
minal end of a drill string, Which is rotated from the surface. 
Drilling ?uid or mud is pumped doWn the holloW drill string 
and out noZZles formed in the bit body. The drilling ?uid or 
mud cools and lubricates the bit as it rotates and also carries 
material cut by the bit to the surface. 

[0011] The bit body and other elements of earth-boring 
bits are subjected to many forms of Wear as they operate in 
the harsh doWn hole environment. Among the most common 
form of Wear is abrasive Wear caused by contact With 
abrasive rock formations. In addition, the drilling mud, 
laden With rock cuttings, causes the bit to erode or Wear. 

[0012] The service life of an earth-boring bit is a function 
not only of the Wear properties of the PDCs or cemented 
carbide inserts, but also of the Wear properties of the bit body 
(in the case of ?xed cutter bits) or conical holders (in the 
case of roller cone bits). One Way to increase earth-boring 
bit service life is to employ bit bodies or conical holders 
made of materials With improved combinations of strength, 
toughness, and abrasion/erosion resistance. 

[0013] Accordingly, there is a need for improved bit 
bodies for earth-boring bits having increased Wear resis 
tance, strength and toughness. 

SUMMARY OF THE INVENTION 

[0014] The present invention relates to a composition for 
forming a bit body for an earth-boring bit. The bit body 
comprises hard particles, Wherein the hard particles 
comprise at least one of carbides, nitrides, borides, silicides 
and oxides and solid solutions thereof and (ii) a binder 
binding together the hard particles. The hard particles may 
comprise at least one transition metal carbide selected from 
carbides of titanium, chromium, vanadium, Zirconium, 
hafnium, tantalum, molybdenum, niobium, and tungsten or 
solid solutions thereof. The hard particles may be present as 
individual or mixed carbides and/or as sintered cemented 
carbides. Embodiments of the binder may comprise at 
least one metal selected from cobalt, nickel, and iron (ii) at 
least one melting point reducing constituent selected from a 
transition metal carbide up to 60 Weight percent, up to 50 
Weight percent of one or more of the transition elements, 
carbon up to 5 Weight percent, boron up to 10 Weight 
percent, silicon up to 20 Weight percent, chromium up to 20 
Weight percent, and manganese up to 25 Weight percent, 
Wherein the Weight percentages are based on the total Weight 
of the binder. In one embodiment, the binder comprises 40 
to 50 Weight percent of tungsten carbide and 40 to 60 Weight 
percent of at least one or iron, cobalt, and nickel. For the 
purpose of this invention, transition elements are de?ned as 
those belonging to groups IVB, VB, and VIB of the periodic 
table. 
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[0015] Another embodiment of the composition for form 
ing a matrix body comprises hard particles and a binder, 
Wherein the binder has a melting point in the range of 1050° 
C. to 1350° C. The binder may be an alloy comprising at 
least one of iron, cobalt, and nickel and may further com 
prise at least one of a transition metal carbide, a transition 

element, carbon, boron, silicon, chromium, manganese, sil 
ver, aluminum, copper, tin, and Zinc. More preferably, the 
binder may be an alloy comprising at least one of iron, 
cobalt, and nickel and at least one of a tungsten carbide, 
tungsten, carbon, boron, silicon, chromium, and manganese. 

[0016] A further embodiment of the invention is a com 
position for forming a matrix body, the composition com 
prising hard particles of a transition metal carbide and a 
binder comprising at least one of nickel, iron, and cobalt and 
having a melting point less than 1350° C. The binder may 
further comprise at least one of a transition metal carbide, 
tungsten carbide, tungsten, carbon, boron, silicon, chro 
mium, manganese, silver, aluminum, copper, tin, and Zinc. 

[0017] In the manufacture of bit bodies, hard particles and, 
optionally, inserts may be placed Within a bit body mold. 
The hard particles (and any inserts present) may then be 
in?ltrated With a molten binder, Which freezes to form a 
solid matrix body including a discontinuous phase of hard 
particles Within a continuous phase of binder. Embodiments 
of the present invention also include methods of forming 
articles, such as, but not limited to, bit bodies for earth 
boring bits, roller cones, and teeth for rolling cone drill bits. 
An embodiment of the method of forming an article may 
comprise in?ltrating a mass of hard particles comprising at 
least one transition metal carbide With a binder comprising 
at least one of nickel, iron, and cobalt and having a melting 
point less than 1350° C. Another embodiment includes a 
method comprising in?ltrating a mass of hard particles 
comprising at least one transition metal carbide With a 
binder having a melting point in the range of 1050° C. to 
1350° C. The binder may comprise at least one of iron, 
nickel, and cobalt, Wherein the total concentration of iron, 
nickel, and cobalt is from 40 to 99 Weight percent by Weight 
of the binder. The binder may further comprise at least one 
of a selected transition metal carbide, tungsten carbide, 
tungsten, carbon, boron, silicon, chromium, manganese, 
silver, aluminum, copper, tin, and Zinc in a concentration 
effective to reduce the melting point of the iron, nickel, 
and/or cobalt. The binder may be a eutectic or near eutectic 
mixture. The loWered melting point of the binder facilitates 
proper in?ltration of the mass of hard particles. 

[0018] A further embodiment of the invention is a method 
of producing an earth-boring bit, comprising casting the 
earth-boring bit from a molten mixture of at least one of iron, 
nickel, and cobalt and a carbide of a transition metal. The 
mixture may be a eutectic or near eutectic mixture. In these 

embodiments, the earth-boring bit may be cast directly 
Without in?ltrating a mass of hard particles. 

[0019] Unless otherWise indicated, all numbers expressing 
quantities of ingredients, time, temperatures, and so forth 
used in the present speci?cation and claims are to be 
understood as being modi?ed in all instances by the term 
“about.” Accordingly, unless indicated to the contrary, the 
numerical parameters set forth in the folloWing speci?cation 
and claims are approximations that may vary depending 
upon the desired properties sought to be obtained by the 
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present invention. At the 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 should at 
least be construed in light of the number of reported sig 
ni?cant digits and by applying ordinary rounding tech 
niques. 

[0020] NotWithstanding that the numerical ranges and 
parameters setting forth the broad scope of the invention are 
approximations, the numerical values set forth in the speci?c 
examples are reported as precisely as possible. Any numeri 
cal value, hoWever, may inherently contain certain errors 
necessarily resulting from the standard deviation found in 
their respective testing measurements. 

[0021] The reader Will appreciate the foregoing details and 
advantages of the present invention, as Well as others, upon 
consideration of the folloWing detailed description of 
embodiments of the invention. The reader also may com 
prehend such additional details and advantages of the 
present invention upon making and/or using embodiments 
Within the present invention. 

BRIEF DESCRIPTION OF THE FIGURES 

[0022] The features and advantages of the present inven 
tion may be better understood by reference to the accom 
panying ?gures in Which: 

[0023] FIG. 1 is a schematic cross-sectional vieW of an 
embodiment of bit body for an earth-boring bit; 

[0024] FIG. 2 is a graph of the results of a tWo cycle DTA, 
from 900° C. to 1400° C. at a rate of temperature increase 
of 10° C./minute in an argon atmosphere, of a sample 
comprising about 45% tungsten carbide and about 55% 
cobalt; 

[0025] FIG. 3 is a graph of the results of a tWo cycle DTA, 
from 900° C. to 1300° C. at a rate of temperature increase 
of 10° C./minute in an argon atmosphere, of a sample 
comprising about 45% tungsten carbide, about 53% cobalt, 
and about 2% boron; 

[0026] FIG. 4 is a graph of the results of a tWo cycle DTA, 
from 900° C. to 1400° C. at a rate of temperature increase 
of 10° C./minute in an argon atmosphere, of a sample 
comprising about 45% tungsten carbide, about 53% nickel, 
and about 2% boron; 

[0027] FIG. 5 is a graph of the results of a tWo cycle DTA, 
from 900° C. to 1200° C. at a rate of temperature increase 
of 10° C./minute in an argon atmosphere, of a sample 
comprising about 96.3% nickel and about 3.7% boron; 

[0028] FIG. 6 is a graph of the results of a tWo cycle DTA, 
from 900° C. to 1300° C. at a rate of temperature increase 
of 10° C./minute in an argon atmosphere, of a sample 
comprising about 88.4% nickel and about 11.6% silicon; 

[0029] FIG. 7 is a graph of the results of a tWo cycle DTA, 
from 900° C. to 1200° C. at a rate of temperature increase 
of 10° C./minute in an argon atmosphere, of a sample 
comprising about 96% cobalt and about 4% boron; 

[0030] FIG. 8 is a graph of the results of a tWo cycle DTA, 
from 900° C. to 1300° C. at a rate of temperature increase 
of 10° C./minute in an argon atmosphere, of a sample 
comprising about 87.5% cobalt and about 12.5% silicon; 
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[0031] FIG. 9 is a photomicrograph of a material pro 
duced by in?ltrating a mass of hard particles With a binder 
consisting essentially of cobalt and boron; 

[0032] FIG. 10 is a photomicrograph of a material pro 
duced by in?ltrating a mass of hard particles With a binder 
consisting essentially of cobalt and boron; 

[0033] FIG. 11 is a photomicrograph of a material pro 
duced by in?ltrating a mass of hard particles With a binder 
consisting essentially of cobalt and boron; 

[0034] FIG. 12 is a photomicrograph of a material pro 
duced by in?ltrating a mass of hard particles With a binder 
consisting essentially of cobalt and boron; and 

[0035] FIG. 13 is a photomicrograph of a material pro 
duced by in?ltrating a mass of cast carbide particles and a 
cemented carbide insert With a binder consisting essentially 
of cobalt and boron. 

DESCRIPTION ON THE INVENTION 

[0036] Embodiments of the present invention relate to a 
composition for the formation of bit bodies for earth-boring 
bits, roller cones, and teeth for roller cone drill bits and 
methods of making a bit body for an earth-boring bit, roller 
cones, and teeth for tri cone roller cone drill bits. Addition 
ally, the method may be used to make other articles. Certain 
embodiments of a bit body of the present invention comprise 
at least one discontinuous hard phase and a continuous 
binder phase binding together the hard phase. Embodiments 
of the compositions and methods of the present invention 
provide increased service life for the bit body, teeth, and 
roller cones produced from the composition and method and 
thereby improve the service life of the earth-boring bit. 

[0037] A typical bit body 10 of an earth-boring bit is 
shoWn in FIG. 1. Generally, a bit body 10 comprises 
attachment means 11 on a shank 12 incorporated in the bit 
body 10. The shank 12 is typically made of steel. Abit body 
may be constructed having various sections, and each sec 
tion may be comprised of a different concentration, compo 
sition, and siZe of hard particles, for example. The example 
bit body 10 of FIG. 1 comprises three sections. The top 
section 13 may comprise a discontinuous hard phase of 
tungsten and/or tungsten carbide, the mid section 14 may 
comprise a discontinuous hard phase of coarse cast tungsten 
carbide (W2C, WC), tungsten carbide, and/or sintered 
cemented carbide particles, and the bottom section, if 
present, 15 may comprise a discontinuous hard phase of ?ne 
cast carbide, tungsten carbide, and/or sintered cemented 
carbide particles. The bit body 10 also includes pockets 16 
along the bottom of the bit body 10 and into Which cutting 
inserts may be disposed. The bit body 10 may also include 
internal ?uid courses, ridges, lands, noZZle displacements, 
junk slots, and any other conventional topographical fea 
tures of an earth-boring bit body. Optionally, these topo 
graphical features may be de?ned by preformed inserts, such 
as inserts 17, that are dispersed at suitable positions on the 
bit body. Embodiments of the present invention include bit 
bodies comprising inserts produced from cemented carbides. 
In a conventional bit body, the hard phase particles are 
bound in a matrix of copper-base alloy, such as, brasses or 
bronZes. Embodiments of the bit body of the present inven 
tion may comprise or be fabricated With novel binders to 
import improved Wear resistance, strength and toughness to 
the bit body. 
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[0038] In certain embodiments, the binder used to fabri 
cate the bit body has a melting temperature betWeen 1050° 
C. and 1350° C. In other embodiments, the binder comprises 
an alloy of at least one of cobalt, iron, and nickel, Wherein 
the alloy has a melting point of less than 1350° C. In other 
embodiments of the composition of the present invention, 
the composition comprises at least one of cobalt, nickel, and 
iron and a melting point reducing constituent. Pure cobalt, 
nickel, and iron are characteriZed by high melting points 
(approximately 1500° C.), and hence the in?ltration of beds 
of hard particles by pure molten cobalt, iron, or nickel is 
dif?cult to accomplish in a practical manner Without forma 
tion of excessive porosity. HoWever, an alloy of at least one 
of cobalt, iron, nickel may be used if it includes a suf?cient 
amount of at least one melting point reducing constituent. 
The melting point reducing constituent may be at least one 
of a transition metal carbide, a transition element, tungsten, 
carbon, boron, silicon, chromium, manganese, silver, alu 
minum, copper, tin, Zinc, as Well as other elements that alone 
or in combination can be added in amounts that reduce the 
melting point of the binder suf?ciently so that the binder 
may be used effectively to form a bit body by the selected 
method. Abinder may effectively be used to form a bit body 
if the binder’s properties, for example, melting point, molten 
viscosity, and in?ltration distance, are such that the bit body 
may be cast Without an excessive amount of porosity. 
Preferably, the melting point reducing constituent is at least 
one of a transition metal carbide, a transition metal, tung 
sten, carbon, boron, silicon, chromium and manganese. It 
may be preferable to combine tWo or more of the above 
melting point reducing constituents to obtain a binder effec 
tive for in?ltrating a mass of hard particles. For example, 
tungsten and carbon may be added together to produce a 
greater melting point reduction than produced by the addi 
tion of tungsten alone and, in such a case, the tungsten and 
carbon may be added in the form of tungsten carbide. Other 
melting point reducing constituents may be added in a 
similar manner. 

[0039] The one or more melting point reducing constitu 
ents may be added alone or in combination With other binder 
constituents in any amount that produces a binder compo 
sition effective for producing a bit body. In addition, the one 
or more melting point reducing constituents may be added 
such that the binder is a eutectic or near eutectic composi 
tion. Providing a binder With eutectic or near-eutectic con 
centration of ingredients ensures that the binder Will have a 
loWer melting point, Which may facilitate casting and in?l 
trating the bed of hard particles. In certain embodiments, it 
is preferable for the one or more melting point reducing 
constituents to be present in the binder in the folloWing 
Weight percentages based on the total binder Weight: tung 
sten may be present up to 55%, carbon may be present up to 
4%, boron may be present up to 10%, silicon may be present 
up to 20%, chromium may be present up to 20%, and 
manganese may be present up to 25%. In certain other 
embodiments, it may be preferable for the one or more 
melting point reducing constituents to be present in the 
binder in one or more of the folloWing Weight percentage 
based on the total binder Weight: tungsten may be present 
from 30 to 55%, carbon may be present from 1.5 to 4%, 
boron may be present from 1 to 10%, silicon may be present 
from 2 to 20%, chromium may be present from 2 to 20%, 
and manganese may be present from 10 to 25%. In certain 
other embodiments of the composition of the present inven 
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tion the melting point reducing constituent may be tungsten 
carbide present from 30 to 60 Weight %. Under certain 
casting conditions and binder concentrations, all or a portion 
of the tungsten carbide Will precipitate from the binder upon 
freezing and Will form a hard phase. This precipitated hard 
phase may be in addition to any hard phase present as hard 
particles in the mold. HoWever, if no hard particles are 
disposed in the mold or in a section of the mold all the hard 
phase particles in the bit body or in the section of the bit 
body may be formed as tungsten carbide precipitated during 
casting. 
[0040] Embodiments of the present invention also com 
prise bit bodies for earth-boring bits comprising transition 
metal carbide Wherein the bit body comprises a volume 
fraction of tungsten carbide greater than 75 volume %. It is 
noW possible to prepare bit bodies having such a volume 
fraction of, for example, tungsten carbide due to the method 
of the present invention, embodiments of Which are 
described beloW. An embodiment of the method comprises 
in?ltrating a bed of tungsten carbide hard particles With a 
binder that is a eutectic or near eutectic composition of at 
least one of cobalt, iron, and nickel and tungsten carbide. It 
is believed that bit bodies comprising concentrations of 
discontinuous phase tungsten carbide of up to 95% by 
volume may be produced by methods of the present inven 
tion if a bed of tungsten is in?ltrated With a molten eutectic 
or near eutectic composition of tungsten carbide and at least 
one of cobalt, iron, and nickel. In contrast, conventional 
in?ltration methods for producing bit bodies may only be 
used to produce bit bodies having a maximum of about 72% 
by volume tungsten carbide. The inventors have determined 
that the volume concentration of tungsten carbide in the cast 
bit body can be 75% up to 95% if using as in?ltrated a 
eutectic or near eutectic composition of tungsten carbide and 
at least one of cobalt, iron, and nickel. Presently, there are 
limitations in the volume percentage of hard phase that may 
be formed in a bit body due to limitations in the packing 
density of a mold With hard particles and the dif?culties in 
in?ltrating a densely packed mass of hard particles. HoW 
ever, precipitating carbide from an in?ltrant binder compris 
ing a eutectic or near eutectic composition avoids these 
dif?culties. Upon freezing of the binder in the bit body mold, 
the additional hard phase is formed by precipitation from the 
molten in?ltrant during cooling. Therefore, a greater con 
centration of hard phase is formed in the bit body than could 
be achieved if the molten binder lack dissolved tungsten 
carbide. Use of molten binder/in?ltrant compositions at or 
near the eutectic alloWs higher volume percentages of hard 
phase in bit bodies than previously available. 

[0041] The volume percent of tungsten carbide in the bit 
body may be additionally increased by incorporating 
cemented carbide inserts into the bit body. The cemented 
carbide inserts may be used for forming internal ?uid 
courses, pockets for cutting elements, ridges, lands, noZZle 
displacements, junk slots, or other topographical features of 
the bit body, or merely to provide structural support, stiff 
ness, toughness, strength, or Wear resistance at selected 
locations With the body or holder. Conventional cemented 
carbide inserts may comprise from 70 to 99 volume % of 
tungsten carbide if prepared by conventional cemented 
carbide techniques. Any knoWn cemented carbide may be 
used as inserts in the bit body, such as, but not limited to, 
composites of carbides of at least one of titanium, Zirco 
nium, hafnium, vanadium, niobium, tantalum, chromium, 
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molybdenum and tungsten in a binder of at least one of 
cobalt, iron, and nickel. Additional alloying agents may be 
present in the cemented carbides as are knoWn in the art. 

[0042] Embodiments of the composition for forming a bit 
body also comprise at least one hard particle type. As stated 
above, the bit body also may comprise various regions 
comprising different types and/or concentrations of hard 
particles. For example, bit body 10 of FIG. 1 may comprise 
a bottom section 15 of a harder Wear resistant discontinuous 
hard phase material With a ?ne particle siZe and a mid 
section 14 of a tougher discontinuous hard phase material 
With a relatively coarse particle siZe. The hard phase of any 
section may comprise at least one carbide, nitride, boride, 
oxide, cast carbide, cemented carbide, mixtures thereof, and 
solid solutions thereof. In certain embodiments, the hard 
phase may comprise at least one cemented carbide compris 
ing at least one of titanium, Zirconium, hafnium, vanadium, 
niobium, tantalum, chromium, molybdenum, and tungsten. 
The cemented carbides may have any suitable particle siZe 
or shape, such as, but not limited to, irregular, spherical, 
oblate and prolate shapes. 

[0043] Certain embodiments of the composition of the 
present invention may comprise from 30 to 95 volume % of 
hard phase and from 5 to 70 volume % of binder phase. 
Isolated regions of the bit body may be Within a broader 
range of hard phase concentrations, from for example, 30 to 
99 volume % hard phase. This may be accomplished, for 
example, by disposing hard particles in various packing 
densities in certain locations Within the mold or by a placing 
cemented carbide inserts in the mold prior to casting the bit 
body or other article. Additionally, the bit body may be 
formed by casting more than one binder into the mold. 

[0044] A dif?culty With fabricating a bit body or holder 
comprising a binder including at least one of cobalt, iron, 
and nickel stems from the relatively high melting points of 
cobalt, iron, and nickel. The melting point of each of these 
metals at atmospheric pressure is approximately 1500° C. In 
addition, since cobalt, iron, and nickel have high solubilities 
in the liquid state for tungsten carbide, it is dif?cult to 
prevent premature freeZing of, for example, a molten cobalt 
tungsten or nickel-tungsten carbide alloy While attempting to 
in?ltrate a bed of tungsten carbide particles When casting an 
earth-boring bit body. This phenomenon may lead to the 
formation of pin-holes in the casting even With the use of 
high temperatures, such as greater than 1400° C., during the 
in?ltration process. 

[0045] Embodiments of the method of the present inven 
tion may overcome the difficulties associated With cobalt, 
iron and nickel in?ltrated cast composites by use of a 
prealloyed cobalt-tungsten carbide eutectic or near eutectic 
composition (30 to 60% tungsten carbide and 40 to 70% 
cobalt, by Weight). For example, a cobalt alloy having a 
concentration of approximately 43 Weight % of tungsten 
carbide has a melting point of approximately 1300° C. See 
FIG. 2. The loWer melting point of the eutectic or near 
eutectic alloy relative to cobalt, iron, and nickel, along With 
the negligible freeZing range of the eutectic or near eutectic 
composition, can greatly facilitate the fabrication of cobalt 
tungsten carbide based diamond bit bodies, as Well as 
cemented carbide conical holders and roller cone bits. In the 
solid state, such eutectic or near eutectic alloys are essen 
tially composites containing tWo phases, namely, tungsten 



US 2005/0211475 A1 

carbide (a hard discontinuous phase) and cobalt (a ductile 
continuous phase or binder phase). Eutectic or near-eutectic 
mixtures of cobalt-tungsten carbide, nickel-tungsten car 
bide, cobalt-nickel-tungsten carbide and iron-tungsten car 
bide alloys, for example, can be expected to exhibit far 
higher strength and toughness levels compared With brass 
and bronZe-based composites at equivalent abrasion/erosion 
resistance levels. These alloys can also be expected to be 
machineable using conventional cutting tools. 

[0046] Certain embodiments of the method of the inven 
tion comprise in?ltrating a mass of hard particles With a 
binder that is a eutectic or near eutectic composition com 
prising at least one of cobalt, iron, and nickel and tungsten 
carbide, and Wherein the binder has a melting point less than 
1350° C. As used herein, a near eutectic concentration 
means that the concentrations of the major constituents of 
the composition are Within 10 Weight % of the eutectic 
concentrations of the constituents. The eutectic concentra 
tion of tungsten carbide in cobalt is approximately 43 Weight 
percent. Eutectic compositions are knoWn or easily approxi 
mated by one skilled in the art. Casting the eutectic or near 
eutectic composition may be performed With or Without hard 
particles in the mold. HoWever, it may be preferable that 
upon solidi?cation the composition forms a precipitated 
hard tungsten carbide phase and a binder phase. The binder 
may further comprise alloying agents, such as at least one of 
boron, silicon, chromium, manganese, silver, aluminum, 
copper, tin, and Zinc. 

[0047] Embodiments of the present invention may com 
prise as one aspect the fabrication of bodies and conical 
holders from eutectic or near-eutectic compositions employ 
ing several different methods. Examples of these methods 
include: 

[0048] 1. In?ltrating a bed or mass of hard particles 
comprising a mixture of transition metal carbide 
particles and at least one of cobalt, iron, and nickel 
(i.e., a cemented carbide) With a molten in?ltrant that 
is a eutectic or near eutectic composition of a carbide 
and at least one of cobalt, iron, and nickel. 

[0049] 2. In?ltrating a bed or mass of transition metal 
carbide particles With a molten in?ltrant that is a 
eutectic or near eutectic composition of a carbide and 
at least one of cobalt, iron, and nickel. 

[0050] 3. Casting a molten eutectic or near eutectic 
composition of a carbide, such as tungsten carbide, 
and at least one of cobalt, iron, and nickel to net 
shape or a near-net-shape in the form of a bit body, 
roller cone, or conical holder. 

[0051] 4. Mixing poWdered binder and hard particles 
together, placing the mixture in a mold, heating the 
poWders to a temperature greater than the melting 
point of the binder, and cooling to cast the materials 
into the form of an earth-boring bit body, a roller 
cone, or a conical holder. This so-called “casting in 
place” method may alloW the use of binders With 
relatively less capacity for in?ltrating a mass of hard 
particles since the binder is mixed With the hard 
particles prior to melting and, therefore, shorter 
in?ltration distances are required to form the article. 

[0052] In certain methods of the present invention, in?l 
trating the hard particles may include loading a funnel With 
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a binder, melting the binder, and introducing the binder into 
the mold With the hard particles and, optionally, the inserts. 
The binder as discussed above may be a eutectic or near 
eutectic composition or may comprise at least one of cobalt, 
iron, and nickel and at least one melting point reducing 
constituent. 

[0053] Another method of the present invention comprises 
preparing a mold and casting a eutectic or near eutectic 
mixture of at least one of cobalt, iron, and nickel and a hard 
phase component. As the eutectic mixture cools the hard 
phase may precipitate from the mixture to form the hard 
phase. This method may be useful for the formation of roller 
cones and teeth in tri-cone drill bits. 

[0054] Another embodiment of the present invention 
involves casting in place, mentioned above. An example of 
this embodiment comprises preparing a mold, adding a 
mixture of hard particles and binder to the mold, and heating 
the mold above the melting temperature of the binder. This 
method results in the casting in place of the bit body, roller 
cone, and teeth for tri-cone drill bits. This method may be 
preferable When the expected in?ltration distance of the 
binder is not suf?cient for suf?ciently in?ltrating the hard 
particles conventionally. 

[0055] The hard particles or hard phase may comprise one 
or more of carbides, oxides, borides, and nitrides, and the 
binder phase may be composed of the one or more of the 
Group VIII metals, namely, Co, Ni, and/or Fe. The mor 
phology of the hard phase can be in the form of irregular, 
equiaxed, or spherical particles, ?bers, Whiskers, platelets, 
prisms, or any other useful form. In certain embodiments, 
the cobalt, iron, and nickel alloys useful in this invention can 
contain additives, such as boron, chromium, silicon, alumi 
num, copper, manganese, or ruthenium, in total amounts up 
to 20 Weight % of the ductile continuous phase. 

[0056] The enclosed FIGS. 2 to 8 are graphs of the results 
of Differential Thermal Analysis (DTA) on embodiments of 
the binders of the present invention. FIG. 2 is a graph of the 
results of a tWo cycle DTA, from 900° C. to 1400° C. at a 
rate of temperature increase of 10° C./minute in an argon 
atmosphere, of a sample comprising about 45% tungsten 
carbide and about 55% cobalt (all percentages are in Weight 
percent unless noted otherWise). The graph shoWs the melt 
ing point of the alloy to be approximately 1339° C. 

[0057] FIG. 3 is a graph of the results of a tWo cycle DTA, 
from 900° C. to 1300° C. at a rate of temperature increase 
of 10° C./minute in an argon atmosphere, of a sample 
comprising about 45% tungsten carbide, about 53% cobalt, 
and about 2% boron. The graph shoWs the melting point of 
the alloy to be approximately 1151° C. As compared to the 
DTA of the alloy of FIG. 2, the replacement of about 2% of 
cobalt With boron reduced the melting point of the alloy in 
FIG. 3 almost 200° C. 

[0058] FIG. 4 is a graph of the results of a tWo cycle DTA, 
from 900° C. to 1400° C. at a rate of temperature increase 
of 10° C./minute in an argon atmosphere, of a sample 
comprising about 45% tungsten carbide, about 53% nickel, 
and about 2% boron. The graph shoWs the melting point of 
the alloy to be approximately 1089° C. As compared to the 
DTA of the alloy of FIG. 3, the replacement of cobalt With 
nickel reduced the melting point of the alloy in FIG. 4 
almost 60° C. 
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[0059] FIG. 5 is a graph of the results of a tWo cycle DTA, 
from 900° C. to 1200° C. at a rate of temperature increase 
of 10° C./minute in an argon atmosphere, of a sample 
comprising about 96.3% nickel and about 3.7% boron. The 
graph shoWs the melting point of the alloy to be approxi 
mately 1100° C. 

[0060] FIG. 6 is a graph of the results of a tWo cycle DTA, 
from 900° C. to 1300° C. at a rate of temperature increase 
of 10° C./minute in an argon atmosphere, of a sample 
comprising about 88.4% nickel and about 11.6% silicon. 
The graph shoWs the melting point of the alloy to be 
approximately 1150° C. 

[0061] FIG. 7 is a graph of the results of a tWo cycle DTA, 
from 900° C. to 1200° C. at a rate of temperature increase 
of 10° C./minute in an argon atmosphere, of a sample 
comprising about 96% cobalt and about 4% boron. The 
graph shoWs the melting point of the alloy to be approxi 
mately 1100° C. 

[0062] FIG. 8 is a graph of the results of a tWo cycle DTA, 
from 900° C. to 1300° C. at a rate of temperature increase 
of 10° C./minute in an argon atmosphere, of a sample 
comprising about 87.5% cobalt and about 12.5% silicon. 
The graph shoWs the melting point of the alloy to be 
approximately 1200° C. 

[0063] FIGS. 9 to 11 shoW photomicrographs of materials 
formed by embodiments of the methods of the present 
invention. FIG. 9 is a scanning electron microscope (SEM) 
photomicrograph of a material produced by casting a binder 
consisting essentially of a eutectic mixture of cobalt and 
boron, Wherein the boron is present at about 4 Weight 
percent of the binder. The lighter colored phase 92 is Co3B 
and the darker phase 91 is essentially cobalt. The cobalt and 
boron mixture Was melted by heating to approximately 
1200° C. then alloWed to cool in air to room temperature and 
solidify. 
[0064] FIGS. 10-12 are SEM photomicrographs of differ 
ent pieces and different aspects of the microstructure made 
from the same material. The material Was formed by in?l 
trating hard particles With a binder. The hard particles Were 
an cast carbide aggregate (W2C, WC) comprising approxi 
mately 60-65 volume percent of the material. The aggregate 
Was in?ltrated by a binder comprising approximately 96 
Weight percent cobalt and 4 Weight percent boron. The 
in?ltration temperature Was approximately 1285° C. 

[0065] FIG. 13 is a photomicrograph of a material pro 
duced by in?ltrating a mass of cast carbide particles 130 and 
a cemented carbide insert 131 With a binder consisting 
essentially of cobalt and boron. To produce the material 
shoWn in FIG. 13, a cemented carbide insert 131 of approxi 
mately %“ diameter by 1.5“ height Was placed in the mold 
prior to in?ltrating the mass of hard cast carbide particles 
130 With a binder comprising cobalt and boron. As may be 
seen in FIG. 13, the in?ltrated binder and the binder of the 
cemented carbide blended to form one continuous matrix 
132 binding both the cast carbides and the carbides of the 
cemented carbide. 

[0066] It is to be understood that the present description 
illustrates those aspects of the invention relevant to a clear 
understanding of the invention. Certain aspects of the inven 
tion that Would be apparent to those of ordinary skill in the 
art and that, therefore, Would not facilitate a better under 
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standing of the invention have not been presented in order to 
simplify the present description. Although embodiments of 
the present invention have been described, one of ordinary 
skill in the art Will, upon considering the foregoing descrip 
tion, recogniZe that many modi?cations and variations of the 
invention may be employed. All such variations and modi 
?cations of the invention are intended to be covered by the 
foregoing description and the folloWing claims. 

1. A composition for forming a bit body for an earth 
boring bit, the composition comprising: 

hard particles comprising at least one of a carbide, a 
nitride, a boride, a silicide, an oxide, and solid solutions 
thereof; and 

a binder, Wherein the binder comprises: 

at least one metal selected from cobalt, nickel, and iron; 
and 

at least one melting point reducing constituent selected 
from at least one of a transition metal carbide, 
boride, or silicide up to 60 Weight percent, a transi 
tion metal up to 50 Weight percent, boron up to 10 
Weight percent, silicon up to 20 Weight percent, 
chromium up to 20 Weight percent, and manganese 
up to 25 Weight percent, Wherein the Weight percent 
ages are based on the total Weight of the binder. 

2. The composition of claim 1, Wherein the melting point 
reducing constituent is at least one of tungsten carbide 
present from 30 to 60 Weight percent, tungsten present from 
30 to 55 Weight percent, carbon present from 1.5 to 4 Weight 
percent, boron present from 1 to 10 Weight percent, silicon 
present from 2 to 20 Weight percent, chromium present from 
2 to 20 Weight percent, and manganese present from 10 to 
25 Weight percent. 

3. The composition of claim 1, Wherein the hard particles 
are at least one of individual single crystals, as polycrystal 
line particles, as solid solutions, as polycrystalline particles 
comprising tWo or more phases, and sintered granules com 
prising a binder, sintered granules Without a binder. 

4. The composition of claim 1, Wherein the hard particles 
comprise at least one transition metal carbide selected from 
titanium carbide, chromium carbide, vanadium carbide, Zir 
conium carbide, hafnium carbide, tantalum carbide, molyb 
denum carbide, niobium carbide, and tungsten carbide. 

5. The composition of claim 1, Wherein the melting point 
reducing constituent is at least one of tungsten carbide, 
boride, and silicide in the range of 30 to 60 Weight percent 
based on the total Weight of the binder. 

6. The composition of claim 1, Wherein the binder com 
prises 40 to 50 Weight percent of tungsten carbide and 40 to 
60 Weight percent of at least one or iron, cobalt, and nickel, 
all based on the total Weight of the binder. 

7. The composition of claim 6, Wherein the binder com 
prises 40 to 50 Weight percent of tungsten carbide and 40 to 
60 Weight percent of cobalt, all based on the total Weight of 
the binder. 

8. The composition of claim 7, Wherein the binder further 
comprises up to 10 Weight percent of at least one of boron 
and silicon based on the total Weight of the binder. 

9. The composition of claim 1, Wherein the melting point 
reducing constituent is silicon in the range of 2 to 20 Weight 
percent based on the total Weight of the binder. 






