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wells in earth formati onNSECEGAL FELD| bits include
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body. Each roller cone is configured to spin or rotate

onneengiopgsnerally gelaattoi eaythteasing 1oyl cdilll Pitarthatpinelpiddend bit body
on the outer surfaces of .each.roller cone for cuttin

- ottty aped L R PRSI  coptResiG Ry B o' thethods of
ofrh R fANRIMEQate thri bdimdirabbigsi ve super hard
("hardfacing") material. Such materials often include

tungsten carbi de particl eBAGKPROYAD t hr oughout a
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cutting elements. The roller cone drill bit may be ‘
plreldesctone b, Whick typidadly duehdastbiee rolter lcgnetsenomm%@m support legs that
adj acent the.earth_formation to be drilled. As the
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the underlying formation. . _
rock and other earth formations. The cutting teeth often are coated with an abrasive super

hard (“hardfacing”) material. Such materials often include tungsten carbide particles
dispersed throughout a metal alloy matrix material. Alternatively, receptacles are provided
on the outer surfaces of each roller cone into which hardmetal inserts are secured to form
the cutting elements. The roller cone drill bit may be placed in a bore hole such that the
roller cones are adjacent the earth formation to be drilled. As the drill bit is rotated, the
roller cones roll across the surface of the formation, the cutting teeth crushing the
underlying formation.

A second configuration of a rotary drill bit is the fixed-cutter bit (often referred to

as a “drag” bit), which typically includes a plurality of cutting elements secured to a face



A second configuration of a rotary drill bit is the
fixed-cutter bit (often referred to as a "drag" bit),
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el enments secured to a faceregion of a bit body
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em'tﬁ.‘& 4 BiEbE Bl B3hPHcR frid trial t
| ower - st T engt ﬁys{jaogldl t oug ngss% Al iah tg&%&ﬁfnﬁd al may exhibi
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r%tar drill bjt 10 that has a bit body including a

aving steel bit bodies.

A conventional earth-boring rotary drill bit 10 that has a bit body including a
particle-matrix composite material is illustrated in FIG. 1. As seen therein, the drill bit 10
includes a bit body 12 that is secured to a steel shank 20. The bit body 12 includes a crown

14, and a steel blank 16 that is embedded in the crown 14. The crown 14 includes a
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particle-matrix conposite material is illustrated in
FIG 1. As seen therein, the drill bit 10 includes a
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bit body 12 includes a crown 14, and a steel blank 16
The cr own

th ' th
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20. The steel shank 20 includes an APl threaded pin

f odrilbsttisg ohghavird. dri ||l bit 10 to a drill string (not
shown) ... The ,bi.t .pod 2 i.nclu | NQS. bl ades
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| hei@halflid faassageuwnys 42. A plurality of PDC
cutters 34 are FOVI ed on the face 18 of the bit body

12. Tha Pli)@lht]abf BDE @itersedyt doeprovidied de theahentf difthe bit body 12. The
¢ HIG Pua by be B ety techipbe o hevitiopg deim qomged in the face
A RSBl AR k) SO, o
i nnfeg@lly fcnrmegem&r 'dilb|cy0WIyl4 ofithe balbogty t ubul ar .
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Prigt Gidsil RS §6 %aﬁﬁmdd RSy Corkbiad %8?1%%26%1?%1{}%{613; iricél.lde external

f eat ures extendi on the fTace 18 o
Duprotmgpichs icbﬂréspgndlpg tabladasS0 o bhedicatiteslektendigion the face 18 ofthe bit
pg)(soitigned at the bottomof a well bore hol e and

q¥dd while drilling fluid is punped to the face 18

of the i gl?ﬁlﬁiﬂng'lt%)ehmo%' 9he drEbit P(f‘ﬂ?%’siﬂ%fsféﬁt aﬁ?@&%&é& ofawell bore

and the 1 nternal” fluld passageways
c Lol eeand r@4ted Indalle doiflirgcfhep s pammaﬂ toethe feste i B wi thg bdotin12 through the

q&%n%a@%ghbogﬁ gO glgégg}l}l}}glgla ¥ U(I %gﬁ:g/g% %Fe f{wé ?’P&rcdltters 34 shear or
Whict:Re RRgSEE uh@é’r%gg‘eaﬂﬂ%ﬁ%ﬁﬁl Bt ﬁ)rlgl%tlﬁlgg%} AWl REs are mixed

space between the well bore hole an string
t ovitlhandsusfeadeal w;fthmhhae drdlingflhidy whith pal;ses(fhmmughnﬂme gmﬂxlsloys 32 and the
bi t odies hat cIu article- rix conposite
Abjrace befvega wegb %ﬁﬁs e 8l e S BBe of the carth
12f0nﬁ]ﬁl\6ﬁ been fabricated by i nf| ltrating hard
particles
Conventionally, bit bodies that include a particle-matrix composite material, such

as the previously described bit body 12, have been fabricated by infiltrating hard particles
with molten matrix material in graphite molds. The cavities of the graphite molds are
conventionally machined with a five-axis machine tool. Fine features are then added to the
cavity of the graphite mold by hand-held tools. Additional clay work also may be required
to obtain the desired configuration of some features of the bit body. Where necessary,
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with nolten matrix material in graphite nolds. The
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Fine features are then added to the cavity of the

ar ite mold by. hand- hel 0pls. Addi.tional.clay work :
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t Rgm l%ifeerﬂatgﬁél,”m?hi foetnb @he cf A t[’ﬁ'@oﬂ%oﬁﬁ%g?%%i]’c%ody 12 and

are owed to cool to solidi ematrix teria
Thelidifiemionif #rekmdt6ix insatérted d €ohce thettiebqulgriRibas esated, thebit body 12 is

conposite material, ich forns the crowm 14, upo )
céérvp?w& Bom; ﬁi%s Bl @g&wlélsgﬂﬁae@% gt 1OEHP PO EoBR. (Pt body 12
B Rl gty et oda2

di spl ademeedticustyr descaly dektfuction dfthe igraphbbodwld @ pically is required to
Dest ructi on . of e.graphite ld typically is_require ,
Cometioys SRirgdnt 4 Adisg thepit lzéﬁ?/pﬁehﬂs B tpuifued fropkfhe old, the bit
g . : Atiicadt fivieey) . _

SO Tl B Secptetp MR 20l ASRL B IE g SHIESE matera
bese todomythd cfavani 4 i eclatvvay hard endnot dasitlymdchinedy thesteel blank 16 is
c GGt e Bit P toBeRtRBic bpioP HEASr g8 21 ekposed surfuce
r [ I : j E ,

bI%k kil Bladi@edo BRA e BRSIILY cﬂ?lt‘é%dgl?% l:)te‘ci)\bet%ﬁz}tlfﬁg l?ﬂ(dy 12 and the

ank 16 Is used to secure the
Thieelslignln®y: T steet Hhank@0omayee serpededtesthe babedyl 2, tanéd the weld 24

b e amoted ok DE 5B P By DI Al Hd thp goct shanik 20,
steel  ghRaplPQHIAYREMSE bEWEH AR @heltfgge & ﬁftﬁ@g}f biagya 128 8er the bit

the weld 24 then nay be provided along the Interface
bbbdyedd lakebi tcadhdgy 12 emardple hbragingemeshumidal 2€fixafibe, or adhesive
of . the bjt

P cutte 34, e honded to the face 18 ¢
b8 vaﬁén-aéft%?éqw@ ﬁ}etl’tf%@a%ﬁ?%m%gﬁv’és withip, ?I_&Pfd and bonded
eXAMRefe 1R 0B B bolF £3 @R ifAhAiRtibX 8 fullicinor BREMRHIOES if thermally
stable synthetic diamonds, or natural diamonds, are employed.
The molds used to cast bit bodies are difficult to machine due to their size, shape,

and material composition. Furthermore, manual operations using hand-held tools are often
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affixation. Alternatively, the PDC cutters 34 maybe
provided within the nold and bonded to the face 18 of
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the bit body if thermally stable synthetic di anonds,
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gi ven di T Betreaci Spofieind Top e Ol qep g Jecitiop: the process of
rféﬂricaﬁlltlé h g B9 that Rhd@dds a?t@élé‘-‘fr%‘im&ﬁ%&fit% @ﬁt&%ﬁ??s hSomewhat

d

desirable, 1 n ofder to prevent unexpected dri

f &btly, eempleti mbltirstepulaber intenandi froanarequosigssep@stentalrittion of an
readi | y,.appreciated fr the foregoing descriptjo
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Pbre6Y&; (RBbldnks, CRTROShd Sny BrERInd lem{pﬁ)ﬁ/@d AREBYNAividually designed
costly, conplex nulti-step 1abor intefnsive process

r agdfabricated ePauilabr bodibs thetdnclode mfticheymiatrixerompdsitetreaterials may offer
product (the nold) before the end product.(the bit .
bé@}ﬁ%‘ﬁé %@afg%&eﬁ. OY05r Bfe At P‘ﬁgl E?P%W]%t,s HblteEns Qfabrasion and
a n | i I i fo I . . .
T G T A LB KL P i ARt hcir e n
p&ettaiolappliationsx conposite materials may offer

signi ficant. advant ages, over prior, art steel body bits .

't er beEorg o Hoplsthedcetiabie REAVide 8 methadal maniEacugipga bit body
S ih o ot 3 A PatRIGNBER S oftipositteilatelibl tRAMiRnREQRE Ridd of a mold, and
their use in certain applications. Therefore, 1t would

b ¢had @soviidds| acbit lmodyrofigher stramgthhond tofghmessuthataian be egsily attached to a

bi ody that includes article-matri x conposite
wﬁf‘@?ﬁ IOtQ%QmeP?WFﬂg?@‘gl_lgW@gneed of a nold, and that
provi dgSriflelidre,PRRY kil OB dsS 5L Mx%n@%dbftﬁwm includes a

that can be easily attached to a shank ©or other
c papmhematraf cemplosite| materialngequiFarthitetheometrixt hmtdeiabve heated to a

thods for form ng.a bi.t dy that includes.a ) vy s
pAFFPERUIGARON? (Pt RpiaR ALty i matepats that extibit
nerrgbaa @hgrﬁkﬁr%@beﬁes 52l §Hathi® RatcRAPEEAANH KitdEVSr WRE because of

ting point of the matrix material. Certaln
metemeaita iptesdctienchbdiweergthedbapticles el mptrop evitictemal @ccar when the

matri x materj al e _not suitable for use because of .
part{c es ite nfilated {)y the partswular Molfen Matrix matere1a1. As a result, a limited

number of alloys are suitable for use as a matrix material. Therefore, it would be desirable
to provide a method of manufacturing suitable for producing a bit body that includes a
particle-matrix composite material that does not require infiltration of hard particles with a

molten matrix material.
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As a result, a limted nunber of alloys are suiltgblbe
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particle-matrix conposite material that does not
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C Qg nts. At |east one green powder conponent is

configured to forma crown region of a bit body. The
br own doapsherispecartbe piesaibivestidmintindes yet bnaiter miethédsfforming a

5 bRy e am st Dorize JilLbET & Diirolustof R eyt setrpatents is provided
anpl BeferdionosksRba fi041dk el frotgﬁé?aygl;aﬁ[ Ghally si\rl\lggerd components.

earth-boring drill bit reen po

c dtpenstortesgreen valer dedparedt isiconfgueel todfomn d esiwredgionvdh bit body.
densi.ty to provide a plurali of fully sintered .
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C @ahbHHhE FullyPsihtRfd Bripb R fog,gﬂhgrr.‘ of a bit body. The

fully sintered conponéents aré assenbled to forma

uni t ar yn stil kodthee aspebt, ¢ie preseit niendadn ticliceed mbthofl Wil fyrming an

si ntered conpon tagether. hi still another aspect i
¢ P aRng PR G Pitm Piremethid Tac hss e o &P pigy sybstantially

o Cperioo Pt ‘ .
p?(?)%/rltéglbﬁ 51' %&E{I?h%%)i/ Q(gﬂ&%dsn@ Hatenﬁﬂ?r?%?ﬁlggt é(})l?{ﬂg HAER configured for

stantia
pattadhoient e rdritl stongosidt atanking thakhangrtovthel bitchody s Eekbit body is

that .is, confiqured for attachment to a dyjill strjng; .
o REP VIS ELDNPTSS i & RONARKHURHE IBTT pBegn Ot hadpapd Folegst partially

| SinRr RS BYbiPE&HS TRE pSw AW R FurdinkfudE€a H1Brali g(mth%red particles and
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greduralifytof ipedicles Thmppising @ matiix material.nTheibad particles may be selected

l.urality of hard riicl and a plyrality. of ) L
b 4P 1P BEOURSABRTEIR] o oo st iRp corontidegtyminum nitride, and

PRarbidel 83 bBRYesS BE LRfb&Anbib@IB $i, 95 0MB, R8N §rl A9 aRE Cr. The

di anond, boron carbi’de; boron itride, aluninim

nintatiixienateniad may be selected from the group consisting of cobalt-based alloys,
iron-based alloys, nickel-based alloys, cobalt and nickel-based alloys, iron and nickel-based
alloys, iron and cobalt-based alloys, aluminum-based alloys, copper-based alloys,
magnesium-based alloys, and titanium-based alloys.

In another aspect, the present invention includes another method of forming an

earth-boring rotary drill bit. The method includes providing a bit body substantially
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car bi des or borides of the group consisting of W Ti,

Mo, Nb, V, Hf, Zr, and Cr. The matrix material nay be
w@edoeossas from t he group consisting of cobal t-peEEEs2006/043669

al l oys, iron-based alloys, nickel-based alloys, cobalt

SR i AP SRS b
C dppeisedmsaithabd aQﬁ&nx GRS e Bias @ shaak tRY & coafihred for attachment

titani um based alloys. hi another aspect, the present

| rﬁ@xerdnlbﬁnng»candopé@c nétthfeshanihtthahb bit body. nTlmgbmrlpody is provided by

C a0 Oy bl b ST S G 5 m component,
5P %Meirfb'hﬁg ﬂﬁtﬂrét)br&?ﬂ@&ﬁbérﬁnf'@ﬁﬁ fHe@t 1ehdt Bhe hd¥tiHBESroRn component to
plurality of hard particles dispersed throughout a

mf@rm xbnownédititmidy, apd @mﬂmngghfabrsvvahi& bofnto 4 finad dedsityuThelfirst brown

for atta nt t dri nd attachin

SRAFRORE i Etbiet Toaditie ittt Biudf et frt powder
f oiRIuRGtoFornd & st BfeBNBorRASHRAN &R aﬁlﬁ[ﬁlﬂgnﬁ’é the 82§t lerédl Somponent.
addi tional brown conponent, asserrb I'ng the first “brown

c dilnp eleast ond addlttdmal laDWIneampoxmmdalsédmimttd byrpmévibingwiieast one additional

co nent to r.m. br bit body, and.sinterin he
10 g8 R el Sl SR AR, Dispop he at feast one
C QHIMABA tpobvaerf rﬁfx‘f‘ﬁg t(pf'orﬁra@Yéagﬂ (ﬂlg additibhfter é&%ﬁ?oonent and partially

m xture, "pressing the first powder mxture to
f|smemngrtheat lwhmwmduuomhgrepammpdﬂem sinntering the

fi Th | ddi ti onal o
br own L AL ABHE SDFs HEd S5 IFUATER A H4ES| AEPOR E forming a bit
a@glﬂ F0P BRLarROVERTe rBlal diEbit. 'Ae rhith&ld ﬁlt:ﬁl'agsg{ro%ﬁf?@atpg%der mixture,

first powder m xture,” pressing t one

15 aqbnbssmgnia:l pq)maﬂ emlxture(mﬂlesubsiaxﬁtwdlm1mstdtxeqﬁessometo form a green body

| tion een nmponent, and partal ntering.
© Rty cfhged S8 a AT e Pe R Resip s ] Serping the green
angENRp r@’ﬁﬂ’@&&t b(gd}%uggt%%ﬁﬂg cbﬁi}é@ﬁ:ﬁ oA éﬁ%ie%%x%omposne material

met hod of formng - a anerth bori ng

r deeng a desitefl fipak denzﬁkbe Thepbmdlermmthdmsl@emwp]ﬂrah@y af hard particles, a

po [ mxtur ressi.ng the powder .m xtur.e
D e ot Tes emag Y oyt W el B b GHatgrigly The hard
20 SWHSHRRLHA ﬂ)ey se@&@@lpﬁ&‘ﬁ At ﬁ?olgaéohblgll?g SR lfaitng 056?81? 'cﬁ1%1de boron

material, "and sintering t reen body to provid
binftride dtj/urmubmtmmdeadtﬂdycadmdwda@ndés af tba gtquploensrsﬁrrgl of W, Ti, Mo,

[ havi n rdf nal ity. The..
oSS Hev BECH i RUE i B By seeCRS AT BF Elupéghsising of
a cPbaH-Bsbd M1k, iRFLBAsEh §1§oy§ q{m{e'l %hé'ég afloy@LdtaX aﬂggﬁkélaﬂased alloys,

and a binder ‘material. The hard parti cfggs nay
s éoe canddnickarhasdtk aljoysy pronoasd sobaligbased dillayg ndymbonebased alloys,

bd on nitride, .al mni tride, r bi des
25 o Pomist Pived APV P tBHAONT 430 Bran PRSIV,

V, Hf,
¥, o bt e TG B LG Sy M0 63 ey i

i tloh-ibdsded @ luhibars, stmicioke lsuﬁsmlﬂdllﬁl%m;esl oft alpatticlemdtrix composite

nlckel-b ed aIIo iro |ckel ased al | oys
Pkl o e ey SERearedn P aae b BSE PR s AeR S gt a plurality of

cutters for cutting an earth formation and at least one additional region configured to attach

30  the drill bit to a drill string. The at least one additional region includes a threaded pin.

In yet another aspect, the present invention includes an earth-boring rotary drill bit

having a bit body substantially formed of a particle-matrix composite material and a shank
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copper - based al | oys, magnesi um based al | oys, and
titanium based alloys. In yet another aspect, the

W@e@3mesto04 nventi on i ncl udes an earth-boring roREIr/YS2006/043669
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drill bit that i ncl udes a unltary structure

SRS ALAY o AT S SRR SRS B SRRPRALS conire 1o

I @t Ethe QRALOMaH 1T Brif@r TNe ﬁarabwrﬁéthk )éoﬁf)oéitétrﬁﬁéﬁalfo‘?rthe bit body
cutting an earth formation and at | east one additional

r énglodesamitrplityofbartd padicles candotmdy dispdrsedlirpughouta wefriximaterial. The

bt v S etea 15 RSBkt R b OISR e, boron
| Y@k aamnﬂﬁi HideR, a4 &abidRs Qpﬁc%‘rﬂﬂs bPHR gyoﬁrdoh'slsmg of W, Ti, Mo,

havi ng’ abit body substantial [y forned
pavh,iVG I Agtand Cr.cBhposirixenatatianhal beasebicmd Stvanttatgragh@asisting of

Ci5PBlire Aoy oot basPA g et eptalovh £ aa niskelbased aloys,

driidal . [ t _ A
3 5 108 AL S SRR R4S o

r aopoeribaseli dlogs, smgnbhumdgiseﬂjallcg/s,rmiﬂrtltamumtbasecbdlloyihe

hard particles be selected fromthe up . i )

conS| st hr‘?gfewreﬂrgg gges tepngtine é‘ﬁ’e‘:tﬁgfgﬁ ISept ggention will be
gargftﬁptrg;tﬂggé Aiand t‘ﬁéf%{ % 9T c &gfdbﬁﬁa% Ut hBGoHERHR detailed

nutesar»ptmntemm@remmcohénmloﬁ mﬂdhé aomﬁ;ianmgg drawvings.

consisting of ¢ [ t-based alloys, iran-based all oys,

ni ckel - based al gg@%ﬁ D%%@JP%%@QFW&D%%N% | oys,

i ron angyi ekelsRARaloR! At des

al | oys, al umﬁ%ﬁ g‘g‘é dl‘il oygeS ?:Vggpéémk @4}3& ?ﬁ@??%%tmg out and
wuig;sﬁmsﬂgmﬁaimsg thaaivhivhds r@anlieﬁ la$ theipuepelcinedhtiah) thy advahbuges of this
f eat ur.es, vanta Qﬁﬂand alternat|ve aspects of the

praafipn i B OB Iy asprrtaingg draamthey ol deserpliprel thinvention
t f t etail ed
o e A I ey PP PR

accorr‘pﬁﬂi@ hop alpatial regsss-sBiRl dakl DESGRIVT laCbinantidhikd earth-boring rotary
Vi | e ecification concludes with clains

Dgﬁwt{?ﬁaéfmgﬂ *a&fwﬂey B BeIeH RPN F PR gorepos i deriakat

whi ch iggr I%’%ia

advant agce}sﬁgfaar hi 1%?03%/ Eﬁ%t%ﬁlssﬁ%% 12&)‘%?% %%b(?’{ﬁ% rotary drill bit that

asobotizs neathingsnoft e prasemwinventibes and [Has on bitf bodye that includes a

| nve on when read in conJ unction with the

’r?i)% OE}PQW%@é‘eF‘ﬁ which: FIG 1 is a partial

c r 0SS- [ R

car th oy g et SRR oo RARETE bPARY of the captgboring otery

[ rduﬂlllcd‘&lownpnﬂﬁ}cz e-matri x conposite mat er| aI FI G 2

RN T N LSRG KL Aw——
Sy et L B W s
S@aﬂﬁla-inhmsdaoatpesm metehiad of forming the bit body of
the eaf tIES b50 1111§.s%tate b method of forming the earth-boring rotary drill bit shown
in FIG. 4;
FIGS. 6A-6E illustrate an additional method of forming the earth-boring rotary drill

bit shown in FIG. 4; and




drill bit shown in FIG 2; FIG 4 is a partial
cross-sectional side view of another earth-boring

WO oa0as890k i | | bit that enbodi es teachi ngs of tPEI/US2006/043669
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present inventi on and has a bit body that includes a

|
Tl st FICeT AR e B nier Ry ebyer mosB A Pepiag ptary aril
dibigl thatk&rﬁbcﬁﬁaweadhngIo@thépreEénGﬁweﬁ&o@ Bnd hAsusbit b8y @Mt includes a

addi ti onal nethod of formng the earth-boring rotary
d patticlesinatrigteomposite Meigriald; andFIG 7 is a parti al

orary ari BE O KR ARk S A Sy RaoN

pr esentrhk MYRREHGR pREEntB@RerBinird n&%jéén{ tB%E abtﬁ&llv‘r’éja@&%f §ny particular
particle-matrix conposite materi al

Cﬁmﬂﬂh@p@ﬂmﬂ-ﬁsmm&m Phtare hieu&iy rchh]nmds;emc@ﬂ’atmmjwhlch are

a%f?lﬂy?a &g |dg$ct nf)lg}se%t g‘%ﬁﬁﬁé’i{.‘] Sléd\élgg’\é\%é}‘n elgpenﬁ% £91BERon between

b'ﬁtgu?é% SndfBealYiht gﬁﬁé h&ﬁ&qda?ﬁés@g%ﬁ%ﬁ‘“ ons which are
enpl oyed"to describe the present invention.

Addi t i dihaltérym “gé@ﬁamtzseddmmmmebm wsartertd.gur es may

retain sgnme n ,aI desi gnati on. The ter ..
"green ﬁ’ﬁg @aeeﬂi? eéﬁlﬁ%%lfl FReaRER ungilere ture comprising
Q htli’f' dr daQFbte %ﬁﬁcl‘é?ﬁgﬂ l?%eﬁie? b%q{‘lgie‘? Phati rlfx@gtﬁﬁtture having a

ucture corrprl ing a plurality of discrete’particles
h eizd ahdsjeiph ellovoipng thebformadionmd b bitibady suitablesbruse inuaneearth-boring drill

n S|zeadshaeallo the formation of a L.
b| ft fwgfa@ieéml?%l &SP L&F@émaﬂ%ﬁ%eas PRCBSP lﬁalual.ng* fut pptdimited to,

f[&gh&ﬂfgﬁﬁrdéﬁgl EQidgy subsequent manufacturing
processes i ncluding, but not limted to, machining and

densi f Thatéron brdhe’ asarsed hdmammnéarmsmﬂmﬁyl stgared.n nmeans

partially sintered. .The term vvn bit body" as used
her ei nLlJﬁ*@ tbrﬁﬁ’lnttilhpﬂ); sﬂssrﬂss bRy e 4 Baia pinggrg structure

Hﬁﬁhg thﬁ’;ht? ef ﬁdrﬁél@ss at 184st E(ﬁﬂé!&fe @Igt@:r‘}’l S‘M‘Haﬂ? lgli:kg?/l‘?to gether to

partla rown” t oget her to provi t pa
bprcdmda@t ﬂmlst/mml édpdmghd:twpen adjadeatpartities, dterstratturechaving a size and

ving.a Siz nd shaeall formation of .a . .. ..
oAl i e e R T OL il o sl OV 50R P et aringiil bit rom
f "t}%ﬁ-&lﬁu&tlﬁ %ﬁ%ﬁuéﬁy Mﬁ?&%ﬁ{g ﬁ%@éﬁéé@ﬁkﬂfdﬂﬁ%@ but not licfnited to,

processes i ricl udi but not ted to ning an
f matchmng:kmdsﬁufthcraienmﬁcatﬁmo\BTOWntblttmm&ssnaydgp foemédbyrear example,

by, .for exanpl e, nti | Iy sintering a green bit body.
Tﬁ%rt‘la@}’ﬁﬁmeé?nﬁtae??%} Yused herein nmeans

densi f irgatdrAserfagP &Y skl HoRfm &RTRERG M ation of a particulate component
involving removal of at least a portion of the pores between the starting particles
(accompanied by shrinkage) combined with coalescence and bonding between adjacent
particles.

As used herein, the term “[metal]-based alloy” (where [metal] is any metal) means
commercially pure [metal] in addition to metal alloys wherein the weight percentage of
[metal] in the alloy is greater than the weight percentage of any other component of the
alloy.

As used herein, the term “material composition” means the chemical composition

and microstructure of a material. In other words, materials having the same chemical
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i nvol ving renoval of at least a portion of the pores
between the starting particles (acconpani ed by

wa@ boo7iksage) conbi ned with coal escence and bondP@ImyUS2006/043669

10

15

20

25

30

bet ween adj acent particles. As used herein, the term

"[metal.]l.-based al.l oy" (where [netal] i.s any t al )
ATEBR AL AP bt PO A BBNINE Firio (G ek Hprent material
aldopipssinb@y. ei n the wei ght percentage of [metal] in the

alloy is greater than the wei ght percentage of any

ot her dompehbereingthetthen Siuhgsfen cashidebmledrmranly matdrind corapawition that
"material conposition" ans the, chem cal, conposition
artt s EhepieaE cameoustls ol Fiagen a1 SO, Sidy asy gsamble, WC, WaC,
e EbAbiRatiehsi ot 9y € B FATR ToheRCA 0oRRRIdEL E& el%ﬁhpl%, cast tungsten
different mcrostructure are considered to have

dichifbedeg pintenert mngsén cobidesintlinparsocryitallisetinpsteietcarbidehe

term"” n car bi de’ ans. any rrgteria_co osition,

that cAMSrhovca eIy hefemhodies frgehiggs gfrfhe present invention
Ca¢ BRMm if 158, 2SThd &1 @fj %ﬁ%}l&d&’@bit\%% 58 ngostag]tia%}é formed from and

conbi nati1 ons of WC and ungsten carbrde 1n

f epmprsdpife, paricie-nhatrig sbmpod@hateiégl. Sitet drilebit 50ragsdtasy include a
cay bi.d an crocrystal line tupngsten carbide, An

R Bbfinged B deybitod Sbi Thebiody esameginclude a siel blank

redee P orpled PR REka MR bDAU S R ATIER 1

f or med The binbady 52 dmghatee Bladés 30, péuidhi aré separdted by junk slots 32. Internal
c site material. The drill_ bit 50 al.so may include
- LR pRsaEaaYY dibgteea the frcanSinf tsbit gy Bjapd B lagitudinal bore

5 i . . .

C A i PitpndsUiog it o ol Bbfal 1P BB Y ol BOJTR, The ntemal

7QluidT ipessbgdwdys iz Hidyi vk ud esbshindidiés 1id@ar, \Widoehwiag dinear, or curved

330 Rhcb, Sl SReler s (o Saomh o o RoiS RGP0 B ech e 58 of the

| / . . " hr .

7GRl REMIRS Ryt (A0 BB TRl LR SN integraly

f forneedpretisthg ditdpdy 42 andinak éincbude ciebilat antioreirtylat (trlns’saiections at the
iece-wi se linear, or curved configuration. Nozzle

PHE%‘F’E%S a(tﬂiﬁflag%g%\ﬁgt?’ﬁpltkﬁoéi’ d%ports maybe provided at

face 5&h@tlriflgg.SB%aﬁﬁﬁﬁdﬁplmaﬁg}r& PO P%{dllﬂ))k}%e face 58 of

passageways nozzli € Insérts maybe inte
f drerhatbodiytR2. tThe PDIC cilttedy 365 apbe proayded mbdngddades B0 wlithin pockets 36

¢ Gedredan b s tho il fodes?. mmay br sutpp R omhghind by buttrsses
' | : -al . i S . Q1 i1y 1
L0550, RS

p ey iicbdat ezl phaglityl cfdeterS Gorinied From apabkaive, Bearfregistae naterial such as,

the face 58 of the bit b 52, and may be s orted
£ gﬁgggmen@nwtm@gsggé:é@?&/e. Furthermore, th)é cutters Ili’llg}e be integrally formed

with the bit body 52, as will be discussed in further detail below.

The particle-matrix composite material of the bit body 52 may include a plurality of
hard particles randomly dispersed throughout a matrix material. The hard particles may
comprise diamond or ceramic materials such as carbides, nitrides, oxides, and borides
(including boron carbide (B4C)). More specifically, the hard particles may comprise
carbides and borides made from elements such as W, Ti, Mo, Nb, V, Hf, Ta, Cr, Zr, Al,

and Si. By way of example and not limitation, materials that may be used to form hard

10



38, which may be integrally formed with the bit body
52. Alternatively, the drill bit 50 may include a

w@bawrakdony of cutters fornmed from an abrasi ve, PCT/US2006/043669
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mear resistant material such as, for exanple, cenented

| RS st ivisGtopicnrdty AR IaR aatrage G0, BB {arfide (TaC), itanium

dlmqmzw dh%lhﬁ%{ cﬁﬁl&s 'thﬁh \é\futnﬁée(m)" ta'hﬁ‘h d.[H?to'Sdc?é (ALLO3),

conposite material of the bit y 52 may 'inclu
|ahmmmlymmder(AdN) pad $111c¢r58rhldaf(($dh). E’urd‘lestpenewahbmatlons of different

%ﬁf g %rg cat 5}?\3 rllﬂ')s){éd 8rt§15ﬁrat51ﬁ§i:§$lf3 33&9@8@# é{ﬁdl aractenstlcs of the

C @)Elﬂicﬁeﬁatrﬁ' ﬂ(}fé@ﬁe m‘ﬁf@rﬁ? SThéfMd ?%lcﬂﬁ ﬁla@{ﬁﬁgﬂoﬁﬂéﬁ&mg techniques

boron car bi de More specifically,
panowe tethosagf mrdmary dall crathiei atte Mghshitableinleeriata ter Hardparticles are
I t h, i,. M, Nb, V, H, Ta, W 20, AL
Zﬁglnng]eféﬁﬁmﬁﬁ? Xv%&&%ap@laéwa e remaindsi a‘f%hm the ability of one of
n@hﬁﬁ&9sgnyﬁgk”gpy be used to form hardparticles
i ncl ude tungsten carbide, titaniumcarbide (TiC,
t ant al (ilre amtlbx aimto{rﬂédi@f the pdrticlewmatdk bmmpds&te(ﬁliatBﬂ)d, may include, for
chrom um car Lanlun1n|tr|d al um ni um

off‘%}@plﬁAFO@tf a5 =u’ﬁ? #iin Pt‘ikF’]d‘éaSF‘il wn aaﬁ igkglibagad, cobalt and
c I e f

hg?%b%gars%?(:&sanﬁg?f) ?f)ﬁgséﬁ dalul‘fl@ Por tcﬁ@p&f ba@la&.fl rﬁég%@glum-based
pranp Gtanivas-based alibysr dttfeanataik Intherml niagpelsp aabtselebted i@t tcommercially

ite material. The hard particles may be forned
LSHr e PR G ECORRK AU ERARCTp T2 GRE{ U PATEHRL Hon; gnd nickel. By

t W% Yrlexary %%t ?lﬁb{ ﬁf?ﬁtﬁ%ﬁﬁ?t‘[ﬁé hﬁk&g%g?ﬁl‘@?y dfecéaﬁozm steel, alloy

are Commr cia y aval
r efeeli, mthealess sstasd, ttholnstedig Habfi¢ld tnyanphnesa ateef, niklfl&l oalkybalt superalloy

i @nﬁgwﬁi%%@gﬁ%%@gﬁcg&%g%ggflwésﬁ‘aveas INYAR®. Asused
eX&RR, Bhe t@ﬁlti’aé eﬁﬁ%?dreférg e %1? fof qu?l{é%as d o Qfﬁtc'ﬁfged-ags% having at

and ni ckel - bas cobalt and ni cke I'ron
c tdastl 129b elsenhjuma Ibyl enghtn Mdﬁﬂnalmpmprafﬁﬂmd that may be used as matrix

B L TCIAgg o i sedla mtheb er SRCCURMEREh AR FYCHRIL® 625M or
eRRARHS Snd RGP ARD ﬁg@ﬁ 1bys }@bfﬁ%"aQUgf‘ﬁcféﬁP@te[ eanﬁ? glg\%glklﬁglthat closely

tltanlum 1 ron, nic Yy way Orf exanpl e
| n‘mtdha$ thatpf thldffarchpartlc]ns nwet éu thalpanigylal particldenatex bafposite material.

Pﬁ%@%@#@éﬁ&@e%@i@&ﬁ Sl %iq%%gmate%lwﬂh that of
MRfeqlak@bartigfad o aﬁbﬁ{t@ ?%ﬁ??sn%gh? us%gx%ﬁleﬁ{s J%E&szﬁtt:d with residual

based all oys su erein
t etresséssmp dianhbfatiguee f Ancthérexamplaromatrixi maitetial ian Hadﬁeld austenitic

cobal t base fllo s havj ng at | east 12% chrom um

waiagEnesedierl (FHWHR apprexmnately 1274 My&ytwmht@a%e%géw weight).

based ot Bl AR bHHE pRUSFNIChih HeBikie b Homppsite matera
anmy indiARR@plurtlyyerf a40(h§(ST ME(Anngican Sogétl if@ ’[Qa@ﬂing:dnd Maténals) mesh
t her mal F@an& 0 at closely matches that of th

hBIgStER FATPide Barti s mexpRBlepF tngyensartide varieles g he sgbstantially
CSRASHe 6 WR. Rlshidd herein, the phrase “~400 ASTM mesh particles” means particles

that pass through an ASTM No. 400 mesh screen as defined in ASTM specification E11-04

entitled Standard Specification for Wire Cloth and Sieves for Testing Purposes. Such

tungsten carbide particles may have a diameter of less than about 38 microns. The matrix

11



More closely matching the coefficient of thernal
expansion of matrix material with that of the hard

weanvisdses of fers advantages such as reduci ng PCDDEEI®043669
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associated with residual stresses and thermal fatigue.

fj.eld.
Y A T T —
Mnidigl ¥eiveipht, ange t%n%%rpca%ﬁdﬁ\gh&m& mdyrbo sEFRMMEABIYut 60% and

of the present invention particle-matrix

c 6hps AStebyrmeight af thﬁvmyrtlc&ﬂ:muec @mpqsﬁamatepabfand@& 1AgTi material
(Anmerican. Sogi et and rials

t (s YRRPTISE, eftg'ggrbggqu[t ésan @ouéx ré)%é( W'Flﬁét gﬁﬁ&s?@ﬂde'mamx
C 3bRbeatePRAtekial. © ' {?P&S

As 1uged her ei n, ?\fg@%ﬁ?};@? E’t %gohﬁlémn 5 ?ﬁlglfese?ﬁy comprise
mbelvesep aboutd0es artdhabioup396 by wedgl of tre p&ﬁﬂ'd%-kaatnxé‘.@ﬂhpmﬂh material,

scr n as.defined in ASTM eC|f|cat|
Ao g t%ﬂﬂﬂm%mmse ﬁwnﬁ‘aqut@ﬁ Oeané:lala@% 3%y weight of the

Sbglxﬁ%ﬁﬂfn%xTc%g{ﬁogigellg peses. Such tungsten carbide
particles may have a gl aneter of |ess than about 38

m cr ondn afidthemerhbodimenterfith prasynti incéntide, therpattidle-alatriy/ composite
conpri in .about 50% cohal i g and abaqut 50%
Fga%é}? M?%ap SR 6@% géﬂ@%ﬁb‘@%%ﬂ GaEydepartigles. Asused

C QBRI $6e pﬁ&we%@b&m@% 191Q9U£1e§%"/%4?%c1¥f£h9{1 as‘rgift?(rough an

t he partlc e-nmatrix conposi t materi a
metSdiM ANo. @@mdﬂ@rem@s defiveeisin AR tsp&ckhi atidn & 0404 efififted Standard

ht I
il A S e o

C E&Hﬁﬁlé ?n@q{a\(y@ Qi ARAk of 1050 RAL . RRP 9 é‘lﬁgl{ﬁlpy T’ﬁﬁ n ma)% ﬁ'fatenal may

article-matrix conposite materi and
rral‘ChIdeaI cohalfbaserpreta ell dyedongeisirsobitai Dy aodnetully pure cobalt For
matri x conp

30%b hght of the PartJ ci
X URI) he Paidi maiteal mivioal e Sreatst yhaﬂ@bawe%e/ﬁ@obalt by weight. The
| n i %E‘ﬂéﬁ @51'{)1cfeIi)‘%.rt{?:‘i’e,rstnlla‘g’ic 0%1}1%%%5 betweRRR 56, HRE %dtﬁbS‘ZBQér weight of

ude a plurality ASTM nmesh tungsten car
pdtetpaa:ﬂués-ma&sx uemplodite maiterjal} drel thhmasex md@l ARYMompsie between

ticl t th h ASTM
Kb S Frtbont Sk B TR B e oS TOr L B OH
Bl 1- OdyigDbddiingel riraBeRnd FReSS ithd G}’B 11f1(9ﬁde\§varrﬁalgop 'gf!}nale API

and Sieves for Testing Purposés. tungst en car bi
p‘shreadcd esnmegtion aurioa foli @maéamgdhe ﬂﬁB $ittJ0eto aadrilistridd (not shown).

o 20 Bt e e ncEopmmoes e asuewal hat nrelptively tough and
CRIRE Mﬁivbymaglt%e@m gFezrl %gﬂagﬁ anfl Hgté%gagigfg,lt?e %Ea}nk 70 may

material may include great out

wizichide a sTdeballayngst en car bi de parti cl es may conprise

bet wee out .60% and about, 95% by

partic %ﬁ‘éf’?ﬁlﬁ ec‘B?fBBéio’tné’oﬁﬁet E‘PF"’&‘I&I ilt“'hlé‘)dr)hsﬁZr mgy be relatively

n%%ﬂeﬁ'staﬁ?éﬁd%%wesﬁa Pth%l%?tlﬂo n'g%@% b@kaﬁﬁkulflﬁ/ﬁnpractlcal.

by wei ght of the partlc e- tr|x conposite mater
VAS h resohit ¢onvedionelf reetbodsefot altale'hlﬁg tlit shbdie7GtoahkbivBody 52, such as by
includes a male or femle é
machining cooperating positioning threads on mating surfaces of the bit body 52 and the
shank 70, with subsequent formation of a weld 24, may not be feasible.
As an alternative to conventional methods for attaching the shank 70 to the bit
body 52, the bit body 52 may be attached and secured to the shank 70 by brazing or

soldering an interface between abutting surfaces of the bit body 52 and the shank 70. By
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t hreaded connection portion for connecting the drill
bit 50 to a drill string (not shown). The shank 70 nmay

wheoof7ossyed from and conposed of a material thaPCT/BS2006/043669

10

reI atively tough and ductile rel ative to the bit body

way %fcef)ﬁ%qg ecf ggqlrgxlt nd n zinlrgrerzlﬂ{oa Fr%{c?vqie% at an interface

C Qi&w&inta%uﬂﬁéeeff() SHthbit Ma%r sblahd Q@mac%&z la;%e*aﬁank 70. Fugthermore, the
rel atively wear-resistant and abrasive, machining o

t Hhat brdy ﬂo@iyi he Sha}kb@ thaf/ fbie sidet aod Comifnglaed td:pdowdé& @medetermined
D GRS EREETER ths 0 R 60 iR sy TR B AR ghe brasing alloy 74 may be

cqg,g)@aégl ng positioning threads on mating surfaces of
the bit body 52 and the shank 70, w th subsequent
f or mat iAdterodtivalywéheoshadk 7ormyayriet attachddetsthb b, badg 5arusing a weld 24

TGRS %eftm?%lg Bit 50835 Sshe Shabkt: Eisayeld 34 sy dsiend around the
atd-aadiesh G ?lgrfatcg et §Bﬁgg n filferPce BE@VTZBEIID@}G BftPody 52 and the

solderlng an |nter ce between utting surfaces
thhmﬁfﬂ)body 52 and t he shank 70. Byway of exanple and
2|n IIo 74 may be provi ded

o i nt dh fllewabia Gubn sty b b hedy of Hrdh ok J@ynogﬁe sized and
bg)gn %'%H&a {nogﬁ'@}/] iééa ;esiﬁg)éﬁgﬁf?ﬁ%%&seﬁéeggttﬁgﬁﬂﬁr ?O glgiretggé&face 72 to

tmttpclouhedharﬂ:mtedmmmdm standof f between the

'surfac_emlg and the urface 72, in which the brazin

15

20

al | oy ¥e ipte n%aon-maéﬁwéeqe\f@wresm@bg Fomed pothe surface

e o ans BERABER® 2pl Uy Phiac) Lol e HhE 78, Rk erffholp, gurcads or

\Nébntglﬁdmaﬁy exet)ehdmg spﬂjnmi,ndds Ioekebrsl (hbt dhlotvn5ﬂla9 ibe @fbwded in or on the

exte su hereof along an interface betwee

t ﬁgrfrﬁﬁet %&i@e ﬁ}gﬁ%ﬁwsg # tbpgfaCe 2 of fheahads Hxioipyey et rotation of the
'E@ﬁgidg%gtrélau e Lt akagd 52 and the shank 70 may be

si ze

con |gure to prOV|de a press fit or a
shri nk FIGS. het3haHnosttalwen mothddoffoGlingrhle binBodi A2l ahizh IPsubstantially

attach th shank 70 to the bit body, 52.
Ff)fP (}WERSF%? ar@%?rnﬁrrah%ﬂmgqﬁm materigle Thepmsthod generally

ey B E(W?&’igg | 8%’0’% 1%1%?]% gsgn%{__thé B@wﬁ’értnlngﬂﬁié( n‘gg%reen body,

t he sur ace or- exanpl e

- orand enigadt paitially sintaritgehepovgles pliktues, rods, or k ey s

25

30

§ ﬂgt o U U5 e BROK' o1 0,00 o, e SUr L2 20 Shetamaty
ExﬂE 8&%&@% WAthiPh pidie Pfé(}ntegﬂé}%OS Zrlfeﬁio%éfe}’ ?ug rrerzkﬁraay include a

san FIGS, 3A-3E 1 ustrate a net
t Ipbarhlity olﬁﬂxépr&iousilmiesmbod hardymttioids aal layhiralityedpdrticles comprising a

and 0 of .a parti trix conposite materi al
5 H:gaergg |p31;eV1ous y gesgabed hereln ptionally, the powder mixture 78

may further include additives commonly used when pressing powder mixtures such as, for

example, binders for providing lubrication during pressing and for providing structural
strength to the pressed powder component, plasticizers for making the binder more pliable,
and lubricants or compaction aids for reducing inter-particle friction.

The container 80 may include a fluid-tight deformable member 82. For example,
the fluid-tight deformable member 82 may be a substantially cylindrical bag comprising a
deformable polymer material. The container 80 may further include a sealing plate 84,
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i ncludes providing a powder m xture, pressing the
powder m xture to forma green body, and at |east

w@aoorosd9by sintering the powder m xture. ReferPCTyS1006/043669

10

15

20

25

30

 bETEALC PESTRG M

FIG 3A, a powder mixture 78 may be pressed W|th

o ST Bh A RBS0aE, PR o PP fomea som, o
plentiple} s st sREILAKIrABIEL YieSlRESd, glh%eWp@tlﬁ%tﬁdn%' e deformable

and a plurality of particles conprising a ratrix
iRl 82 mepy bl flledpridy the pewdetimsdwiely8din eiterated to provide a uniform

B sus sho PGBt ch it Qe s bt bt least one

S \iedplaREmentt O iR%ARB nfy Hé'p?&%éd \fzi‘i"l{m E{eQTé'fc%fH Ble member 82 for defining
| ubrication during pr essing and for providing

s tieafieres) o8 thes bit drogy 152t muchies, foresangle dhel daongumdmahbm’e 40 (FIG. 2).

P lﬁf F’Qf‘gwgle ! tg‘? fngsg‘ r n}glilpt 2 ot 41 gﬁr‘t}lg&yg}tﬁé}ng%ow 40 may be formed

I
T G AR T s

f Itlmndnay hghattackefdonr radd cel torthrelrteforB2blvanydrebar 82 phetiding iadluidtight seal
cal bag conpr|5|ng a def ornmabl e pol yner
eé? “MThe container 80 may further include a
seal | NghBbaEn8S0WiEh 0 s
def or nabl e rrerl}berovm}1 %V&Fgﬁ nel}[??g%%* éc{)?giﬂgg ggeﬁts gl’)econtamed
athez¢inpmayrbe pswyodedazithinalpeessureehpnbered0. SA lremowble wVer 91 may be

poI ret hane. The def.or mabl e menber 82 be fil
Bpg P REOVISRRFEFSS AP gleup@m?@o MU RS 9By éxﬁhaé (xahlch may be

u Bﬁﬁs@%"t‘i‘aﬂ@ ﬁk&hﬁ%élﬂ@) é?lfchtagl %ﬁ% e, Whtth gﬁlg | acghéﬂ%snfor example,

th_e def ormabl e nenber t " one
i per mitggenply poeped omodhdpmsstdne phentter @Gfthlroﬂg]b be op&iihen2 at high

82 for defining f res ,I:l}ééhe bi t bodfy 52 such as,

F BFESQHSHSHE A R (B SPaM T PSS e luid fuses the walls of the
AdtRHaL eréh)ber BDQ HESRAL T%@ fﬂ@d’ %9 9ﬁw&’gb%%aﬁ%ﬂ%eﬁ%ubstantlally
| ongi t udi nal bore 40 may or b

c onifently trihé posddérinnixuge ES o'ﬂ%pres:turel wn@nﬁ ﬂ{ﬁﬁeﬂsmtchamber 90 during

rocesses. .The seal i ate. 84 then maybe attached or
b 5 adeb b abert %%Hﬁgwﬁ%%ﬂ?% fabgut 5,000 pounds per

f E(&{ia% BNt MigalpatthaleRhet ss TG iGN gsrsul% %lfa}LHb%p 90 during

he powder mxture 78 and esire | rts 8

| C tostaiinpesditemey hy grca’gpr tlmnpabmuvtl 188 dnegapdsicals (OGNS per square

cha 0. Are bIe cover 1 may, be used to i
F@B})ng 33%3’@&%‘3 % 3 Yﬁ‘:@\“i‘ld?ayol?e El‘ﬁéldﬁg aaBi the cRataier 80 and o
99ress%ré bihddr (ﬁ%'a‘%ﬁuﬂ@l’ rﬁ)e%f gr Qil%( gﬁ%hﬁ“ unds s per, IS(Fuaureoirnch) may be

i nconpr éssi bl e) such

gapplied Ue Khasxtefior surfaapbe theatontaimer by, rfog emampla thiergodsphere) to
into th pre sure chggb r 90 t hr qug h n openi ng 92 at
hP%}HPa;?F order St tig REESIES, ?POWH%V H{X{He 78 may form a

PERSS Hé\ﬁdé}fcggﬁﬁ@nér{t [t greﬁﬁ‘ Ur;t %g(ri%n be ﬁ]@df lﬁu i g §B€which can be removed

def or mabl e pressure my

b&omrthe pressure chasnliss 9& and eddtyiner8(f afterbyessingt he powde r

m xturg 78. Th$g lére wi thin the pressure_chanbe

90 dur f"rlag" alternative method of pressing the powder mixture 78 to form the green bit
body 94 shown in FIG. 3B, the powder mixture 78 may be uniaxially pressed in a mold or
die (not shown) using a mechanically or hydraulically actuated plunger by methods that are

known to those of ordinary skill in the art of powder processing.
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i sostatic pressing may be greater than about 35
nmegapascal s (about 5,000 pounds per square inch). Mire

w@a20oviossebarly, the pressure within the pressurkCTOS200€043669
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90 during isostatic pressing nmaybe greater than about

138 I r_square ingch).hi )
er a0 R0 R s bR e
t hergaes @U@aﬂlc&@ oAt Iﬁat@ﬁayﬁad WeRAbEby dUiAdr ﬁﬁ%falbﬂo%ded in the
megapascal s (about 15 pounds” per square inch

appwdsamixfured (BKE.8A) oas psenibustyedesafibedh é:ed@mtsa'umaral (dayures may be

b e OB SR B S ety sr BB G MR Bhpuincuding for
7 &xamypld afrﬁmgt&nﬁgaesp&mﬁ% tecRRRRESMd &Ll t%@m&aés PAAY held tools

94 shown in can be’renoved fromt
praé@smayéb@ heedite m&ﬁalbnfdmnmntshapeefeatﬁ&s af beon ﬁme@&nﬂgt body 94. By

I'ternative ne pr.essi t er

R TR RS R R tJualgglg)tsgi ik onduptaes 60 may be
3 VA
a%n%&%‘%é‘?’ggﬁff%‘%’é‘ﬁﬁwﬁe Fn B LAY o Rorn  BEF Bt it body 98
hystiowao lif EHEI%C act uat ed pl unger by nethods t hat ar e
known t os a skill in the art of powder .
process "’}f?’F g&?ﬂ@@ﬁ%ﬂaﬁ %W@H gﬁ%mﬂﬁ{)q:@t%asg@rﬁﬂy sintered to
| f I [ dy.c:
by e é‘i"f‘é’)‘?ﬁa‘iﬁ‘?i“’é U2, SO IR, 07 ARl (PRl Wesired fnal
matessitya [Prior mpadmiﬂylsmtetrhg thosicped griee hit ‘mdir% (thE €hapdd\green bit body
ﬁi? prev ous| é scrl ged Cert a| structural features

>§ & Srbjggied fo er@tiegleﬂe}fﬂt? Wregqreﬂ g]pc}]eressures to burn off or

c QQM@% &gﬂ%@u@@ﬁ&ﬁlﬁbﬁ%&t%@ h&l{ﬁ%d lllpﬁ'ﬂeg)ghﬂgr mb@lire 78 éFIG. 3A), as

exanpl e, ‘turni ng techni ques, Ing tec ues,
d rplrd:\hmrsgy deschibddg Udsthetdaord, thelshlapted @r&nailtslmdm rhey bsaﬂ)j ected to a

biRe gt Biled ki 56 actantal a6 Fuah AR ieh.oBueh atmosphares
bln@ﬂﬁﬁcﬁ@e fb gi?)ieohidrggerﬁ @s@t ‘Fe%) grzlﬁ%‘és Ef’aﬂ;oﬁ? SoRL.

maybe machi ned erw s e green bit

body 9 hedrbéwn ﬂllltabody dpé ohizgﬂmsubbﬁahtlﬂbdma&ﬁne&)ﬂmdﬁb tonthe remaining
FIG 3C., The b|t body. 98 shown, in

3ERERFTHY dhegpin, @2&‘ n TEPSIPRY E?jnnaehlﬁ?dow%bwwn bit body 102

broiyg &inbedtRAN! ﬂiganﬁ‘llﬂ Vi@cﬂn el Ghctddng 3k %Qzuﬁ%% hﬁﬁlﬁg techniques,

than a desired final density. Prior %o part
sinmilarg te@‘mlChl@s shdgelling teebnigoedt Hmnd)heEl&oolE hieo ﬁiay pedsed to manually

reen bit bady 98.nma b sub ed o noder at el
o O PR HAPE AiwIss it tipiachit Brdst 12 Go et ielude superhard

r %BPc‘i’xfgs Y inbdt@l fby %eatﬁgﬂ ttb Vﬁ&lﬁa@ﬁna\éﬁﬁl \g @F{q‘édﬁ%w)nnblt body 102.

the powder m xture 78 (F as previous
dsldrtidyetly, rratetidl epatbrge malyl’me appﬂaqnled soifaes ofihe bhmztybl%ody 102 that

afle b MAUFGTpdr it BRSS! DAY A0 Sy Feines may

i H%%%S&P"tlﬁﬁeﬁ%‘?“aﬁ”nmﬁ?éﬂﬁlﬁgﬂ 105 may bo

subst amy why wf reaethpleadidenctulémitatid) éntesahiflnid gassageways 42, cutter
pockets 36, and buttresses 38 (FIG. 2) may be machined or otherwise formed in the brown
bit body 102 to form a shaped brown bit body 106 shown in FIG. 3E. Furthermore, if the
drill bit 50 is to include a plurality of cutters integrally formed with the bit body 52, the

cutters may be positioned within the cutter pockets 36 formed in the brown bit body 102.
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porosity therein. Certain structural features may be
machi ned in the brown bit body 102 using conventi onal

wore@hiossong t echni ques i ncludi ng, for exanple, PCF/INEVG6/043669
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techni ques, mlling techni ques, and drilling

o R e e P och 157 BACRAES BbRFFoBabonded to

begdy 1rit9é’ra11§rﬁ9hﬁdtvhﬁ1tthé Bﬁ'bHS‘;‘fS?Uper hard coatings or
inserts may be used to facilitate machining of the

brown Hihe sbegbd brown biaddily 1 @hetovn inflGe3 B dencumttierfgly sintered to a
ied.t urfa es of. t ebro |

¢ REE R iy oSBT X deseprp hﬁmfyf%%ewn n FIG. 2. As

brsieetiny thvHIQey. dél@&ica@ifihd%ﬁ%bﬂ%cf p'@ﬁ}élt&% Hx‘ﬁj? st"i‘ucture the structure

fixative or other polymer material. By way of exanp
arbdlnlgcstntﬂ’ﬁdrmléshmﬂ: during ﬁterwiterﬁlhgqmdcqzsa.sAa;gam;esnMxpenence linear

il OF PetRan GrodBd Ptk e s oG S5 S Adsired final
! AehARlyM 2 SRIRE Qilﬁél%%af’ Pﬁblﬁ{?g%lgagt%e%ﬁm&e@ alllzci gécoéllr:ted for when

Furthérnore, if the dri I's to inclu
P Id§$lglll1ng yo(xhﬁlg((mbldsr dies, etodgn adchinfrgy feettiresiih btridt@rebthiat are less than
b%&‘d]i the cutters may be positioned within the
%?ntﬁﬁﬁflkets 36 forned in the brown bit body
102. Up@iyritigbSIe AR BingS b ol b
v beg% grraﬁﬁg > gp(gc%%g’%s, fetfraptgﬁy ﬁtructures or

102, the cutters mm I’'nt egra

f dlspmemmmth (ttdt shdoirnt) nhayche 152d toHapparh i edbt portinns daﬂ the biobydy during

1 shown in FIG 3E then e fully sintered to a
105 TR RRCoEh SRR ST GReS RS TSR 36 Gngne the densification

d %?&:'éésb Qe IQQQHG%MeH Fof é)ﬁgﬁ‘ﬂg%& td Rafital &Jn'sﬁ%nﬁl in the size

i nvol ves denS| fication and renova porosity wt
aasd gewheirneof ﬂihe:uttd:rrpm(ckmts 86 lad tig: intanhed fiadd passdgesiays 4K during the

during the sin in rocess A structure may
eilﬁé‘?ﬁ]@ﬁ&%ceﬁﬁ %@%Wé‘w%@s By e g?fmfd(%%éowwple graphite,
duflicASrSiiithfhl Ate ursQHf Quﬂfrﬁ% &ﬁ ﬁ%h{%ﬁ{sqn HieSt l%%ﬁu{)'d?ﬁhacements

denS|ty As a result, dinensi ri nkage
c oregi ote desdirabled as ebming achyf be relhtvelyl dass g'eacngfet theh ighgphite, thereby

mol ds,. dies,. e machi ni.ng feature
B it or Gl HATPG) 1AL R sttt soply s alomine,

abbroplntiaE, Mgn A REide] Flotirk BiRfneREal Sa@%ﬁaiﬁ@ﬁ tena])s m rTgbe applied

refractory structures or displacenen not s
blzo thegdfradorygtpotutesed prevast capoot érootberaftorh i thletrefmmbty structures

r|n he sinter.i.n ss to.maji ntain desired
%fé}ﬁl&g dﬁ‘tﬂéli‘f'sl?lbﬁ%d%’cfﬁlﬂ“ﬁ GersECHighsi i cati on
pr oces i e .
pr oces R RBhARCIR I SnTARRR U Own ERTIG A B parially

ceinteeed pdoke adr@en hitdodhwithouterivoamachining, pasahgessysy machining
refractory

42 d t he, si nt SS.
fe e ot S B %%BP PP Rl HBIeEnE G it body to o
S H!:én%@'f QF deRbitfang A8 GeQssey IR &I
I nst eadmof grlgy;hl t 1énadl s% acgng%a?% may th%g ?ﬁa e&zgn the green
abig bbdp9hshowrnein G aiB, weligh thes may ba Cliyvsintefed o gdesed fidal density.
t her eb;f o . . . ) o
he sintering processes described herein may include conventional sintering in a
vacuum furnace, sintering in a vacuum furnace followed by a conventional hot isostatic
pressing process, and sintering immediately followed by isostatic pressing at temperatures
near the sintering temperature (often referred to as sinter-HIP). Furthermore, the sintering

processes described herein may include subliquidus phase sintering. In other words, the
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m nimzing atom c diffusion during sintering.
Addi tionally, coatings such as alum na, boron nitride,

wWa@baoriosseoa ni tri de, or other commercially avai | BUI/8S2006/043669
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materials may be applied to the refractory structures

vent carbon .or aorrs i,n the refracto .
o e Bbod ST Ren B S A et Proiore G hiow the iquidus
dapgi cff'tﬁ@ﬁh&@ dldg'i‘arﬁlf&eﬂh@ ‘?ﬁdtf{}@ g[ﬁ?é 0 d%or e‘kEh% & ﬂﬁnsnlﬁbﬁng processes
body 94 shown in FIG parti al | ysmtere
f oleperibed horem IIDHY bwmdu‘z\neﬂ hsmg aprmber Qfd@ﬁﬁmnmethaisdﬂmkvhl to one of

AR RO B 5 BT LBt B s,
desdricd™ bf&kssdﬁmws}'atlc?rés%g HIPICSYada ?!ahons of suc%Frtocesses.

necessarynachlnlng maybe per or méd on t he green
body 9BreadiyyandibyFta@of 88implkboly, silteringagrebepéwddrgompact using the
rlgéér ed to a eS| red. fipal density. The sintering
(e el b g Hhy VSRR IO GRYRES %mrelatwely low

3' BhBérhiige a’ f
LB 0l AR ILECR 20 R A oo
prtks powderprongess Tlmnt@bsuitmg browrg stirunterd i is tverhypddoinl @watkrial such as

g?/gqééﬂ?t?:fatl {téﬁ%@ tg@ llj)F r? %TF’{I(S'\E?J %upvlrr%a) g:?égzg hs?ructure is placed in a
Si cﬂhﬁ[nejr'" ich ELHIIeB%HP% i iclbd&r asi)eﬁngl }gtgglﬂ%ﬁ gg gﬁgssmaterial having a

descri béd herein may ude su
sisnbsaitnaly ldwerahditing pmntithan tHae of theewdtrig npitarizd asthe brcaam structure.

be_conducted at tenper s proximate to but belo

¢ PR REmEnS hepied tofhe sheh e ﬂag HGPRERRIES VD by he meltmg
L
ditérthperetmte ofehé odsizkmatenial ia th)ﬂnb:rowﬁl stitudiuna ﬂ“)heilleatledi cd)rltamer with the
the art such as the id Omidirectional

( PR PICHaBUS, PofymRer iy Eom gé’ét e Rsp WA SIUFTANe gameried therein) is
Pr; il
Brpgegcglli '}i}?a gﬂr?gﬁ%i}cﬁa g g@atr%?% sﬁ’élﬁ acst'tcpg)lr%thg ?)Fe:ls§ ecﬁat is used to apply
p pueseure tothp avilten sergit tepdR@Eiemmaertal s Isostatit pessures w1th1n the molten

presinter the green po I corrpac at a relativel

| &%%ﬁﬁ@h)ﬁ%ﬁr are S%magﬁﬂai%ﬁ##@te icento 1&@*@%@4 nisEpeic ghe brown
Sléﬁﬁétﬁfe%@%he%ﬁév%féattéh &atﬁ?ers Hithil'®EdbAdtheL ThE Iﬁ?olt%ﬁgg%fmc polymer,
conpact. The resulti brown structure Is wappe a
rmlr@lasalmammﬂ] aats tg mapkmttehé pieksutre asd hkattthghdbwwm structure. In this
structure. rown structure is placed in a

R R o B A Sp AF18 € [agEepreransmission medium
c I r

CSHRURE wo Bl BB MBLEL Bl MM, Syt o
matlease offptessirabnd podling, the simtered sttucture és theh ecnomvet dfonethe ceramic,
S eated oth desj red erin enperature, which

j PO aﬁgA {r@ﬁfpiqt%ﬁq?reép atfqaﬂeof{sﬁ? ROE) reosss and suitable
c

Py RN PR U S e . 220
brigiAn , 550y 41620748, 47346 ,338 4,662,290 YOO EHO4W 67, 7B 4rﬁ§l6t0®ﬂ 4,744,943

cerani lymer, or glass material (and the brown
sﬁpgg]@g?’ég?m’rersed therein) is placed in a mechani cal

8; . 2 y? g[?ftg Egﬁ;@ﬁ@’sﬁrocékﬂ%ié}?is inkif & 9 aRr&RSntichB&R Oprocess, may
also be adapted for use in the present invention to fully sinter brown structures to a final
density. In the Ceracon™ process, the brown structure is coated with a ceramic coating

such as alumina, zirconium oxide, or chrome oxide. Other similar, hard, generally inert,
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pressure to the nolten ceramc or polymer material.
| sostatic pressures within the nolten ceramc,

w@eioynossop4 or gl ass material facilitate consol i PEX/U8006/043669
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-carbide materi to.a

and sintering of the brown structure at the el evated
er.at ures h n,.the container. T rmlt ceramc,
paPD RN teiRoble Sl Ry Heo i i § i Gon Piogvn Siiotire i fully
p rRfsoHdated by tA8ahithiQ 418 EMEHnﬁEI‘I}“ﬁBMEt?c ﬂeEbui‘J‘iosthe coated brown
manner, the nolten ceram c, polynmer, or ass acts
a Sﬁﬂ@ﬁmg qemmpaﬁxctﬁs mﬂchdmﬁatfhmbmgﬂla\m firc theﬂl@@@mcms A more

uct upg durin teri :

OISR ftaGion RE e &fedioB & progrsdtposie v LESI Rt Non 499,048
sinter q;‘iilrtﬁéﬂ’rﬂﬁé li'ﬁ@mb§dlfrﬁﬁﬁ o BIRYGAtb ﬁ%l?i@ﬁtu%ﬁgt@mﬁbide isused in
pol yner, or gldss nmaterial. Anore
emmaamxdcmmﬁoéommsltam kmdg;:thswmmgsmomeamseiemlheﬂn‘ﬁfdin also may
for t e ractlce thereo&)@eds provided by U S. Patent

3pORsgniTol cy gl forlaped tg ymrovs iy stokcheppestoyed the tungsten carbide
4 3
0y Y B T R i

WW Chthie singirimgparcesses tiéseribédliczein miayGineholl RObRC hoethe tuﬂgﬁiy:n carbide
present |nvent|on

als adapted for use in t

‘gﬂﬂi fht EFSCRISTR e .naréwﬂ%qurageg aniﬁ%ﬁ ek Plleyatefi fpmperatures.
t .
Wﬁ‘?ﬁ%ﬂa A0 ShaRlRRte phflfiaPhapHe SITURAIDE A GBS ncluding
oXydimgerandcnethanee aImltdapelﬁtul‘eﬁf abotri 1 ,a00°Char d, general | y

inert,protectivye, renoyabl e coatings nay al so_be use
The coat’cfeHPBnh discpsse ’u$eé(e’|'ag deftfreds mefheds may bedisey t0 attach the

ot %Hﬁﬁt‘ﬁdtb'tﬂ@%@%o&f?ft IR koAl ¥ndwiPRI A, © H{ees%?rﬂé £0 may be

to the coated brown structure using ceramc par
i ataahad tothe hitbbdy 52 bebiaaingor soldériveg tREOIGtpfa0e B&ScedtheBUace 60 of

o Pt 130 20 e speipesni2 adahe shorb 0.0 bitbodr s avehiee s 70 may
egb et Sonfeufedfo be‘(@&t 4 @’%dét@nﬂﬂé&%%gﬁdé?l?&e%\gg?nctﬁF E%r?gce 60 and

is used In a particle-matr conpaosi
sithet @rﬁam’;ﬁg innwbshdlse loiazmg iableg7hmagba pﬁivﬁdmdl’rﬁytrthémidﬂéi &he brazing

| d
2 el% A BREEF sondied e futmgasedivossen hestitas 60 phibe bispodg? and the
Ofu 27D |o?th% @galﬂk% sl atfﬁ}daeéqbraililﬁ BHJ%ests 4pg ?&8{‘1;1%%8 bgo%ess The

mat eri al 1 ncludes WC, he sinteri

dbseimgdldy fié maynndu@e iforadxanhples bibbjl et thiasug] drh&n&kﬁh@ésteﬁmlloy
re including

Pyt 0gd PTG HSBREHIoTE. SO0 R 4oy Df pervtadh ket oxphe shanik 70 and
e XRITH l%d yisD&n b lt@?ﬁe?ﬁv%rénﬁﬁgﬁhéiﬁ%@h@ fﬂg%htédr%yéi_}gwaggf &%‘rn%ge and not

to a fl ow of gases inc I ng rog ne ai
t Emptetion, theshafk Z®oiay bi heAed©. caAE therenal exjsinyion IoStheS;h‘ﬁﬂc, while the

S ffe nt net hods be.used to attach th
< FitRRdy o tsopd o pop depmabionmctinet i Hshank 70 then
' Hlagb%re%sedtoﬁﬁ) H08RkodPs tﬁ@teﬂ%;ﬁfa@ﬂ@ Cﬂéﬁlé??%%% the bit body

raZIng or SO erin eiln
t ﬁ%m&w bé aHCB’Vfﬁﬁo etlulhbmteb iAs thetbyn}ﬁ?atﬁﬁdoﬁthes}&hkﬁa@ﬂd the bit body 52

ody 52 and the shank 70 nm
eunlbrate t%e sur?ace 7}— the s an?( Oy may engage or abut against the surfa)ée 60 of the

bit body 52, thereby at least partly securing the bit body 52 to the shank 70 and preventing
separation of the bit body 52 from the shank 70.

Alternatively, a friction weld may be provided between the bit body 52 and the
shank 70. Mating surfaces may be provided on the shank 70 and the bit body 52. A
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be sized and configured to provide a predeterm ned
st andof f between the surface 60 and the surface 72, in

wabiocksgobe brazing alloy 74 may be provided. PCT/US2006/043669
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Furt hernore, the brazing aIon 74 maybe applied to the

a% H} %Crﬁa bﬁ(?alésg a4 t h rﬂ?aog?,g’fsbélF ﬁ&%{gﬁy g? H&é&lg rotating the bit

bibaay 5y reﬂﬁtﬁfé% %e%harﬂc 100 rfréat BERE Db PR1RASS Betwddifthe shank 70 and the
brazing alloy 74 may include, for éxanple, a

sibitkadySaseay apleast partiklyimdlothe dnaddriabyt thAmapngwr&scsd; gf the shank 70

SRAREEE pafly S TBY relttya, OI8O RO heci pme A the Bil Body 52 and the
erhadi TeHa§ befalbhed td"(Y(%‘l‘Wlﬁ’l‘% mﬁﬁtaﬂ’ﬁﬂg 2fial ﬁgﬁi‘lss%loﬁ%tween the bit

not limtation, the shank 70 maybe heat ed caus
t Ibedm‘i[l andphashak 89, o disigen Kriction| weeltiéxb ittérfack deywé the mating

| t t f the bit bod
5308 S Ao T By b ks ced onto the bit body
52 and Gd?ﬁn&x%ﬁﬂ?% 1MBE%dHésnIeQ§u Ra e&%ﬁﬂ: éfogi?rrﬁ{ehals (including

body 52 maybe a to equil rate
t entpepetetntisg oétvvtoﬂe (B?hk)rﬁpoiﬁs)armblyeb&r i ateriaded \eymitherylate materials,
nk 70 may

equj | i brate, S 2 of the sh

o PO Tt R RepmicEmBlor6h ey @Iy op s g e 1o shanlc 7010
t R sbYoftsd. east partly securing the bit body 52 to

the shank 70 and preventing separation of the bit body

52 fr omistiirevigidndeszibedAh tvetd2d inue by proaided ibetwesn thwitbody 52 and
e vi ded bet meen he bit body 52 and the shank
78te %&Pf A E g exigp %18 dﬁfldm b0 gk exigEOLsTYARRe thereof along an
a s t
'ﬁﬁeltfﬂfe hirlvedPdY M2 bo@"?? bog?hggﬂ%ﬁfr(‘ﬁ &d shigideg %?ﬁzél ne welding

shank 70 agai nst the e rotating
b($Mb\6M)' pBRessgh ghd metal orct el dsig(GMAW) ploadss,geplasiai @dnsferred arc

,I. n bet ween t he nk 70 nd the bit body 52
e A} Sieldil DRGT: Ak REre o olat progsssaen elpeirimbpy welding
SPFdca&esr Phsdr Bard %ﬂlﬁlgoﬂgo@éggmtap e Qéegi t® ﬁfgmbﬁgmée}-%@e geztween the bit

relative rotation may st opped an
ahddy b2 agdh &wkshﬁﬂk iy Flxgheminlocayelee incerfaoe betwheerh ehe b1t body 52 and the

ni n | conpressi.on between the bit body 52
gglﬁanﬁ(ﬁg redrﬂr g%zatf RgR&PIPESSEs KnowWRdn ghegrt to ﬁ){rther secure the
|B{t%3§;\g§t3)§k\gﬁz§ﬂk—;@he mating surfaces of the shank 70
and the bit body 52. Commercially avail abl e adhesi ves

such aRefdrong @eantplFéG P p&cmyrmtseamt hdtrdfa(:mgmhaﬂdiaﬂ]g(not shown) may be

| nt;gpldp eonsee n et lgllé E%DQY g%o%{g? thets é‘%i"g% € rFor example,
n’ﬁ!uﬁfdcﬁ{ at@ﬁ&is %Y)'e gbﬂfedgggia{eétg& %’ 5%9626 é%&s GRrREYsRYo f fhe bit body

secure e shank 70 to th previously
dé2end ﬂnedhark ‘RedsdvdUasrtayel tedareas (nlﬁdtehet suefaoestdf ehdbit body 52 and

y the shank._ 70 that, extends around the drill .
ofte" 581l 70 it SHPGHIbLe o oBOR RGP, 2T SHETRl, Surfaces within the
' ﬁﬁ&hﬁlai‘ﬁﬁd ReIMESIhYE ti? @héh fx’%@fbc%% R4 e ke 0 rﬁ?le-matrix
shi el ded mstal arc¢ wel di ng process,”a gas ata
acampesitgi mgte(igVAlficlpmayesslude, fdrasmnpie, anstficdes ofl nargsten carbide

dispersed throughout a continuous matrix material. Conventional flame spray techniques
may be used to apply such hardfacing materials to surfaces of the bit \body 52 and/or the
shank 70. Known welding techniques such as oxy-acetylene, metal inert gas (MIG),
tungsten inert gas (TIG), and plasma transferred arc welding (PTAW) techniques also may
be used to apply hardfacing materials to surfaces of the bit body 52 and/or the shank 70.
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(PTA) wel ding process, a subnmerged arc wel di ng
process, an el ectron beam wel di ng process, or a |aser

wheamosgbdi ng process nmay be used to wel d t he PeCL/Esf00€@13669
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bet ween the bit body 52 and the shank 70. Furthernnre,

hy be Cof 0 BERMERR B o o ey RS g A e erials may
arte dppliéditd fiefac&LSMhE bit BEdPES a9y the dhhik ¥ (ﬂ ?&Wéﬁ)r; chniques,

Referring again to FIG 2,” wear-resi stant faci'n
mesnergy stazed Holigh prsagire leyptwesedmas isaabed ¢o pmlpek:lﬁlﬁacbowder particles at

! n hank 7
o SROER RlertiS ooty & Y omerlE Ciimised s  fed through
S EleRBA L6hi IOARIAIh R HRY, a9€x1%l{ﬁ1foﬁ§1‘?§ sfdci é%eggh (RMIeEagvery high

and the shank 70, as we as to Selected are
i riebacitr Cempresssdsgas s alktefddl via bbilh fGessardpdwdr Matkto?iﬂtroduce the

that are susceptjbl.e, tao erosi on,__such for exampl e
& BpRLBaGHRIRR debiEn kelofhosspt i Rl bstials i aioderately heated
Sumb AREefAG 1892 "BEE VeRlclty %%afdgclhléda}]‘t?tgﬁtehé)yn Inﬁg?ca J}ée particles

particle-matrix conposite materi al

f alefaemeand|bond pafarincd matmg of harg&t:mg maetdlde di spersed

t hrou t cont.i nuo erial. Conventiona

fl arreg at}l gs 1&%8 C{ng n&zgﬁql 3} ta ppl¢rted surfaces of the

hay;0f s ﬂgar{Mreﬂhb %hﬁlkt $2) w{){;\g? 3?%18& rsp kforP8d Yabﬁg comprising a

and/ or "t he shank 70. Kno ni ques suc
oxeprbideemylesinleto selert sinfares ofjthe biNbddy, SZ andgstteshiank 70 using a low

G, d pl f d | di
At e SoPLBn B poeea et of 6lofhaF JuHay nisining brazing or
m%ﬁﬁﬁk ﬁ{a%rfapm%ﬂ AGEh3c %cal'ﬂ?@e ﬁhtterlglo 915( Reétif ﬁ{e%:sutltg}% sgucture ina

shank 70. Col d spray techniques provi e ano
byfumshéecth atiempkfrainiaedpomathe miekiirs poiyt off éheapgitik echtdrial. The molten matrix
52 a d/ or. the shank_70.

f f b bod
2%53&3‘@%?%&%3 Bp iﬁlﬁﬁe@?lg N Ef]cﬂﬂédn?tﬁlh%%ﬂbp%%g& the tungsten

g?ﬂﬂggﬁ&ﬁ? gtﬁ ﬁsseﬁl’%% I%‘gsa'ilg /0P {% n]]_f5 %daﬁ‘ﬁ‘fﬂ?ﬂﬁ’? tl?t‘ﬁﬁat‘rﬂﬁl:lﬁg material.

s Witsrnagitvely, @mnr[gle skt ﬂgﬁsnalmdeé edcdrbide ugdtedalh@dt 4 b@zing or matrix

um ti}ﬁi&‘aﬁf %[a%pbh%ﬁ%ﬁéﬁgéétr ?({/8% IR geglg»%g&bltbodysz
i San&*/bls ehd ﬁgankl .2 slablg Qlo%selélﬁ‘?a%nw %ox{qf‘r%g&%{ g\éalﬂta}))/le from, for

i ntroduce the powder nater into
gasajple, Cc'frtferrpm@blﬂr ImaofNe,W e\Sbmy;eInﬂmhar at el y heat ed

and ac rat 0 eIOC|t owards t
s ubstr %é‘? fn%’ﬁ %ﬁ"ﬂg E‘Taé%‘l é]F%rlﬁ?lﬁ%l d{?BfWéPdtIBaY also be
f QpPieA 16 @é%&t@@ sﬂ%ac@?B%@‘Bit ggdyr@ﬁ 8hd/At the ¥ﬁ%nkaﬂ)°t her

t echni que for applying acing material to selected
sur f acésotfer tehmh-boltlng)nﬂgryﬁi’llldndl 50 thah embhﬁhﬂ:kteﬁ&ungs of the present

XSS IRWLAEE L Bhe L P RS 0SSR S 151
ATl 200yl Bty O} PR BHAGEE g il
¢ dortreid difonyarisk @nipogedof apatticlecmamixetoingdosivematetihle I tiy domfiguration,
g{ﬂrrﬁ%{r Qt}itge nﬁncaégga{rly ?(l useaans%pg]rgtaetshar}%( ttoha%ta(r:hethlé dtnll bg1t 150 to a drill string.
The bit body 152 includes blades 30, which are separated by junk slots 32. Internal

fluid passageways 42 extend between the face 158 of the bit body 152 and a longitudinal

bore 40, which at least partially extends through the unitary structure 151. Nozzle inserts
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furnace to a tenperature above the nelting point of
the matrix material. The nolten matrix material is

WOR@ROBINNt 0 t he tungsten carbi de cloth, PCT/US2006/043669
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metal | urgi cally bonding the tungsten carbide cloth to

D i 32 AL o B R K B8 B it B et i

t hatsap#igdyddes a carbide material and a brazing or
matrix material may be used to apply hardfacing
mat er i dihedollda! 166 ey iscindeaaplratity Qﬂ?@(bcuttdwﬁ%/dlsﬂ)sed on the face 58

c SR kifobfy 520 i G ewten iy BF o ione 85t fomsitin pockets 36
C‘f@i%ed' #Cthe FhcdEYg HF *{’l?é"ﬁlt Hoagi lgﬁaancpﬁﬁfyocfé@m#grté@ &hT behind by

of hardfacing material that Tncl ude di anond
béutirassas 88, Whlchelhaycheeldt@wﬂfyafonnedJMth the i bodyo]di)z SQtematwely, the

d/qr., t k. 70. t -b t drill
jl%%fd ﬁﬁ%ﬁ%’qgﬂﬂéﬂ? ]élgé{f %ﬁ-‘,ruﬁglgreg o n? : o@?£a%1ver\|7vear-r651stant
I@ﬂa&éﬁﬂeﬁbﬂa% ReWMInpIB, Eehfent Qaitide, PT T 150
i ncl udes a unlﬁt ary trlf}:rtﬁalreée&t%%é%%nhat 1J|1 ncl udes a bit
body 132eamtay stductmas &6l piay idddde dphrality bﬁrggusﬁsr UEdchreégion may

égé{n:pglpe:g H%{l?lg ;ﬁ%%%ﬁ@gg{)qgt%g%{tr ng\qgg (ﬁ:(r)qqtﬁe Gf cor%pos?tlon that differs

S ik GO, of the ARLEPSEPOAE FOPSRDIL Bty 152 may inchude a
S‘PBft'ﬂbi-mIln'm dointpobitetyatbhial havidgifist hlatiebcdpositiing indahe threaded

r? ed b k slots 32. Internal fluid E}@ssagev\a
eyl (i 7 PHECIegRuiz RemOSK Mafrial ing1% oA material

2 )((:%)121 gélﬁ&ﬁﬂ‘lgﬁé ﬁik?féﬁée?lt ﬁxﬁﬂ tg’? %‘}ﬁlg%n?%egtaﬁ%? OEEL{OBV\%{ tlh?/s configuration, the

i mm‘niad; ¢coropositiumufthertatbdaly 152 maydeldbiab pliyatal grbpergfthitidéffers from a
(il 152 wi hi_n he internpal fluid passag[ ways. 42.

Tﬂ? yra! ipronsrty e ﬁ%&’ylth% Parstag cpRsAon 9t te brsedled pin 154. For

c f o

g, 2 B 005 S 1 U e

vv'[rd:lhlﬁive fodbk etcond Gineftmerlmdmpnsmhm dnd ke §5538nd)fmdftd$r&11 Rbinposition may

% g%@a supported tg m behi nd by
H @@cwam? RRRyelglve oy @?Q‘éﬂt mpaterigh ﬁ@apwﬂecm t he
b' t bo%’oﬂe%%lbdairﬁ&ft B?#H X)%slént 1ﬁ%%u%ltﬂé (Pamcﬁe-&é%m}‘nposﬂe material

include a plurality o ters ea nprising an
alf &EI bnebodwﬁéﬁ (ﬂleéirsttc@ntpomt)n)r may irelicle agdurafiyrof 635 ASTM mesh

ex sten car bi de. The unjtary

BF@ @sraﬁl&fﬁ Move pratiaulan 1y, g Ragtie %maﬁwoawesmeaeﬁnal of the
r §gi
T
f ihemngbin everageglianstenin atﬂaﬂgqafromnalbonty) @fmdfregs m%ouﬂﬂmlcrons. The

| e, it.bod 152 | ude .
i mat eﬁ'g]t Orfbl}e StrﬁS’égﬂotS’élo péjqwgﬁgb%sefl megyl alloy comprising
ok |
e e o —
s betwreen aldue 75 % andcnb‘pmSSi% bp welghtt of the dirdtfcormpotitibn Oﬁpztrhele-matnx

first materi al ositjon this confjguration, the
composite material, and the atr%x materuﬂ may comprise between about 15 % and about

25% by weight of the first composition of particle-matrix composite material. The
particle-matrix composite material of the threaded pin 154 (the second composition) may
include a plurality of -635 ASTM mesh tungsten carbide particles. More particularly, the

particle-matrix composite material of the threaded pin 154 may include a plurality of
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material conposition of the bit body 152 may exhi bit
aphysical property that differs froma physi cal

wW@e@pesdoys exhi bited by the material conpositi oPCDIS1006€043669
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t hreaded pin 154. For exanple, the first nmaterial

¢ SRR B 6 oot 96 e et e TR about 0.5 microms o

C @BPES 20 i1BRron8NITA traBBe Qe & ihe! seE P BShpdsHbd B4y include a
exhi bit higher fracture toughness relative to the

f icpbalt-hesed megd] aleyngeoairisingrgreater tiomebeuti98Hi cvbait byoweighieThe tungsten
present invention, the particle-patrix co jte .
e ey SSimprist e btk 65t apd gboub N by tighy of the second
NRYrripBSitiba 6f Fhridleidikrit YorRPositd thaferdP Ak Hﬁ%lﬂitltikl RE& &' may comprise
carbide particles. Mre particularly, the

p&etwashebei 80 Yeand ebpu $5 Vebymatighti ofthestcdndeomposibaoyf phfiRle-matrix
(the fi.rst corYpositi on) may include a plurality of

t GREPPHIF 2&PMde particles having an average di ameter

in a rangeidir i 8¢ Sbtw L iPFIk: & Hf&&d%@n@@ﬁféhn&qﬁ%%ﬁsﬁ W of which
f the first conposition y

iT2gmpng;slatxmgatégr:aggsc;mmit@ina@ﬁhﬂ;avﬁrgmrﬂi@iengatgﬁaﬂabmposition. In
pAE AT, et TasEesaee e amre b Bren gSsions,cach
Pl ] SO A B it
c bafprees shd evavdistinetregibnd 69 dtendirilh bitut 52SfosayinvEIGy At B alternative
e Bp BT BBt G oMo B oGSt e e preHdeghronghout the

thﬁit r p i1 . . i t.] ) . .
S RAR PUo St AL RGe B TGO oyt rpgions, cach
phating h esiquvinateriplanotripositian) but ldackingpay ideati fabietiouhdaries between the
conposite material of the threaded pin 154 may incl ude

S VRIS AE O ot i qREangT dhy BRYRCa) RFOPPRics Sndh shtagiorstics of different
L gl Ol T, ARl Propplfel BBy Br cxample,
cwepussistanse, fragtuienalghdess sstieofih] or-vind dabdlityat tatadid @¥ions of the drill

TRV 5o R BRI b ther etous rratgnc g Gl Bt ek have material
aBspo PRI UM aRRAEEted 801N WR) Sibi iy HBSed 5588 ar physical prope
| 4 n‘g %ﬁp yandp perty

conposition of particle-matrix conposite teri

t pecharacteristigrane the presemtyncantipn isset e ted trseRbing or38iUna the material
about 3t5% by wei ght of éiltge econd _conposi tion . o
of JRPEST T S PEloR SRt b RATBFYLaN Ry PRl pEpmerfesior eharacteristi
188 csb&eréin. FI G 4 includes two distinct regions,

each of which conprises a particle-matrix conposite

mat er i e hetiodghat mayibguecdta femi thk ddbibjrd$0 shown inlRIG. 4 will now be

| ; i) nbodi , il _bit 150 i ncl ud
B TR F RIS 5/etieo ae meer AbieR Erparaiy Eumine he bit
MBS/ 1521ang IERRRAJIQh 19240 HedHRA %at@aégbl’t?iﬁlﬁrggtl g ?12 H&(}gﬁf 5% with the

is i'dentifiable between the two distinc
t thecaded pin ittin tEbremosmteito pfvide the uhitarpbtieiiat 5 V,end sintering the

enbodi ment s con{ i .nupus terial conposition
PRAP TR 45 NP TEDGh, he GRBBES S Vet ad st
the threaded pin 154 during the sintering process.
Referring to FIGS. 5A-5E, the bit body 152 may be formed in the green state using
an isostatic pressing process. As shown in FIG. 5A, a powder mixture 162 may be pressed

with substantially isostatic pressure within a mold or container 164. The powder mixture
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unitary structure 1.51 to provide a drill bit having a
plurality of different regi ons, each having a unique

woraioenssab4 conposi tion, but |acking any identi fPEbUS2006/043669
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boundari es between the various regions hi this manner,

t g? %yf]@%ﬁlga Lﬁge fs 5 a C{S?E}%‘ltdgi) %_églg}‘? Hgyﬁtgcles comprising a

t éhhdtﬁf; AfhtdrRL. | TM&Y&pﬂﬁ@l@?éﬂd the Rﬁﬁﬁbmﬁt%nalflﬁé lﬁe?‘s%mliﬁlally identical
wear resistance, fracture toughness Strengy

vvé<l> thabe prievipusly dESDﬁSﬂB(égn relatiegiodhsdritl bit B@ stebvwil in FBGE 2. KBionally, the

t he. vari us regi ons of the drill
Pwﬁﬁvﬂﬁ‘gvstlﬁg %ﬁheeawb@@@@ e fmonly Ssedonippetgeing powder
Ormlkﬁirés%u@ﬁ at, FoL&IE vANrIES glro%ﬁilﬁ) TubkicAt A auri ?}!ré‘sgllng and for
property or characteri’stic, resent inve
i provading stnmcttmtal fhengdblte dtelpr@smpdmlek cogpditent, phﬁstmz@é for making the
c sitio @reglonsto exhibit the particula
CEHTeR @B tn? b paisp4 Capastiogardsdorredeiniier-particle friction.

h
L P B SR ARt i

r plate 68 eFooedahpEe, .thdAuidiighT Heformabie thentbepll §€ may be a substantially
separat e formng the bit body 152 and_t he thread d

i ?&111@1? 1 &%@P&ﬁ%&ﬁ defogmgbl eagﬁv@?ﬁém%ﬂl héhg, qfor@amﬁ member 166
15’@&}!‘%5 ﬁ)rﬁﬁﬁ #dth eﬁ)‘i‘ee‘imﬂgfé %%fdﬁ@fbf&e (5 IB{&IaF L[ﬁ% deformable

provide the unitary strtcture er|n

umicnztrey 166 mayg dbefiledwith tHe@oardehanixtwd 162. I’fElhe diﬁ)’tﬁ‘lablﬁ mehitRr 166 and
bit body 152 |sg$onded and secured to the threaded pin

180 RAYYden guxiyee 192dnay bsgbrsteside psovides B‘Plquﬁbdlﬁfélblﬁll‘@fthe powder

5‘%11?1%&: I@ewghlh tf?@&%foﬂi‘?‘d%léﬂXmﬁ& lfé%r 'quefsporlemiﬁé(%ﬁﬁnt or insert 170
state using an 1sostatic pressing process shown in
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particles conprising a matrix materi al
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tﬂefn Oggpgi] Pﬁlﬁni beg Q6C IR Rpid tight seghhicgsherveen. ¢ he

powder T‘E‘a )%BH%ﬁl \/\/}11 G604 TRYth HE SB@IG&J Retdde; @agid L Sl}’f ﬁesued inserts 170

comonl use en pressin wder m xtures
f oontemaahﬁiemmhnabdlmlﬂohded withiniadiresgutelthtmnbet 900 A ﬂ:ﬂfolvﬁllge cover 91

pres nd faor, providing struc %ral strength to
Py, 8&1 ?fg pVide AgssidAhe 19tesior pihs oressyrg chamber9g- ﬁqﬂ;uld (which

bil.pY%E Mtﬁltﬂh t 1 ﬁgré@@i@le{) Mib;hr aft §x£ﬁpllﬁe e h%ﬂ U g@sl @ﬁch as, for

for re uci ng |1 artic I ctlon ain
16xamply, dinad nittegan) id printpet] iigh thel@touradiambeedth tiroughtn opening 92

and a sealin |ate 16 For exanple, the fluid-tight

AEFBE aBEP HEMbEIOvRY6 Thfy gk RICSHlss o fhe R causes the walls of the
c I

AN e FATY LG, e DRATROLENPEL WiBlgiged subsintily

f unifyroflpto thegopider mixtaief 162 NEhE @rasolry mﬁﬂnmﬁie@ésahre clﬂitﬁber during
def or mabl e nenber, 166 nay be filled with t powde
SRPERE PIeSEne Y b BigRiva g ahetbet H%Epaéfﬂis (about 5,000 pounds per

square inch). More particularly, the pressure within the pressure chamber during isostatic
pressing may be greater than about 138 megapascals (20,000 pounds per square inch). In
alternative methods, a vacuum may be provided within the container 164 and a pressure

greater than about 0.1 megapascals (about 15 pounds per square inch) may be applied to
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statl essin y be greater than about

e e BB Ot e percs (LA HARTY oNbARe features
Pak bi &Hﬂl@rgkéénbﬁthtﬁ)d?rl%sur e wthin the pressure chanber
during 1sostatic pressing may be greater than about

15 138 rre@pwaﬁlaa@m @ﬂ@lophnmdeoméﬂachq B@yjenk sioty)32 (FIG 4), and any
al ternpati a vacuum, may ovided w
¢ Rihes Bafusgusy ama?#dméhep%rs%m@dgrlé’éf%ﬁonpﬁah@pségwn bitbody 178

OslowEdAPeseal s (about 15 pounds per square inch)
maybe applied tothe exterior surfaces of the container

164 (b, ,he fs]nnpeé gaep b botin &7 Sathoospih EI@)5C may bﬂwﬂeetst pd:iﬁally sintered

powder . ture 16 Is% atic pressing. of .the
PP bRt Bidn oheuh laaxfaewcwarlp@meswha@ra&eﬁued finl

20 b'dtansk??d Yribf fo §H&Wﬂ | e Eﬁéi?aed gﬂc Sk rggy }(efcgerd to elevated

fromtihe pressure ’harrb on a| ner
ptasmEratgres tabuem offlor emmateiang ﬁrgatﬂ\maddmfvemmswem gmdhhied in the powder

wd 62 to f th bit b
RS [P 5B Sy e B Br-Cipel thebmorsnepeped sreen bt body
R A lleysd%ﬁéﬁeﬁet@ d Eu@abl% oSbhel® 1@{&&% 8% t}%{‘%ﬁggﬁl of such

using a mechanically or I ca actuat ed

byddIBt’dfso cfsich h’amosahﬂekmmymncﬂmiet fwsmmlﬁle dydiropen \as it tbiperatures of
95 in th ?? of powder processing. The green bit body
1#0UR8Wtin FiG 5B may include a plurality of

par ti chgs bRl 388% 185 oY B %ﬂ&éﬂ%&%@é&ﬁrﬁbw Q¥ fdefle remaining

in the powder m xture 1627 (Fl
s porpsityithateid. eGertain strmmmab&atmmshnqelfb machiine igrtkeebrobintbit body 182
bod}é 174 usi ng ¢ onvent i onal
usihg convention mac ning techniques including, for example, turning techniques,
milling techniques, and drilling techniques. Hand held tools also may be used to manually
30  form or shape features in or on the brown bit body 182. Furthermore, cutting tools that
include superhard coatings or inserts may be used to facilitate machining of the brown bit

body 182. Additionally, coatings may be applied to the brown bit body 182 prior to

24



machi ni ng techni ques including, for exanple, turning
techniques, mlling techniques, and drilling

wao ewhnssgoes. Hand hel d tools al so may be used POI/US2006/043669
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manual |y form or shape features in or on the green bit
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t éwrﬁtlgaé@ur%@maldt% &P al@P%b"Mﬁle IB@WG%Ié’@PXFHe 190 may include a

y f %l 1
n?g%h(é/ of h%f écrlﬁ{)?g% ]{)Zlgfathl% TIQJ cdm) m?%c%’%lg{em( Rhterial. The
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L
PrioBMm gpﬁﬁ‘ﬁ@ﬂ efide bAditEAIG &nﬁbﬂ?ﬂaw gfﬂ%l %%sﬂé?%?zd@r‘ fhixtures, as

body 1 Such coatings may inc ativ

otpnerioysy Jevedibedat eri al . By way of exanpl e and not
limta i nternal f] uj eggssa ys 42, cutter

pocketbﬁ§éomﬁ T bt PReEs @?nﬁﬂ§eﬁ@ﬂﬁ@¥ﬁ%ﬁmd35%mng
la{tQ Sodr é?bﬁnah%erﬁ@% 1‘9& nfxé:y' #Y f@rtﬁ&f"ﬂ@lﬁ, ?ﬁ gﬂé@?h an elastomer

dy 186 shown I1n FI G urthernore
blsucmmublserlrmopmné sdeone plrpo]ghrethanaf Titdef@nmble member 194 may be

[1y f d th the bit b 152, th tt
5 e PO MR 5 1904 FTBS Befop Rl BeRipE ] e drasy der mixture
I Nob Ii]ﬁaykﬂ'e%a Htto EI%QYde]agtﬁuf Hﬁ%ﬁb‘&ﬁﬁ%ﬁ@ ypcg)lr(ﬂatr ik 190 within

of the brown 182 e cutters ma
b(b]ﬂ‘ﬁ:ié@fotlmlﬂmmembmewélal Aylehsircme Gﬂlspletchmbiﬂeorbnierﬂmﬂ)ﬂniﬁﬁe provided

Ref I 5F-5J ad pin 154 mm
f &uﬁg@ ﬂ% dpﬁ) @l}cl;séplergl?eét 1694 ttJor ée n?ng ?eatures such as, fy or example the
longitudinal bore 40 (FIG. 4). Alternatively, the insert 200 may not be used and the

longitudinal bore 40 may be formed using a conventional machining process during
subsequent processes. The sealing plate 196 then may be attached or bonded to the
deformable member 194 providing a fluid-tight seal therebetween.

The container 192 (with the powder mixture 190 and any desired inserts 200
contained therein) may be provided within a pressure chamber 90. A removable cover 91

may be used to provide access to the interior of the pressure chamber 90. A fluid (which
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using an isostatic pressing process substantially
identical to that used to formthe bit body 152. As

W@ bwwossom FI G 5F, a powder mixture 190 nmay beP@r/ES®e6043669
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| | f .t def bl nh 4 to def Th
oFefs HEPIBE R RSATIe: G GR LS RSPy e sighHey, ang drllng
t ﬁ@hrﬁ@ﬁ@e HafH ﬁElHrt@olQ-ﬁQo maiBe ﬁgeﬁsté Hafiu I);tﬁhﬂ of ghregrige fegtures in or on

pressure chanber 90 during |sostatic pressing
gﬂ@am@m}mmé®4éb@uﬂmﬁﬁ megapascal s (about 5, 000 pounds

per sqyare inch particul arl he_ pressure
ot i BT RaYSF 250 G 1Ml G(36q 206 ey be formed on an

PEQSRrREr Ao fBe grreé‘?f)i%rZOh ha ﬁ)rﬁpe{)&i{aﬁg@ ér ﬂl%%csﬁl)\%n in FIG. 5H.

(20, 000 pounds per square Inch ter

met hodEhe shaped gigan piny2(8eshpwoin ﬂ’ &@. S h{'alyrbetaln Raa@tqj’ahadll?%intered at

1§gva?gdjter%peratures in a furnace. For example, the shaped green pin 208 may be partially
sintered to provide a brown pin 212 shown in FIG. 51, which has less than a desired final
density. Prior to sintering, the shaped green pin 208 may be subjected to elevated
temperatures to burn off or remove any fugitive additives that were included in the powder

mixture 190 (FIG. 5F) as previously described. Furthermore, the shaped green pin 208 may
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pressure greater than about 0.1 negapascal s (about 15
pounds per square inch) nmay be applied to the exterior
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at nosphere) to conpact the powder m xture 190.
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8
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orprevaersiyedcacrybefdingidin. VEheahathdddyes 1 f4mby beomei boatedied sbdured to the

Cheps Satsdso e S s ey et
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about, 5000C. . The brown pin 212 pay_be suypstantially _
B LR g Ak R ﬁ@%@%gﬁw 163@R greFess, as previously
Cetet@ibagst ructural features may be machined in the
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i ncl udilmglterfigdiveanainglsethe shaped pget pntPO8 ghiesn inAIG SHgay be inserted
t echni ques nd drilling techniques. nd held tools

al'Lg Srasepbleduth {h& Sh%ﬁ?ﬂaar?%? R oY7 8?‘%%@ 13 Bl ACelg fppm a green
ORun@hkystBctBFed WhalirBerPditary StFcREE TR Be gﬁﬂf&ﬂl&l @ﬂltérg(g Jcoa% lérgwn state.

that include superhard coatings or~inserts” may
t dheduivit wataey schireinay theh be lepbd osing gonveRtichal machining techniques

including, for example, turning techniques, milling techniques, and drilling techniques. The

shaped brown unitary structure may then be fully sintered to a desired final density. In yet
another alternative method, the shaped brown bit body 186 shown in FIG. 5E may be
sintered to a desired final density. The shaped brown threaded pin 216 shown in FIG. 5]
may be separately sintered to a desired final density. The fully sintered threaded pin (not

27



Addi tionally, coatings nmay be applied to the brown pin
212 prior to machining to reduce chipping of the brown

wheao7lossdys 182. Such coatings nmay include a fi xBECT/US2006/043669
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[
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f| nal dens The shaped .brown threaded pin 216 shown

i Hemhantogy %%ﬁ Opancsibp abond rSe1eR Mg be iposely Hoficd) asdbe Tegion within
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be heated t t t t to bond d
agﬁaﬁﬁy P orK<s SRR A BATHEPBITAb e barasiaetemidnige matrix
t&ﬁ?ﬁgﬁf;@ﬁﬁbﬁﬂaﬁ@ﬁlﬂg&\fﬁaﬂﬁﬁdsg feY st g'a}/scﬁsfseﬁ Plerelatlon to the drill

SU I qul ase sintering pr OC SSesS previou
dbﬂ Shishewin hEFK} 2. TFPxerseﬁ)rﬂrm)I“eier nivetusel Menamsmfnohﬁs a@durality of

Cri beg ondu ed usjng the Rapid
R Bk e mqﬁ%ﬁa/cp ATticReCIOpIs g Fatrxymaterial, as previously
Ogés%HB&{t Fﬂae RRGEE ﬁoﬂ@egmbﬁ QFUAL 5&oRl $IVaBO ik 20@nay differ,

apt ations
however, from the material composition of the first powder mixture 226. By way of

example, the hard particles in the first powder mixture 226 may have a hardness that is
higher than a hardness of the hard particles in the second powder mixture 228.
Furthermore, the particles of matrix material in the second powder mixture 228 may have a
fracture toughness that is higher than a fracture toughness of the particles of matrix

material in the first powder mixture 226. -
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processes. Another nmethod that may be used to formthe
drill bit 150 shown in FIG 4 wll now be described

wWoRaoh/0ss9ber ence to FI GS. 6A-6E. The net hod i nvPXtT/ES2006/043669
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providing multiple powder m xt ures havi ng di fferent

t t t ff 10
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V 3hix@i+6 2POWRA 'ﬁiﬂﬁé? HcRde WAditN G c&%oﬁgi' Hsé’d Weén ﬂr&sf(}%’bﬁiwﬁer mixtures
unitary green er conponent. Reférring t
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et Sk B S e empnet Tl ipS PakiBE the binder
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defined as the region wwthin-'t contai ner 2
ermdyob@ﬂ)rmydtﬂwl pfbawtamplde i anecl &B@merTdueh fab nstbep medprene, silicone, or

g},]i))éi}glli' e}l%]?e; I ne @g tgig%ég ] L é‘lbarglg{ﬂah arf;(ét(iolosvsder mixture
MBbELhalhe s@@@mpﬁ&gﬁld? ﬁ{l&ﬂu?é £33, aﬂ‘ije &thﬁrrﬁ%ﬁé' AémBBL ?.I’VG' d the powder

may be subst ant ent1 cal 0se previous
dinsiztsee20, ri228e11nay be rvihrateti e pn”mnldb aburifdrth Slb‘(mhntlom of the powder

FIG 2. The sec powder 228 may al so incl ude
ey witgn bingfe 49?3%1& ﬁq®%§§§n®t laaS&,P%ﬁ%ﬁﬁegﬁnm or insert 240 may

L Tt e i

p(bhﬂ:ibﬂgltudahalfn@r@%(ﬁi@y4)d i Alﬁcﬁnatl\’@m&\ﬁelnserf 240nmhnaot be used and the
terla (1: t|o first powder m xture 226. .
n@O%E? B §§%1%} éﬂayt P upinetg epneniional meachining process during

PRUSIRK uéﬂt:;gwe‘é‘seg.z%ﬂé%éalﬁf aft P9 ﬂ‘{%ﬁ%ﬁa}; B@%ttﬁéﬁe@'oggﬁhded to the

than a hardness of the particles 1I'n the seco
pawathemabliexiamtger 2328 providitdhe ﬂnmiateghtlsbné tipmeteivedens of

mat ri x terlal t he. se m xture 22
have a a%‘inlﬁq”éert gi?gﬁ‘ﬁ’é]% §ﬁ‘? H%Ft P%W g’ﬁ’é?i'turleh%a% ﬁe sedond powder
f LRAGHME 824 Od rbﬁ?%%sﬂ:gd ih&ts PRIt doﬁka%?bd%ex:gﬁf) rnllﬁér g%ﬁl%&id%h within a

in the first powd m xture 226 t1ona
t Ipecskine sharmploand®Or Amembwbée aRer thlay be usedo ptbvpimmieerss to the interior

228 d d
bR sbathy Yonnd R ihines be i sagally grompressible) such as,
X Wafpld 'vsfh@&r §il,fo? e ado(gﬁc\fﬁ 4 RG éfoﬁ 1eC & oP Hltl%#ﬁﬂ) purﬁged into the

pressing and for providing tructuraf streng

p lpwsurd cbamb@@o tlonpgirertpenipl 82 usiap 2 guspf(not shaa)n Fhe high pressure
ant s or_conpaction aids

¢ oF Uit ety 6 Bl oflBr apbonsiiEmeahe: HoGatnrmn b pressure may
2%8 tfﬁﬁymitﬂ:ﬁl %gﬁal?clafllkr%ﬁbﬁh@'m) tHE HoR FRRdE: ARARR 22%34hd the second

and a sealing
powder mixture 228. The pressure within the pressure chamber 90 during isostatic

pressing may be greater than about 35 megapascals (about 5,000 pounds per square inch).
More particularly, the pressure within the pressure chamber 90 during isostatic pressing
may be greater than about 138 megapascals (20,000 pounds per square inch). In alternative
methods, a vacuum may be provided within the container 232 and a pressure greater than

about 0.1 megapascals (about 15 pounds per square inch) may be applied to the exterior
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pl ate 236. For exanple, the fluid-tight deformable
menber 234 may be a substantially cylindrical bag

w@owpis®ng a def ormabl e pol ymer material. ThePCT/US2006/043669
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def or mabl e nenber 234 may be forned from for exanple,

LTI —
Wihftdr 226 bh® thepo@wﬂ[r%dﬁ'd& Wi Rture? . 8 Nodthife éi‘g%sﬂ%‘j%f t%lﬁ glrst powder

powder m xture 228. e def ormabl e nmenber
ponatire 224 ttogesieer 22ith iR conly pdoeder irhixaiire @28 angyr favinde g@en powder

oo W 82 PSR Bt e o
| NEEprlesstfOcHHRIbeP 90 BAP VoS HerM3b ik hldssidlef or mabl e

menber 234 for defining features suchla , for exanple,

t he | ordgiatadtiermative orethodof(fEbsS@ingdhe pdivtlar madtines 296, 2208eto form the
insert 240 may not he. used e |l ongi tudinal bore

ARy ErY meﬁﬁﬁ&o‘gnd’&ﬁgnggoﬂ’glp higjxpges 226, 228 may be
PrER Sy dHEdsB 1S 4R56E W Hie RIPS i i i
236 ther}{qﬁaf bé attachegit1 eo 0bon e S%Sg]%wﬁg%e gg%dég%lggc{rg{yﬁrauhcaﬂy
mewtveted PBrhgpr wineihngds thaf dreikabvn @hhossedbrditey ekifltingenrt of powder
The container 232 (with the first powder m xture 226,

t PEOSE M hd powder mixture 228, and any desired inserts

240 contai Red, LAEHSIshctiRY24€ vi d it hin - .
pressure c%aéni}oer 9 .S Acrerr%éga }f&g& c%lvgg}'g&%mr?gylggugggdj urality of
t apictesihdkl tagatka dybmndetmateritle providedfin tHegoprdesmixteres 226, 228 (FIG.

NI NI e A,
g iAo ar i n)_i. c1qs

O350 SRS SR s it
usedhgigaey anpdiilhiap techoiyngs. Hené hblidgbolpales glay ®e afedithmanually form or

fl éi d causes the walls of  the deformable nenber 234 to
déf ?Heréa“ﬁ‘?é 1 P the grepa Py sHEEUTE 34%d subst anti al |y

uni 1 or g kPoft Bentold Ha RO VR -
second %M‘? m xlpureerg)g. ag%ﬁ%%gr?’ é’z'\%n?ﬁgﬁst%ﬁgm 4), internal
pribsd woersehdfpand 20 taparadngnrfase 208t inay (ee $ahied iMBthebgreen unitary
reater than_about, 35 nmegapascal s (about 5, 000 Eounds

g

péfm%t&’ifazr4g PRI 2 shappd SieER PRIEAY alrpgrurer48 showa gykio. 6C.

within i 00| ' .
L DS ST A0 U Oy PP ettt iy
( 20t@edtogmovids a perwsupitaryestivotuin) 239 shakvingn RES. 618 which has less than a

T o ST e PO e e L contaner
SR 5 LRl SOUSEE TS0, AR SOR LA LR
ebanpdfE pr tehevatany Spditveldditives thigp acte inbkided irsthp dissteowder mixture
| 288 P eceRgOniigT BRGNPt apoEEre v Acscritsd. Purthermore
o TSEhigE kit SREARCRAMIZE: Ao IR RSB witore

showid inrthéké@novaB of widhcidditires. b Sucle atwesphéres maytiaclude, for example,

pregsure chamber 90 an%i contai ner 232 after pressing.
hydrogen gas at temperatures of about 500°C.

The brown unitary structure 252 may be substantially machinable due to the
remaining porosity therein. Certain structural features may be machined in the brown
unitary structure 252 using conventional machining techniques including, for example,

turning techniques, milling techniques, and drilling techniques. Hand held tools also may
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In an alternative nethod of pressing the powder
m xtures 226, 228 to formthe green unitary structure

wQZe7e589M in FI G 6B, the powder m xtures 226PCRES200@§43669
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be uniaxially pressed in a nold or die (not shown)

usin chanj.cal ly or. hydraulicall ctuat ed p] unger

S e RS B i L S0 o B R Bl Bt 252,

| IFutRemadrt, @ﬁtiﬂ%:%@d’ tHat EcheR ﬁiﬂ)erhﬂf!ﬁc&”ti%g@ of deRE Ynay be used to

structure 244 shown in FIG 6B may include a pl uraﬁllty

offagilitate wpehdning of thedyewhemithyy dhiuaties 232t Addisibsally, coatings may be
m, xt S .226

CaPPFER Jbf ot SREE e 2 ring B mmeiibints edbinbehipping of the

OheeRn WBitdrd sYrusfufd! 85T &udKt 4oatigl InAORERAE ia0fdtive or other polymer
machi ni ng techni ques including,” for exanple, turning

t eedtetidues, nmilling techniques, and drilling

t echni : s, al so nma

ranual 159 OB AR S AToR, SfotooBrs T ueenen3s (FIG. ) and

u g t
B b R 8 B M4 W o sped o

i nnganyastruttucd 256cshommes BIG, 6BnFushtrapee, éfitheulrilbsie 120 €FIG. 4) is to
may .be far [ he .gree nitary. strycture 244 to

TS LB bR RS et i SN 33 Sutrs may be
FlpGsitibfted WiRtn ﬁﬁgﬂﬁgr ﬁ{cﬁ@t@ 34 %ﬁlﬁ!ﬂ)ﬁ? ﬁl}% shgded rb?o%rfl 1?%1&'?9 Wicture 256.

in FIG 6C nay be at” | east partia si'ntere
plipoinckebgeqberd wintenig aff the shapedt hrown 2 Raryhsoamotuird) 256, Ghe cutters may

e T

uni t ar w8 tshAiWrBwh AfhitahSGri AR 936 BhEER il HiE2
structure Si%%cingy‘ge sugj{}gct ed t(?ggl eggﬁel rptlghggr%%%neag be fully

t einteredtocfdesioed firehderesitany provgietthermitaciditinictines 1 1 hshbwwneii BIG. 4 and
i ncl udegﬁi?n%’ﬁ)hg fir s'ta%lowjir .mxture 226, or the second

pBRAEISH depibed borgin HsnegRysinterngang paial ynteragpessses, refractory
Futrh 61e8BF BspliditeRRIRGLnSWRERaYHM 486 % s%iag&‘f LHFa%t gé&;ﬁgn of the bit

may be subjected to a suitabl e atnobsphe tailore
aibddy rduting depmificationofto smaintaad dieirede shapSsicindatinmsisioas ekiring the

i.ocl.ude, f .e,. hyd t,t t o
e, ST SR, 5 SZERGELD
s ubsiaeHcy ah e IBE NinBaR /ey S 1l e IciRer ﬁé};@éﬁ' Wa&ﬁ E&Sglttéhlal fluid

Yy e nacnl ne

therein. "Certain structural features

| pagshgevByo i during aimyeriitg arch densifi2@onusudd efiastent storalres may be
t Wgchl :???gbtf‘?f?ﬁb‘% Sgliagl @Cﬂhl g I gg):r a]&%agﬁ%gﬁl!s%@f glllfril?ﬂarglgsplacements
t afhial W?aphﬁ@%ﬂi‘féeﬁleﬁ@%gy IR Mﬁﬁ%leat 1%;1}6 mee relatively less

manual 'y Torm or "shape features in or ont
uméachvethan graghite; the@bP mifmiting atworiediffosivh during siméringt Aakditionally,
i ncl.ude superhard coatin or inserts may be used to )
£ SRAIREE SHOB o R Ry OB He RGPy obeF esapraially available
2 abterAfdhdy RBDLiS to SRALRAAS ik V&l cdrfort i
br own uni t}}ar yﬁgt ructure 252“%??&& tsg(p@g{é@?%%rn% (?g)ther atoms in the
r exftectory stiyppirefrah diffesing into the bit body during densification.
Furthermore, any of the previously described sintering methods may be used to
sinter the shaped brown unitary structure 256 shown in FIG. 6E to the desired final density.
In the previously described method, features of the unitary structure 151 were
formed by shaping or machining both the green unitary structure 244 shown in FIG. 6B and

the brown unitary structure 252 shown in FIG. 6D. Alternatively, all shaping and
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brown unitary structure 252. Such coatings may include
a fixative or other polynmer material. Byway of exanple

w@na7/88904 i m tation, cutter pockets 36, buttreBCEESB86/043669
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(FIG 4), and threads 214 may be formed in the brown

f h
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cutters integrally formed wth the bit body 152, th

c yinttered torfgymibsdrows imitaongidiohrt iat shdvm)omﬂtoat pqummm@nsehapmg or
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a @Ffu&[lleeVZ@Us%%nqﬁ $6G 1 18 dl“ltf&eﬁl‘ﬂz@haﬂ%‘drahﬂ hRhined Fﬂ:&% ﬁtﬂ?&g structure

d partial sintering process refractory s
0 r(nmil shpivapmagiiten bensoteredwmdesiray fiaalukasitt 0 support at

| east a portion of the bit body during densification .
to i ibeAdRAingaetgidsit 2N rRbsd ey machags pfihe pigent invention

d ‘?@sﬂoﬁx}n%}ﬁ@w ARG Bit 270 Flbiges RbR %ngﬁéﬁsh H?[Xﬂtpd?ly d from and

for exanple, to maintain consistency e size-an
geompbsed affa faktécleutatrer copgrisie mabiahriThe drill Hin2E) 1l8d may include an

fluid 2 d
QESPPETE Compkaien meial QLIS Al 90 ek 4 attaghed to the bit body
f Qﬁﬁeﬂyf\ﬂ'ag'& e{aﬂ{é)l@%iﬂmlt ﬁmﬁgﬁ(grp Iﬂie][ KtenSlon 258 andthe sl(lfmk 278 each may

alumna. The us um na acements Inste
griapinde sedd ios phyactherdrinsbazed alixey. dlél&:l shadi{ 27S8agaydnchidean MR threaded

P 28 B Sgaetng Sheal it st BtoauEhgriat Mebrberg.
Add' ti mml‘%’l})?c@gﬁﬁo@%ﬁ%@fﬁg vRRie@hY r@vﬁ%h APOLd ?Fr Eelldtﬁ}) ﬁilﬁk slots 32.

al um num , er commercially ava
nﬂmwmahﬂmdrmyﬂage\am D ethyteatdnd detveden dlod facy2 38X ofuled bit Bsdy 274 and a
n the refracto

t t
< St Lo Gt o cxdonds s ek ¢ b B @76, and partially
dendlfl 4R %biHddy 754t R6Z fn ert At %f 2%&9&%%@%@&?’& face 282 of the

descrT bed S|nter|ng net
sFm&tﬂmdyﬁﬂéwﬁhmihbamtymslﬂmdpaxsegéiﬁe@rss‘rnov\m in FIG 6E to

the desjred final densit revi ously descri bed
et o e SllgHeT0 gt prids ROt PRG mﬁersfs fispseg on the face 282
f %rfﬁﬁq)ltmbdgl}zm He POCTH '314?1% EE)P(t) ?b ithin pockets

structure own I n Fl Unl
sBodotmedkin2the faded®d2 ofrthébE bodip.278] brat may b\z‘ ehppor‘alilfrom behind by

n c e conducted on either a
?’B&W gﬁ%%{g ‘fr@ cgtnil%y %P@g@? Ly formpesiyith, %eﬂaﬂgpdgﬂﬂﬂcﬁlwgwtwely, the
Fﬁhll%@fﬁ?ﬂ 1% hﬁﬁldgr T o RliferS bACo R
FIG 6B may }é parti gﬁ}a |ont er%d to fo S%%Aa ﬁ&?%ﬂt&t abrasive
umateria), ssith as furezafiplef a pehtlm]le)matmti hompo:n&rrﬁaléﬁaln Theapatticle-matrix
shapi 1% sg or . . s . .
ite material of the cutters may have a different composition from the particle-matrix
composite material of the bit body 274. Furthermore, such cutters may be integrally
formed with the bit body 274.
The particle-matrix composite material of the bit body 274 may include a plurality

of hard particles randomly dispersed throughout a matrix material. The hard particles and
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machi ning of the green unitary structure 244.
Substantially all features of the unitary structure

wazm7pf9@ 4) may be formed in the brown unit aP@T/US2006/043669
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structure, prior to sintering the brown unitary
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el uad s ey Sig gsgggatagwlymﬂ@rﬁozﬁgﬂéb@@shwaawn in FIG. 2, and
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are separa
J[IFIKBSSJNBE 32. Internal fluid passageways 42 nay

extend_ between the face 282 of the b|t body 274 and a

| ongi t daicAaYensigna drgl biththag haxe ankit bpdy Mhﬂqlﬁ@Ssqnaﬁklcle-matnx

2 S

o b SRR UBRI LU oSO LS B e shrc
aﬂ“hé poforndd sodel blark b dttatiedyto ﬂ%‘bmlbddlylmeh@ﬁrticmaﬁ Gh&ilblde material is
flui.d passageways 42. The drill bit 270 may i nclu

plRfHpted §y Sobior ealtix g}aéer@hwghwo@eldl 34 th%@amatgsé lmﬂowed to
P53 0. S BRS04 1S AR R R ne e

28Rinkfto tHeestdel thankdyn 440 be an’dhnma&' ubﬁlr&u&mﬂthe steélrbatik.
behi nd by b%ttresses 38, which may be integrally
f or med A the bitrhodyi274 ipagt f@?med BFIRE cAmYeniien mﬁlﬁr@tlm fechniques, a
g}efgg&d@%el' BGhiH 98, fn@d HE ek Xllgffoﬁllfécf Hith, ﬁl?clnt boﬂy 274 in the
nprising a wear-reésistant a i've materia
asonventiowst argiicd, A3 apaltérnativemethod for atbmlmfg theshaak 378 ’@lthe bit body

The particle-matrix_co t of the cutt
n,gg4,$§g\pétegs13pf2f7 e p@p{tbe@gpﬁ%sg iq qhgﬁlt]%ogﬁ@ﬁ-] after formation of the bit body
217 Jicle-matrix conposite material of the bit body

4. Furthernore, such cutters may be integrally
for ned"[\hetdxtdnlsranbl% ay e Zitthchehandosecuired! - thatbit kody 274 by, for
con‘posnte rraterl of the galt body 274 maé i ncl ude a
pEFEpleRrazing Pffa%o eﬁ‘&ﬁfﬂil mteatace B‘?f&’&ﬁlil ysfacpdrseffhe bitbody274 and a

ke

AT Y b ARt 5 EbPpemPIE RBRILBP bUS S8R tho sce 275 of
t thetHiviswlyD7e\aind tisd snrfics2Tksfkte Bﬂeﬁ@ér&ﬂ&)ﬂﬂay be bllaEecﬁmmﬂg a furnace
bit 50 shown in FIG

2.
brazing process or a torch brazing process. The bit body 274 and the extension 276 may be
sized and configured to provide a predetermined standoff between the surface 275 and the
surface 277, in which a brazing alloy 284 may be provided. The brazing alloy 284 may

include, for example, a silver-based or a nickel-based alloy.
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In one enbodi nent of the present invention, the
particle-matrix conposite material of the bit body 274

worey7/ossobude a plurality of tungsten carbide peeT/U810e6043669
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havi ng an average diameter in a range from about 0.5
m crons ut 20..m cron The riXx
Mol vae dtiBREHorstos T AoRR s Eaerres it Shommay be formed on
t wagstheBudaichi7d o f BRIHil KId92708Nd SO BRENR BN BROM ension 276
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oy be. AORREAASH Dielthos ki Pridlvhetpren fhe b Hoghag+ and the

2 étkefish B8 ARk n0YardUhd BeRlr@ibit 2 8 KBS IrBRe fibfeof along an
interface between the bit body 274 and the extension 276. A shielded metal arc welding
(SMAW) process, a gas metal arc welding (GMAW) process, a plasma transferred arc
(PTA) welding process, a submerged arc welding process, an electron beam welding
process, or a laser beam welding process may be used to weld the interface between the bit

body 274 and the extension 276.
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such as, for exanple, threads or generally
longitudinally oriented keys, rods, or splines, which

woreop705890ent rotation of the bit body 274 rel apCwES1006/043669
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the extension 276. In alternative enbodi nents, a press

fit [ fi.t b t tt ht )
oxt ensiATE She Stehdion T2 oSty Saiiea i SERRAE e bogy 274, the
f ishafled Waasy bds: a%Kéc?tr&_Sth'Q Bxt@dSorP Db, tB\EwhRY bf @&%é%&ﬁjrgﬁ limitation,

t
tenperature differential may be provided bet
expogitioning tREEIsB00 mdyebdonbchibuadyin AFuttinByurfwmys of the xtaaipshenk 278 and

o Jhe S isia” St aies! Shenbe s i Sodhalesrtameiea capign 276. A
bivheld 24 ¥neh/fa %’ Rgﬁgﬁaqt&‘%éﬂhg @fééﬁshtaﬂl? biBland the & ension 276 that

contraction o ody 274. The extension 2
t reatendngrobed {he dsidlddt 250t om dnhextdvior sinfedy tikFebfatuwhgtandnterface between

RS R P A eSS P Bl e v
50890 BT B RO UL AL S 5

aleutensiga2fi6 to fubtherssechirathe 276 shdnkt 278 tbitie dxoshgion 746.

thereby at | east partly securing the bit body 274 to
the. oxtHE PEHND BRI Gy APdn therkyt @éﬁ%?‘btr?%ﬁ"%ﬁn‘i Teglagpment of the

b Con. 27 .
e
aniirettheattaxheerts b bit badpsubMantisliyfgrmsed fian esd somypdsed of a particle-matrix
provi ded on]%ge extension 276 and the bjt bod%i274. A
mSEMPAZIICTRYIeEAL, sk as.doy ¥pmpts, theshank Wrndithsdraibit 4 slhiavgt in FIG. 2.
the bit - il i it 204 . . -

he 51 B RTA1 s kgl AR A i iion
f reimbodimmentzes fvereth-drmgerotaen diitl rbiR thatdncudd éixbd tutke@s]yother types of

274 y.at least partially nelt the material at the_ | ]
mfthrgORRg AHlieg toels sHEh ascfensianpla Fareahits: eprentia bifp ficenter bits,

2 el atdw: j : j t
Y 5, LA LOBPBR, 0, e
weinbedyrteactiagnifithe prisalt invampioe asd may be fovaed Hyhaethods that embody

body. 274 and the extension 276, providing a friction
wesAghies At e PErSentBRYSREER: t he mating surfaces of the

ext ensi i 7 iyt d :
St 1S A i, O by i o
t Ipecfex¢damshodim@it§ thdsabf exdirengskilainghestt kibredo gdike dndtappreciate that

270 on aq,exterio surface_thereof  along an_interface
bdtieetsorfatied (Rafher, menyaddiionsndeletions aad syodifigtions to the preferred

Sl | et 5 ent

Bl e s (YA PO p935 F i s

( Berjnafiet daingedprin addition Alestuteserope dnaditbokiinghtngay be combined with
rocess, .an el ectraqn beaqgﬁﬁ%glng process, or a_laser

Eé i PHSS eabed uneph v lﬁfzfllt%)e%@maﬂisﬁ‘é withit Hieaicape of the
t Eﬂv"@ﬁﬁ& Emn%ﬁzp%%@ﬁ g% a%ﬁn\%ﬁ@org g'%l‘eﬁgatr,etﬁg‘ in%nt?gnqggﬁ%iﬁ{yhirel drill bits

e extension een atta and secure
biahd bard pit2 Béying tiffesdnd akd 2aidusbytheofiics scheltad eutteheypes.
extension 276. By way of exanple and not limtation,
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positioning threads 300 maybe machined in abutting
surfaces of the steel shank 278 and the extension 276.

wah®7essed shank 278 then may be threaded ont oP€TIES2006/043669
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extension 276. A weld 24 then may be provi ded between

t he steel shank 278 and the Ciﬁ%ﬁ\ﬂ?' on 276 that extends
around the drill bit 270 on erior surface

t hereof along an interface between the steel shank 278

and the extension 276. Furthernore, solder material or

br azi nd. mat & inzthodenf fhemipg avbit badybfatr waesarthiboting mofary drill bit, the
surfaces of the steel shank 278 and the extension 276

t PR OWPISMEr e the steel shank 278 to the extension

5 . . . .

S pipvidite BEIRAIY 0 B B A8 oo i, 1okt Pnd ool B der component
maybe beainiglconBgwred tocforan iavegivwof £bhivbadly,and r epl acenent

of shanks that are directly attached to a bit body
S ESSPRHAE K19 Ruref il 6745 PRHREIUBRAPSEIE A0 BT unifary Structure; and

C e g SR TRO Y FREET) 7L 50 Shown i

FIG 2. Wile teachings of the present invention are

descri hed herein in relation to enbodi nents of .

eart h- Bor | ngfhﬁ sredhapd of clamnl pwvhereinpgsemblmg the phuraligy of green powder
CUL485Sent &b 6 m t h- lng drilling tools
su%lﬁlﬁas,n S?%r exgﬁgﬁgyg%%ﬁg{ebcﬁr@?i éeslcq:cent ric bits,

biatleadt @artially sintarmg ey uratityl dfpreeipaydbi dodnponhehts & foemraeplurality of
bits, %nd other such structures known in the art may

enbody YT FATARMAICEE: t he present invention and may be

f QLR ' { eSeNt

| BER R (AN, R ERbhoh R ReBEE it it BT
demtarinigehle bremwea bit ddlyito & Eispleddnsityy certain preferred

enbodi nents, those of ordinary skill in the art wll

recogni ze and appreciate that it is not so limted.

Rat her g many bt | t | f '

the pr ot or r ale Sed Cordfi B/t B85 AR KRR b BRRlkS of groen
depadén cognponents tdapsseope of the invention as

her ei nafter. cl %iﬁged. In addition, features from one
enbodi REIIiA®H TEE POWAR: HEERCOMPHEAE Ur es of anot her

enbodi ment %Hr&litgt).f hdrd gﬁjtigﬁs ?&gé?{ﬂ;?(é'g ?l'ge ﬁ’{)ﬁﬂéo[ﬁsfsﬁ&g of diamond,

scope of the invention as contenp

i nvent ors. Furt hborontdaebide)\bondn aitridha ailuthinbit yitride, dnd Ichrbides or
bits and core bits having different and_various hit

profiles as wel | baddes pf it sroyp sensisting o W, TiaMas Vo > 61, Zr, and
formng a bit bogy. f,gr an earth-boring rotary drill

bit, the method conprising: providing a plurality of

gr een powden phoalityrd phgiclatcolmpaising anaatgix aedtefkiyhe matrix material
conmponent being configured to forma reg{j on of a hit

body; assenbl i ngs?l?Fée“gl 1) they ZEupg cRBHSIHGGE r cobalt-based  alloys,

conponents to fogg,a,uQ élﬁ{y& kUL ;allg'ﬁg cobalt and nickel-based

alloys, iron and nickel-based alloys, iron and cobalt-based alloys,
aluminum-based alloys, copper-based alloys, magnesium-based
alloys, and titanium-based alloys;
and wherein assembling the green powder components further comprises:
pressing the first powder mixture to form at least a portion of a green bit body;

at least partially sintering the green bit body;
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at least partially sintering the unitary structure. 2.
The nmethod of claim , wherein assenbling the

w@bawrakiony of green powder conponents to formBCT/OR1086/§43669
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structure conprises: at least partially sintering the

plurality.af green powder conponents. to for X
bl ur al PIOyicipe BBk B Gendiencod 188 alsmentio@ sl string; and
pl ural Lichiis MAESHALISMMANENE. L0 Torma brown bit
body; and sintering the bro bit body to a fina

density. 3. The nethod according to claim1, wherein
providing a_plurality.of. green powder conponents

conpri des: Hﬁﬁ\ﬂl?ﬂ‘w{g of clajnt 3y W PrQYidipg agplurality of green powder
(ofoTsns T WMol L.y of hard particles selected
fron?fﬁgﬂg?gggﬂ%%{sﬁs%ing of di anond, boron carbi de,

boraviding b séabad gadenrpomdsr cuntponehet, coafigured tdfodsa region of the bit body
bori des of the group, consi Z‘i‘i ng of W Ti, M, Nbo, V,

Hf , Zr configures forggitpchmpnt o Ptsgalz%% the,seqomp egreen powder component
conpri §j a.patrix material, the matrix materia

sel ect gglﬂg?%n the group consisting of cobalt-based

al | oys a pluralitytodpadichdslcopprising elatdridd asectedfibmytie gbabisisting of

and ni ckel - based aIIoY i.ron and ni ckel - based al | oys

S, I, ys,
iron and cokabalt-based #llays. dipe-baged, #lpvsmmdethassd| ablpys, cobalt and
copper - based. al | nesj kffﬂﬁ% ) g
titani um bagle%eia %%%gﬁ@}gshgﬁfmg?el n gggéglrirb%%’llﬁ}r]sg% eand cobalt-based
green powdeallegypangints-Based BRoysc eopicrdased sllBSSmAgnesium-based
the first powder nmixture to format |east a portion of
a green bit aBevyandtitapiwgsbasgdalleysi |y sintering the

T T—
shank portionefihd bibbélyy. fofmedhiethestdond gpdenGodidar component.

wherein providing a plurality of green powder
conponents further conprises: providing a second green

powder conp fel . on_of .
R R e e
seompdsegr een powder conponent conprising: a plurality
of particles conprisi n% material selected fromthe

O

g Paitilly. sintariggithg)gigen bit body to form a brown bit body;

machining at least one feature in the brown bit body; and

sintering the brown bit body to a final density.

6. The method of according to claim 5, wherein machining at least one feature
in the brown bit body comprises machining at least one of a fluid passageway, a junk slot,

and a cutter pocket in the brown bit body.

7. The method according to claim 2 or claim 5, wherein sintering the brown bit

body to a final density comprises subliquidus phase sintering.

8. The method of claim 2 or claim 5, wherein sintering the brown bit body to a
final density comprises subjecting the brown bit body to substantially isostatic pressure

after subjecting the brown bit body to elevated temperatures in a vacuum furnace.
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cobal t - based al |l oys, iron-based alloys, nickel-based
al l oys, cobalt and nickel -based all oys, iron and

woe@Ressoased al |l oys, iron and cobal t-based al POlES2006/043669
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al um num based al | oys, copper-based all oys,

magnesi um based al |l oys, and titanium based all oys; and
wherein attaching the shank to the bit body further

conpri s ati el df@ﬁmﬁ@aﬁ}ﬁeﬂeﬁ% PesHRE EHegﬁwﬁgr Iﬁ&ﬁlrg&c;mprises one
body formed by the second green powdefr conpone

Thod pre&smgj thef powdérnmaxtwiee methna diquid aetsspey theapbwder mixture with

s n the green bit body c ryses: partiall
bl s werugs ErenEat SoPbi AL BRGNP (6Pt 5999 poundsper

[ ' ; :
an E“%f? e, Bt ploF Rt (0 oA it A48 ol Rinl bol Y material and
6 .apfilyingreebstadiallf isstatic prasgurt to eltadonsbrfackef diebag.
machi ning at | east one feature in the brown bit body
conpri ses machining atl east one of a fluid passageway,
aj unk ot Cc i .
7 e Mot hag aanshbE Bhinh S Bl o R B el iR o form
signtearbitrigdy kembriasn bit body to a final density

coq%rlses subl i qui dus phase sintering. 8. The nethod
Figg i ipst Howdenmpytare QAQILA Hrss RFFeR Fﬁ)rﬁeomwé br ownbi t

Bl%tgéégﬁ'lg afalegslt Bﬁ’% m.ai ?&@Mlk@?f (Iilgfglqﬂl ﬁ'&ljl'lqge ﬁ{%?%&{’ c?e%lxture to

to substanti a I SOS SSUFG

‘subj ectfomgattllmt bmeazwddlﬂmﬂal @mélycctrﬁpcﬁieﬁuahdad t enper at ur es

in a m furnace. 9. The nmethod of claim 3, wherein
pAESEIOHEE ﬁwé'lf COFﬁB@PE‘FtéME}bt#ﬁ At lgast O%er@deﬁowl Sigen ppynponent to
t he po g] qih a liquid, pressing the powder

m xture mngm stant ally isostatic pressure greater

t han about 35negapascals (about 5,000 pounds per

square |nch§‘ or providing the powder m xture in a bag
conpri diln g hﬁ Lpélrofﬁlﬁy e1¢ aff clajmg 3aﬂ)rﬁ 91 Sh@nd 10, wherein providing a

#@ﬁk}@@ﬁéﬁh&ﬁgé §é?ﬁé1‘ri'§e's ?B&Eaﬁﬁgy% rglfgx @h&é?@ﬁrﬁé&%&%@m carbide
lpeﬂﬁcleﬂ,gthe pRirgdityee€ tungsteh wambideopaiticles @ngirary hitvedishout 60% and
pr.essi first powder mxture to forma
3 rek W%%ﬁbﬁﬂgﬁgmtﬁ?ﬁgﬁ“ﬁ@hﬁ? | east one
addi ti onal powder m xture differing fromthe first
powder m xture to form at | east one additional green

conponéft ; dhemetmdmiftiaing 10 hehdréin $e fF5teedenCompon@bis configured to

with the at | east 0 ddltlonal reen_ conponent to
f &R @asbg gentiogiof a big&laolt or carrying % plurality ortngutters and wherein the at

least one additional green component is configured to form at least another portion of the

drill bit for attachment to the shank.

13.  The method of claim 1, further comprising:

providing a first powder mixture within a first region of a mold or container that
corresponds to a first region of the bit body; ‘

providing a second powder mixture within a second region of the mold or container that
corresponds to a second region of the bit body; and

pressing the first powder mixture and the second powder mixture within the mold or

container.
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11. Thenet hod of anyone ofclains 3, 4, 5, 6, 9, and 10,
wherein providing a first powder m xture conprises

w@e@vioshiong a plurality of -400 ASTM nesh t ungsPERUS2006/043669

10

15

20

25

30

carbide particles, the plurality of tungsten carbide
particles conprising between about 60% and about 95%

by weight of the first powder mxture. 12. The method

of claim 10, Thefepidd b elalth! £, Wh&GER HITRAELAL fidsP powder mixture
configured to format |east a ‘portion of a drill glt

f qgomyaisesi ng a pI urallty of cutters and wherein the

at | east ol e ad een onent is, configure .
to for MBTIAIELR q%&}nggaﬁpf drartqles Igvingjan gy¢rage,diameter in a
attachment t,gy é"'&tén*aﬁ%‘ 4 3bout b u

further conpri SI g providing 295 @%@ﬁ%moé? ?n!‘ﬂ}b ns, the plurality
within a firafttungsgnocariifie partivled cxompmmganetmentmm 75% and about

corresponds first ion of the bit body
providing a gg/& we}fg\fz@é@g@rs&mwéewmrﬁ %Pdsecond

regi on : : a
second lffégfﬂ(;’% dg@{nghgob@tg Hf)cgééyQ ;%fn ncﬁgrag{s?{étlhgg&? e ’felEn(rast
povideeinpratiding aaachntl pewdecaidure@onprisest Xt ure wi t hin
the nol d or,. contai 14. The et hod, of .claim 13

wher ei PrRYIdinedin} gagtmf fungstsy m@rdemam‘!ﬁSélawﬁﬁP Pxgage diameterin a
provi di ng a ATk |
havi ng an av@r’%’ ltéé]h Mlﬁetoé{rl In g%?g%?%géggb (%g&%hﬁ%rggsmthe plurality
about 0.5 mafrtmmtemmadbdejpaﬁﬁlemoomnsmgtﬂeavmwbahﬂ 65% and about
of tungsten c§)€| de, (/\gﬁtl cl es conprl si ng between about
75% and aboutV ngg thf second ppwdern piurgider
m xt ur
Compr Sroai el M plgl %bglm%@%éé@%ﬁ%?%%?%ﬂng a
second powder m xt ure conprises: providing a plurality
of tun ten ar bi p rticles hawng an_aver age

b

di amet ey % 8% £ 8N §F £leans dpduds @.95184 thwd 12 wherein

t | :

B A A S el OGP (908 i

b}anvmtegﬂat:e bét\Nteb(e a sexfasech fithedbétr bodyxdnd resurfioel op Ehbvslhdiﬂﬂgwelding an
aljt particl es cogprlsm the matri

nagfs%?%ﬂ be sen arﬁlgf%epﬁ&? it bogyanske swgface (0 "hﬁsShsnk fress fitting the
6.shéhk dflo thklbit @drallg t'ﬂe @ﬁ&lﬁ%‘twe rbﬂ%oﬁﬂ %ﬂh a{tz?chmg both the
rises at plyrrig a

the bit body co east on of a
brbdgiZiady ans theer shamk tocnnzmtanmbﬁrdi@o&dkiﬁwmnhabﬂ vodyparl thé shank.

the bit body and a surface of the shank, welding an

16. The method of any one of claims 3, 4, 5, 6, 9, 10, 11, and 12, wherein
attaching the shank to the bit body comprises:
attaching the bit body to an extension;
providing cooperating threads on abutting surfaces of the shank and the extension; and

threading the shank onto the extension.

17. The method of any one of claims 3,4, 5, 6,9, 10, 11, 12, 15, and 16, further
comprising applying a hardfacing material to a surface of one of the bit body and the shank.
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interface between a surface of the bit body and a
surface of the shank, press fitting the shank onto the

wbrdo7lossdy4 shrink fitting the shank onto the bPCT/DSIIPG/043669
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and attaching both the bit body and the shank to an

t di,s bet t bit b d dth ha
AR TR N R s S Pt R
1?0mﬁ§ﬁd)f ]azpar%lﬁfn@dtﬁx @Bﬁlﬁ&li‘ﬂe'}ﬂatéﬂi‘ﬁ ﬁﬂ%%‘ftalgpstﬁﬁﬁlr@ tdmprising a first
body conprises: attaching the bit" body t

exegeorscandfigurmdde catingplovdifiesfauitey forhruttatsanomarth foritatiog, and at least
surfa

¢ ¢ BfERe T st dh ROTRRENE when B SR Ta il ing e 2 teast one

0R&difbndt k&io® ¢ }%ﬁsmgsatl@eadgd #0, 11, 12, 15, and 16,
further conprising applying g har df aci ng material to a

surface of one of the bit body and t he shank. 18. An

eart h- dril| t
St uct §9e < dueuRboaDeyoe ol BB leyir b titary sructure

??éﬂsll?ﬂéets% RAT nﬁl%rgﬁngkglcféﬂah@dlﬁly%srp\%ﬁh(?gfI%ggcga'nﬁt&gmgtenal, the

reg Pon-c to carry a'p
¢ batdgpagidesrseleotet fom the geap ténsistingef diamond, tdrat cakids boron nitride,

one addi tional reg configured to attach the drill
bAkmpuny ngfide,and £ ﬁlgs or; hogidgs ofithe,group sensiyge of ¥adl Mo, Nb, V, Hf,

r |
9 PR MR e o O BBEA Mt
s ironbasadenllopsypicksletmsal gloys, adbaltyindhickelrshsqbdlloys ires and nickel-based

randomy dis erged t hroughout_a matrix material,

ha %Vspam éne cobalf-based dalfaysmplumanyndissed @H@y%tqqagerohased alloys,
%%m Rt rhn%gg %hgﬁta B H'aﬁlB#rsd al um num

n|t car es or borides of 'the group

consisting of W Ti, M, Nbo, V, H, Zr, and Cr, the

matri x_materjal sel ected fromthe lgroui) consi stl ng
cobal t 4 Basea'hﬁqu’téﬂ}’sdnm?lb?lf%soé‘ﬂ o4 8 1 Hedy eEFé%@@ﬁrStreglon

al ) oy @g@c d aIons iron and
nlhci ﬁrsﬁxase Sﬂiqﬁlir%gh]pgn cobal t-based all oys,
ahmntmm-almmlgdmél | oys, copper-based all oys,

Pesl um.based al | oy and titani um based all gy 20.
TREYRHEPY- @P.ASTMmeSB#ungﬁyn %Eldsﬂvamcéﬁsa@dfsﬂbdlsn@sed throughout

wher ei gl gkl 'nfa%na'i i gﬁﬂraﬂﬂgoﬁmggs{eﬁtcaﬁdﬁ%{ahﬂh%s comprising between
conposition conprisin materi a

pl ur al abgut G5% GiEbATTII B weighn gfthe irstandieritd cpmpbiitibgs
rgqffoMy di sper sed thr@ggho t the matrix material, the

Hhetejn Bie 4t dergs oan addihonad ecaion hath escond mpptedalpgmposition that
betvvee wei ght of the first
mat er i gFPeg%ﬁ%Ig;?{?%%a@%%&@%@ﬁ%t he at |east one
addi ti onal region has a second material conposition
that differs fromthe first material conposition.

40



