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April 28, 2004. FIELD OF TECHNOLOGY [0001] This invention relates to

i nprovenents to earth-boring bits and nethods of producing earth-boring
bits. Mire specifically, the invention relates to earth-boring bit bodies,
roll er cones, insert roller cones, coneSThd teeth for roller cone
earth-boring bits and nethods of fehAk-REHRASIHsh-boring bit bodies, roller
cones, insert roller cones, cones and teeth for roller cone eart h- bori ng
bits. BACKGROUND OF THE TECHNOLOGY [0002] Earth-boring bits may have fixed
or rotatable cutting el enents. Eartthpgﬁpaﬁsblts with fixed cutting

el enents typically include a bit bod Ined fromsteel or fabricated by
infiltrating a bed ofpﬁﬁ@ﬂ’ﬁaMﬂ@E%é@“~Bﬂ@h“&§a@asﬂa@a@bﬂﬂ$e€w5 + WC),

tungsten carbide (WC), Jéﬁ@@kpwwéﬂm%ﬁéﬁﬂuﬁgWﬁﬂﬁ%dsﬁﬁéped@me&h a binder such
as, for exanple, a copper-base al [0‘5{3 Several cutting inserts are fixed to

the bit body in predeterm nedpdsh ieysns and AJpGiMesFe 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 downhol e notor
or adrill collar at thEROSSIREFERRENGHE TQ RRUATEDARRIAGATION®3] St eel bodi ed
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conventional nmethod for manufacturing a bit body fromhard particles and a

binder, a nold is mlled or nmach exterior surface
_ RChiah SR TRElNBE oY

features of the bit body. Additi I'ng or clay work may al so be
requi red to [@0&ht e ofThisddventort refategriaphproamenedt epeis-borfingttite abd mebfdy of [ 0005]

Once the nol groidﬁciﬁgo g?rlttg{)@ringabitg.r el\];l% rE’BgciIki)rjaﬁy, %@fmermon%[a@{‘:éls tg%)érﬂp-%oring bit
bodies, roller cones, insert roller cones, cones and teeth for roller cone earth-boring bits
and methods of forming earth-boring bit bodies, roller cones, insert roller cones, cones

and teeth for roller cone earth-boring bits.

BACKGROUND OF THE TECHNOLOGY

[0002] Earth-boring bits may have fixed or rotatable cutting elements. Earth-
boring bits with fixed cutting elements typically include a bit body machined from steel or
fabricated by infiltrating a bed of hard particles, such as cast carbide (WC + W2C),
tungsten carbide (WC), and/or sintered cemented carbide with a binder such as, for
example, a copper-base alloy. Several cutting inserts are fixed 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.

[0003] 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.



di sposed within the nold cavity to internally reinforce the bit body and
provide a pin attachnment matrix upon fabrication. O her sand, graphite,
transition or refractory nmetal based inserts, such as those defining
internal fluid courses, pockets for cutting elenents, ridges, |ands, nozzle
di spl acenents, junk slots, or other internal or topographi cal features of
the bit body al s e inserted into e cavity of t Any inserts
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[0009] Earth-borin i cal are secured to the term nal
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furnacing and infiltration if thermally stable PDC's (“TSP") are employed.

[0008] Rotatable earth-boring bits for oil and gas exploration conventionally
comprise cemented carbide cutting inserts attached to cones that form part of a roller-
cone assembled bit or comprise milled teeth formed in the cutter by machining. The
milled teeth are typically hardfaced with tungsten carbide in an alloy steel matrix. The bit
body of the roller cone bit is usually made of alloy steel.

[0009] 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 out 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.

[0010] 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
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properties of the PDCs or cenented carbide inserts, but also of the wear
properties of the bit body (in the case of fixed cutter bits) or cones (in
the case of roller cone bits). One way to increase earth-boring bit service
life is to enploy bit bodies or cones made of materials with inproved

conbi nati ons of strength, toughness, and abrasion/erosion resistance.

[0012] ACCO"Q}FHQIO){S qrhg(ﬁoq’tldnsthfé d?ﬂﬁg nﬁtRir IédBPWN (ﬂckwut lnpgdda §esfé}[)sn§%wkﬁ bor i ng

bits having Increased wear ' resistance, strengt oug ness RY OF
THE | NVENTI O\ {h@0%¥3] The present invention relates to a conposition for

formng a bmﬁobpﬂy f ofrh@BervRarifdobat bah-Biring bkhe abl‘uﬁct#@)ﬁq')bt SRR e Redtar d
particles, erern tpe hard particl es | east one of car bi des,

nitrides, boPPRRIEes gf the Sl femesied faw! dfnngs%} PEF alspf fhe Wqar PRBSTESY Ofand a

bi nder bi ndi thg Hitagy tiarthé faes&amkepaﬁtteradne)s@r éBnes kA ek @@JetéfQ'blﬁﬁ cofi@yits§onpri se
at |least one.transition rret

ar bide sel es of titapium
chroni um vaRBaMERC FPReshe ﬁ'm g?‘fﬁ‘ﬁr? Lfrerfv"ie ?ﬁl ﬁﬁ{“p%%&@d’gﬁﬁﬂ CAESHT and
tungsten or sfohatdriaiewithi impsvedep@bihationk ef Isaentipaotghobes andjablesiopfeesstmt  as
i ndi vi dual of_ Pahégd carbides and/or as sintered cenented carbi des.
Enbodi nment s fs e binder may conprise at |east one netal selected from
cobal t, ni ckEI012] r on Ancbrdinglpytsenelepesed forimaroved bit edies iycadithdnting bitse

bi nder may fmrﬂﬁﬁcrsgémrwe%?ré%,istaln%é-%&reeaﬁaH@{ohbmspm nt reducing constituent
selected fromatransition netal carbide up to 60 wei ght percent, one or

nore transition elenents up to 50 weight percent, carbon up to 5 weight
percent, boron up to 10 weight percent, silicon up to 20 wei ght percent,
chromiumup to 20 wei ght percent, and manganese up to 25 wei ght percent,
wherein the wei ght percent agesSHUMMARY@HR THE INVENTION al wei ght of the binder.
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Anot her enbodi nent of the conposition for form conpri ses
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range of 105 tc@m;baéogi Ieéme)nbltfadgromyétabearalﬂe akletted G@ﬁpearsnuwoaﬁtarh@(ast one
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cobalt, and ni'c en ca
boron, sili cmmpr@hrajMa;hpn@n@tafﬁngatn@§rgm cobalt nickel, iron and alloys thereof In a

further embodiment, the binder may further comprise at least one melting point reducing
constituent selected from a transition metal carbide up to 60 weight percent, one or more
transition elements up to 50 weight percent, 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 defined as those belonging
to groups IVB, VB, and VIB of the periodic table.

[0014] Another embodiment of the composition for forming 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 comprise at least one of a transition metal carbide, a

transition element, carbon, boron, silicon, chromium, manganese, silver, aluminum,
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[0015] A further enbodi nent of the invention is a conposition for formng a
matri x body, the conposition conprising hard particles of a transition netal
carbide and a binder conprising at |east one of nickel, iron, and cobalt
and having a nelting point |ess than 1350C. The binder may further conprise
at least one of a transition netal carbide, tungsten carbide, tungsten,

carbon, borog, 8]“ hth% ZiR& my%fmwaﬁ er ééégJ tYeeiEln a@JW%Hrnﬁfg}v%%P%Bﬁr
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the method of formng an article fray conprise I hfli Tatin har d
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conprising a st o f i d g ng
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infiltrati ngb%tplﬁﬁ%jsw'gf‘” ARl Godyyaplei Eheserbipay 2§ 'ﬁgora@raieéa@@ th?rﬁt'fﬂqsaﬂﬂéhetl on
met al car bi dﬁre&‘éﬁthwx@nbbmslﬁén;hm\éthag &oﬁB*aTm;:iﬂQ thepﬂlséﬁs By | b@%d&@f‘ﬁ&h@fnoﬂao50c to
1350C. The bj nder_ may co e i, ron and cobal t,
wher s it he. PO0E GRS ROEAYTORS BPv e Shmo e Paes BarD e Premenb ¢ o
99 wei ght pernagerﬁe yiltraidoghith af mbite bmm}envhucmfmelaemd@ﬁornﬁy douid trieiix B6dYPr i se
?Lnlgg'?:?l, OQSP‘B@H'“QS‘ %conhlidqutsé)%gésel (t) Ond %‘aa lﬁ]es Wﬁﬁlplladgd tlnLljjorS]I lsp %?e 8?1%; ﬁ(lljﬁqﬁum
copper, tin, Embddiments qfrcheepresramt@neman |at$n moudéemtmade of drmegectEleshsuchelst i ng

poi nt of theb trn%?llmft]éoqf)ehlt b?tggsj fF 85\‘9@?{% ﬂbﬁ]go@r @grfé' EWEQ{% O?Héﬁﬁgr;e' ¢ or

near eutectic m xture wer e ol nt I'tates
proper infil ﬂ'ﬁ'b@'isorﬁfb?m@m“ﬂﬁs%”@fm%h‘?‘ﬁo‘cﬁ@[m"?&:@fé%“w'?MW”W”*PQJN“H@F”Q a

embodi nent  ofygkher havepHidss b&n@nsr@tm@bs@wrtraﬁysrdnn&e@n caBREIRHPEbinagr bi t,
conprising casting the earth-boring bit froma nolten m xture of at |east

one of iron, CPMRIENY atderst €8® &f PickRhdroR. 82 eRPEE 28F hgvipg aHesinaRPinidessithanthe
mxture nmy hes@EC. AHotek bﬁmb@dmﬁﬁt&hc!@das%cmemommpwsawg ihfitritihg semesssicharent s,

e I A O T Tt
quantities opoini ingiedingatos 1050°Geo 18EIIperTat birds; mandorspridecat tidrstigmedofiiont he
present Spec”ci(eq%rido&bglrt",q\/h%l'ﬂ & 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 infiltration of the mass of hard particles.
[0017] 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 infiltrating a mass of hard particles.
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are to be understood as being nodified in all instances by the term "about."
Accordingly, unless indicated to the contrary, the nunerical paraneters set
forth in the followi ng specification and clains are approxi mations that may
vary dependi ng upon the desired properties sought to be obtained by the
present invention. At the very least, and not as an attenpt to limt the
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enbodi nent s he 1Tnventio reader al'so may conprehend s
addi ti onal despait¢dssiginitragtidiaith angdy G@PIYPEQFW@S@Hﬂd'Fm@émlﬂm upon maki ng

and/ or usi ngpppqgpodi rrwamthwamh@tﬁmh@ﬁ@rﬁ&mau ram\gsglgh@rbaraﬁ@@?s@!ﬁﬁ&%rﬁﬂm OF
THE FI GURES 002 ] The features” and advant ages Of present i1nvention my

be better dreaibepryf the Brefies af%a@n@'raé%ﬁptaﬁwumﬂﬁlgahu@% setrfohinc h:

[ 0022] Fi gur Ehelsde&ﬂ@ SXBRBRBLArE rEpARa- e‘éeﬁr{eb@é’l?'asV;bcﬁ’éWb@f ;«my RRRAEIRAle Of bit
body for an earth- borJ b|t 0023 ure a F‘ of the results of
prily chp g

a two cycle DAYEVeR B @ entlypco "ﬂ'@@ aé‘E e orﬁdleéeséﬁ” eteiedacde of
10C/ m nut e | BewdtioAs (AR &i theis pispsive Gty meaneeneONPri si ng about 45%

tungsten car bj and out 5% obal t.; 024] Figyre. 3 | aph of the
results of am"\%ﬁ] cycl f)'ff&a q iheBeae d uhe %@%@ﬁpgﬁﬁetgnsr ﬁ?é ag\fa%aggﬁ@?éqeur e
i ncrease of p@EEEnH invgréion,nasawelr g@rothsara;msqdnecmsidefatian d athpl fellavingp detwilety about

45% tungst en fjg%?]gtjioqeof éw:fg GLERRALY t| %%g%zg%g%fﬁggbowﬁ%}gééggm gure 4

is a graph o two cyc _ . . arate
of tenper at upedifionet é@tgis @md ﬁ@@htﬁgﬁapéthenprawr&nrggntlcmt yRPsphekieg apd/orausinganpl e

conpri sing agp,gg,d,ﬁ,gr(&w;qgstﬁgﬁregg{tlmvgﬁyt,onabout 53% ni ckel , and about 2% boron;
-5 [0026] Figure 51s a grap the results of a two cycle DTA, from 900C

to 1200C at a rate of tenperature increase of 10C/ mnute in an argon
at nosphere, of a sanple conprising about 96. 3% ni ckel and about 3. 7% boron;
BRIEF DESCRIPTION OF THE FIGURES

[0021] The features and advantages of the present invention may be better
understood by reference to the accompanying figures in which:

[0022] Figure 1 is a schematic cross-sectional view of an embodiment of bit body
for an earth-boring bit;

[0023] Figure 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;

[0024] Figure 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;
[0025] Figure 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] Figure 6 is a graph of the results of a two cycle DTA, from900C to
1300C at a rate of tenperature increase of 10C/ mnute in an argon

at nrosphere, of a sanple conprising about 88.4% nickel and about 11.6%
silicon; [0028] Figure 7 is a graph of the results of a two cycle DTA from
900C to 1200C at a rate of tenperature increase of 10C¢ mnute in an argon
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of cobalt angsdeecena rét@Qﬁldm;Fdr&Ufeeinér@adeSofalomﬂﬂﬁer Pr D0586M aPlosphdrBl &1 al

produced by infiltratin articles with a bi nder consi sting
essentially ﬁm@%ﬁﬂp?r'sﬁﬁcﬁ%’ﬁ’lﬂ?@gﬁ F(%% Fé%f’ls”icé’”a phot omi cr ogr aph of a
mat eri al prophoesd by Friuid Triatd ga@pk ofmassasoris bfas dw@&iyble ajm fdnt lBoeechbionder
R R e R S
particl es w $dmple bdmplésingcanesi $3% ngpbadised abowa K boybandn, cobal t and boron; and

[0034] Fi gur é;cls ap gnpet gk 8 QHARE e re%u@aeélnh cgpg%ﬂ%ab&q] ltrating

a mass of cast carbide partic and a cenented carbrde Irsert
bi nder consi $3403g at ésré@rﬂflt%mlp%ia’f@fe ipovage of GC/HiTubn in 4r0@86h afiqgahereldf d s a

represent at i ofingl aRpRIRAMICIES! s loofaifirls BAGM 205, Liten; pr esent invent i on,
[ 0036] Figures 1ba, ?L and 15c are graph of Rot athr;fgJ Beam Fati gue Data for

conposi t i ons [Q038Y cou|qurf>e9 frhotomigRpiaah Aemmatesal predicpd B ilraingAmeson

i ncl udi ng Flof iipd pavbiegwibp bmybma@hekth ?e'ésé&ﬁibwmc%é?ﬂé?ﬁ%rdnﬁ gure 15a), FL-30
havi ng approximately 30 volunme % bi n éFlﬁgure 15b), and FL-35 having

appr oxi mat el 0331 yoi ukiousg AP ﬁﬁ@rphot%goor@ aF”P@tﬁf‘% Predyced dyrigFatee s ati on
of an enbodi resé oﬂfarcﬁpérﬂd:léﬁwmﬁé)ﬁmd@f coh$igtingRess@aly Jf ByiRMtdndmoron® DESCRI PTI ON

ON THE | NVE [ 003 di aof the present .inventi a e to a
composi t1 on T2 ho- T oh SoricBarn B oreieap RSsre iy IB1T&Ro o) s
cones, i nsermasobl hyrd patigss wn:loabmderm(bnsnstegtelasérmmlyraﬁchlmlt andberadir i | | bits and

met hods of %3#&(‘3 b' Oq¥ pho&I gllapno?%boatp‘pg b ug: <|j| |n1‘tltraqlnmst hod

may be used e ot here artt EI®
mass of hard particles with a blnder consustmg essentially of cobalt and boron, and

[0034] Figure 13 is a photomicrograph of a material produced by infiltrating a
mass of cast carbide particles and a cemented carbide insert with a binder consisting
essentiaily of cobalt and boron.

[0035] Figure 14 is a representation of an embodiment of a bit body of the
present invention;

[0036] Figures 15a, 15b and 15¢ are graph of Rotating Beam Fatigue Data for
compositions that could be used in embodiments of the present invention including FL-
25 having approximately 25 volume % binder (Figure 15a), FL-30 having approximately
30 volume % binder (Figure 15b), and FL-35 having approximately 35 volume % binder;
and

[0037] Figure 16 is a representation of an embodiment of a roller cone of the

present invention.



bit body of the present invention conprise at |east one discontinuous hard
phase and a continuous bi nder phase binding together the hard phase.

Enbodi rents of the conpositions and nethods of the present invention

provi de increased service life for the bit body, roller cones, insert
roller cones, teeth, and cones produced fromthe conposition and nethod and

t hereby i nprove the service Ibégc {Pﬁé‘ﬁo‘iﬁ'l‘ﬁé‘n@gh{ﬂ%b't or other tool. The

body material of the bit body, Foller cone |l er cone, cone
provi des thel@38fal | Frupdinidnds of thee archent egventiorofrelathetoas tooaipesitijn0B8Ahe A

typical bit lﬂﬁﬁhﬁtl%\o Jo&t t¥bd és)ﬁ‘gldeé:rwﬁo%ﬁ tral' F%ﬂe@gmgérgrdllgr g&%%gcoagigh@ur e 1

Ceneral ly, conpri ses att
bl ank regi oteelp forj e r%\ea@réldb'ﬁﬁa'ﬁ%@%qu o dyakime aThike behafik sigh aickask

regi on 12A, a\@@ltl&\aﬂ%l tﬁ@%eﬂﬁ)@hﬂé B@?H\taktyoth@r ArRASs. Oferidhih %MHYmQ‘fts stgel s or
at | east one disconiinuous QP ase_and a continuous bi nder phase, and

the attachmeRt PRAGAIN ﬁfres§'Pitdﬂ‘f?”i cofpRiise |5t leaRt EglissANtiPAUTBR/d hBasa andched t o
the bit body caytmaaus rm&fdbo@hsw Pmmmg gbthBOthd ingidt gﬁlaset 0, Erfcaim@shts Toh_rt@@ded

t , t dh )
it or1 or ence PTPRSE SRR E! i tar U RGN LEfoeBhHEte? R NBRever
in enbodi rrerbttsbcmiy troleer pecapseninserivetidri ommest h@ttshajmk cbBes rpeddudéed franhehe
at tachment &gﬁosﬂ yantaern%qfﬁgc? aM %é?bg u@ih od tf§ |ceoffe o?%nesgan%ot%of'i{\%g f.erent

conposition O articles in er as er portions
body. As suclethet h@olblThebb@IqN mtemayoﬂoé\ecfmhb@dyucr@l@d COh@\ﬁnwy vadiel oore, rcege ons,

and_each 1 ORANERN SOl GooRiedid LaiaatoronrenkEstt on.  composition.  and

crystal size of particles or binder r exanple. This allows

tailoring thé0@3®%pertifetyrica %’fﬂ@@VﬂP@f@é&WeWarﬂ“H@“a@ bit sl shows indiéigiredd for a
partic ;JI ar  TRPbIARLA :am boﬁ§f1@?§dﬁapn€@§at@é&1hﬁht€m€ﬁ% e ofes ‘sﬂeﬁﬁ%ﬁgn& BRnk
properties or conposition 0 change nore
gradual | y betr%%rhn?%f\ feawerted @dﬁ%ﬁg%gf’yﬂﬁquglsf‘%qke% b%‘u‘ ggl%l%f)‘l?% HidtPihody 10
of Figure 1dWab§&ﬁiebélfdﬁﬁtI)gﬁgm9di§of af@lo;edféﬁtﬂﬁlsaor a:tj ?ﬁsttcﬁlla dlsrcerglnﬂﬁuslrﬁatl;d!fgy
conprise a di scontinuous.har ase of t and/ or tungsten,  garbide,

Che i d sect PR AR ORTENF SBOR" Bheottd RSB RAv Mad do b P et e
tungst en car Iblashe r¢giBCI 2ANBRY bé attarhiee o thablb body, bysang/nuethai suck eecut eoteintted
carbide partjc a e n f sent , o] LSe a

di scont i nuougé'hl@t"raa ed, qealdgg &?II %‘g%hgs %a#%ﬁéé ?ﬁwsﬁ%n adg%eg’e%%fgfor
sintered cendandng, ct@tﬁmréecedew tar @he sther maehapicel qy@dgm@@l aghrestipmcHadensr.pocket s

16 al ong the eh%amgnpsf oft A€ PédenPRI¥NtA, RBLHLAL 92 inMlIdHR, metatttb&gnérmwah§ may

be di sposed. The pockets may be Incorporated directly in the -7 bit body by
the nold, by Tyl rﬁ?‘?ﬂgf“irﬁé”@l“é’eﬂeedf’r ‘l??éé\me Br flifferent cg@ppﬁg%w ¢fdard particsedmml e,
i ncor por at ed Wikddn@s BiHer lp@wné‘ afahé BRbOBN, ASucRSthé Bﬁﬁbdﬁﬂﬁhb;i@@e&ﬁsﬁﬁbt@(ﬂ t he

gkgvgod]yo: Se)péx HEI\%tngus rggmn az'n%gegcrh (r)etgrlloer'\\r m%g/tcao(r:nhpnse a rg‘?‘;;eren(fI concen 5 C“ bed
composition, and crystal size of hard particles or binder, for example. This allows
tailoring the properties in specific regions of the article as desired for a particular
application. As such, the article may be designed so the properties or composition of the
regions may change abruptly or more gradually between different regions of the article.
The example bit body 10 of Figure 1 comprises three regions. For example, the top
region 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 (W.C, WC), tungsten carbide, and/or sintered cemented carbide
particles, and the bottom region 15, if present, may comprise a discontinuous hard
phase of fine 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 pockets may be incorporated directly in the
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The bit body 10 may al so include internal fluid courses, ridges, |ands,
nozzles, junk slots, and any other conventional topographical features of
an earth-boring bit body. Optionally, these topographical features may be
defined by prefornmed inserts, such as inserts 17 that are |ocated at
suitabl e positions on the bit body nol d. Enbodi ments of the present

i nvention | e
conventi onal Jbbjc?]?b@}d ebrﬁﬂb e%a M] ggdggﬂgﬂl‘ﬁérgﬂgfbgregggﬁagé?é H %X?A\&e
copper - base 'nmfp@yfeds@l{fllﬂgdst bQﬂVa@b@@t'@? Gragnineerts Bidsddd adat §heoblt bbdy lsi t body

of the presegqm |ét@af%9t5r%g@ryotﬁmdcﬁﬁeﬁ&rm&ﬁoé Y WGl MB, RREwdhaders to
i mport inproved wear  resistance, strength and toughness to the bit body.

[0040] The AR PPV AIRSIRE Weriglernphiid AP IS A1k, B UEAUR SRRl | Y

i nvol ves gomp?hsda&thag comieationd! gbp@rammadeéatﬁrbypbfcahl Yarth-png | 5|U|b®'ﬁ§9
ceram c an i nde reen er conso tion
processes us&ﬂt @nﬁ%ﬁt oaglraqhécé[]%]?@ %9‘3 d% ﬁéaéd)rg%h"&% 'H§e%§Lﬁ’§rﬁscal or
hydraul i c prmseﬁsn‘g‘y’ hat aredochteti aauntaiml prmﬁonba;g tioer bitl bydybmgld. | Baistdaents of

pressing. The gr rﬂt %Jehﬁ&geﬁﬁ %ﬁ%o%%s%ﬁ%‘rlgw c%%eﬁtredf&élrtlléfe ﬁ‘lsPﬁ? regdato

further consol’ te an Sl t he ering resuflts in onIy
partial consednvertionalnbit bedy, él"@wbarﬂmbaw particiés alecbquad tin aAn@trlé@h ceripef-easemay be

presintered g, aglgwes Bf%%rewro%zest hahdolfndn@TBE AL Yt %d% %fhﬁe pgé%%n@d in

the final sintéring operation to produce a presintered bi
billet' ). ANYSRN AN PRIMPIFESOT k4 éﬂq”%?@/ W‘tBVVeM/aP'dﬁ%@s*OdWEOfét'ff‘@ﬁgQ%W@ars

conpared to Fé@@tafwbé\%kreﬁgihlab{dﬁiu?ﬁr%@@@btﬂébltﬁbcﬁ/ but si gni fi cantly higher than
the green bill et Durlngt acturlnsg the article may be nachined as a

green bi | | et [008Pwn biThe Branutagiuring;pracesg)fpnnagq PRTEFIERInZr Ripdar dypicpiinkelysy t he

machi nabi | i tyor@tancatugg ﬁ%ﬂallOﬂ’gndﬁl’ @mmudaltwleéuyiaSparscmlwé asaimad and Eﬂ@dr&rﬁetélhw‘l t he
machi nabi |l it rticle, |l et or a

f he f.
Dronn o1 | et ol et PoiudEheftdich pmﬁef'ifssﬂsw Solitbrfaf Eeiar Sl O o
machi ne or wbelbgkd; egahi asemgehianidaing hydranipgiredsing in @gididiesdanh we@tagmnairy-lﬁagnal

tol erances |g tgt?cr %%%pn%@g%'eﬂ%ll %g?ggg%rﬁeél Fk%qm& JTRGAL @@ﬁ'r%%n{)y of

the part may a tion o agen cl ose
the porosit ycwfsoltda@ and densify the poyysies aPregiatsinairgsyltaiifeerty # @aalabmnywﬁtion

Finally, singgy bélﬁufi%éndn' &f%é’pé}haﬁ%rée%rﬁ?l%ﬁ RlYT08 drébint&RB B ILRARAEMmYASHIM

furnaces or at high pressures in SinterH p furnace may be carried out.

The billet n#ynpae Jo@peisieddarke m%% &y th Tigal ptitedng @P@RtigoiR POTOCHS and
at a tenper abﬂé&ﬂteeéd &L’B&%H&mlet r B-bsdwi 18t Rgs ﬂsmﬂivay Marm@s%na Blﬁénlgthl | et

causes renoval of re tio ﬂSI
mi crost ruct uf® CB@Q@F%B%WE h 5#@'?5?5 ed aiﬁ% ?ss(?gg a]} ?'2‘51 n?’grqr‘?ﬁd’
bit body, robligr Duoing ,meinumetutmg tlel agticlc mag bemacbnoeréam;grdm Hillet, tbin@wn bullet

appr opr i at el v pmehy ped, Qf 01 faded 0, (O g LLlorGORELOY Bl RTlyey 38

[0041] The p inve |on rctudes & me producing a |t body
substantlally easier than the machinability of the fully sintered article. Machining a green

billet or a brown billet may be advantageous if the fully sintered part is difficult to
machine or would require grinding to meet the required dimensional final tolerances
rather than machining. Other means to improve machinability of the part may also be
employed such as addition of machining agents to close the porosity of the billet, a
typical machining agent is a polymer. Finally, sintering at liquid phase temperature in
conventional vacuum furnaces or at high pressures in a SinterHip furnace may be
carried out. The billet may be over pressure sintered at a pressure of 300-2000 psi and
at a temperature of 1350-1500°C. Pre-sintering and sintering of the billet causes
removal of lubricants, oxide reduction, densification, and microstructure development.
As stated above, subsequent to sintering, the bit body, roller cone, insert roller cone or

cone may be further appropriately machined or grinded to form the final configuration.
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roller cone, insert roller cone or cone with regions of different properties
of conpositions. An enbodi nent of the nmethod includes placing a first

nmetal | urgi cal powder into a first region of a void wwthin a nold and second
nmetal l urgi cal powder in a second region of the void of the nold. In sone
enbodi nents, the nold may be segregated into the two or nore regions by,

for exanpl e, rghaci ng d@%gav%bﬁtaﬂnvﬁﬂ,%'aﬁe'oqnduosewﬁ?e%o‘aa&%ro cgr@%‘%ﬁfurg. cal

material, in the VOi to separate t I ons e net
powders may "o cORRdRsertirellgscens efeconaimte regians 9bdifferant raﬁpqﬂﬁf aficameesitiegs.

cenented carjgh @Ehbﬁ&ﬁ'@hﬂ aﬂtae N Bcil e @lscﬁmgr @@lr@mmkqnﬁ Fé\ﬁde?@n%Q[a' ff?lgtd |
I rs nmeta ur gl ca

above. | n another. enb rtio east

povler and- t RECBEEBNES MR 1 BB sorsBaeralyfeahaties  oecORh 29 o et hout
partitions, wdid bi thetrh@d.md domé ewtxdiorentsf the rmdid ﬁdz@rbemmrdgételdSﬁd thid tvwha cbrhe
rretallurical 0 rs hel orm.th iLon tuseof

partiti ogs. FB%J?M?'S snbéi(r??ri e?‘fag] pII(\:'II’ P %]C'ég grp é |(E'aa(ri1) gmt}%‘ha&e) | 7 %arp%% &FF %m%rFC
conposi ti on material mohdeoid pbthaewlbip, separtedharegloes. Phawitaurgichlipostiers may
metal| ur gi Cabe ROUAGT ol ool | 5k dRAIAMCAaf Sbthe AerRREANGARL LipDER! the

nmol d may then be urgical po Warer conpri sing
the first meh%wnguthgﬂ@aredmmesmeﬁcr%é@hqve(réﬂ@lnpthegeremdlrp@wtd@pommhef bl end

woul d resul t 4 IE'as?&eaffr&t'rﬁétQIlJF@Hé! 'ngéér éne%tséaeﬁd me&n@r@km &%wﬁ&e pldagd ﬁlam%'
property in an ticle forned by t first and second net al gl cal powd

i ndependent | W”taﬂﬁl"ﬁthﬁﬁto‘??é@@”s ﬁ’é&h"b@eﬂ%a?* wax gnether l{‘?f@rﬂ@é’lbﬁéﬁe WIS ti on
gr aFI:]I ent dor. ﬁ*@fﬂl@'l@llc_bll m@brssbmu@tfwrethe Segl@@mh@{tﬁlséﬁfﬂwgcﬂlbbglt@%? | Itlel cal : y
woul d end wi ing a.r n Wi e second netall yrgica
ponder - Emboli0agh < ofneridE e BaglnEsPRr<s Mtrepler o FRBIOIMCITEY BoA hout
physi cal par forhedbg for/kddmbleoplablng edirs netaiaygichiepowidet iach fw;ttrhgnﬁh bfemeldt A

o 1« Bl PR e Pl RN e B SIS Bl SYhR S o8P
consol i dat e bllaed nfatwﬂratrrgetemrglpai\mwg artdoa segamd andsallurgical pirweerbﬂﬁeelﬂends

subsequent | ywafgatrgsruﬁqn 59 a Hret Iji}ﬁ/fng% I O%Z%;?Spéﬂyl e%ec?%rtge Egméglfd&rt@m an

aut ogenous b between the reqi
previ ousl y dedieeifgagd bé(lﬁ'@?lf'fé'saﬂﬁ geeend m@@k&éﬂ'@al POWFjﬁﬂn@PGn@ﬁﬂt‘byihléPr%ﬁweI

cobalt, and hfagrbe ragéétéa %Hﬁl' ¥, delsi?eocsarﬁp'ﬁsmo@rgbmn'fr%ntcgmp&&?%nabgtméﬁfre gsed to
fabri cate t he have a nelti ngmpm nt_ _bet ween 1050C and_  1350C. As

used herein, C?rﬂiéetﬁé'l‘ tﬂienﬁ‘o A bBicatheoyid Prd wyh {ilipgarregion af ihs r??{‘éw%lﬂ?edus of

the parti cul aécoﬁ@PﬁMIutgldanpovl/dbrOEhﬂbbdlﬁﬁbt@difﬂiﬁﬂ*&rﬁces‘s eaykilsodes peeofidd wigs an
al oy of at

d K th h
ol 01 g poi nf! B L OB RLAS a0 Al e At it S G eialC mBlE (1 on-
of the presenichi asvethird omgtaliulgical pomEo S evenra prewpwal)smx)pa/t allog aisfiltratpe adtlecobal t |

kel ang ThERoRNfaRngR bh isBa ) bombrBLs oA h it RabBR

ni ckel , and ironare ¢ aracterl
1500C), and hefoeatbhlet. i Tikibiltet &t&ubwqgentw@d@r@d tOHamiwrpamsnfvmeelsllebynd to form

an autogenous bond between the regions.

[0043] Any binder may be used, as previously described, such as nickel, cobal,
iron and alloys of nickel, cobalt, and iron. Additionally, in certain embodiments, the
binder used to fabricate the bit body may have a melting point between 1050°C and
1350°C. As used herein, the melting point or the melting temperature is the solidus of
the particular composition. 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 infiltration of beds of hard particles by
-9-



-9 pure nolten cobalt, iron, or nickel is difficult to acconplish in a
practical manner wi thout formation of excessive porosity or undesirable
phases. However, an alloy of at |east one of cobalt, iron, nickel my be
used if it includes a sufficient ampunt of at |east one nelting point
reduci ng constituent. The nelti ng poi nt reducing constituent may be at

| east one of a trﬁnle n,_ et al I’bl% a transition el enment, tungsten,
carbon, bor dftre MQfteR gl 'GWBH“GW? Igutig agcorarliply iy a praetiGal H@H‘i‘eré’ﬁtgﬁ%tr tin,
zi nc, as welforragiootchexcessVeepodity o?hades&ébh‘lﬂhaméslhﬂlowmmblahail!bpﬂf at srastumeadded
in amounts t e th n so t hat
t he bi nder &aé é‘?&g%d e?gelgg yglrlgegHPk(’ﬁcr@fgsbl %pr(lb&g% O%H fgt]l% ét

met hod. A bi mélé'f'g peipt eefdtieing |09@qtl;ueb’e Tb%d\ettogfmm’fﬂ%ﬂumng Gbodyuent ntablebe an nder's
properties, {tau o%adma! ﬁansrf%htmagl Sebidd,»a frsa%sut%n é{én%&@Sﬂuhé{stem%raoﬂf brbf,at i on

di stance, are such that the bit body may be cast wthout an excessive
amount of pofilg8Nt GhrompiTa BARANGSS: tHES MBIV (RSPRR™. HBdEesnep wehs®sietent is

at Ibeast boneeleﬁhemls a2 BRhE 'onh dmwauorcaérbw&idea irk é.aaéfmé tr@ﬂré@&@#he rﬁégtp@S: en,
carbon, boron, silicon, ganese. referable to
conbi ne two BNtRS e B‘Ind?rh%‘ﬁg’fﬁ?\ﬂ ﬂghatt ?ﬁrrﬂ‘ayr %H%‘?d %(GCE\@IIVSTPI fPrRAtRE t o

obt ai n a bi neely bgfthesdiéated imethod N Bnmdeatnap@ﬁectunagzSemzfsedmrfdrnparottlbeh;eﬁ theFor
exanpl e, tungs and Akargon nma added.together to eat er

ol 11 g poi e BTGRP S e, iR ol RECh G T S AP ERGE Bl R one
and, in suchama s@bethatt the bit dvngxstnmy bmd:asiawtmnt Aanyexoessiedadount df rdsily.m of
tungsten car Pr'ege?abl%lt &', é’iﬁ:{gtém rBQ an@tﬂHﬁt@aPBQsﬁtdrFe%gﬁ FalBonlfetddded in
a simlar nmanner e one or ol nt uci ng COI’]StI tuents
may be addedcaibiggea tr@msltion resiatbiunagten vakionhbseh e Iccm gH@Miyo 88d Maneanesei n any

amount that RrRsUEESréteRbRARY corﬁ&ﬂ@%étdr%r@fc;f&ﬁé iap6ve RfeltiRf OsbiHe | rBGuchhgDi t
body. In additiogn, the one or npre_ne|ting prm nt reducing consti tuents may

be added sucfPSHHEEN A oBiaiya binder &ecive dor IBNlating ¢ mass OB BRId-Paridiisn &Pt i on.
Provi gl ng a bidnth, thgEfén%uﬁ e&ibbe maly b@%&ﬂeﬁd@@ﬁérlt?pmmgr@a{et eRlting pothh ]
|ngre|entsesrestatt ave a |0 tin oi nt 1 C
my Faci 11 ¢ arguctenpmarosied Ry i pottionor RESshuoBP magn st pese: thel
certai n enbotlingsen snd cdrborsmpy 6é€ edddsl ie thef form bhtengsten @arbider theemilting ppiot nt
reduci ng con f ' in the follow ng weight
per cent ages aseagegérﬁ ﬁﬁ#gnttgg?aglb%%‘l%ﬁéefrn%v\%ér?%q?{:agﬁﬁlgsten may be present up to
55% carbon R4be prdébenne apmots Melinbpridiedreinglwengiteanisnmayipe eddetid®onesi | i con
Ty be. pr eoonp Bl SHRTLIEETRRES §OET sHlnk ot Bba,tac, BRAGancse
pref erabl e f@qmm%éloaﬁﬁe%'we forprasiugiag gibiigopo Inedditien derrpecs msre m@@n@ BOifto be

present in thﬁu@h?‘@&{stlh@n@r}ﬁa)pbe BRI Qh thdiend mhdeqw, B@ui’é@hcgbrt ndf eGRBcage
based on the tot bi nder .wei ght : tun st en th% resent from 30 to 55%
s

carbon may bEPRISLERL frr%‘fﬁ"ﬁgSattH‘ 66, Wik YigC

ingredients ensures that the binder will have a lower melting point, which may facilitate

p%tg H:t concentration of

casting and infiltrating 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: tungsten 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
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froml to 10% silicon may be present from2 to 20% chrom um may be present
from2 to 20% and nanganese may be present from 10 to 25% In certain

ot her enbodi nents -10 of the conposition of the present invention the

mel ti ng point reducing constituent nay be tungsten carbide present from 30
to 60 weight % . Under certain casting conditions and binder

concent r at | 0fSne Bmodfiip oPof ABnGhvenfith @wg;&%ﬁ@‘aﬁgfﬁ%gh ge%rlthuQﬁt%é gtate

fromthe binder upon ree2| |p|tated

hard phase n#)ogien paibidg@esenidrrne 80 n0 waieht {ahé@éerpqeéfé@rﬁasw mﬂkﬂorpfaﬁrtdl cles
in the nold. blh@%ﬂ,‘éﬁéentﬂaflod%o alhaF d pd@tafntdfqh@&ngét@n @brw@smi p‘rébditb@ fgh eheor 1N A
section of the nold t he ha{? e parti é body or in the
section of t PRI UPOR W'%@Pdﬁ’@ ﬁé@r‘ﬁgf‘aﬁﬁng /B BF‘PCE’Q‘?tBﬁ E%rd RHRECTBY Pated
during casti adfitiohQ64b} hErbgitisaprseniods hdie p&n‘hbleﬁtlirethe()iﬁold heloWéﬁé?ﬁllﬂho ihaxgent i on
may 1 nclude 2036 Orgsre% s%géeeJIBYPQe M% r%feblbecql? t 'm%lc]j aﬁldﬁ) irpg?geg acﬁdl%ar d

certain enbo%artr'r%% ers
phase to conprthe é)lttimdvﬂmnn 5ie aﬁdeOSGJf\ﬂ‘dﬂ blhbm% maf/ beHerrmrct as: thengsten roarbide

pref erabl y, sHehq&madigmnt s the hard phase may conprise between 60 and
80 vol unme %%@E'Phéé&d;r W@ tﬂﬁs such, in certain enbodi nents, the binder

phase may col@ddbke | egmbpﬁla}?nmf\ibﬂ aielespbthe trrrsealrinyantien may inpiusieH050 Py

bet ween 20 a&r‘éateWoM%‘er@ A& Eaﬁlbl%s f%frtHaFd ﬁhaslenlrpeér{a‘ﬂfl @m%%}f%‘éht‘%‘%f‘ B e E?ehe
bi nder may COYTPI‘I se between 9 he arti cl

Enbodi nent s BEfar#ke for hediard parijeer ?rd\@rchw@ée E%?Pﬁ?ﬂ”%b?ﬁl"?e'b‘é%lﬁ@ésq m*uré%l% h-
boring bits angheiriis, Mbrel &bﬁ%tﬂiﬁﬂ&réuﬁzh NEnHokiAmitst ihe Mafe bAbseCmaPicd@prigther ei n

the bit body vol upe fraction of sten c i de greter t han
75 vol s o6 PRESTRen g Gt o BBt e s Mgt BE RO G S ER e ol e
fraction of, phﬁa@sé rﬁwm{msetasag&mm voluafel?h dethe etide) ot preferatijiodweén 2dendor esent
| nvention. CEROSLMEDL 3y Ak MUETALR AR BE! ey A0 SERAALIER G tIe

met hod corrprlses i nf'T gsténh ca es with
a bi nder thatZOElsdaOecumree% @ftmarmdar eut ectl c corrp05|t| on of at Ieast one of

cobal t, ironp ni ClealoBithnts 9 ﬁféggrﬁriMeqﬁon dido b&g&%k bR \Riel A teafth

bodi es conp F5|n concentrations o I scont | nuous ase tungsten carbi de of
up to 95% bybvmgl}?‘r‘é qﬁdy‘)fﬂ?ﬁ aﬁwe@dfi%mﬂ'&b? trapsitirsdgetal car tPi@eSpW@@é'ﬁtth‘? BV eedy on i f

a bed of tungshgite S Vdilinhé héétroﬁ%fwgbtea carmiet@@atemhaﬁ%cvomméw%aru RURCt i C
conposi tion of tun?sten carbide and at | east one of cobalt, iron, and

ni ckel . 1n cBAEIMED P"é%@f@é)r'ﬁt?oéf?élhav‘ﬁﬁ isPeh avplyme feciyue f%@xﬁ'PB‘lu*t‘:'WFéerbl t
bodi es may OBérlﬁldeluUWethatlﬂmﬁlﬂlﬁ‘éEprbsént oslitien, drabodmgents GravHidRLET @ésoabait  72%

DY L0l e, CHDGEE SR SEADLE 1 hOFRTLRE SRS ARY e Dol e
can be 75% upatd@patibfdsiviithuesbinder tizes is anéutbdticat eekbraurti@cdmmsiion neatrieastibect | C
conposi ti on 8? cotbléljc'g%%,e"gnocf%lgl gﬁd %gstgﬁ cér@faé.t 1t elieved that bit bodies comprising
concentrations of discontinuous phase tungsten carbide of up to 95% by volume may be
produced by methods of the present invention if a bed of tungsten is infiltrated with a
molten eutectic or near eutectic composition of tungsten carbide and at least one of
cobalt, iron, and nickel. In contrast, conventional infiltration 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 and other articles can be 75% up to 95% if using
as infiltrated 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 difficulties in infiltrating a densely packed mass of hard

particles. However, precipitating carbide from an infiltrant binder comprising a eutectic
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of cobalt, iron, and nickel. Presently, there are limtations in the volune
percentage of hard phase that nay be fornmed in a bit body due to
limtations in the packing density of a nold with hard particles and the
difficulties ininfiltrating a densely packed mass of hard particles.
However, preci pitati ng carbide froman infiltrant binder conprising a
eutectic W LIl OR: i | Upon
freezing of t% 'ﬁ% %ﬁ @H& ‘et'(c\Sn %%ng@g%é %‘F@M&t ﬂ@‘“’g’g%%? mg °¥ {he%gwrd%'l 'gﬁ%ese is
formed by pr étﬁlbpiiy afnqlfbnthﬁ ragditionad hersl plase is (fpimedr kinpregipitatiog fewolthergolten

Therefore, a;ghent &frlng%ﬁﬁ%rﬂ{érﬁareog e d%hé’e"‘n?rah&n éfq{arﬂ@ghéga is fdimeBiid body
t han coul d be achi eve nol t en_bi nder | ack di ssol ved tungsten carbi de.

Use of nol t ef"eoiitRASY fhanrqoutdrbgrachieysmpib diermelise bﬁ‘FeUFC%‘éﬁﬁo"@Héur@ﬁeé@?rb@eal | ows

hi gher vol umgse pemmem BiEes/ifitrah@ E 6 FJ3AIBASs Atror Miesr tb@dm@suca@rdw@mtgaér widnhe| es
t han preV|ousI 47

00 h | bi de i
the bit body PRGN aArt] BIRSF o s eae el byt Fe BrbBre g etrBAt od
car bi de i nsefQ@7j nt o tThe vbiumehmeeyent dhengsteneatbéta in terditi bddy mseétasdstm;au)be used
for form ng 'lnrH‘ Q lo fII'LC%I' %réi?\ o% %h eB %%‘Fote mé S lﬁt%ttﬁe B bogI € ntcg ges,

at et s ot b oSiettp

| ands, nozzle dics er topograpni res of
the bit body cartbrdemesmsyrrtaa !{zﬁcwctiéorsfprrmcg uurtmnalsthqumoursest pddlm’resfsr ctioghness,

oot oy e GRigah AMBs AhoSR Sfbedeh ARl LARSIAL b i PR BE P! dor

Conventi onal cenment e de 1 nsert rrse rrom
of tungsten deatwpsief the bippegyaocemessly &Jn@éiﬁ@|56H@turatéweatlf&1§mtwhness

techni ques. ARYdiN MY caERBRIALe 9@4&%&% loémunsb@ltmtfﬁs%a;soa bR L @oh%nﬁ.&%l bi t
body, such as, but not limted to, gg?ﬂ%ﬁ“ es of carbides of | east one

of titanium CMPRIEHICAMRIdeHRSSTSIARY ?P&?Pé' [ tBtﬁguW?f“”?ea%t‘gltWiﬂSte”c‘WWﬁ fim

nol ibflenum apebpatbagst @mvertiodalienteted dbrbide tbaﬁmue@ne\n@kn@mbaémented &bidand

ni ckel . Addi tional e esent gnent ed .carbi des
ns are know iy HEsd, &Y PRI E Aol B h o Al R RRP R D i ng
a bit body alcamldeerqbrat ﬁasta@ne blelariurongrcheinm, pafnumcNenadype.nlmrmttamtemmabove
the bit body i Sin WEE eren ypes
and/ or concentr gﬁ?@ﬁéogp gbﬁlgnaz;?{npgiﬁ 3 5%&2§BQP@§H E‘rLel ('?f ‘gdg%@ 'Flog" tg?é Fi gure
1 may conpri kel béddlmaééthwrtﬁna%\t&)maa qqaprg%qntvmgye piReniech aarbidgs @8 @M i nuous
hard phase nmgh&pd althdbikh @ fine particle size and a md section 14 of a

t ougher discontinuous hard phase material with a relatively coarse particle
size. The hdP¢8hase %ﬁbqsiawtbaf thecaoapogionaiRy fos@iagi obit Redy FnpRTRIEE & | east

one carbi de, |dHst bhdlRard ga@idledpe.0Xk @%ted:ﬁﬁi/e Ctaé it %@dy @lewmy%n@awvmus
m Xtures thereof, and sollqﬁsol tions rtai.n enhod |rren} , the

e Dhase s amreang ettt Bbss e caRt B o o e FREISe ] EPrGaaP bas!
one of titanibitrodg 10 IHigume 1haéy1c¢mpr|s\zmbcmomr$edtiomb6mfna hdrdemtvadat mesistdmt om um

ol ybdenum ad?s%or%tl%ﬂ tﬁard ;:Iﬁgge (Fneart@r[% wqh p%%?‘cle@Xe Qf?cy % Ridsection 14 of a
tougher discontinuous hard phase material with a relatively coarse particle size. The
hard phase or hard particles 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 comprising 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.

[0049] Cemented carbide grades with tungsten carbide in a cobalt binder have a
commercially attractive combination of strength, fracture toughness and wear resistance.
"Strength" is the stress at which a material ruptures or fails. "Toughness" is the ability of

a material to absorb energy and deform plastically before fracturing. Toughness is
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suitable particle size or shape, such as, but not limted to, irregular,
spherical, oblate and prolate shapes. [0049] Cenented carbide grades with
tungsten carbide in a cobalt binder have a comercially attractive

conbi nati on of strength, fracture toughness and wear resi stance. "Strength”
is the stress at which a material ruptures or fails. "Toughness"” is the

ability of mwtnsﬁén% tﬁ@a?e%smd%r %ﬁbegtgégs%f?slnc&%mrfmnp'u?éu.%@'té ﬁ‘hebﬁrfe&m

fracturlng oug ness is - roportional to the area un

stress-straj ROBluriRe W%w#ét T&i“ﬁR‘f OF SHBNTHICANR] T5GHNIB TRRUS s%‘éeqv@@%a\w HILL

DI CTI ONARY  ORw &l rebidthrdeC ishinle abGHM £MVateiERYBIithSthd esmadd@s surf’aUé_éaWear
resistance” is th

t | to Wthstand t f :
Wear gener aPFYP? ﬁv‘BY%esS érpgbetsg én? grc:’fg'ggterg%l fug g“rggrfa'ag é’gf 3" g)e{“éelseatsqu\r/eace
not i on bet weenatsgial amet @ coatactingdsuafacent a(blsiange sBeé¢ M=eAcrHsDbsdkaDEX. EffeaNn METALS

HANDBOOK DEngQgchT'Q% el T gﬁﬁ@ss is tﬁggﬁt&e&aﬁ F%gmec;fgck fdpsnécfégsa?\éqtglcal

stress at a necessary

characteri zearobygqtﬁéhat crackiandlis gpyaliy §h¢rﬁ@térﬂﬂ§ﬁtby theyCeritieal s{reep intgheify5@EtoThe
strength, toughness and wear resistance of a cenented carbide are

related to the average grain size of the di spersed hard phase and the vol une
(or weight) [958kt on Tof stmeathi ieaginephare warieseipianGmol ;i eermeniod Amrpign are

cenented car biigted td3RB8alerhyd grainfdizd &Qﬁ@@%rée@ h%hﬁpt%%@'éﬁ@ﬁwegfo@n{é (§+ \K/&glqz)
tungsten carbide and/or an I ncrease in vol une fractl on of the cobalt

bi nder will ragipntofithe BiRderrpiaes Seesepf ip r‘haec‘f'%”t"%”t%ﬂg%%? cam%v@ﬁnereim S
i ncrease in AugheRsSini the goBRGAldrain momiarﬁyse;ﬁh &ybide @AG/HOE AR BndréaseEATthe

t Th t d bi.d th h d d I
B N Y e e
t oughness whiHopeedrt thipincregse ¢ todelgiegs isggencetly faowondmmdohyneg de@pdseciatweans.
[0051] The biLsbady lﬁlaQ cBhehted Wabidkm &Bh’ur&&@mﬁ%hé%ﬁ{;éoo{asde‘%&g@c (@érﬂ@d

different concentrations or Compositions conponent s vari ous
properties tgadpsesiwithdoth tighwearssipipnes andtitigh frastie t%lgbmesasvhﬂeaﬂem@@géq ance,

t oughness, ordeggrqgggégﬁregﬁéﬁ,@%mt,gﬁg exanpl e, the insert pocket regions
141 in the area around bit cutting inserts 142, the g pad 143,

or nozzle ouP®&1y egi oietitbody 146 pf Bigure Jhdanay coaWripReRYANS eAMATBS dg@@feé‘h or of

the crown 14%oﬁﬂé)ﬁtr§tﬁiﬁ9rdr £8mBosiine dﬁ@@ﬂ’npcb’r%ﬁis&b%FHVldéalaﬂbb@bropérﬂe@Qﬂédeblﬂél1
enbodi nent s the bj t g\%dm tPe present  invention ma\é have regions of

hi gh t oughné@&tions yuhi YR 8 ERG[CSISEGPS HOYINNES Sy PL A TOBIPE "eSiHaRG%t er nal
regi on of a ol beimpleaneinsat pbekasiegmns it 41t ertiabres @giund tied diliitet ailtmglknserts pi n,

Oheor %0, 535 Do B s A D8, BORTE PR oS g S8 O

to provi de aexiegorool thharowns 14D maye@siprise aaedTe iedr ogsistant rrm;eram In addition,
embodiments of the bit body of the present invention may have regions of high
toughness, such as in the internal region of a blade 146, an internal region of a roller
cone, at least an internal region of the shank or pin, or a region adjacent to the shank.
The properties of different regions of the bit body, roller cone, insert roller cone, or cone
may also be tailored to provide a region that is more easily machined or corrosion
resistant, for example.
[0052] Embodiments of the bit body, roller cone, insert roller cone, or cone may
comprise unique properties that may not be achieved in conventional bit bodies, roller
cones, insert roller cones, and cones. Samples of compositions suitable for the present
invention were produced for testing. The nominal compositions of the test samples are
shown in Table 1.

Sample Cobalt, Nickel, WC,
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resistant, for exanple. [0052] Enbodi nents of the bit body, roller cone,
insert roller cone, or cone nmay conprise unique properties that may not be
achieved in conventional bit bodies, roller cones, insert roller cones, and
cones. Sanpl es of conpositions suitable for the present invention were
produced for testing. The nom nal conpositions of the test sanples are

shown i n Table—1—Sarple—gobatt—N-ekel-—WE; 13—wh-06-wt-0% W@WFI:——Q%% 5 10
bal . FL- 33 18 12 bal. FL-35 21Wtf bal . [005§‘f%As can be se®°from Tabl e
2, enbodi rrqnt S offFLt3%e pr esent i nvéntion ,orrprl s® body nmt eri absl. havi ng
transver se juptt; strengtih—great than360—ks 2 WIIVUI!ti ofgl—btt—bodi es
conprising body materials |of steel or hatd particles infiltrated with brass

or bronze do not FheBbe trarsverseZﬁupture strengt‘hs as hji gh asbéghe

enbodi ment s—of—thepresent—invention—{0054—Firgures—15a,—t5b—and—15c ar e
graphs of fuibysyr ever&§@aﬁ%@§ééﬁ9fr§ﬁa‘mble':§t bAHSHiRBNER drhe {fedent mtﬁﬁ of
COITpOSI tion sul tab' e for enbodi nents of he present invention listed in

Table 1. As @A bodennatedadls haxing| fé%‘sl"%f% rgpterg| stiengthy grested hemdORg<si st r ess
of greater thaRedfBaksit bédied dEdrisEChRE - mdtSRRDLf steMesr HardP pARAES infikraRRf t he

body materials of the re of earth boring tools contribute to the
service |ifeVily bigsg) or 'PFR%‘% ‘%} d‘ﬁterrlal*’%straé‘isvetr??e WIWG HEEINSaPS Wotidsdke  put
may not be |émbdd@terit®of thé bl@@@ith”nveﬁtﬁdnf f ness, Wear or abrasion resistance, and
fatigue res nce. r one [ _cone may
conpri se rmr‘lrga% ﬁgurlegg 3{3% 4 @ﬁﬁr‘? J[3RgS ?ﬂf"érrg}‘ﬁrs%doﬁﬁgﬁgﬂ %lef’"gl s.
Strength is quqgue:ﬂateyfonm lsaxadleas)f campositios \sgitabde fon Embodinsntseofghd parsentl t | mat e
tensile SIrenion fhitd % {mﬁe*agn JEesH R Sinnidh HRURGUS, @&yéygengﬁgger

properties o ment s of resent I nvention and prior
based mat ri cgesaporeates iban it 90 Ksipt cygles.can be seen, the enbodi ments of

the present { 0pySNt | Onsbays FERA&A ert‘ﬁegfo@gtrﬁd’terkﬁaaf #eGefhs of Qar@r?[)érﬁ‘\'gn

enbodi nment s TRS may be greater even greater than 400
ksi. The You‘ﬁ@"5§0’#6%9 tistheservisaitsn feoht These Piarertigs ektepboinvatstizipincideeed 55

x106 psi, anglt nﬁ)éyerﬁ&fb@h‘nytedft@rstﬁéﬂ{;ﬂwahﬁﬁneé’é)Webﬁartélﬁaﬁorf Rglstdnicd Garldr fRfduer
stiffness, enbodi nen e a Youn ’gfc?i' nodul us of %heat er than 75 x 106

S o even BReSNGE ATy DG e SR (e, PorrE g NG RS TP AR TRS and
Young' s nodubnésreyiah wash cantristtignififidrentdiody hatepinie s Stiengthetybically rackbutadaizal | y

a transverse rupture strength or ultimate tensile strength. Stiffness may be measured as
a Young's modulus. The properties of embodiments of the present invention and prior
art copper based matrices are listed in Table 2. As can be seen, the embodiments of
the present invention have TRS values greater than 250 psi, in certain embodiments the
TRS may be greater than 300 ksi or even greater than 400 ksi. The Young's modulus of
embodiments of the present invention exceed 55 x10° psi, and, preferably, for certain
applications requiring greater stiffness, embodiments may have a Young's modulus of
greater than 75 x 10° psi or even greater than 90 x 10° psi. In addition to the favorable
TRS and Young's modulus values, embodiments of the present invention additionally
comprise an increased hardness. Embodiments of the present invention may be tailored
to have a hardness of greater than 65 HRA or by reducing the concentration of binder,
for example, the hardness of specific embodiments may be increased to greater than 75
HRA or even greater than 85 HRA in certain embodiments.

[0056] The abrasion resistance, as measured according to ASTM B611, of
embodiments of the body materials of the present invention may be greater than 1.0, or

greater than 1.4. In certain applications or regions of the earth boring tool, embodiments
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conprise an increased hardness. Enbodi nents of the present invention may be
tailored to have a hardness of greater than 65 HRA or by reducing the
concentration of binder, for exanple, the hardness of specific enbodi nments
may be increased to greater than 75 HRA or even greater than 85 HRA in
certain enbodi nents. [0056] The abrasion resistance, as neasured according
to ASTM 861 vention
may. be gr oat 3¢ poy AGRE B e Bleotl 0K o Bh 3083ch R RAEBRE Lo 300,
regi ons of tthd4earth boring tooI enbodi mrents -14 fo the body materials of

the present jogygnt i ONERRYARRKE @@h@ﬁe@&t%eﬁt@oﬁ' ShfIRes b8y MaRiMhid thdtQish?-
[ 0057] Enbodi nents of the present i1nvention conprise dy mat eri al s that

al so incl ud'éC'E‘éﬁrﬁ‘P'ﬁ%}f‘?Qﬂ'?§ %Prﬁﬂeﬁﬁérﬂfqtéée ?H@Fa‘%{? éoratﬁﬁlq‘tcbo?@!eé FYpr €IMESbi t

bodi es, rollaserc@N&Scones, %Gkbné’@'ﬁo@éxeﬁﬁﬁl@%mb@ﬂ%e@\w%e [ﬁ@éerﬁmgﬁloﬁ,may
enbodi nents of the Egge(zvent i.nv Entl on ma% %@’\ od\é mat Eri % havi ng a
transverse reARRISE &PPSLGEErG Baving a iy Veﬁfo re SF‘B B gEgater dpany 2AA K8 ¢ han
250 ksi, Wi tfogéthsfowngrenteratan aso gsicattiera Yduay' s4ﬁodu|u2150@e@ts'r than@ohert0° psi.

enbodi nent s t he n I ving a
fatigue resig{hanc@bgg'@a erOfttﬁ %%ﬁt{lm@%oﬁ gmge %%%ty &8@% V'Rg “modul us
greater thaRti@@ restBBcpgreateubin 80 b lna;pmbm\stlcmf wighy e péaung’ eanﬂutwslg:ﬂ@atelrl I 1ing
articles th AT j e than
convent i onal "8 DR ey oL o B SAsE St oneres IR, SR e Rl P e
Prior Art Te%ﬁpllﬁﬁloﬁ%d"” Weﬁm@erseaeﬁeﬂffedéarecoxwfeaalz*r@a@ Bitiges.

(FLAYMatrix (3roat) s Density, g/cm13.94 to 14.95 12.70 10.0 to 13.5
Standard Wear 2 to 14 1.47 no data ASTM B611-85 TRS, ksi 300 to 500 339
100 to 175 ABWEB: 406- 96 Conpression, ksi 400 to 800 388 136 to 225 ASTM
EO- 89 PropgtbhiatisbhioiMatetidiProped850 : g ?5 ¢ Modul us, xlO psi 75 to 95 60
27 to 50 ASTM E494-95 Hardness 84 to 92 HRA 78 HRAb:LO o] Hﬁﬁ% ASTM
B94-92 [0058] Additionally. certain enbodivents of PHY co SEL VPN of the

present in Erﬁpemy may con{mar@éeﬁ-t%’nﬁ? _ CarUdQEELW me %@ﬂ) har d.phase“and
fr Om 5 t (0] 7CBé’n‘§‘t 'QEmJ Yoof ur |1|3,| o w_lg‘})aU 1 aﬁ{ﬁt e wtb’ﬁ?‘j ndakd ody may
be within a range ard phase concenttrations _fromfor exanple,
30 to 99 vollune %. har d pha “Thi's may R Y W 18 R
Wear 2t0.14 1.47 no data ASTM B611-85
, N P Tr.,;}, S R M. TR e? g P *op e
TRS, ksi 300 to 500 ‘335 | 100w 175 | ASTM 540605
Compression, ksi 400 to 800 388 136 to 225 ASTM EO0-89
Fropgﬁi’o_ngli'lei‘tﬁ',}ksi; ¥ 12510850 . 469 7 | ;.28to54" g
Modulus, x10° psi 7510 95 60 2710 50 ASTM E494-05
Hardness | B84t 92HRA | 78HRA | 101050 HRG | ASTM B94-02
[0058] Additionally, 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 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.

[0059] A difficulty with fabricating a bit body or holder comprising a binder
including at least one of cobalt, iron, and nickel by an infiltration method stems from the
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be acconplished, for exanple, by disposing hard particles in various packing
densities in certain locations within the nold or by placing cenented
carbide inserts in the nold prior to casting the bit body or other article.
Additionally, the bit body may be forned by casting nore than one binder
into the nold. [0059] A difficulty with fabricating a bit body or hol der

conpri sing J b rCiel by
an infilt ratarfe%hr%gﬁlﬁoéﬁ% n%&'??%ﬁn%%%?@gﬁrdﬁ%kgfvgﬁ n}?!tmﬁ'bom?'afjﬁ%ﬁ pé:)fl nts of
cobal t, irorthesgninetflc I@blatmqﬂrh’éerﬁpﬁswe p%i%ﬁ?f%'f“aé%)cHSé‘? C.t e Sedifien dinceat

at nospher i ¢ dbbﬁﬁ 3r'éhead05mé!@hé%l mg{ 8d1¥biikied HGne ligui@d@id foPingStbMefbide 0Pl t
iron, and nlcé have hsolu [jti eI| uid state for tun sten

Car bl do i1 GRGUIP PraveDt AToT s RRRER oh I TIG: 4 MOl Spofnopieh o) a
nol t en cobaltnngsmmgsdrmﬂe mnomwall@eht{entmmgm mﬁltreaerdobd@ oa{dngytemhhdbmeaﬁah&;lﬁétl ng to

infiltrate a rpe a% %Eﬁgéﬁhe{?o bq}dbo%%pﬁ'hlts'pfner?o% non aa/f gésé ntﬂﬁgqr@ cpf boring

bit body. Th's non nma ormation "'t he
casting everpnvmollas irhtheusastingf e\mngxhltft bepse af bighsempereturaxs sgtrheaa gmamhmmn
14000C, duringot rogess. [0060] Enmbodi ments of the method of
t he present %ve@ifdugﬁé{r?a ﬂf@tb&ltuﬁ?ﬂg%c@ difficulties associated with cobalt,
i ron and ni cle@eo]i nfi Eﬁ@@@d\eoﬁsﬁf th&)rr'ptb'@iitoéﬁleb@fem inyention rpmeaver@ymjthe

cobal t - t ungsg; ﬁ@ulﬁ:(%r%sgﬁat%b‘mﬁtc'o%lﬁfror‘i‘gﬁﬁ nigkd %Hﬂafédcéégp%ﬁo%% t(y%% 260%

tungsten carbide an % co . For exanp cobalt

al | oy havi ngpfaa“%f%@@?ﬂ”rtat‘g%?ﬂ S?rbﬁﬁﬁ%ﬁ@'w é‘lei’/r ﬂ‘ée%ﬁ @ﬂﬁ‘ﬁpo%t'é'? %QJHQ§Q°én

caerI de has t?ng’;?ér%ctdﬂld@t@hdﬂ?o Qf?O"@B«ﬁHaQXWWé g{t%( ﬁo?@?%pl@&ﬁclzdﬂta@dll@tf%vma-@e | ower
melting point o he eutectic o ear.- c a relativ 0 CO

o O et LR eHTERY PoRr B Il b EeS he e mEEng RERGC bt i ¢
or near eut egipreximatelpoS00iGnSee alyugr 2aThey lovac meitihgtpeint biethé @lateictiadr reear-of

cobalt - tungst nc |Ca\’lct>)yI rccla atlgé;i?egob%l)aigpmngrgphl&ke? a(fjon %ﬂlthqﬁe %glb% frece(%ﬂe nL(ll(rg

car bi de cone®'™® er con es of
cobal t - tungs@fetheoartemldeqr near cak@lcmt &n@g@@r@ncaamlgmﬂy d@fmadate the dktaicatﬁqmnqst en

carbi de and %cf QETJn‘thgﬁtc%Fbl %|ﬂdﬁmg3bﬁ bOdIeQr se\%é\m Eem Rﬁ%r assed to

exhi bit far er streng tou ness eve onpar e - and
bronze- baseda@ofﬁﬂéfsic@%%b g eﬁ}&?qy'él%mea&BlFta@ICdﬁ%éFQﬁsPbﬁ°b$@§“®i%}n@%b'ﬁ%vel S.

These al | oysn.a@nt@gﬁen @@mﬁ%pe&taﬁm.&a-t%sfm%tmmﬁrmu@terp@w@@s1109@aI
cutting tools 1] Certaln enbodi ments of the nmethod of the invention

conprise inffr telxé'f'P'ﬁg cgn heas¥pegiednier exhindy tor higher weRetl aFrnigughnepiieves a

eut ectic or War@lhﬂﬁtlbrésscOeliﬁdosﬂoht@maseﬂpr&tdégataéqdumt aBRtiodferszhal ]E
as a nmelting

iron, and ni rcklea g evsngs{rgan C%Ir bi % h whgr eln thebe g

poi nt |ess t r‘?&ﬁ 1%50% gd HeYeiH' Qﬁr RGEEL P cbe (eDgeh ﬁt‘f 0¥ neans

t hat t he concentmtahalaogingtodidie maj or constl tuents of the conposition
[0061] Certain embodiments of the method of the invention comprise infiltrating a
mass of hard particles with a binder that is a eutectic or near eutectic composition
comprising 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
concentration of tungsten carbide in cobalt is approximately 43 weight percent. Eutectic
compositions are known or easily approximated 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 solidification 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.
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are within 10 weight % of the eutectic concentrations of the constituents.
The eutectic concentration of tungsten carbide in cobalt is approxinmtely
43 wei ght percent. Eutectic conpositions are known or easily approxi nated
by one skilled in the art. Casting the eutectic or near eutectic
corrposition may be performed with or without hard particles in the nold.
However, e pr ef era,lfo Cﬁhat u n solidification the conposition forns
a preci p| ta hard t ungstape rH?'H?B ?)H?é%”témamé?“ﬂp?%‘é’(“%‘ﬁ‘aééoneﬁ@eﬁl nder
may further theofapma.en abfl bydieg atmgeﬂdir&s ot hewectiat ol aasteutstic OdonpoEidths

il h d -16
[0062]  Enboci RRalts BRRRRR oL mBole e of b BRRBAL bchal G aspect e

fabrication EQDSb]Odi es and ‘cones&nfﬁtrahnm eubat bi mass qﬁéwrd @attieles i composipesi t i ons

[egggg{' 9 Segnsﬁ'a@% gglir%eﬁaro%%@?&é?a@é ga@a@gphoe'a @&Mg%ﬁf CBEJMB'E an'a%' &&9@ ture

of transitiofienet a@’m@ﬁ?%lcé@'%ar"tmcq’ apltgm dnfigtant gws s ér\%ﬂQﬂﬂCcﬂbb&Bt euﬁeﬁ@n and

ni ckel (i . ecompbstiBAB ¢ §éjrb@€rah!j€te|)eaé‘b‘oﬁ@o@coﬁﬂ{ i8R dr@fidkbr ant that is a
eutectic or near eutectic nposition of a carbi de and at |east one of

cobalt, ironl008k ni ckel . %0064‘}“"2’"’“”9 APRY P meISR] rangiéad Betahredepartidesnsi ti on

metal carbi dwltrparnidltenh eﬁutram ahbt i8 af@ﬂtécﬁ@o# efak bliteatitt cohfpabitiors ofta a4bi@E bhdator near
eutectic co |t| (ég (%1 a car 4 and at | east one of cobalt, iron, and
ni ckel . [006 §“e €q9afiyran. AR ?'81?? ‘eutectic or near eutectic composition of

a carbide, poeh] as tungst®&n cadstictea mafteh amtectteastne@ﬂ@tétft;c&ﬁb@bémonidf@n, and
nickel to net-shape, or ne sha the fo f.a bit ol | er

Cones or CcontbiosEnhs Wit SFhuS BRE of heblind B Tabln, Yot bndititket k0L: for
pl aci ng thenettshameramean—nﬁm@,pemeiaelfmgtdfh@lt]bomwlsr tameaortaonper at ure greater

than the mel f?;"g?] poi nt of, the l\mknﬁ]&’?éwdbe‘?«gﬁb;ﬁ 'ah{:‘ﬁgrtrdopggtf‘c}ts t&&%e’%l&&l al s

into the for an earth-borin aro onegTh
so-cal | ed "ctet mpgurerin gl mele:’ h@*pém@um rpmwdeéﬁ focwtentperaturs @resterghani thesmetiinch

relatively | ggg &Q&P@Suh&é/r ém cécﬂfwé kd At ihegnaermﬁssaoqﬁe Iﬂﬁ‘ﬁw%f%@ahﬁ'b@ﬁn pifice
the binder is mxed wt Tpartlc es prior to neltin erefore,

shorter i nfPPdYrs 8tPISH Cél‘i‘%toaﬁc‘é@ear @’Srsécﬁ?i'?‘b&aftﬁ‘gf'@)Pl?P‘? h@etapgn@w”ow d867] In

certai nI m;t hggbsglmndéa@wmﬁ eaamelyl |ésée¢33rpbaﬂ9 forl lﬁﬁmrétmgat Bk @fhardwpérdaedoaﬁéd cles
may include ing a fun

"t oduct ng "BnEnETnaer PRl e R PR RRE 'hAPAsREe. cPEE ckEhorter
optionally, tnlﬁlaaims@ﬁames‘ﬁlrmrdqumibm foragthelagiclassed above may be a eutectic or

near eutect i farnost i on BB, SRIBAL 36 ok SRSh g ALribARELhe vahET: | AN

ni ckel and a t one nelting pol r educi cons
met hod of t heanicleseay induderitading  umpelivatbs lpndepeamélting the fpiyider, 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.
[0068] 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 mixturé 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.

[0069] 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
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casting a eutectic or near eutectic mxture of at |east one of cobalt, iron,
and nickel and a hard phase conponent. As the eutectic m xture cools the
hard phase nay precipitate fromthe mxture to formthe hard phase. This
met hod may be useful for the formation of roller cones and teeth in
tri-cone drill bits. [0069] Another enbodi nent of the present invention

i nvol ves Casﬁwb@péd@ecplnﬁ%tlon a‘gﬁhé@aﬁme apRYLs N @M & Qiicledtip infirB@E ment
conpri ses prgg% addi a m xture of hard particles and bi nder

to the nold ‘i"??gcof’}‘l%‘t’ﬁ‘b?"éi above the nelting tenperature of the

bi nder. Thi s[oo#ohod resul tEhe Rartifp2rtRstdritgird Phaeaey @mer@ bihd or ke of rol | er
cone, andteetgafor tri refgngle when

e d
P07 he expotBHeT fHICEr PP En Y aviiiise 30 Wi Rl 2 RO EoBERER ST A 1or
suf fici ent| yomendrirhdre af thegBroumigllaetels peemtely; ICosNic emd/erfid. OTrel rhyrphdl@fy dtheThe

hard particl ﬁé:‘rdoﬁha @rc n%aﬁe ga%rrﬁwgrﬁl%rogcﬁlagegngﬂf gph%frlcaldﬁrtﬁ)dl%e?bergm des,

borides, and nitTi and t bl n ohe or
more of the @!@WS.\N&W'G&S\BM&I@, omenyeither uggiul foim. 1aneltair erﬁéodlmhletsrtmmmltogy of

the hard phase £8MiB&) 'arbysh%emnmmé ilvERtREUaAT conBitt badifbs euch5941%sﬂoﬁa'

particles, fibers, whiskers, platelets, prisms, or any other useful form
In certain eRHBRIUTRSHISON. PHENIBWRagOPPET, maaaaneawrrwtakrévmawte%aru@éﬁwp fon this

i nvention capg w@ighﬁ%ra,fﬁ{édjuuug%ntmawgbr@ge boron, chromum silicon,

al um num co manganes rut heni u unt s t 20 wei ght
% of the duc[)q?ﬁé] cont i nuou h éF@B"Pﬁ]@t?ﬁ@’%W@PB%S{m f"ﬁH'FSe‘g Déf?etr?i”t'é' are
graphs of t hgngreguhisyspf Ulef)fo&Iéﬁibbdlﬁients_ﬂﬂmrﬂﬁide&rtﬁ|tr)§pr§se(nﬁ)mnt©ﬂ ergoadi ment s
of the binders of the

Fi I
of a tup cycrds Breent BSOS 8 SAubIe Pk T 80T Bk P fcebace of
10C/ mi nut e i tengreravurgoncredsesIEC/e)inué iraars agph etroaspere s oy sarafie wbmabdng

tungsten carbjgdp and t%*tb%{eéﬁnwéazpe/@&o#ﬁ' ébo(.lfﬂSE%pﬁJb%ﬁqEﬂg)% ﬁ{ ﬁeé B %(F%p t he

percent unl ess not ed e grap poi nt

al l oy to be pesphtoxiasaineted olizzgise). [ DB7@PPIFRRANSEhg Meding nginh g tf@fa”mh@ beesul t s
of a two cychgnBliMately @EHPOC to 1300C at a rate of tenperature increase of
10C/ mnute in an argon atnmsphere, of a sanple conprising about 45%
tungsten car R%e] abouFﬂQUS%%‘é(ﬂ)éTatph Arite 59l °b g WarwRle DiheyP SR Skows t he

mel ting poi nyzgfctdie rald &Meﬁwpelbﬁlr@mbfe@é’é sredetmidutd an é@gn @OnGERhed, bfaa t he
D o e L oNe b S (15, Lo B TErL, of ARaM, C20 L cobal o (6
Figure 4 is athgrgmfh efiovishéher estting spadrft & thevalloy ¢d @emmrommatmygom@@ 0 Asl400C
at a rate of c;[)r%p re ?ottHcre PDTiAno(f heaalgy 8¥ F|&8'92n‘t'h ll’ép(?aceH‘neﬁpof%ﬁ)g&rb"/ag%ﬁgp\%h of a

boron reduced the melting point of the alloy in Figure 3 almost 200°C.

[0073] Figure 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 Figure 3, -the replacement of cobalt with nickel

reduced the melting point of the alloy in Figure 4 almost 60°C.

[0074] Figure 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 approximately 1100°C.

[0075] Figure 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
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sanpl e conpri sing about 45% tungsten carbi de, about 53% ni ckel, and about 2%
boron. The graph shows the nelting point of the alloy to be approxi mately
1089C. As conpared to the DTA of the alloy of Figure 3, the replacenent of
cobalt with nickel .reduced the nelting point of the alloy in Figure 4

al nost 60C. [0074] Figure 5 is a graph of the results of a two cycle DTA,

fIrom 900 t 0ok 000 Bl Lt aloc SUBPLAHCE: | D6SAEE, OTnd QTN 27

argon at m)sp%ere rrsin onic about 3. 7%
boron. The gnelfihg Bmmth%bymetanwgﬂpmtﬁﬂﬁo €he alloy to be appr oxi mat el y

1100C. (0075fggfgjgure 6 is mgghahda afapEQ?thE‘?ésléhééfé’ﬁmo%g%ﬁ%r% 9o tof F oM

900C to 1300C at a rate of tenperature increase of nute in an argon
at nosphere, B00E at 183t§eﬂfrfﬁr@apeé%§%r'f“§??§§ o H8 I/ mBwtesin, 3R TR atgiegPEd R 211, 6%

silicon. Thesdipg h,ombﬁng tabeut %%tdoﬂgt aﬁu Abo@f 4% hyr@l. | ayet @ape sidy ol mat el y
1150C. [0076%} f%?ure i S g ?Ora of t | riq? éts of a two cycle DTA, from
900C to 12008tag Pntalihe allpy RRPLRIP em ®Hse of 10 minute in an argon
at nosphere, b7 sarrpl e cE)@tpéBSst agr@bﬂﬂmeQ&Jzﬁtsom{wo @oid mlboﬂbm%ﬁbfoon The
graph shows o ti ng PO nt .o appr oxi

P07 B gur B¢ 35 B uRarafle hderd i Wit il AL Rt 850c o
1300C at a rserapletompngiey atout 87.5%orobalt gendoébalip C2. ﬁ%mﬂtoem ﬁ'hargr@h@ﬂmws the

at nosphere, %‘t@%ﬁaﬁf{?lﬂ?&%ﬁgﬂf‘i’%@%@%&1§5°°§% cobalt and about 12.5%

silicon. The gr _ tin nt of the alloy to be approxi mately
1200C. [0078J00F8lures 9 t oFiadresote phehawirbelogicssiierhsf ofmmeterialalfermedrived by

embodi ment s gfioddiReffe o BmOhodd St 1RE BREB IAVBHAR | Afkire T B Safih oBERFANNI N

el ectron nicroscope (SEM phot oni crograph ?"erl al produced py casting
a binder cofiTescPrRy ( E%n‘?m&}"l"ﬂ}’o@ﬂap'é Aue e‘@?‘ieﬁa'rri’"??%ﬁeé 8Y Q?@%E @ KiRdebor on,

}Mﬁe;‘ ein thf &Qggﬂng ésselhbﬁ@ecﬁta alte@Roukiufe BELAl PEIBRIH, WHerdihehebbdigels: The
1 g ter colore

the dar ase iS e ially
e o o e SR b el o s v B eBlE R eSS 1 ot
1200 C then adhd derHeOplmelgﬂmeﬁentlaﬂlp colettmThe rpteatiadnd roerandixtusolvaglinkled [ 0079]

Fi gures 10 ho |ff r.en di fferent
aspects of t%g?nq‘c 05t R’pl.rlt(gi) 'nl]}ritgmnggﬁ)gég%% '\Iée&sjgr?gglr'rﬁ %qurgﬁ%%%nger tU{ee‘r?‘rlldal was
fornmed by inédlibfy.ati ng hard particles with a binder. The hard particles were

an cast  car ﬁiﬁ%gg;?@e@ (Y2C1o VL §O0P Ho?dnﬁ\?rl Pﬁé%‘f ’I@"fe%ﬁf G5 &wy VOl urmre

percent of t The aggregate s in bl nder

conprisi ng apifieEni aapees pf & 'WéfOQE‘E‘CtUFSé‘FQQGﬁ@"b’@@é?'ﬁ“ed?ﬁier@'\/\Eh@mateﬁé'r‘t@nt

boron. The i ffihbd b3tih@Pating A PuHICRs WAS a binder. The hard particles were an cast
carbide aggregate (W2C, WC) comprising approximately 60 — 65 volume percent of the
material. The aggregate was infiltrated by a binder comprising approximately 96 weight
percent cobalt and 4 weight percent boron. The infiltration temperature was
approximately 1285 °C.
[0080] Figure 13 is a photomicrograph of a material produced by infiltrating 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 Figure 13,
a cemented carbide insert 131 of approximately 3/4" diameter by 1.5" height was placed
in the mold prior to infiltrating the mass of hard cast carbide particles 130 with a binder
comprising cobalt and boron. As may be seen in Figure 13, the infiltrated 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.
[0081] In addition, hard facing may be added to embodiments of the present
invention. Hard facing may be added on bit bodies, rolier cones, insert roller cones, and

cones wherever increased wear resistance is desired. For example, roller cone 160, as
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approximately 1285 C. [0080] Figure 13 is a photom crograph of a materi al
produced by infiltrating a mnmass of cast carbide particles 130 and a
cenented carbide insert 131 with a binder consisting essentially of cobalt
and boron. To produce the material shown in Figure 13, a cenented carbide
insert 131 of approximately 3/4" dianmeter by 1.5" height was placed in the
nold prior t f t righ Ci O wth
a bi nder coS(Prr‘B?Vﬁsldl ﬁéﬁ% Lﬁngnaty aﬂgrd;@gﬂ% tg pg"géelﬁy ?ﬁtegﬁ 1:?%“%3 &?
infiltrated WNMAJE? ahel bt kedy @r H&ép"%fco'ﬂ?l@até SPBErILeahad 6%7'@ gyried it o f orm

one conti nuqa@omrlfdohdﬂqg%nplnagmdsg FRefdrhing folFy e 54, tﬁ@lslbb@tgfsnmrﬁdﬁse g bi des

of the cenented c blde addi ti har d added to
o rbou mont o B6ng (NS [BRiSR O Nors A e PEY 443 00 M AE0 e Tilqtor oG
bodi es, rol |etypicalrtesd facmgematterraﬁ)bcbmnsemmegsteracnjbldeamsalm@eﬂeematnx ncr eased

wear resi st is degire roll r cone 0 as 19 shown in
Fi gure 16, ?;g§gzéorrprl tﬁ%aﬂng rfs{%((:) ﬁﬁ: p[r‘ﬁsen ﬁ’e& raﬁq‘o{]j ua?rat?sé@f)ﬁe ?L%Ofdst he
spear poi ntofii@2inveftien balevab'oidya dlezr undm'starmmgecvf tiooinesntiery. @éréain sxpeptsiofthehar d
facing, suc [ i fernr gure
14, the bit '\Bvca)eambr?rtah%t w%@lg n% ep?sﬁufeh%ﬁﬁéaé%gof%%{né?%éh fnZthe ?ﬁsa%g fthé?ngtgél%feo':é Tan
gage pad 143N0lémd°f| ﬁ@l@ﬁie ﬁ)b@k&ﬁﬂ@deﬂ@f‘dmfbp taR dnmgnidon h%ﬂ(etTbib@(m Priegented iaci ng

mat eri al Cormaéﬁ6§.n#dn@9ﬁé B s&RIdRLGBtid) Fﬂﬂﬂo@éﬂ&ﬂb&ﬁrﬁ'@hs brahé FPéser{tw&zt]onlt i's
to be understood that 'the present description i]lustrates those aspects of

the inventi divP&PEYEpgeriped. é’”éloéa‘?d"'@FVo%ﬁ' Ls‘f‘ ArcrrhyilloPanirensideringiine floreacinst ai n

aSpeﬁt s of tckbgcnpnauemtcbgmzet mat n‘iéﬁylh%dbi&at@ﬁ@aﬁ@%ndt@né BogR infen@stliaamy skil |
In the art an

her ef or ot. facilitate a bett er st andi ng
of the [nverdTaivetayal 6 udiions BSLacaliSrians 5F tis: Prg@n ait i BRdS sBesent
descri pti on. colbich by die fordyothgriesdriptiat ariddtee fullesiegtlaimvent i on  have been
descri bed, one of ordinary skill in the art will, upon considering the
foregoi ng description, recognize that nmany nodifications and variati ons of
the invention may be enployed. Al such variations and nodifications of the
invention are intended to be covered by the foregoing description and the
followng clains. -20 CLAIMS: 1 A bit body, roller cone, insert roller
cone, or cone, conprising: a body material, conprising: hard particles
conprising at |east one of a carbide, a nitride, a boride, a silicide, an
oxi de, and solid solutions thereof; and a binder, wherein the binder
conprises at |east one netal selected fromcobalt, nickel, iron and al bys
t her eof .
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2, The bit body, roller cone, insert roller cone, or cone of claima1,
wherein the binder further conprises at |east one nelting point reducing
constituent selected fromat |east one of a transition nmetal carbide,
boride, or silicide up to 60 weight percent, a transition nmetal up to 50
wei ght percent, boron up to 10 weight percent, silicon up to 20 wei ght
percent, chr@m;yd up to 20 wei ght percent, and manganese up to 25 weight
percent, wherein the weight percenta es are based on the total weight of
the binder. B. TAadyyBlRf conglinsert rellgheonei erwepe. ceBIPriging:cone, or cone of
claim2, wherein the aggdjgmg@n@o(gdmpngiﬂgum ng constl tuent is at |east one of
tungsten car bi de present fI’OJ’n % ercenT;5 tuné:;sten pr esent
from 30 to 55 wei ght percel¥d PREFIES FOMBHtRG AL lepptoone) obarqarided giiidepar cent
boron present fr ooride, baGilitide v giide, ped €t bolutics ltheteoT; gidesent from 2 to 20

wei ght percent, chrom um pr from h er cent nganese
present from 10 to 25 wei g%?ﬁperWher n tl}f’é%]eé%%mwsgg&t‘/le% Foll°e rPétﬁlos'r"?emnlgnsert
rol |l er cone, or domecoblt,clickelirdn awmiuseltlnereﬁe hard particles are at |east
O ot onad v dualrug kgL, GAIKS Laled st B! AL XS LAd SIBIRAT hhGbRne bAtersO! | o
solutions, as polycrystalline P ticles conprising two of nore ases, and
si ntered granul edUrtherpPMRISES 2hleBstipne meltisiy ppst eeguejpa ArNstkien) qel%t?ﬁ frgmoatnder .

5. The bit body, gl brﬂiofcé)t'ﬂﬁwsutibﬂ%?éiél cé.@ldlaetsore@r@,snefde%rﬂ@emver@h%é%éat
wherein the hard articles coérrgrlse at | east one tranS|t|on met al _car bi de

sel ected from ti CAANSHPN E1%3)URLO 9% MRIgRT RATTROROSI WP 10 WE ghPetcr R glicon
zi rconi um car bi dep thabma@m péﬁ:ébtl, dl&ommantxpatomn wéig i pdecentRiny ek amese apbi de,

ol Ter Cone, o doRe TORIETS D a1 VEIRE. BrTRy ki teed BURT g o

roll er cone,
constituent | s atwel@ﬁstthehmderf tungsten carbide, boride, and silicide in

the range 0;%30 bRe O BEd\I {aleP%Bﬁee%sel?ta?o‘ﬁQr bp‘f obd 8t cl‘é‘?ﬁ %Wh@emt P’%cl ai m

bi nder. e bit "body cdne, ins er cone, cone o
2, wher e| n t he binmglténg pqmnqﬂup@e@onmtqeat i5 et lmetgh@ Oidemséeftcatwde pregett &éamcar bi de

and 40 to 60 wei €100 60%% p‘é?c'%t angétten P?e%értut fFHﬂ??»@'io k% %rgTPBQ@érﬁ’cam

ni ckel, all based on t al V\qu bi nder . dy,
rol l er cone, i nsd¥eseptirerad -igrfeweight Regsat BProp PEFSRNtTOMA 4P 4P weidhbraseatter

conprises 40 to Sflicyeipedienipes®ento @b waigy eient; ahkintlemagtdset flom 6Qo V@i ght
percent of cobalt, i

body, roller cond® @{Hlggr??ﬁt?@nqorg?%gggﬁ%eoérgsrengﬁ?{gtho ‘;cff ‘H?ﬁ?tg’lep?%ﬁ{er eigh ;I'Eg ot
bi nder 4. The bit body, roller cone, insert roller cone, or cone of claim 1, wherein the hard
particles are at least one of individual single crystals, as polycrystalline particles,
as solid solutions, as polycrystalline particles comprising two or more phases,
and sintered granules comprising a binder, sintered granules without a binder.

5. The bit body, roller cone, insert roller cone, or cone of claim 1, wherein the hard
particles comprise at least one transition metal carbide selected from titanium
carbide, chromium carbide, vanadium carbide, zirconium carbide, hafnium
carbide, tantalum carbide, molybdenum carbide, niobium carbide, and tungsten
carbide.

6. The bit body, roller cone, insert rolier cone, or cone of claim 2, 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.

7. The bit body, roller cone, insert roller cone, or cone of claim 2, wherein the binder

comprises 40 to 50 weight percent of tungsten carbide and 40 to 60 weight
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further conprises up to 10 wei ght percent of at |east one of boron and
silicon based on the total weight of the binder. 10. The bit body, roller
cone, insert roller cone, or cone of claim2, wherein the nelting point
reduci ng constituent is silicon in the range of 2 to 20 wei ght percent
based on the total weight of the binder. 11. The bit body, roller cone,

insert roller co I r.ej: | r Il 40 to
oo ! e ST BB, Ll Ao B I o SR 385
ni ckel , all basedh®hintéie total wei ght of the binder. 12. The bit body,

roll er cone, gi nsefde HitHodRIroN? REne, Hseh PENBr @neCoraioRd dilclai e hdlertid A6 binbmder

further conprises up to j ght. percent of boron based on the total

Wi ght of the b rABIPTSHs A0-Hh0omeiatlaRsioent of (eIBSEs faroan ey 4o B Fbegthe, or
cone of claim 2, pshahebficobhle abdibaskeron thetopl weight éftthd iIgadgdr. 80 wei ght percent of
at | east of gne i.ckel , draon, and.cqbalt bas | t ot al i ght of
the binder. T4 Tine HiHSsald Par PR EGRE e QARFE pBThlnE BRI P SilRe o
claim 13, wher ei rfutthes cobiprisksr ug tor i Bieveighb ppreérs ad atieasioorR)ofwedrghangeilicant of

silicon based on Jhey Br%%'tota}"@éi%ﬂtof?\fe ddg, bi nder. 15. The bit body, roller
cone, insert roller cone, or cone of claim 13, wherein the binder further

conpri ses upt®o Ilhewe! §aty. pelieregpneonserbrdiar Berse® oaNe 19é clagn 1. Wheesighe of t he

bi nder. 16. The hh&itiRPEdint reAIdRY corSitGont isSARER inft9d }&Eeep@eo 20WeigRpRr@ht ¢l ai m
2, wherein the binder rom to 99 wei ght percent of nickel and

conprises, f 90
1 to 10 weight petasehen gie ioBbreight difhe Bdebd on the total weight of the
gi nslﬁr. 17. Ehebbfﬁg Hacsbyly, eré_HcGﬁe,?NHéﬁ,rcg%aﬂS@feg %rrdlin!eef clsiﬁﬂn,wr@reimm%irfgfer cl ai 31
: erein the binder. c rises from t i ght. percent. of. cobalt an
1 to 10 wei ght pe?Ongﬁ‘PesoquBo oW?'géﬁ PeBE & t‘ﬂ}?si/elﬁeg‘}rh%g Ianae‘{a’th é%iwe'tgﬁL
bi nder. 18. The bpdrcdmbdinickedlall asetiomedhe fored @eight dflthesvindsone, or cone of claim
2, wherein t bi pder. I p: -gh C Of i Ng
poi nt reduci Hg coﬂ%t E;l% nggfbezg°§8g'o’ﬂéﬁg’9?r\3®é’% \E/)vrep‘gr[?t gﬂéalﬁhﬁ‘tt}?h neg@r‘ %(4-122 19.
The bit body, rolbiederdgieer dompases wptd &9 Weishe persentcoref basedi on 18, tolgher ei n
the melting poinpefadHeindepnstituent is at |east one of a tungsten
carbide, chrom um “boron, carbon, and silicon. 20. The bit body, roller
cone, insert 8ol | He Ribhpsly: gHercone ivvertdplier Ranegor qaReeaFiAIM fevherrin %lhier?ﬁ‘dﬁbi nt
reduci ng constit ugprisss arnBaNfBotwsigs beestar bi dast dDOROBE nieked i®h) dreiaddbalt

based on the total weight of the binder.

14. The bit body, roller cone, insert roller cone, or cone of claim 13, wherein the
binder further comprises up to 20 weight percent of silicon based on the total
weight of the binder.

16.  The bit body, roller cone, insert roller cone, or cone of claim 13, wherein the
binder further comprises up to 10 weight percent of boron based on the total
weight of the binder.

16. The bit body, roller cone, insert roller cone, or cone of claim 2, wherein the binder
comprises from 90 to 99 weight percent of nickel and 1 to 10 weight percent of
boron, all based on the total weight of the binder.

17.  The bit body, roller cone, insert roller cone, or cone of claim 2, wherein the binder
comprises from 90 to 99 weight percent of cobalt and 1 to 10 weight percent of
boron, all based on the total weight of the binder.

18.  The bit body, roller cone, insert roller cone, or cone of claim 2, wherein the binder
comprises up to 60 weight percent of the melting point reducing constituent

based on the total weight of the binder.
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21. A bit body, roller cone, insert roller cone, or cone for an earth-boring
bit, conprising: hard particles conprising at |east one of a carbide, a
nitride, a boride, a silicide; an oxide, and solid solutions thereof; and a
bi nder, wherein the binder has a nelting point in the range of 1050C to
1350C. 22. The bit body, roller cone, insert roller cone, or cone of claim

21, wherein {She Hﬂéq)lt tﬂﬁgf 'rcﬁllefaéorﬁer ?nsgﬁg’ﬁl%ptcoﬁé dr%’ng'oq almsfanhg Mw%t al's,

as polycrystalllne parti sol 1 d solutions, ycrysta
particles conpri §ieHgst %‘”brreci'ﬁ‘y‘l“@ persient s at deast é?nédo raaﬁmgét@n(varblﬁe or
w t hout the a| d @ﬁroam@hrwr@gca@gﬁltand%ﬁconThe bit body, roller cone, insert

rol |l er cone, of claim 21, t he ar bi d s at ast one
transition n%ot aI Crgﬁebbt RRdYs qllgL ceule: 1“?38%@"]3{&ﬂf‘%rﬁrccé’rnﬁlogec'a‘mc*r?r dﬁr"‘[ﬁﬂ 08r bi de,
vanadi um car bi de mettinggomt tsduciag borthéituehtad omeiohtaastendarbide, abrbalaﬁﬂIsﬁlamrb! de,

ol ybdenum cay bi dey Mcab! WP ALRL dRse el UBHE! SNoBAr Birdes BdnpBhie BiY Dody.

roller cone,“i'nsert er - cone, wherern t
transition netal compmﬂﬁm of the hard partl cI es is tungsten carbide. 25. The

bi t bOdy’ roller Coneharhrb%ﬂrc‘esrc% pﬂglnézgpl%ast%e%%ecaﬂ;ld aﬁahlmdgla b %' n the

bi nder is an alloy conprising at ast one of iron and 26.
The bit body, roller gitfe: anexidetandsplidsoldignethesel @fe of clai m 24 wher ein

the binder further compbsamerin he®HdeOna 4 ansd poinnin L @hgLar 50 gel ect ed
from titanium carbide Snt al um car bi de, ni obi um car bi de, chronm um car bi de,

nmol ybdenum car bi de, b&PhCear bi de, carbon carbide, silicon carbide, and

r ut heni um cagdi de'he%i.boa’heoltérhommeert ket @Jnep@rrtfene bﬂaa’mt 27, thféﬁn the@nerd or
cone of claim 21, %reinthet ﬁd&?@ ?l st Of} slllcon
transition metal PRHIISE L PIEREMSE BHVIduRS SIn %gﬁs k?&ﬂ? yepygietias p@%’ﬁgs ?Snsert
roll er cone, or colresdfiticdisapenp2lycryviaiine partitibe compmm@wtwaabl owreophdseanai t i on
nmetal carbide in ntg&ﬁg@gg@g Wit orhvinl Lﬂ'{tﬁelhfld B?Q&ﬁdxﬂ %9“/0 to 99% by vol une.

29. The bit body con I nser cone, cone of claim 21,
wherein the 23:onéré1ﬁttrltab¢ctyn reJler cprg gnsertonlieresons, efasdedy dlaimt He \Ad@fﬁm)ﬁ‘letl onis

in the range of 43%qd R a‘iﬁe/as%nwauafﬁon m%?au é&bldlfs%lele{eb fmeiy,tanrum bﬁfndgone

insert roller cone, Or cone of claim 20 furt her rrprl sin east one
cenent ed car bi de qhmyrp carbide, vanadium carbide, ZIrconlum carbide, ha mum carbide,

tantalum carbide, molybdenum carbide, niobium carbide, and tungsten carbide.

24. The bit body, roller cone, insert roller cone, or cone of claim 23, wherein the
transition metal carbide of the hard particles is tungsten carbide.

25. The bit body, roller cone, insert roller cone, or cone of claim 21, wherein the

. binder is an alloy comprising at least one of iron, cobalt and nickel.

26. The bit body, roller cone, insert roller cone, or cone of claim 24, wherein the
binder further comprises at least one transition metal carbide selected from
titanium carbide, tantalum carbide, niobium carbide, chromium carbide,
molybdenum carbide, boron carbide, carbon carbide, silicon carbide, and
ruthenium carbide.

27. The bit body, roller cone, insert roller cone, or cone of claim 21, wherein the
binder comprises at least one of silicon, a transition metal carbide, and boron.

28.  The bit body, roller cone, insert roller cone, or cone of claim 21, wherein the
concentration of transition metal carbide in the composition is in the range of 30%
to 99% by volume.

29.  The bit body, roller cone, insert roller cone, or cone of claim 21, wherein the
concentration of transition metal carbide in the composition is in the range of 45%

to 85% by volume.
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31. The bit body, roller cone, insert roller cone, or cone of claim 30,
wherein the cenented carbide insert includes at |east one cutter pocket.

32. The bit body, roller cone, insert roller cone, or cone of claim 21,
wherein the hard particles conprise at |east one of nmacrocrystalline
tungsten carbide, eutectic tungsten carbide, sintered transition netal
carbide, crushed sintered netal carbide. 33. The bit body, roller cone,
insert roller cone, or cone of claim32, wherein the hard particles are one
or nore of irregularly shaped, prolate, oblate, and spherical. 34. A bit
body, roller cone, insert roller cone, or cone, conprising: hard particles
of a transit30on Tt it kedybirodler cond, énskit vdidsr comepror stong eoft cliea A0, duréheof

ni ckel , iron, an{;1 Rabt and having a nelting point |ess than 1350C. 35.
The b|t body, rol'ler cone, insert roller cone, or cone of claim34, wherein
the transition netalatlegstisngsementsd chididetinsefie transition netal sel ected from

titani um caybi depe S#t”b%} LiHHéF%roHé diﬁserV %érdbdh@ eAEML 8BS cléiH 8NvhERiRaROI! de,
haf ni um carbi de, tantalum carbi de, ¥qa enum car bi de, ni obi um carbi de, and

tungsten carbi desmested eﬂF@d%Wﬁe’BBH’ydesr% gronesler Rskdr t roller cone, or

ggneTgf ct:) I alagl g5Thé/‘$lFH|Sdﬂynrollél'€boné TRt rbléb@orié?bﬁborféadfbladﬁ’ 2H Swﬁd#éi@iiﬁeﬂfhrgzr bi de.
e bit body, er _cone, insert rol claim
wherein the bi nBaé{" 7% CARPTAE %tyleﬁ'%ncﬂ‘rel di acrg‘fry?c{%@%‘? ?”c?ﬁéteﬂfcairl?'% eutestial t, and
ni ckel . 38. The iungstémd:yubldeolduﬁeredotnmsutnonsraetbl rcatbide;, @ushed sintererdnmem‘l cI aim
37, wherein the |leer further conprises at |least one of a transition netal
car bi de, tungst en carbon, boron, silicon, chrom um manganese, silver,

al um num c@ﬁperThet bmbodynr@llerzqone, inserizolenoeren br adriecy ctaima 82 witkuein $het Heed mel t | ng

poi nt of the at t body,
roller cone, i nseagﬁaér %}Fngérorﬂg‘%%%" 'Iaﬁ)pg}apg?g"&&ga&g'a\}/ﬁ er e|s;§h§'rhc13| bi nder
conpri ses at34l eadbit bpdy, aller Qm\gsm%?ﬂ rolertsooR OF bRSepPOMBASINge on chr om um and

manganese. 40. The big DOfoies’ @ lalt@hsifHRetal 2R5dd; ahQ! | er cone, cone of
claim 1, wherein the binder conprises greater than 20 vol une £ercent of the

conposi tion. -24 41. amiedesicempERiyg at lspsténe ohAiskel; e and GePalbANGEANGR cone,
of claim 40, whemeglting p@meggltn&ems@emprl ses between 20 vol une percent and 60

vol ume per C%gt o'F'he Bl? bog}? nBlPer cong r1|nsert roller cone, or cone of claim 34, wherein the
transition metal carbide is at least one transition metal selected from titanium
carbide, chromium carbide, vanadium carbide, zirconium carbide, hafnium
carbide, tantalum carbide, molybdenum carbide, niobium carbide, and tungsten
carbide.

36. The bit body, roller cone, insert roller cone, or cone of claim 35, wherein the
fransition metal carbide is tungsten carbide.

37. The bit body, roller cone, insert roller cone, or cone of claim 34, wherein the
binder is an alloy comprising at least one of iron, cobalt, and nickel.

38. The bit body, roller cone, insert roller cone, or cone of claim 37, wherein the
binder further comprises at least one of a transition metal carbide, tungsten,
carbon, boron, silicon, chromium, manganese, silver, aluminum, copper, tin, and
zinc in a concentration that reduces the melting point of the at least one of nickel,
iron, and cobalt.

39. The bit body, roller cone, insert roller cone, or cone of claim 38, wherein the
binder comprises at least one of tungsten carbide, boron, silicon, chromium, and
manganese.

40.  The bit body, roller cone, insert roller cone, or cone of claim 1, wherein the binder

comprises greater than 20 volume percent of the composition.
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42. The bit body, roller cone, insert roller cone, or cone of claim40,
wherein the binder conprises between 20 vol une percent and 50 vol une
percent of the conposition. 43. The bit body, roller cone, insert roller
cone, or cone of claim40, wherein the binder conprises between 25 vol une
percent and 40 vol unme percent of the conposition. 44. The bit body, roller
cone, insert roller cone, or cone of claiml, wherein the binder conprises
at least one of a transition netal carbide, a transition el enent, carbon,
boron, silicon, chrom um manganese, silver, alum num copper, tin, rhenium
ruthenium and zinc. 45. The bit body, roller cone, insert roller cone, or
cone of cl ai4h 1, Théitdiody.t lekerpongeinsert spr penssoreonee 8 claiph d0omhersivalhe and

nickel . 46. The B?nﬂerbaﬂxypnséé)|blef%\reeﬁ(¥®evolurﬂ§%Fceﬁphﬁﬁ%O%ﬂﬁné)Be&Eﬁt'6f't31e
wherein the hard particles conprise crystals conprising tungsten carbides

and the binder ceefPes§es- cobalt. 47. A bit body conprising a body material,

conprising hgrd pRE Tbitcﬂo@§ romeéoabnmbélerﬁnaf dormarot lc@h@%f crémﬁmml waeretn theast one
of a carbide, a nitride B22)S|I|C|
i

sol utions ther eoPindgf fﬂ"?ﬂ:f@?s Y?{‘é“%PﬁEf&Pt EB%bl‘?&“eaPem@%ts?f BRe of
cobal t, nickel, tsmpositioand al | oys thereof; and an alloy steel shank. 48. A

D Po% n k" TBENE b UeM Lot B0 5, 82 BRI 30 et

bit body, roller bmdereconnmses tbetvaleh 25 eauree percestoard ¢b \olumerpd@entcantpei si ng:
hard particles cg(g%d A9 at least one of a carbide, a nitride, a boride, a
silicide, an oxi solid solutions thereof; and a binder, wherein the
bi nder conpr44sesThQ bltb@dy:rodierecqmexlasertsre!leé@pw of eane of Glalsml ¢ whaigip ithe binderon and

al | oys thereof. §c9n prideDhf leQQQJYIe of QkhRditidhRGal dalbdd, b tFaRbitiG eleMBARY ctborfONe,

conprising: a body mat erial having a transverse rupture strength greater
than 280 ksi andb@ronygliseg: ShieBtHm.uBagFae8sce rSidiaAlUBEYM.0%BPHstiN. SENIUThe bi t
body, roller conﬁjthénn‘s,erahd&ml;l er cone, or cone of claim50, conprising: -25

GERAART e R SO S R e
comprises at least one of cobalt and nickel.
46.  The bit body, roller cone, insert roller cone of claim 1, wherein the hard particles
comprise crystals comprising tungsten carbides and the binder comprises cobalt.
47. A bit body comprising
a body material, comprising hard particles, wherein the hard particles
comprise at least one of a carbide, a nitride, a boride, a silicide, an oxide, and
solid solutions thereof.
~a binder, wherein the binder comprises at least one of cobalt, nickel, iron,
and alioys thereof; and
an alloy steel shank.
48. A bit body, roller cone, insert roller cone, or cone, comprising:
a body material having transverse rupture strength greater than 300 ksi.
48.  The bit body, roller cone, insert roller cone, or cone of claim 48, 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, iron and alloys thereof.
50. A bit body, roller cone, insert roller cone, or cone, comprising:
a body material having a transverse rupture strength greater than 280 ksi and a
Young'’s modulus greater than 55 (10)° psi.
51.  The bit body, roller cone, insert roller cone, or cone of claim 50, comprising:
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a binder, wherein the binder conprises at | east one netal selected from
cobalt, nickel, iron and alloys thereof 52. The bit body, roller cone,
insert roller cone, or cone of claimb5l, conprising: a body material having
a Young's Mdul us greater than 60 x106 psi. 53. The bit body, roller cone,
insert roller cone, or cone of claimb52, conprising: hard particles
conprising at |east one of a carbide, a nitride, a boride, a silicide, an
oxi de, and solid solutions thereof; and a binder, wherein the binder
conprises at |east one netal selected from cobalt, nickel, iron and all oys
t hereof 54. A bit body, roller cone, insert roller cone, or cone,
conprising: a bobigrdpattisles SPMRESINGE 'aast #ne glia crdides p Ayitide. g atider a filigide. 85 ksi
@10 x 106 cycl 8§ oxi®@ and B8id¥olutib®erebPbh®r cone, insert roller cone, or
cone of clai m 54, (_:onpri si ng; hardbcérparti_cl es congri Si nﬂ alt I(;gst one of a
carbi de, a nitri 8&ndgh yereipthepindgr comprges ah fpagh prfemetahgeledied Joudhe! ons
thereof ; and a bhigkktrison\she aRdys tiidi€ofbi nder conprises at | east one netal
selected fr cabal . ickel, iron_and alloys thereof . A bi.t body,

rol | er cone%g]i nsg&t L'ﬁ %‘?C{;'eﬁph%rocﬂg?' 'W”d@%&%’l’?ﬁ%ﬁ@feﬁéaa‘g‘ %@&9”‘%‘?"&1 al ~havi ng
a fatigue resistance greignetertzhbavirgla XsingardodulusidiehiéniBargd@at0 psit han 55
(10)6 psi. . T i (o] roll [N r ' .or_cone of

cl ai m 56, co%épri Eﬁen%“ {"h"gr %“%re?ro ﬁ %’é%gq@%ﬁﬁ?dleé?ﬁéotngt&lﬂélgg?ﬁgﬁgp%%gé carbide, a
nitride, a boride, a hagd particlelcomprisingi aldeashntle obaicdrbidsl atnildde a besidgof; and a

bi nder, wherein gipgdé?iagggg?,lc%gggﬁt ti8hs ek aAge netal selected from

cobalt, nickel, 1ron an “thereof 58. The bit body, roller cone,
insert roller cone ora big¢rs, wherginghenbindercenipirises ableast aneagetal selgptedfiorans with

di fferent conposidyafnsckedtton AREalldld tHap@dy, roller cone, insert roller cone or
cone of claim58, wherein one region has hi %her t oughness than at | east one

ot her regi o 607 bithadh rellehert\?; inpt 1oder COBRL SRS EPTPHNIF er cone or cone of

claim 59, wherein the bddg@heriahpmino falgiersiedntOgrehiaetkhan iss ket@l1@asto®one of
internal region of a blade, an internal region of a roller cone, a portion

of the shank, an®%Sregion surrounding a shank. -26 61. The bit body,

rol | er cone,55i nsEiéd bit nddyemolleraoee, dnsedoviler cdneg biacane 58 ¢laivhst, eompdeirgy:
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, iron and alloys thereof
56. A bit body, roller cone, insert roller cone, or cone comprising:
a body material having a fatigue resistance greater than 50 ksi and a
Modulus greater than 55 (10)° psi.
" 57.  The bit body, roller cone, insert roller cone, or cone of claim 56, 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, iron and alloys thereof
58. The bit body, roller cone, insert roller cone or cone of claim 1, comprising at least
two regions with different compositions.
59. The bit body, roller cone, insert roller cone or cone of claim 58, wherein one
region has higher toughness than at least one other region.
60. The bit body, roller cone, insert roller cone or cone of claim 59, wherein the
region having increased toughness is at least one of internal region of a blade, an
internal region of a roller cone, a portion of the shank, and a region surrounding a

shank.
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regi on has a hi gher wear resistance than at | east one other region. 62. The
bit body, roller cone, insert roller cone or cone of claim1l1, wherein the
hard particles conprise greater than 50 volunme % of the bit body, roller
cone, insert roller cone, or cone. 63. The bit body, roller cone, insert
roller cone or cone of claim®62, wherein the hard particle conprise between

cone. 64, Thebi t Bod. eRer e 88k, oA St SO PSR HEo B gk SRR e m 1
wher ei n t he bi nderegicndepra hgher beevesista thanlal3sasy ohaipthedegibnt he bit body,
roller cone, 6i2nseFI'er Bﬁ’lblﬁ;'/’, rol?e?@gne, Hseh FOfer cér?e7or cone of claim 1, wherein the hard
particles comprise greater than 50 volume % of the bit body, roller cone, insert
roller cone, or cone.
63. The bit body, roller cone, insert roller cone or cone of claim 62, wherein the hard
particle comprise between 60 and 80 volume % of the bit body, roller cone, insert
roller cone, or cone.
64. The bit body, roller cone, insert roller cone or cone of claim 1, wherein the binder
comprises between 20 and 35 volume % of the bit body, roller cone, insert roller

cone, or cone.
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