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bore holes or wells in earth 20 formations. Rotar% drill ts i hcl ude
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two prinmaty couensgmngdt sisd ‘GeehEonmegRetani Saili Bishdnd oMe &feFB‘i“tmg
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or rotate on a support leg. Cutti ng’fii@ﬁﬂlﬁlﬁtlyﬂﬁi@l |y are provided on

the outer surfaces pf each.rol con r tti rock
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tungsten carbide particles dispersed throughout a netal maj ri x
mat eri al . 1Al t &FvsaEqn, per lﬁe@@fﬁsa‘@l egth-hoging reigrg dall gHist Hhat Hﬁf"é? w bl body

surfaces of emtattaht rforﬁ“f%ﬂeof 'atﬁarttétb ehnfardpak in@t%ﬁélt S @ ﬁl%%ase@f
to formthe cutting €l enents. The roller cone drill bit nmay be placed
in a bore hol emasufhtutihgsuchkeerth-boringrdridldritss are adj acent the earth

formation to be drilled. As the drilhAE&éGﬂ(f‘UﬁBtated’ t he

Rotary drill bits are commonly used for drilling bore holes or wells in earth

20  formations. Rotary drill bits include two primary configurations. One configuration is the

roller cone bit, which typically includes three roller cones mounted on support legs that

extend from a bit body. Each roller cone is configured to spin or rotate on a support leg.

Cutting teeth typically are provided on the outer surfaces of each roller cone for cutting

rock and other earth formations. The cutting teeth often are coated with an abrasive super

25  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

30  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
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30roller cones roll across the surface of the formation, the cutting
teeth crushing the underlying formation. A second configuration

of a rotarwobobidssdast is the fixed-cutter bit (often ref@EriRohsiomsas a
“drag" bit), which typically includes a plurality of cutting elenents

secured to a face _regi.on of. a hjt body. GCeneral the cuttin )

el enents of areﬁ‘JQé’g?%ﬂtb_t"gY' %Wéﬁti'r fhe I‘“”%P% elgpgs QH ﬁé‘?gl%iﬂ@*’ gRe glﬁléB‘é hgye
a substanti al djihecy biisRdRdpe dk a_§ﬁlﬁf&ﬁtiﬁ1fl§rﬁ1‘i’dric§l@ﬁﬁe. abhagl ueBiaiveahaterial,
such as nutual ly bonded particles of polycrystalline dianond, may be

provi ded on asushiss manedllyl bopded patitlay oepelysystdlinediemondohacbe piowiged on a

el ement to pr - S face Su t el t.S,:
often referr esgl %tglﬁgziy&%lg lf/&(; %@%ﬁaﬁl‘? %féeagﬁl gwglﬁ%%fé%nﬁ%{;@tpmﬁg%%cﬁ%lﬁé ? %rﬁfasc?'
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typically, a Qra2€vathlilyockBY (el $de bReSSEHESEE 1D 81 BYEY. ] ﬂ%oﬁdiﬁ%ﬁl@{eﬁal
to the bit body. The fixed-cutter drill bit may be placed in a bore
hol e such t hasuch@s an prihegive pf, mpretypivelit, s baaze abely wer he usaddo eeerrert the cutting
formation to i ]l : il bit.is.rI .h tt]

el enont o scr ek tseBhs 5h dfe Btk i il B Bffeodd B pftfable ey e
formati oni0 the cuffing ehinentsodty adihcont ARtaartly folridibn Id be Gytped alhb yhel dill bit is
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Institute (AP} MEAFEREHMPESCHPE ATASAGI SHET AFRY the srace s the pgderiying
drill string.gfhgigril!l string includes tubular pipe and equi pnment
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equi pment at the stirefEtbodyRefud 1oteen il bigHypically is etcaireg toaldiasdened steg) shank

drive may be fo t ati h il in . £ [ .

w thin the bol ks gtmele ol sl (ar 3l BliE e A e il iz o o
be coupl etb di déitithine. (The dHB sthnpnechahafubulaf pige devequipaleat svpmerts codpiedlend to
then may be used to rat?a, the dri The, bi

Il . hit. 20 bit,.body of a
rotary drill BOCHERFHE ¢ k}%dfj?l’&hﬁh@?%%‘?‘lmpﬁ@e%i‘tﬁ%‘% Siu\f/fé%%yq%‘%leﬁf ichasa
body may be fQiAPALleRBAIRBM bk SsclBErTbthti @S tenpRiEhE Aill biBWakin the
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mat ri x nat er i kdre holet evternatively.cie shankiof the'dpilliemay haewdivie diseothiietheftve
bodi es typi Cagl ¥% oL B-rhgf‘eqn&)ﬁr, Wc%qg% %9@1!0 1@ a?e%e b Big.car bi de

I
particul ate nateri a?’ovol ume, such as gg%ﬁcel es of {ungsten car bi de,
and infil2@ating Zbhe Hihedyaft ratarydtid bitandyitetdommetidranabtesli Aitemativedy, ithe bit

material, such as a .copper, alloy. ill bits that hav it body.

For med 1 om S0 T DIaTe el P COTBEE PP QPP Gy Gk G R ntude
increased er Ogdr®padidis Wadlomhe 8isSdrfdaBroufiibiut b OMRlix Slaf@ADldReARErerred to as a
toughness relative to drill bits having steel bit bodies. A

convent i onal &ander baterivlg Peshaihbodier ppically argdormed by Rabedding a stesbblpnk in a
Lrcl U g 2S00 T 1 AP L1 Sl B L
i s secur el t otha pattieelktesiacoide Bterial wéthhi thathe dyatelidl, iswehl aschepper el aprDrdll pits
?22 | 3 d Zts egl bi!hgt%av%g btlt %Eiy ifosrm% %gnds%gh !1 Barttic %—ngartrcl))\é\@or%gésitg?neate?‘irapl\ﬁ@y é_)élibit
increased erosion and wear resistance, but lower strength and toughness relative to drill bits

having steel bit bodies.
A conventional earth-boring rotary drill bit 10 that has a bit body including a
30  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-matri x conposite material such as, for exanple, particles of
tungsten carbi de enbedded in a copper alloy matrix material. The bit

body 12 i sywspeeurehoi 0 the steel shank 20 by way of a thicaagshe/ndzesy
connection 22 and a weld 24 that extends around the drill bit 10 on

an exterior surfac her eof o i nterface between the_ bit body
12 and the st Bglﬂa@ o H'%aq?tagét“‘hs"’ﬁa}%’ﬁ S3FPIRcPAHees ghtuaggten catbide

t hreaded pin 28bédaed ﬁtéﬁﬁﬂr%0§ﬁﬁuﬁrmiténap'Thel@cb'fo@?r @ ttrsbédrecﬁb 't}icr&‘ébe(éﬁﬁ)ﬂik
shown) . The bit body I ncl udes w ngs or ades 30, are

separat ed by pPUhxwal@reshrgaded conneetien 22fahdia ufeléétéélw@emyb amnéﬂteelnﬂ bit 10on

%?\gﬁegxtgﬁdggﬁg}g%}éﬁ&%?Q%w?eelaﬂ)gg 1?%62 th] Jf)eglir} éélﬁ talt%rou %54%511&{11{

bit 10 body 120. Nuzsdebsliank @0 irschideotn 8 RDMWeEdatmyib2S [ﬁ)’l@%ﬁtﬂﬂﬁg At dfilkbe 106 a
of the bit bogﬁ%lz Wi thin the internal fluid passageways 42. A
plurality of siing (ot €ho%ar e provided on the face 18 of the bit

body 12. The PDC ciidigftvd342 Yude igleds 70, Qgkit
wi thin pockets 36 forned |§n the fft\gglrg%élbga?g% hé bi't aEcﬁseB&x%{%%yfhgksmtsgg

be supported frenibbid passageviays i estrad teByeentihe f‘f‘lcmaly% ethg Bt bttdeglﬁaanldyd
formed with t E]o%gt%c%wbgté 4@1 wl&h}??)gén 91991%/ 2estegl Sﬂl z%flér nai ¥ Ve}lgakﬂlél‘mt

shown in FIG I'S genera rlca

t he steel 10l ankdylla. m;:zlhamsmsa(nbﬁuhbwy) Iﬁgrm;lpemaﬂxdmi tage 1 &b hebiabelymayvithin
i ncl ude external |ons correspondi ng to bl ades 30 or ot her
features exteH’d"l”i’ttg"“élnf]i BAPAEEW AT Hf the bit body 12. 20During

drilling operati onﬁghtrttayefpbb Ritdes é@aﬂe?rcﬁ&@ubh%eﬂc@ts 5@@% ?rmothe

a well bore hole and rotated
face 18 of th&DEi ctltt%ea?mﬂb@ hm@t@gﬁualphethbbh st3qairan pesdete 34 Goravd intthetace

internal fluig 8%@8‘198 téfbé &%F(Er% ol Bt b Pe%gers 38, wintl AR be

away the under yl ng ea orma rmat 1 on - cut
detritus ase mte@ﬂly\kbmﬂedammmusmmﬂetwmawmwhé drilling fluid,

whi ch passesthrouhth ] Iot nd th lar s e .
botween he wel | borestiptatalioRs ity Figenesly i ERalihua BfGpa iy
earth formati gf. stc@PBMﬁl@tlEQﬁ@ e abthiﬂyb;‘égip%i doRAkurkie femay include external

particle-matrix conposite material, such as the previously described
bit body 12, Helesiprermpaondiaataiadsy3y AREheE Feat turengxisadiaz pareifedcds ofthe bit
nol ten matrlxbg@ rial in graphite nolds. The cavities of the
graphite nolds are 30 conventionally nmachined with a five-axis

machi ne t @6l . Fi neDiudag dtilbsg @reeativhe theadt & 10 & okitioned at the bottom of a well bore

hole and rotated while drilling fluid is pumped to the face 18 of the bit body 12 through the
longitudinal bore 40 and the internal fluid passageways 42. As the PDC cutters 34 shear or
scrape away the underlying earth formation, the formation cuttings and detritus are mixed
with and suspended within the drilling fluid, which passes through the junk slots 32 and the

25  annular space between the well bore hole and the drill string to the surface of the earth
formation.

Conventionally, bit bodies that include a particle-matrix composite material, such
as the previously described bit body 12, have been fabricated by infiltrating hard pasticles
with molten matrix material in graphite molds. The cavities of the graphite molds are

30  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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cavity of the graphite nold by hand-held tools. Additional clay work
al so may be required to obtain the desired configuration of sonme

f eat ur es oWwotzherdagdns body. Where necessary, preform el erEmMS00@043669
di spl acenents (which nay conprise ceram c conponents, graphite
conponents, o

ch ! oo ‘
post 1 oned wi PR RS AR AR RaR B R TRARR! Mol ki Bpson, gauice

42, cutt ihng fento&l}ﬁlﬁéntﬂ ockeiheoded sa,'tt;.ﬂl gﬂ{n@bﬁbﬁlﬁ%tsamdy iﬁﬂ%@éﬂﬁﬁ@eﬂt\ﬁﬂ:ﬁtﬁiﬂh he mold
t opographic feagtures of the bit body 12. The cavity of the graphite

mldis 5 fiar‘?%éﬁeqiﬁotdﬁft“fﬁ?‘ﬁm?&?a@ PRsSREst 62, CHitiBE gemAuariiel 36(=§%§llfﬁﬁ’é?s32a and
tungsten car bidgexldlaRRhYsRARS i IRy PR BiedGy; -
preformed steel tgjlx_anka % %}3 t hen Sggcg%??[tb:dggr/]g ir? t‘ﬁléﬂgP%gggm?ﬁ%OIdls
appr opri atde |t widnhag gardeuletn cabidermat T (sivkeed tubgstankeatttds, yigindmh babids,

at | east partjal ) rged-in_the r.ticul canbi de terial
within the nof :"d“}éh"ea%r%m?’ gtgﬁhghewggmgggw%ﬁ%p@ﬁgw ]ﬁ%g (gt the mold
ot herw se pacdteit dpprog€iate BRaoni =1 oridklat?iDVRY st blaflaretypietIWes bt 194kl fEeALy
particles of the particul ate carbide material. A matrix material,

such as a coppbressd aythe parigulatagyrbisle matsriabyithiade mpld: particul ate
carbide materi al baf; LN : : I I

The ol d and bi t %ﬁgkﬂgﬁg{ 8t bk Bl bREE Ef%bﬁa‘;@#ﬁ%r%%me
mat eri al . 10Theansquaebf dphceriietwiedn pdjatmmhparticlesofithepap@onidietabidmtnatexial. A matrix
conposite mater.ial., ich fornms the cro 14 0N,.€00J. i of , t.he pi.t
body 12 and Teell i abRs et i kb fidtsch PO EPR e S Bt
body 12 has cag}ednfiliardbiith tikodylichandtsx mafEBe The HRM dddeitmelid 2ad addyed
di spl acenents are renpved fromthe bit body 12. Destruction of the

gr aphi te ol doCyeite splidiy the mathy maisgial dhe et pank A @ 1hiopdeslyg yhepprticle-matrix
As previ ously, Gitd Pedyid | ] tyPh &R/ 1

is required t%qﬁérmvgl ?ﬁ?al gﬁdhg%gi;é)?lf%%‘ﬂ?g?’g%@gmgéﬁ%%gml%%@ %aélr?
removed flSom sohdifivetich oftheamdsiix mRleriab dynce2bheapiybdsky 18 deuicaded; thethlifcbody &2(s
shank 20 As the icle-matnLi x4 CO site terial us t 0, f t he
oo 44 1S b8l bbS! e TG dfa (BTRASH Rl Gd BinWBf frohlpl AT LbAR 12
16 ihs uzed td)&enuuicmdglﬂ&: @i?}ﬂlitbﬁﬂ?vdtyﬁichngeissmkl bldﬁ;ﬁ@adsthmybb&;é 12. h
machi ned on an exposed ,su ce.o e stee ank 16 to provide the

t hreaded connect i d’rﬁafzwwiwééﬁiﬁeﬂe&eawcﬁﬁaa;thfz;r%ae TR ‘@?@%‘YYléﬁ@élﬁﬁed to

20. The st eel8Ra0ie2Q paBy 1DeAREr G¥EH 1O} O hR® B fenROdY 4. thaREId IR bit
wel d 24 25then may be provided along the interface between the bit
body 12 a¥d tlvdydeewly bs hemted20the steel sha20. PipGhe partiele-gnagix eraypaside material
bonded to t heus%@&)efoﬁl?th%fcro%n)gldgls }eigﬂfg%réa a?l]:ﬁ‘ig{ eagip’emgclhgneg Otﬂg stg‘é bpagﬁ 161is
been cast by, Tor ‘exanple, brazing, chani cal “atrfirxatioh, or

adhesi ve af f ivsad tocsacurd\lic &it hady tu éleshaii) ThRRG: Qi beanshddd 0B YN Bgosed surface

provided within the | d and bonded. to the face 18 of the bhit bod 2
during infilt 57! B Lo egtretb%de&ictmﬁawl% GEWP%WWO%Q%B%@
synthetic di apangiak 00. ’Pl?és!th"eﬂéhaﬁk@@ﬁﬁ?ﬁe scREWedTR) @Y 88l body 12, andfR8 weld 24
nol ds used to cast bit bodies are dif I Ju

icult to machi ne e to their

si ze, shajde, thermanbeppaletappoibe titefice Peireeretharbit bodykrud|thaoyies! shenlAe.
using hand-held t Oﬂe?’]ﬁf &Jtt%;stﬁ}r}nay be bonded to the face 18 of the bit body 12 after the bit
body 12 has been cast by, for example, brazing, mechanical affixation, or adhesive
affixation. Alternatively, the PDC cutters 34 may be provided within the mold and bonded
to the face 18 of the bit body 12 during infiltration or fumacing of the bit body if thermally

30  stable synthetic diamonds, or natural diameonds, 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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required to forma nold and to formcertain features in the bit body
after renoving the bit body fromthe nold, which further conplicates

t he reprodweibilostass of bit bodi es. These facts, togetharctwshéuchingse
fact that only one bit body can be cast using a single nold,

conplicate reproducti.on of | tiple bit bodies. havi. QRsi st ent .
G mons ons. | APt it raolTent ot s e B S Al B S Mo the it
pl acement in QydyGbnt BR nidlesviaéh fufBeltompRedéafie rdtRIntiBiliNESEt bodies. These
vari ations, the shape, strength, and ultinmately the performance

during drillifagsofogethenwih theoBaythatagnly ang bitviteds wapik €85t USing; ¥ fipglgmpold,
to ascertain j AT v ' ' teht dife e

the drill bi tésO r#cgcfeg?p?@%g% ri ngltgjrl%ﬁ% gépdl\{%é ﬂg}h #Aens*gae%%% n%%%{sbﬁg é%esult’
than is desi riableenayibe vaiadiens inoutr plaearhent inex pe tedabedf bk bit bodied. dideds thsse

which results in . addjtional cosis. 10 y he readil) reci.ated,
fromthe for ewaﬂﬁnsdg’?é %Pﬁt%t%ﬂiftﬁﬂl}@ uﬁ‘:“_&?@%%g%@?f ‘P%PF%@F%@% ng;of ¢ g‘%;lf
that incl udeSb@ymeF/tv!aﬁJ, ®hitRinkkes iCRIRMB ol Bcei@in@hd f ekfecRnSUTR\WMARA drill bit.
costly, conplex nulti-step | abor intensive process requiring separate

fabrication ofsarsilhthadnitiditapea dilbtes are binicalipieplpoydanp afterBansig desirable,
product (the hi . [t ” and
By preforms Dbt SEev i indGeatiny MERARLE bt B e
fabricatetl Wil e 48 inabddi reglillysapretintt Ucben ieer foragbmgnigbaripkion,oip @sddess of
materials may,_offer significant vant ages over prior,_art steel bod
bite in ter mgicanE datdo i o BUroRLREcr s eShedte Rl St omiee
and t oughnessyRfty, deatplddi thulBQHpaabRielhdhd proflk kequiBigi sBpLRE Fariation of an
applications. Therefore, it would be desirable to provide a method of
nmanuf act ur i nginterisediatsgagdued (the mpald) peforgdbe cad paeduct (the Rithady) can be cast.

conposi te mat I?fo-be%kfert, g?tbhal%k% DARL &% eﬁ?ﬁregcﬁﬁiqteg%)é e&'ﬂllugc’be%wvihﬁaﬁ edesigned

provi des a bi ody gher sfreng ness that ca
easi | y attsached fateicated h#fhile bit botitsahat molvdepatitle-ofatrax cdmpbdite gtatdrialy may offer

Furt hernore, the.kn nmet hods for. form i t,.pody that | ncludes

particl e- mat r?‘%‘“@ﬁaﬁg\c’)\gsbi"?‘gag?ét BFF dHof eadﬂ}sp‘%l tabr? ¥ lf‘ﬁel ?W}Sxoﬁﬁﬁléafs]ioﬁl artd
be heated to @odbn-rdsRIHAEE, BelsRer 3R@SE dnfl €oupBhdsh BEUPIObiNBoddds ptdhebitTRdir ds¥in
material. Certain materials that exhibit good physical properties for

a matrix nat et appicagrs.sui t abl e for use because of detri nental

i nteractions bet ' : e |
the particles ar\é\elﬁ{r;éf%fﬁ'? ?%’?Vrg%lﬁ%ﬁtﬁﬁgggé%gﬁégﬁ%ﬁp grq@mh%ftagtﬁgﬁg M"Bﬁﬂody

mat eri al . 20s thatriegludids,a particleinttes compdrite neferial thalyesinanatessiog neghbba fold, and
use as a matrjx nmaterial.., Therefore, it.wuld be sirable 30 ..t
by ovidea et WSPBYC Rt R O e Streb e PR e e iR e Sy pdsBag o o
that i ncl udesshanpar éthéd comipBhdnt &f £aHIPOshd € naterial that does not
require infiltration of hard particles with a molten matrix material.

DI SCLOSURE OF THE Fudthenqrenthe knowny megiods Hepdeming He biiradenthat includes a
| nvent! on 1 NCyRAGS.fhufiel gos% 65 it RAUDhalA! ARAEALE Nicbtel 1%

--1
drill bit. Aplurality o reen powder conponents are provid o
assenbl ed2% o feowrratureatwen themidtingypostt pfibe makix niatediad aCertapmmaigriale that exhibit
powder conponent, i.s confiqgured.to 5forma region ch

G ven uni  ary S8t HRRGPoPRBAE ruc Ay ol S o Byl o0 B bedlt of
detrimental interactions between the particles and matrix, which may occur when the
particles are infiltrated by the particular molten matrix material. As a result, a limited
number of alloys are suitable for use as a matrix material, Therefore, it would be desirable

30  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.



I n anot her aspect, the present invention includes another nethod of
formng a bit body for an earth-boring drill bit. A plurality of
green powdeo 20@mp@nents are provided and at | east partirgrhysz@snisesed
to forma plurality of brown conponents. At |east one green powder

conponent is configured to f i ¥ jt body. The
brown 10 conponents are ass?nlﬁ@éi’%%ﬂ]%ﬁmmﬁﬁ) tary structure,
whi ch is sintered Ihondasbedghe glesst inyention includbdb BOANEN foRGREE bit bédy&or an
present inventi gn i.ncl ufe,sbxet anot her nethod of forming a bit bod
for an eart h-BORIORERE Pitbf plurslitypligresn peyydes porgpaseps ar@wrdeéa}?ﬁéwﬁeg
i s provided agdogl NERESGhilPy Srldesd. F8dedst éil'g:l SRRk éo%gﬂﬁ&‘fﬁscl:%n ed to
plurality of fully sSintered conponents. R Feast on green powder
conponent 3 s lounfiregivmneef 2wt faslymlhe greawmiksgitontucs is at lsadt platialy sifthed.

fully sintered co nents are.assenbl.ed t.o forma upitar tpucture, .
whi ch Ts sintered Be OB ATRRE BRI RIS et B RO Setadel Hapine o
In still anotihey faspeath-bbigs GIEGENS pludMBRbF @Ber REVIE ESmFonBRE AeGrBhided
form ng an earth-boring rotary dril it. The method includes

provi di ng a bind ablseRy paiplby sipfeied fq {prm o plupgdityeidbrewn eomprpnents | Atlaast pregreen
conposite matefd Wl . i £ L Q.

attachnent to a dg}r F?rﬁﬁ(glt\élrl?%gr;& ngﬁgggﬁ( gotg%?atnalloﬁ ﬁglgglfﬁg%g aﬁgt E’ﬁ&g brlntle brown
body. Theli tcobpdyeritsarp pesvindied thiorprdseimgnitrpowdare, mhxdhus enteeedftoa ina
green bit bod pd at least partially sintering the green bit body.

a
The powder m‘%:eflﬂrye includes a plurality of hard particles and a

plurality of partighesh&asut, HeffesantiRichiidn NBess @t anofiRemBaibd of forming a
particles may be selected .25 fromthe group consisting of dianond,

boron car bi debitiog¥ & aneprh-brrmeil it dalwrkty o sreespryv don FasRpBgnty s provided
bori des of thggqs, Lisd4 ! oo My . AN ?d}?‘

The matrix nat erging#&n%%q%g%efp%%:ﬁlgwtp %ﬁ%"?‘% pé%ﬁt Y}gg%ﬁ isgﬁlﬁ% 0 cibats.
cobal t - baked & lkasysne greampovasearaiohoy s, confiphed tolfamedcmivhosgon dalbalbody.
and ni ckel - base | l.ays,. iron and nickel-based alloys, iron.and .
cobal t -based o B R srhEheR it Pls 20 RES o Do Sudgh gy fs snterea
30magnesi um hadedt thklfgissintard cérhp@rhiyodedsed al | oys. | n anot her
aspect, the present i_ﬁlvenﬁli on includes anot her method of forr'%ng an
earth-boring rot ary sl ipt B $PECEhEC REPARSANYREPY dE$I5F SudhdglalopTiog an
body subst antdahlbring BB dAf vid BRE Wil MBLAd 6 RARGS] i LOR} Qlbs@htially
that includes a plurality of hard particles dispersed throughout a
mat ri x medler | mednianaidgmatrikranmpositeanatereal.oueiilliga pebakghatas ecaignesd for
to adrill strj ; N i§. .Ihe bit .
body is pr ovi%%%g%%}l??%? %ﬁ“?}gsg‘g‘!‘% %Pé?l E%C?Jc})l%ﬁﬁ%g%pn%ggrﬁ% B]Tt %g%lynah% it I%géays{s
one addi ti onalrolidaiby peghone pbwderimiasse ot grban it bsdy dndoameast partially
conponent with the at |east one_additional brow) conpopent to forma
brown bit bodirertedReFREEHT iYL Hee BFGRHYe 156 e%adﬂq_glaﬁﬁmihar@eﬁ&ﬂﬁwd
The first broyuGRIRADPEAclds Soh PR s BYriRNRMH NOh&hdrl P;ﬁ&ml@m)%e selected
m xture, 2psressm the first powder m xture to forma first green

conponent?5 anfiem iesiaip|consistng of dipgonds borpn paybidgrbeem rdisidp.@leninum Fiddegand

| east one addjt. I : nt_ | . vy i at_.ea
one addi ti ona‘%agbu%g%ﬁgg{ gérlwor%@?n%gggf ‘#1113{3&3% 8%%3& é’%ﬁ{)ﬁ?’rg’?nﬁg%é’ I r(grt the
powder m xt urmgtripresisiisigmish®e aklebiedStononiee addp tdoasiatingp ofvdealtrbaydduglys,

to format |east, one additjqnal een nent, and partially.
Sintering t he rbaatabyetskel bl coBflEEH PEBRSRELALDYS, from ind Pigkeherod
anot her - aspecdlioyd, oD 288 Cfdbatt-ByA AL, | PMehidRSb8edRISR] Bhpdr BRdBINAIFs,
bit body for an earth-boring rotary drill bit. The net hod i ncl udes
provi di ng?la posEerivmibesedk aloys, 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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15 pressing the powder m xture with substantially isostatic pressure
to forma green body substantially conposed of a particle-matrix
conposi t e watesioaso4 and sintering the green body to predrds2@chises
body substantially conposed of a particle-nmatrix conposite material

havi ng a desi

plurality of é?g{r?%df ﬁt{aﬁ%‘?@ﬁlaﬁ% D SSI%MG%# EH&%( fu(a &B@ﬁ%ﬁ@l&lﬁi& agldes
matri x materi cﬁhperﬁdilﬂ]r@ghbﬂtd@ﬂatﬂiﬁﬁh&ﬁ’enﬂl prow-ﬁhmgh@lfadk ﬂﬁﬁls B@fﬁghﬁéﬂﬁﬁaﬂ@ﬁlnh&
selected fromt roup caonsi stin og g}{t &on car bi de, boro
nitride, al untPr?u‘%lﬂf’tPPE dad 2a m&gag‘ﬁis Tﬁrt bt baes e btl”rf%DerlM?EP"’lded by
consi sting of gMind s fid¥PbrodR: cothpoliint, #min grb@ et oﬂ'éh&l bl Bro tc%ﬁfp&l)ent

may be selected from the %roup consi sting of cobalt-based a oys,
i ron-based al 456ﬁ}'1§31111ﬁi11§lf@$t b:afste@naionwsflthdma]eastan@ddxtmkélbrmmponent to

al I oys, |ron k sed Lron nd cQ | 1
al um num base naF %’%s 11:?3?%‘5% gméo Ps{%tge W&pé %%&?e?i%%&“ﬁ@sgg‘ }%{%g’n
and titani umdapedentlid Gymed by p10v1ﬂllﬁg}aeiﬁrsﬁﬁ@,trdwlinl&ﬁlﬁ@@iressi&@&h@ﬁ%$ Bvder
i nvention includes an earth-boring rotarg drill bit that 1 ncludes a

P

unitary strucdiiFfee odea afist &F?%POPB’P%% guhrsinterng thakinst sreesrposret
material . Theryni fegsrt ¥nSddaHEh o b D8t & ftﬁﬁe%lt ﬁ:?cghd?ﬁt% amétggggdggmha

carry a plurality of cutters for cutting an earth forna

| east onelddiowideriaixtere diad is d}ﬁmemgtmledletfustaxommnﬁmm@rdismgIthd)dtﬂeas@na
drill string ast diti.on nlncuesathr

oi . 7 pelind or AR EBEITON huCHPlnc Bl ien S Pu b el RaR Ty
eart h-bori ng shabdigthelntlbdst Sidadhidiohdl@raan bbiphiedy substantially formed
of a particle-matrix corrp05|te material and a shank attached
directly to the bil® sEoagetherizgreshharpssel uension evdsa daerthrs ofifopning a bit

configured t Ry kRGH cArihE, M3ty Arift b *rhé m&théd 1%91udé'§*b‘?ow9cﬂ£$ 4 %«Jgﬁl‘%deﬂﬁfx'édréi

conposite material of the bt body includes a pluralit
parti cl esty armeasing thl spedes edxtue willy hstantaliydsasiatic pegseurt & forfitregrar gbdy

particles may. the o] consi st.ing, of . di anpnd Qron
car bi de, bor 05%5%8{% fkmg%ose ?‘rp?‘fﬁ Q? 80énp°31r§%l T%‘%?Pﬁ} 8%@518%1‘18%%6(%%311
of the group hbﬁmﬁjl;&(tmﬂl@aImfbdﬂ/ysﬂhstanwb)liydﬂhlpoééd off, paridtle-ntatllx Edmpobiematerial
matri x material may be aleilectedfromthe group cansi sti

cobal t - based }&P’F‘&%e“ﬁeﬁ alglsastly. Lhe Reyder rﬁﬁXBﬁ@ncbléeseaoplanar'%yng‘éBﬁgpkes a

and ni ckel - bagedi@ drQ¥siclds’ QpRtgni Sk RAeH, Ad ¥%del Erﬁfbn@f‘dThe hard
cobal t-based al | oys, al um numbased al | oys, copper-based | oys,

magnesi urdthasasericiisinonpsbe selrtedi from itimﬁ‘fb@s@ﬂlsﬁmhg)?fsdlalmé’of@aﬁadﬁ@% boron
advant ages, a}ﬁﬁjldglath ﬁﬁx‘n id, éﬁﬁ%&% % 40! S8R0 oh \é&{&s‘nﬁ? Wélh B8,

apparent to those sk | nt Pom & consi
fol |l owi ng detib r\e(ﬂif,dasmtd¢ht|’ﬂmmm1msmd1enﬂdnayrbe@dﬁ&temﬁbm@m bbhedokieting of

acconpanying d BRI.EF .DE PTI DRAW NGS, Wi t

speci fi cati onw[a%m%%sgfﬁ@?mw ‘@F%Cfﬁlﬁ@yspﬁ’rgf\l‘?l gF ?esgﬁvys ‘Eﬂ\ély%@l?ﬁlfbm\/\ai?i g%?ﬁ55%
di stinctly C'l?dnnluﬂignfcﬁéltbaw ﬁlh’by'sslrﬁﬁgzﬁﬂ %Qalﬂ@as&&‘%ll@fse%ﬁﬂﬁmﬁrﬁ%@%' Albys,
t he advantages of this invention may be nore readily ascertai ned from

the fol |l o ngcoﬁﬁ%‘tbﬁ?reétﬂlll@}'ﬁ, oregrasami-paseh eliays, anf dteniwatiasen alewsj unct i on
with the acco rrpan3ﬁ|_\ 9&9 agcgtﬁlél\‘agk%%t, it [ pmérﬁ Ehvention includes an earth-boring rotary drill bit

that includes a unitary structure substantially formed of a particle-mairix composite

material. The unitary structure includes a first region configured to carry 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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FIG 1 is a partial cross-sectional side view of a conventional
earth-boring rotary drill bit having a bit body that includes a

particl e- ngbrbegsppposite material; 20 FIG 2 is a parddrfls2006/043669
cross-sectional side view of an earth-bori ng rotary drill bit that

enbodi es teachin resent i npvention and has a hit body that
i ncl udes a pa?tfai‘“’queﬁlf?ﬁ@ Fck e GHodY+ & herahask fingludes athreaqﬂﬁclésl'n":’}ﬁﬂﬁﬁgwed to

ilTustrate a prthad @ik Q" @m‘ﬂ%tﬁa@? ’Ii’i‘l'efpall?igfa{nélﬁx &ﬁp@sﬁé H&té?ﬁf &fHe bit body

rotary drill bit shown in IS a part
cross-secti on}@}lclusl@Sdi@lumlgwomarémtﬁeﬂrm@omlhd]bpmsed@ue@amtyz ity thatbyiial. The

that | nol udos RS ptPaRal et el BN b Gl MindES sBp ot e

illustrates a 1Iit&td’&p£1mﬁfnufr91ﬁ1fﬁd&gaﬂdhﬁﬂﬁc%bhb@ﬁfeb BOthe @toap Yotlidtink obW, Ti, Mo,
shown in FIG_4; 30FIGS. 6A-6E illustrate an additional nethod of
fonni ng the edPtYr-THofhARd ot Bhemalix matespl matbssalerted fp thagrogp gonsisting of

FIG 7 is a paitidhsed %&P(?)% E&Fﬁds ogigfﬁgal\ﬁdagé'& a‘ﬂB @5ba?c@9c§ H&@Ea-based alloys,

earth-boring rotary dri I es teac 'ngs of the present
i nvention andir¢rasnd nixkel-troety aﬂdmat moncﬂnddr@balabmdtalloyse -alrbiniix-based alloys,

N THE | ENTI ON 5Th
Dot &t ons b Bttas b e S Bhs Al P B AR A O0] oo of |

any particul ar mat'efe fedtures PEodnBigdS and Y& @itive QS’pe{‘IEbhthé,préQbﬁt nareeummlbe
i deal i zed representations which are enployed to descri be the presen

i nvention. AdEAPEIeBhE fpse kiblpd g dhe B‘e?%é’éﬁra’fl?fg Gf die ﬁ@&&?%& Q?tﬁﬂ@d
the same numegiseticf @shGNAdd BRomTRGHILKM theRER/pafsindadid}sr ei n means

unsi nt er ed.
BRIEF DESCRIPTION OF THE DRAWINGS
While the specification concludes with claims particularly pointing out and

15  distinctly claiming that which is regarded as the present invention, the advantages of this
invention may be more readily ascertained from the following description of the invention
when read in conjunction with the accompanying drawings in which:

FIG. 1 is a partial cross-sectional side view of a conventional earth-boring rotary
drill bit having a bit body that includes a particle-matrix composite material;

20 FIG. 2 is a partial cross-sectional side view of an earth-boring rotary drill bit that
embodies teachings of the present invention and has a bit body that includes a
particle-matrix composite material;

FIGS. 3A-3E illustrate a method of forming the bit body of the earth-boring rotary
drill bit shown in FIG. 2;

25 FIG. 4 is a partial cross-sectional side view of another earth-boring rotary drill bit
that embodies teachings of the present invention and has a bit body that includes a
particle-matrix composite material;

FIGS. 5A-5K illustrate a method of forming the earth-boring rotary drill bit shown
in FIG. 4,

30 FIGS. 6A-GE illustrate an additional method of forming the carth-boringrotary drill

bit shown in FIG. 4; and



10The term"green bit body' as used herein neans an unsintered
structure conprising a plurality of discrete particles held together

by a bi ndewoneimessal, the structure having a size and $haps:@bhaesong
the formation of a bit body suitable for use in an earth- boring drill

et uti ng, but not Y TR ORI A BRI et gy il

term "brown" 1sihesadbdiesebahiRA b5 didstiitlihdenfom hel 08 2 bit body thitnd@lelna
"brown bit body' as used herein neans a partially sintered structure

conpri si ng amrtmlemairsﬁ@mpaeﬁm@eeé at | east some of which have

partially grown toget h riR8ARG B8 Hﬁﬂﬂ@l‘ bet ween
adj acent particles, struc Efﬁﬁggl ng a size ar@ shape 1gﬁow ng

t he formats on of dflbu]ﬂusbaftuignsmnsmm&nlllereime nstendant tahe adwd ety nf ang patticuldr

el udh ng. bR TR ST GO AP e e oS R gD are
o oon D ogy 1T L R e S TR et Pt
densi ficati orgmesan@aﬁtairtthﬁ gaee poepeH d8tignadenl vi ng removal of at
(accompan ed by srricnpnEdr e BEt0ERfch eell BB 0o LS bondi ng
bet ween adj acent ateti¢rad gseenbﬂbody’ Asusad belcihaeteansyn unkisteted siMucture comprising

ekl “besed o e dater e bretal] s, e etal, o com oL

per cent age ofsifgml ghdpe bllowing tRlbraMtibSofAeHoaY sditdsie fdrhiee Weh @Rkh-boring drill
percentage of any other conponent of the 30all oy. As used

herein, the tWiiem thestretae by sisesrrinruiasauing Prosessestierivdiag, but not limited to,
conposition alﬂgchﬁp]_ﬁ%gfdt({eﬂghﬁ{tﬁnof a material. In other words,

mat eri al s having sane chemcal conposition but a di fferent
m crost rucst ure ar €lteoasi teoed’ dsosdideeinlinkimsrparitallpaneradal

conpositions. As use here the term"tun ten bi.de"
any mater al conpc?-;lnfm R SORE! A U oD DAY B GRS
and carbon, Glprigig a%,wramy afpkiles el caiBbine of @hidh BaRBbMALY SRS nedgelr to

and WC. Tungsten car bi de 1 ncludes, for exanple, cast tungsten
carbi de, si ntrEpede pilprssaastiol dandspahsivosn adinegnt BRIRSIeY ﬁqenirﬁfémteeﬁ@gg @fize and

car bi de.

shape allowing the formation of a bit body suitable for use in an earth-boring drill bit from

20 the structure by subsequent manufacturing processes including, but not limited to,
machining and further densification. Brown bit bodies may be formed by, for example,
partially sintering a green bit body.

The term “sintering” as used herein means densification of a particulate component
involving removal of at least a portion of the pores between the starting particles

25  (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

30  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

9



An earth-boring rotary drill bit 50 that enbodi es teachings of the

present invention is shown in FIG 2. The drill bit 50 includes a bit
body 52 sutystamtossloky fornmed from and conposed of a pardcralsgecsmldssx
conposite material. The drill bit 50 also may include a 10 shank 70

attached to the bi d The bhit bo 52 does npt | ncl a steel
bl ank i nt egr afT§Fof" &)lP]ﬁgjaytahcﬁffg 1 quf%ﬁﬁueﬁ’%/a%fﬁ."ﬁaﬂﬁﬂﬁfm k““ﬁ’o gfe@ﬁt fogtenial
the shank 70. compositibhe bit body 52 includes bl ades 30, which are
separated by junk slots 32, Internal fluid passageways 42 extend
between the face 53 Wedhetgingihe twdyurmw@mbléei@ﬁ@smﬂm@na@@mom@m that

whi ch ext ends, 7 ny e

52. The |nternotnllallil%L&QIip ﬁ%@ggsg%%teﬁgﬁ& bﬁté}%@%& ag“ggs)fagﬂjtl |’z¥§r ?’y ¥
| i near, pi fecealmcsmbimnmrofw aielWy@dlugstén @niﬂde1no]mded\muamﬂ1@s@tmﬁgsten
(not shovvn) or f.luid ts royi ded a ace 58 of the bit body
5000 thn oot el §Retoeatiad e da B Sagmdarider L. move
integrally formed am éaﬁmtmngkatarﬁggubéao B TRYids RaLMES o@tﬁe%es&{t n%nnon
nonci rcul ar cross sections at the openings at the face 5

body 52. 20Thi sk in FiGt 2. 5Bhawijl blh%q md@dea a@ntlhoéy Y wb@wnm f@quefrosn @nﬂ
b ovi ded_ a ongeaqes bRtk iRl borle sigerdl! T AU PRS0 ity Y26
the bit bbtdy &apk ﬁ@ldttaﬁyd het]:&t]:mjm’dyéd fThe reittetdy rid dogs bottﬁwie%esma&lalﬂc
whi ch ma belnte e bit b rnatively,
the dril ?/ bi t P& ? T%’?EH“EF&%W%%AF 'EltFaﬁ“Pﬂ}w&‘Ft b@@%’%%?%ﬂlﬁ%%@& Uf r om an

abrasive, wear-r esrh%tbacrbbdﬁaz Siclvaks §1hHeR 3@ Swhicdkbark SpaBXRMRj gk FRIBN TR al
tungsten carbjde. Furthernore, the cutters cﬁfybe |nte raII formed

with the bit %@éya%@ewaxs%wenééetme@ttb%@w& Imhltlmélv aélideﬁ lpnghafiselbore
h |
The part! cle- {G’iharcg ek t'ﬂggif?[ﬂ{n?é an aﬁﬁﬁg%&u#}%ﬁﬁ%&?@% Tﬂyﬂtb‘rqgl

a plurality o partlc e ran |sper rougho matr |
mat eri al . 15T heﬂlhiérgdsqager\taysI%lmnmac@amubSmtidllar}mmt (p:eceemwﬂimear or curved

mat eri al s such_as_car bi nltr rides

(el udi ng. b BRERERnr atrerisiteys bgfbwe st refrys S piviig gt face 8 of e
particles nayb@lﬁlﬂ? 52 s@thﬁﬁh@m@@ﬁal ﬁaﬁ pb@age%§s m%ehbﬁmé BbeRRSe w@g?any
as W Ti, M, Nb, and Si. By way of exanple

Zr,
and not |ini t%tm%mﬂhﬁl@bﬁ.baﬂs 5% mmwpﬂw&e Bl POOCIGHPHLAAFQPS Sections at the
openings at the face 58 of the bit body 52.

20 The drill bit 50 may include a plurality of PDC cutters 34 disposed on the face 58 of
the bit body 52. The PDC cutters 34 may be provided along blades 30 within pockets 36
formed in the face 58 of the bit body 52, and may be supported from behind by buttresses
38, which may be integrally formed with the bit body 52. Altematively, the drill bit 50
may include a plurality of cutters formed from an abrasive, wear-resistant material such as,

25  for example, cemented tungsten carbide. Furthermore, the cutters may 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 mairix material. The hard particles may
comprise diamond or ceramic materials such as carbides, nitrides, oxides, and borides

30  (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, 71, Al,

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

10



particles include tungsten carbide, titaniumcarbide (Tic), tantalum
carbide (TaC), titaniumdiboride (TiB2), chrom um carbides, titanium
nitride (Twodleo7akssss ni um oxi de (Al 203), al uni ni um ni t r irde/ucAlM436@nd
silicon carbide (SIC). Furthernore, conbinations of different hard

Py ot ot ot ety it BuleBn hpibC RV AR ARSI EZAA0R 1oy ignigry

particles mayiheideqTiBY cfniintReiddsati@siuknade (DIN) S8t GHhim AfeieNALD;),
skill in the art. Mst suitable naterials for_hard particles are

commerci al |y %Wﬁm}u&bl%“dﬁﬁﬂn‘{)h@dﬁé}cﬁﬁ?ﬁ%ﬁe SO Fretheraress. ferpinptiongpidiffgent
the ability ' er i

e 011117, OrPBnk PUB3EH SN, b 6l LSk el
exanpl e, dobglattichameldix compositeasaeljal.niThkkird pasiclds may bm fcamdd using techniques

A1 o num bas 4018 0 peFe GR0GeS rEREr mk DS R Bl PE R awes oo

al l oys. The rfdietcifblHnille ARYKhSFs@alM o&“q{eqaﬁlﬁﬂdérﬁ@mmﬁnm@arbﬂi@bmw of
pure el enments such as cobalt, alum num copper, nmagnesium titanium

iron, and ni ck@paysgllipihestt exanpl e and not |initation, the matrix
mat eri al may i ncl ygle Gk ) 1
tool steel, Hadfi g?l dlnan)lg)g{r%g}g%ﬁgtgg Igl?éc 1§E&ﬁ%03g§ﬁt@uag§?d§?‘ﬁ°%e for
mat er i al ,10anc:xhwplet heaitelase fransiase, |mazkml “oasedy icdoe bnd asdal-bdskdywbalti ahd

as | NVARO. As ein eter uperall o refers to an ir

S kol ond dutiereEgitnAag bOGURAG, ARHRR R bl oot Brtedh PRt Dk,
wei ght . Addi tin@figdnivex-Baed alloys airh@mtrixhaatelﬁmmapalsuseglewcﬁem&ﬁ cd¥mmercially
mat erial include austenitic steels, nickel based sugeral | oys such as

| NCONEL( r) azslm SYments Jeas CoBALL, ANTLIURY AFRDES JA3Bney %lnﬁaw@rgareﬂmckel By
coefficient a t

hard particles used&ﬂﬂeﬁﬁgﬂ%ﬁr{?ﬁ%& aﬁlegllé%}?%%ﬁgﬁﬁéﬁﬁc%g%%g%n étg@ alloy
mat er i al .15Morséeek |strsmdesy stegh, donl ragpet, Héadfioldf thingaeast siofl, tivéelnal cobrlp awsiadioy

auch as. 1 equdriig rbblearboR erhy R & RRO b FErcBelnlrARE A9

thermal fati giseein, ARokine rFsupxellp) aefersmtan ivon LRI, iaad coitilitbakiaiddliops Baving at
austenitic 25 manganese st eel gge wWih a prOXI mately 12% Nh by wei ght
and 1.1% C b)}e% -g’f’n? omaumbywﬁl q@ﬁplagfallpﬁ%thﬂy@%pﬁused as marrix

i nvention, the.paf Er!cﬁid@ a@énﬁtid%té‘e@*ﬂf&ﬁélﬁa@seﬁ@ﬁﬁfa‘ﬂ%{zg SRY ol REEGUEL® 625M or
plurality of-400 ASTM (Anerican Society for Testing and Material s)
mesh t ungét erRenaPbiaé IFRAREpsallops havinganoeBicienhef thermgbespansien thitgwsely
particles ma I r h
phrase " - 400)4&\6%31%# %%E%ea}}r% ciﬁ%rt?&%%%%%él% ar\é\%ul Aﬁarﬁ'%%qaﬁ c%p gg*en?atemal.
t hrough an ASMVEMosel@Qﬁhtmhsweﬁédierasftﬂa‘inah@@mtstm/&qSMS{pﬁmMaﬂ Wﬂ]ﬁ th@trbf

E11-04 entitl ed Stand ecification for Wre oth and Slev
Testing Pur pdlglar a%lalre% aﬁéétaw?ﬂ&aw% a3 ihdpGing pobleay aRspsisted iy 3%%1

of less than @abauf alﬁahé}hglrﬁf’@e ml%t}{’éﬁéie'rﬁﬂm%ta%'zﬁdteﬁ@)(s 4 AP Btenitic
nmetal all oy conprising about 50% cobalt ht and about 50%

ni ckel bySweimpnsanerpeied (Fysille Aprceripiotely Mndziyefselgiﬁyn@ brifwr € 8 wsishfleen
about 60% and abo ) I

material, and theLfrti r?rei@blagrla%wﬂ#’ lf%asehﬂg‘/&?l?%e 15’%?\/\/(3énrlléma1 gﬁ{rﬁpﬁﬁ}%gtaml
about 40% by nii 1ghhde@fphlrb]l€:ypMOOdﬁ‘M&MmemaanSoﬁamﬁﬁgleﬁtﬁagmmﬁ Bfatesihls) mesh
More particul arl carbide particl es

e tun St
bet ween about SIS BHEISH O BLFHRS GIETGH ot S0 i RaE g antialy

conposi t e Mat@fdpded BN, WRQsdMBIcFdiX HEphRkd ‘@lboRYTIINRH baG BRI barticles
about 20% and about 30% by wei ght ‘of 't he particle-matrix conposite

mat eri al .30I n thﬁm%élﬂomm@d\%i\f%ﬁ%ﬂwh prrees endefined/indS 19 specifigation E11-04
particl e-mat rén%ig&f’%c”a%& g% JJ@&?F 1%115@' i ngd ﬁle?{esafﬁpl-[%ﬁﬂll '1{1\%‘%%5 63Rn

ASTM mesh tungsten car
-635 ASTM nﬁsﬁgsmarcmibde@smcMam hparddiahes of lead thipagHut meg&nsamhaﬁﬁéﬁm
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15 include a cobalt-based netal alloy conprising substantially
commercially pure cobalt. For exanple, the matrix material may

i ncl ude grwaterobdan about 98% cobalt by wei ght. The t waogatsensoandd de
particles may conprise between about 60% and about 95% by wei ght of

the particle- : onposi t e erial, .and the matrix material nmay
conpri se bet \Rg%%ﬁ% B oeﬁﬁlbetag/glifl}’tcoﬁ’@b)g‘%%HEFWWHT’Hgelgﬁ{an% b0t 50%
par ti cl e- mat rdicketbyrpeight. eTHEh@stea lcarbi @ QaMicied nk9 RbmBHQDbetvRie8 RBRE 0/ Oand
FIG 2, the ;gantlé%z/o includes a nale or ferale APl threaded , '
connect i on pdPPiot “t BY Wetahheldhe pryti¢lpranatiis eqmpesite matetial, anddhe matri mptagel
(not shown). : y r f @ ot
J@gc%é IR, aﬁ%ﬁk%% %ﬁpaﬁJu?@O%ng?/ gfe?@{?%?qhg aﬂ]bclletmatnx

mat eri al that . ively tough and ductile re e to the
body 52. By waypofileewaisphle Nuvde paticdliny, tthd hmgsted babilagnakickl may comprise

include a steel allpy. 25As .the ticle-matrix copposi.te material o
the bit body EosiasBHu P2 T e OlasvetalRt ek BTGk SafBisRe tteckl
machi ni ng of dubehelhdtriDodierialniRymbasdetides Ubdut 20%laiPARGE 3006y whShidf the
result, conventional methods for attaching the shank 70 to the bit

body 52, sucH3HE BpaEERMFPHE e8BPer ati ng posi ti oni ng threads on
mating surfaces ofy, Lhgud émﬁ%ﬁﬁ%(enggf ?ﬁgﬂésg?t iﬁb%%l o, Re plibi Q%&Hﬁ&ﬁm
y e fedsible. an 0

formation of a weld 24, nmy not alfernative
convent i dfal mpstrivd dwy firstudetatphodlitngl -1688 ASTahkedOut gstch harbhietpaliotty. B2used

the bit body  52. att d secured 1o the shank 70 b

brazi ng or sé’leﬁgg? HPER n_t%gsf’i&ggf Bﬁ%@@ﬂ%ﬁu@ﬁ%d’%lﬁf@ﬁ%?%%@%h an
bit body 52 aABINIMNG. sh@Rmlssh/RreeBYs defiayd Rf ASKARPELHANEL BOL-04 briiledstaRard
a brazing alloy 74 may be provided at an interface between a surface

60 of the bi SPbe RS an Vi ST HES 7S &¢r Terting Raiprser 0. Supy pngeiparssbide
the bit body yadicaRGndNEve Dakeld oFRYs B0 %cﬁg% @rﬂ?roﬁé? n%lbeglg%tﬁgtn%ageﬂal may

provide a predeterm ned standoff between t surtace
surface 72, iirclydeiaciabalirbased meiahajlogboroyrising swbstariiellb pynovérdieldy pure cobalt. For

2 el a0 2u pr o BERRET e RB gF B WS kool S S5 g

24 may ext endurgsenosbidegatiicies malibdmBde @Bv@an S6LEE190 bndAboiEns; biwsigfor
along an interface between the bit body 52 and the shank 70 10l n
alternative é IGHERALIX COTRPASTIE MRtSEGL Bad the dnatvhe metraakman comRFissdetween

sized and conbb@upeshd Molf A Pwa A RS Jabthcl@maRixddpBY el t ween
the surface 60 and the gurfacgﬁgzg{%o at tﬂachcthg gh%gfldggétgl?%et e bit

body 52. 20 Fur Wigr pantiaved wgfeesnteiol F§. Bdhe phaak 40 imlirdens mafeamtiomeals API
T i he thnme oy Bhich Men bR 68 BP0 odiiE he BRRYie YR SR 16irk thl ARS AT
The shank 70 may be formed from and composed of a material that is relatively tough and
ductile relative to the bit body 52. 3y way of example and not limitation, the shank 70 may
include a steel alloy.
25 As the particle-matrix composite material of the bit body 52 may be relatively
wear-resistant and abrasive, machining of the bit body 52 may be difficult or impractical,
As aresult, conventional methods for attaching the shank 70 to the bit body 52, such as by
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.
30 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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15 longitudinally extending splines, rods, or keys (not shown) may be
provided in or on the surface 60 of the bit body 52 and the surface
72 of the wbhamsnidoi 0 prevent rotation of the bit body poz/usedogbiy@ to
t he shank 70. FIGS. 3A-3E illustrate a nmethod of fornlng the bit

body 52, which is subs ant,i al formed from nposed 0
particle-mat rV¥ %‘?’f‘ﬁg’? & it B{Wﬁ 10m, ¢ éazﬁgﬁtar]l]géfd]ééﬁ@’rbaq Ii’r?"lé@d f‘%f’@l ipigeace

provi ding a poudedh aixhds'ce, ofﬁfe%&%bﬂ‘g%ﬂaﬂ@a@&‘f%@ﬁz BFhk M{aﬁk Y0, FhBhfdre, the
green body, and at |east partially 'si nterlgg t he powder m xture.

Referring to Wt @dy3k and thowkrak TRimayesizzg andyonfigupides pealidd ¢ hredeterrnlned
substanti al | 0 i_ner
powder m xt u%letén?gﬁ%g&e%nc{eﬁ%gg %SYQQ&? gﬁeg‘f‘%“’gﬁ b’t SV}B?CI @?ga?% @Oé/ crIPEB'e

hard parti%l emosgidet.a pl urality of particles conprisi ng a 25 matri x

material, as also previousl i bed herein. QOption t he powder
m xture 78 may £ urd frerasveR) ﬁ’&éfﬁ’g‘d 10 ke %@ﬁ#ﬁéﬁpﬁhmlééow%ueﬁ}ge%wlﬁgw

powder m Xt ur GgyigtebbtRSean thobit S@ﬁﬁ@l Bd tRISHER ). M9k wPM l‘lflhfgctend arqund the
| ubrication ring pressing and for providing structur stren

the pressed pdiltlstStormpentnior suphesthireifzlong af mterfmkbq’qgemhbehmhmdxeﬂ amdﬂe
pliable, and Im%;l(%:ants or conpaction aids for reducing
inter-particle friction. 30The container 80 may include a fluid-tight
def or mabl gy menber 18 2lterinatvesondiodingents, hﬂbﬁtlhmﬂsiﬁizlag@&hec@ﬁﬂ{ vmﬁhﬁbﬂﬁﬁaﬂmd
82 maybe a substantially cylindrjcal g.conprising a defoi

pol yner nat er fRFEUFHE RIS FIET THer %S&Jg}nlf B e e &9 ﬂgl@g]eﬁpf&ce 7210

plate 84, Métféglfﬁ@)éhgﬁﬁqgg{eaﬁtgoﬁg,lsy rigid. The deformable nenber 82
may be formed from for exanple, an el astoner such as rubber,

neoprene, sili condjurthempue.yuteitriigmen-pikhe Sdlém@rfcﬁahb@nﬁ:ebﬂfennﬁzmrﬂwutf@ce
filled with t XLtAr V. o]

di stribution %F {) \th’g{)b rg%axc% élr%eS gce letjﬂfal{h% é&dz¢ o\rﬂr?%agfm ea 5o
82. At | epst longtfdirdllg pktaﬁcﬁﬁgnihneer rodese keys§Botrehywhempy ba/prdetded/\mtohbm the

t he deformabl e fining featur o] he bit body 52
such as, for %&geﬁ?pn%)oe"fﬂi‘%z*é‘t %ﬁtaﬁéiﬁ‘r‘?g 1f"1§8£7§ g%le(s{’ﬁr“%ﬁi? prevent rotation of the
Al ternativel yit ¢ sbReighve 8ChdBRMnAS. be used and the | ongitudinal

bore 40 May be fornmed using a conventional machining process durin

subsequent pr ocesd8SS. FBEsbuptipisg mpthedef Bamingdhe hibyody &2 avhielcls substgntially
bonded to the
t her ebet ween. fo gﬁ&ﬂ%ﬁ% cornt a(i'&d:{)efr§ %glga?v\f\%a%}pﬁ@ogi’té{ chﬁehgm %@w eregly

any desi rzi |msladets$>rc&6dmgapawdedmkh&g @iess)ngthprdqmnmﬁbad fomirt hgreendbody,
pressure chanb% @0 A‘&ﬁ bl e .cover % be used to provide
access to t he™ff SRSt HAIGHY i HBEQ?sPB‘r”é@fEWéH'B r 90. A fluid (which may
be substantially lm&ﬁﬁge@ﬂ@lm SHERIeA Tix iR 7EXBYTBE QresV@ll Rfth si®istantiQly
gas (such as, for exanple, 15 air or nitro en%hls punped into the

pressure chanisestatigpreshire Ftimmmelscaicagaigsr e weemE e d S gy irglude a
punp (not sho

t he def or mabl ah#b@?%e% E@{%ﬂ@%@%&rﬂ%@d %d IBEPﬁ ik qugss ﬁzéf aﬁﬁ%ég%lhﬁmgg “
transm tt2d smibsikardtéral, lay alsnipfayiomukly db&nnbds@qmmd é)ptlmaidmlhepcmdeﬂihﬁure 78
pressure within

hanb t at
e reater t hafy BT R A R D5 DS bt B RoRE aftes sueh o8 Br

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.

30 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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20 square inch). Mre particularly, the pressure within the pressure
chanber 90 during isostatic pressing may be greater than about 138

megapascal wo(88,09804 pounds per square inch). In alternacruseiiseds,
a vacuum may be provided within the container 80 and a pressure

greater than apout 0,1 apascal. bout 15 pounds_per are inch) -
may be appl i e‘ﬁgf% mag ke @%@Pﬁ%fy ré%&'f i€%§e¥ mglr‘?ém’é% ﬁg N4 %?%%neﬂéim for
exanpl e, the affprphed@lonid s2h 6 AbP&Cicobife, BAYEIR! or BbIid8ne! Ghe deformable
| sostatic pressing of the powder m xture 78 n%y@ formacgreen powder

4

conponent or YFERHA HBmpavihsdyled avidibowrwder miatoredB andibsatediorprodde ewien
fromthe presgiy; ' 0 I.Rg.

In an alternati \}gut%%fdgg%‘é %&dg?ggétﬁ%gﬁ@ﬁ%él%\h%e?génﬁl%élte%(gg%%? o] Af%efaﬁ’tl one
t he green i tdifpabpm@dt os brsewn 86 majrb&ro@iBed wiisin fowdrmablx enber/® fdefbig

iaxiall d i | 30 di t sh [
Tochani cal 1 GO AU PLAPRY Sttt bdobPmgLT By RERHBR ereaf 471G 2)
known to thosglt@hatBel| Mainkedth |n|l:al|yi116t be@edhidd 10 lo%gﬁ\ﬂﬁﬁal RO ]-cformed

The green bit body 94 shown in G 3B may include a plurality o

particl es (hatsingsernyeatiennl ayehipiag progese Judis sHbteqyout pragasses al e shaling plate 84
t oget her by i ?fg [y i 1 XL Ul ex 7.8 ( Fl
3A), as pr ev?ttl)lglg]ﬁ ee{sz%IFI?e gggo%gé{datgﬁg% 1?%% Elrla gﬁap I[l;grwedtslI![I’-zh‘a‘iafyl/m%é&ﬂ:t S%I
machi ned ith ttherelggteem. bit body 94 using conventional nachining

t echni ques includipng, faor ex | e, .turning techniques, mlling .

t echni quos, and drTFEPHEMEROH A TRLOvAETERNET S e Pt bay Soeied
to manual I'y ftqaélein@ﬁmﬂaapﬁwic@awmasa Rsfe MBmbAEONL &M AIableREGY 999nayB¥
way of exanple and not limtation, blades 30, junk slots 32 (FIG g),
and surface 6FchipPBEdarreess fethedrtedres thripswsiyre ehameber H0.t A duigh(sdirhipiay be

body 94 to f I 0. i I g

shaped gr eeno%lig%tgrg%gggggmg{?%?vﬁqeﬁ##d% ¥%%§W%’;QJ%%’§? ’ CF&%&F‘%%S?’% %;e?%ﬂyp le,
sintered 5o prow deogenprsemmpbd intd debyprdS@e showwer 90 tlkbGsh 8Dypentrigdh dnaigh
| ess than a desired final density. Prior.to partially.sinterjn h
shaped green BFY"EoH P Otssﬁiéﬁ@dt%‘? é’@f\p stm"?)‘%ﬁlire %‘33 Hy© ée WalsoFthe
subj ect ed to deBdgkBEehdmiRE Y&l @doine MRS Riid lpﬁs‘és@é\%afi b8 $Ene&ed QUbRdARalLy
off or renmove any fugitive additives that were included in the gowder

m xture 78 (PIETmIXfO thggowder migtprg (s (The geesers wdlan tepresae gpmber Y hduring

shaped green ;bid. : j I t 18P
tailored to 5?%3‘52}1&1%93?%%1% gﬁvwﬁﬁg?&g%gﬁaﬁaﬁﬁ%ggé%%?gLag?at&misph régs per
may i ncl ufe, somedxcdpMore padicolgdy, hapreasure evither e pressurefchabbert 9060016

The brown bit. b9 anti a
1808

y 102 may be subs machi nab e to. the
fomai ning. porSorey Hnararty BEaRHar hAL AL | Pl Dt g e o squere
machi ned in tikeh)bmowrerbitive Briwdd 2 a20inkGiaf Ue SRR IiBRAthe DRGHNE 30Gnd a
t echni ques including, for exanple, turning techniques, mlling
techni ques, aHEFSHCigFTals GancbRR Gl aweanaessly (e 12 pevnls pesyivamyngR nyde
to manual ly ToEmOl $BARRrbCALBLESof e WntBfel @?‘, R QWAL 109 oshMe) to
Tool s that inclfude superhard coatings or Inserts may be used to
facilitat?d nechipactile mofvdehmitiviovif. bostatbrguiyssibg 2f thagdwtéromiatury 78 may form a

mat eri al coatjngs be. appl.i ed to,.sur es of,t 0 bi t .bod
105t hat 96 cFans g RwRRRL 5 bbbl Yokt ing G B rar b eaioved
body 102 Suchi@néte pigsursBlyarhbite bOegd Gontdinea 80 ¥Rer@hesgihfer pol yner

mat eri al . By way of exanmple and not limtation, internal fluid

passageways 42, cubferlisrtiereteg of argsinaibe peyduanizgrg B (g fopy thewpasa bit
machi ned or Qi ReoLWLSRiR gf@.@ﬂ, ﬁle_th@dQInﬁ%g}irEpy§Fnlap%¥11ﬁ&gall&%iréfs§l{dhqheQmoid or

shaped brown bit body 106 shown in FIG urt her nore,
30 die(notshown) 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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30drill bit 50 is to include a plurality of cutters integrally forned
with the bit body 52, the cutters may be positioned within the cutter

pocket s 36wbaniresobn the brown bit body 102. Upon subsegustioso43ees
sintering of the brown bit body 102, the cutters nay beconme bonded to

d i LIy forged with b br
SR TG R L LN e

final densitypdr@cly z@M'pQL%cIcE‘@flﬁitﬁX hAkshy hol8 ffzeihBes aBiddcRaYap ro§i'&9d/\fﬂ the
in FIG 2. As 5 si nterln% i nvol ves densification and renpva

porosity wit hP?W%?_r BERE7S (G, B Ak asprevievdy deskrdied g Caitain étrﬂ@alrehfeamrgsmwh@
dur Ing t he si @eaﬁﬁéa% %%%fegngrtgtgé}%ﬁ}é &ngﬁk Ulive AR Céjft}%&m ciu@? %Elugm% for

shri nkage of tween g sintering
to a desir®ed é&iangle, densg teghnidiss, amﬁlﬁgwécﬂunqdésmﬂsi;1ding|tec$1hrquaé<&gmd helg tools

be considered and a cou t ed fo en des toolln nmol ds, di es,
etc.) or machfii HgY SRt P apyp 1§&mrﬂ1c?rtﬁ% HHES 19 o %érfﬁaw Yot Py

si ntered. way Mk hififle 8hd not Lt dd) Gla8RG 0PRRE 48k 3S{FIGEN)] Ad sm&emgﬁoe
refractory structures or displaceménts (not shown) may be used

support at | e@sehijrror plbesviestiompnd infhe etrsu it o Hgo tave @ilm@érgrwgbltbody%
process to maynataing g@s_),ged shapes and di nensions during the

densi fication process uch di spl acenents may be used, for exanple,
to mai ntallh consi sThm;hgpeﬂtgrebinmtBétﬂ@SkﬁomﬁP@@cﬁtﬁha;ybaﬂtleah@amun;tﬁtﬁteredto

ockets 36 and the i.nternal assagewa 4 e sinterin
Br ocess. SuchprPE‘JI&Fé‘c%WQ bgtqﬂﬁﬁﬁﬂgég gﬁ‘@ %@P ﬁé]b“?‘f 88 sz 0 pdesist &n

graphite, sili&gity qﬁ'no@lo‘i:lﬂtﬁﬂysﬁféﬁng‘ﬁﬁ sl‘i%fpe@éﬂéEﬂMﬁod&&@@'t@@s@ﬁf&{tﬁembﬂbod}'
i nst ead of grg{ghlte di spl acenents nmay désirabl e”as al um na may be

relatively le mﬂéévétsublect@%f@rm@deaqjﬂv tebvat?mqrmwmrﬁmmm pretsgreatobie off or
di ffusion durf‘e vé %{ﬂ{}ﬁé‘f’c gaddﬁg\gh %la?@'&]e 11¥c1 &8% ﬂl@ Swat xltﬂf{i'/l%e qﬁ@agﬁq& as

20 boron n|tr| mnitri or ot her co rcia ava
mat eri al slﬁayjnevmp&p)jf Hesdribed. tHu&herﬁforadtecm;rpedtgxmﬂmﬂmﬂy PO npydxeautjected to a

carbon or ot her, int refractory stru e om di sin

o o the bt StiaGe afRehhert Brlofer s AR e POt bR e 8 hrat S e pleres
green bit bodpaPhcrlde\or éydamﬁequd&%?mgys RecrpRidrhdd byabshidoered to form
a brown bit body without prior ining, and all necessary machinjng

25 may be per f or metRCoiOVR &itHogADH ey P@@G‘}bsﬁﬁmﬂy meehingbleydusitp therepgining
the brown bit &?9{1‘% thieift @%ﬁé}ﬁ%%&drgl%atgl%ﬂﬁ%ﬁe bkl At b¥%n bt obdy 102

necessary machi ni g maybe per e gre
20 wsing conventional machining techniques including, f01 example, turning techniques,

milling techniques, and drilling techniques. Hand held tools also may be used to manually
form or shape features in or on the brown bit body 102. Tools that include superhard
coatings or inserts may be used to facilitate machining of the brown bit body 102.
Additionally, material coatings may be applied to surfaces of the brown bit body 102 that

25  are to be machined to reduce chipping of the brown bit body 102. Such coatings may
include a fixative or other polymer material.

By way of example and not limitation, internal fluid passageways 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

30 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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bit body 94 shown in FIG 3B, which then may be fully sintered to a
desired final density. The sintering processes described herein may

i ncl ude cowoeni7oesved sintering in a vacuum furnace, si mCarUisSaYscH436@
vacuum furnace foll owed by a conventional hot isostatic 30 pressing
process, and gi i i j.at foll.o i,sostati c _pressing.a
Penper i ures oot Ebidel R ALPE bt B (p B0 Sh Bhoufpdls SRt el o
sinter-H P). #dritthgniipfemnetd hathsidtigsddpg2 pr ocesses descri bed herein

may i nclude subliqui dus ase sintering. In other words, t )
sintering process g@ey‘?ﬁﬁpeggf ?:"éﬁ‘h‘ﬂhg‘%dé(& Oé_f%hct"éwﬁé:llgt Ut B&n prp ke E&F snfeedian
bel ow the | i qausiletshidal B6sAY td R6viRd RS Ere%nﬁﬁ? 888:fida tiftRay8s ok TRFRS 12lAs
For exanple, the sintering processes described herein” nmay be

conduct ed usi AYenigHpEes ehsificstionrahremmyahdpordeitpwithine dnetuof the structure

ordi nary ski 4.1 : he Rapid Omidirectional : o
Compact }on (RS oS 808 K Sutle AAGH AR PRl s R papepgnce inca
Er essi ng]c (H Ps)hrilnbergea)tﬂhﬁtmﬁ 0076 amf 2086 dvingy m&vﬁw%e@o111 a green st@fcQad Hysirﬁ@ﬁﬁal
y way of exanple oply, sintering a green powder conpact using the
ROC process i Wiy o Gieadl gt altsmmasﬁeﬁét&&ﬁaéﬁldeé%ww&p%é for when
relatively I Od/{ésﬁr%g{ﬂﬁ%cﬁfngr@%ofd@, et Mf.?oﬁﬂicfhhﬁﬁ?ﬂ%’m%ﬁﬂ{ ﬁﬁlc&l?&S%Yg}GQ%S than

sufficient strength to permt handling of the powder conpact. Th
resul tingl®r oHy sinteti€i ure is wapped in a material such as 10

graphite foil to t f tructyre, The wr apped br own i
structure is pl aceg i %FCS%% agn%rd ,ﬁ%%#c%m?%n% PT‘P%%Q% ¥ ﬁacg%?ﬁ“%%%eso‘fl
a ceram c, podispieements (gt slssviyaiagbé aded fostippert & 16asbsdranisioateithodeduring
nmel ting point, than.that of the matrix terial in the brown

structure. THE® ¥BiHAR RECes L0 Malplamdested Hereast fupensiont drrngghe densification

tenperature, pdesd) Jush aBAMEMAS nBILE LAY HLERRHAL W 1BaifhinlchRiRAEY IGhSre
of a ceramc, polymer, or glass material, but bélow the |iduidus 15

t enper at ub%e omdigremet o the fultes ppelietsi3¢ and dhbintsmenl Svid prsvgeway¥Ha dndag td
o1 L by OB S ST s e

the brown structu ed 1'n a nechan
hydraul i ¢ pr eslga, suadimims. hé asegiffninedispladdnantsiisstesded gtaphap@ikylacements

ressure to the lten, cerami c.or polynmer nmaterial. |sostatic .
P eoonr as. wi (HPRDE HESHBfE b Rl By bharpiuey b Teichs g ritile, thercoy
facilitate cohindhizthatahicaiussdndiing RBEit@ing! RN, 20atSisf Wech Uk @1u@tina,

the elevated tenperatures within the container., The nolten ceramc,
pol yner, & dosysitideslyaipugaitgde or ethersemmerdaly aypilablamaerighymaidgapplisd

t he brown st ryegtdin L | ' .
gl ass a0ts ac SpEiadtn SelbSe R Blan Lol W SELOM fio St mefes
is applied tdrdaohdifSsingdttatie WihodpdusigtessiiingionSubsequent to the

rel ease of pressure and coolin he sinter structu i,s then \

removed fromthe é‘é?@?ﬁl@,mﬁeﬂb@F’)}h@g{eerb}?& g‘i’@?g Sﬁ?ﬂ‘t"%r“? Eﬁ% 3% 1W§ée partially
det ai | ed explsanatd @nfoath atbh@xREEHRIveEERS! n§ddhingly !ﬁlcﬁfmbﬂe@éﬁﬁﬂ%n-fa@lﬁinin
the practice thereof is provided Bﬁﬁu S.l%ggtent Nos. 4,094, 709, s
4,233, 7205 4, mwbegsriormedsongthy hrpwnpithody pgvr tofulbpsiniggng the bews okody to a

4,597,730, 4,£3840041 ﬁlZiMA%gﬁamﬂg Al 1%3%5571? alachim'ng may be performed on the green
bit body 94 shown in FIG. 3B, which then may be fully sintered to a desired final density.

The sintering processes described herein may include conventional sinteting in a

vacuum furmace, sintering in a vacuum furnace followed by a conventional hot isostatic

30  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 wozds, the
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The CeraconTm process, which is simlar to the aforenenti oned ROC
process, may 30 al so be adapted for use in the present invention to

fully sintwp bemaspestructures to a final density. In theT@sracosdd
process, the brown structure is coated with a ceramc coating such as

alum na, zirconiumoxide, or.chro Xi de. her si . hard, .. |
Comar Aty 1 oot S e S AT S SRR It b (o the liquidas
removabl e COallm@@ﬁllw}&(asaldﬁgré@efd#&l@éjmat}ﬁﬁ%ne@&ﬁ! a6y lékﬁﬁy_ﬂe Sthé bﬁﬁkﬂﬁ@pﬂo&esses
fully consolidated by transm tt:ﬂ&g at | east substantiall y isostatic

4

pressure to tAECHEsEbERiTReWRE Wwnfuded rensgarmgercd difrent meftiode kuogvn to one of
instead of a flsH ﬁ% dw@%

expl anati on o{) d%@“@g@l& %hglratgg%ss |s@%‘%§§?%é’é‘éb gtg[) gpgﬁ oRgss the
4,499, 048.5 SCE‘accmﬁ%pmoem hatusoeﬁah@phe&mrgt(ﬁl}zjf ort ddeptatius ot Eath provesshs. ch
tungsten carbi de :5%8@ g ﬁ{t'CE tr|x congosme it body qle
sintering process ii % 1! P8 TRt Ay é?oﬁ‘li’ﬁ"t“smgt
conL r gl cyfl eRolw hecad Iwowémp@mmehﬂg 8 Q#etﬁlh:p@ﬁﬂ%lr %ﬁorﬁf;ac'% fa? o iﬁsﬂ@ﬁ&?rﬁow
carbide materia e and not linitation, i

tungsten car btea@enaﬁle%tpucalyaisrc}’éﬂ%ﬁgg@egmm favelog pyfisientsy e@stb@azr;g@%handhng of
descri bed her i d

mator i al to atbaons SRS I AE R M BRE VR P ek such s
el evat ed t@npewepititerfesd.to Bead tb«hmplnestmbtlu& ﬂ‘hﬂgssamddmvtm clenonat & plated iy
Ferper at ur o of Bt R SREe itk DariAES o e e et e e o
di fferent nethoesnimy 1deer Hﬁ&@ﬁlé%lﬁt@@%tbhmemmﬁfbn’%ﬂnttﬂﬂ@br%ﬁ stAReife.
52. In the enbodi rrent shown in FIG_ 2, the shank 70 may be 15 )
attached to thie mtainggiphegted jg thdgsiied gingyring dtrarsrating. whish isrbers die aelting

between the s a&tli'hg ] I;'b%a?g& :
shank 70. ThetégllTp t@l% E‘S%%tgzp an ES?)E% C%%g nhr%%'gs 12:‘1%% %ﬁ%&o‘%whaﬁdus
configuretbt otepwpwhld@ofah@m@Mmutmﬁd adths ﬂamvdm‘trfucttuest, Wee heatcfdecoatmﬁ:awéh 31 (2
and the surface, 72, in ch the. brazing. all Vi

Furt her nore, F‘ﬁ%e"odreéa??l?rd"’kﬁ%y‘“ FESTHG ( 6@/‘%8‘”{‘8 8&5‘?@1@3@1@ 1
between the splafedde a®iechiniddier Bidradtiedyeshdnangh atfaﬁgmggress,l rtﬁaacsaasacztocaﬁaply
t he shank 70 using a _furnace brazing process or a torch brazin

process. The W%Sm?@ffv&|1m‘8§?n?af%ﬁlmﬂwlﬁwéafe%r Isextatigypressuzes within the molten
si |l ver - based

a shrink fit ﬂ%?ﬁﬁgbgggé}gggﬁ%gﬁa%g%f?ngmgﬁgﬁ%hggﬁg%ﬁﬁﬁﬁgmgﬁpﬁggg%Q“m
in alterndli vershibod ithreshtveted fienppvsatims within the. coﬁymaﬁh@fnomlamr@cmhﬂner
not limtation, ;the dto t nsi on
of the shank V\lihglfass 1?%61%1?&%128(%0% S d?ﬂ;g ésgulg 61811 L{:tstg tl& agrg\evnts't]rﬁégtg% & B
contracti on omafitee the mohatyerbdic, ifdﬂgm&haﬂglas%(hctsmra preggulderapreiss @tmediti:
the bit body 52 and the te ratures of the shank 70 and t bit body
52 may be all 1 RIS 8 PRPleA o e IR T WiNgr SUYCHIE: t FOSUREHIO iy
and the bit bfe@ééséc?fp@&gurh LR %o%ﬂg,ttﬂsmﬁtufeﬁgﬁﬁc&% lmheﬁ %@@@ﬁtsmme SB¥nic,

engage or abut against the surface 60 of the bit body 5 t her eby at

| east par2iy sdpmen erglashmatdrial Poapgresiptailed expiangtiem®d tH@R@ﬁ@r@ﬂemdtsmmgle
30separati on of . thex% rp%’éf g%ereo?g éatmv?de% ‘U‘s IgattentNos 4094709, 4933720

Alternatlvely,quapl?rlc rovided et ween the b
52 and the shapkl 75y, 4,5@6 748 WB&&GSSGIWO,@SMGML deol7, 030, 81686, 9@11141R442@13
and the bit body 52. A
and 5,232,522,
The Ceracon ™ process, which is similar to the aforementioned ROC process, may
30 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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machi ne may be used to press the shank 70 against the bit body 52
while rotating the bit body 52 relative to the shank 70. Heat
gener at ed Ry 2hé84dpon bet ween the shank 70 and the bit 2&%@%@% at
| east partially nmelt the material at the mating surfaces of the shank
70 and the bit body 52. The relative rotation nmay be stopped and the
bit body 52 aPfdPhE: semavabie cpatinggynayealsn bovied. The estnd hipwvh structure is fully
mai nt ai ni ng Inadl; .00 Dl . he shapk
70, provi A ng- T i et Py R AR R} 0 A IESeF hbnn
of the shank stOchineusiigecetntic bartyleSRstead of a f@idnedinas Al thy ROGEHbaE. & more

adhesi ves suc fqr exanple. epoxy materials. . (including

i nter-penetra |taf1}%d ﬁéﬁ%ﬁ&n %F\IFC Ii é’§‘)°?ssd§)?r)9¥’él%gy hﬁé?‘ieﬁﬂ%‘?- 4,499,048,
cyanacryl @ e mat erfugthérmold) in SRAMUAGENSUR iATnE A RlvihickAd | Yo i
materials may al so be used to secure the‘lshank 70 to tﬁgesgégic%ﬂbgﬂggiusg%m
As previ ous| y* PREEHETISEK compsiteibip hodsmihersinteringuirenssseh desssbed lidnein klsh may
body 52 and thgushank, - dri ] 0 on an.
exteri or surflaclel_t hergégogﬁﬁéﬁﬁtﬁﬁ@% ?ﬁ#ﬁ%&ggig?%gﬁh{ehggﬁl? B%%S?C%‘%de
and t he shankmterial ABg hiag bfecinpit skl nar loniteilod] ifithe himgtaMoRbidp MaGESBinclades

gas netal ar i.ng (GVA rocess,.a plasma_transferred arc (PTA)
wel di ng procg‘gg!hg Slélgeﬁ Pﬁ’\é%gsgsr%s?%eﬁpﬁ'&gﬁ?%d@‘ée Supedrg s tpesisa sprpide
wel di ng pitocassteridko fgdsa@R iR MmvRNEL RIHBEQCAS thefBYe ReiiSed t&&%&& s.
the interface between the bit body 52 and the shank 70. Furthernore,
the interf ace BEXERAR thafangstan %@&%} regierigh gray hesubirgtel 170 fimwyolleses including
sol dered or i I art to further
secure the Zg{ygi %g&%ﬁ%ﬁ{%&cgﬁe isﬁaglﬁgg%owi’bwc%ferri ng again to
FIG 2, wear-resi gtsaprevibestd flmcissegl, westeeat idafifger(t modthala o) berasedhe attach the

lied to . t f. f the bit body 52 t hank 70.
B e HEP TR P a8 e AL LS RN b
exterior ISur faxesrd of th bie byt 5219dyah2 R6d&RR tﬁ@iﬁfégfageooet@@en‘@ﬁ‘é sluriﬁge dodr

sel ect ed areas_ on (igdgterlor surfaces of the bit body 52 and 25 the
shank 70 t hattebiEbdyse apd thgswriacs 72 pbtbp ghank Jtchhedt botdy 52 enchilrp leank 70 may

surfaces wi t hilihgnd heeAl f bl He PIRIBIEIRNP o BUGRAAALACLNA ang
materials may include a particle-matrix conposite material, ich nay
i ncl ude, for texamgre]2, pavkick fhedrazingalilog 3¢ ey bapbiveed dFstieraed, the brazing

t hr oughout a i i x. material . Conventjional fl spr
technigques rrégg%? ﬂlgigdé %pg)ﬁ g%%ﬁ}e Ié%%%%?%%‘f%@?%éﬁﬁﬁ rqfé]i‘egb%d§32¥%@§
of the bi20 bedyadsZ2afiik eitank 16 udfg 5 hamice FAzin KPR W] 1BFADriAGHRbRE The
such as oxy-acetylene, netal inert gas (M@, tungsten inert qas
(TIG, and plI°% aﬁlr"&ﬁ%fl’éw@&lldﬁr@r FEATLS § S ver-Rugedog  Rivkeloeeseddoy. may
be used to apply I, i i ' - I
and/ or the shank %pﬁj&%ﬂ%%ﬁ gg@a‘%‘qﬁt%ﬁfﬁ?gﬁ’zﬁ%}’ %@i%glg{htgﬁo%%)eﬁp Wi
net hod by whitlshpihzadasaén diprantive enboEmanty ofibe appitioad Byovawnfesmesle afd not

stored in n gRTEROs R hiCIERANG Bea v Bl SbarSen o Meip Bt
particl eg5at bitdwogy b glrosled aciatibesfierfra0 CoriractkmQd tHs)bodl st hehssask T@inen
Compressed gas i.s fed through a . 5 heating unit to a ?un where the
gas exits thl“?:?é’_&ﬁp‘a"S%eB@EYodﬁg?tMisﬁﬁ%@mﬁ%e@tﬁﬁs qfélashpilgH) apd thsdyitbpdy
Conpr essed 933 nia§ b hidivdd@8ledt Borite N O the ARG pdthSs ROMERE i ﬂﬁeﬁﬁ&hé%body 52
introduce the powder material into the hi'gh velocity gas |et. e
powder part i éRelbrteethapmcai2ofthtdanied macengegsek e bgrdnst theautfiogi0 of the
velocity to I Jmpact f. icle orm and .
bond 1o for mes et Sty b Bl oY e, hEFod 3016 e SRank % BB Nting
30  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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10Yet anot her techni que for applying hardfacing material to sel ected
surfaces of the bit body 52 and/or the shank 70 invol ves applying a

first cl otiwoohod@bik c conprising a carbide material to galhessedszsse
surfaces of the bit body 52 and/or the shank 70 using a | ow

tenperature adhesi ve | yi ng a_second | ayer h_or_ fabric

cont ai ni ng bra3f lbe%?yﬁeg‘ﬁ)sre%?]ﬁ;ﬁﬁsél?q %Fﬁb%?gaf%’étﬁ 9’6&)? Y%W]é‘iﬁrﬁ fagjae the bit
material, and,dieERirsl8tivehS tHe @Bk 7D, nHe&?EMEéth@y #iBtiéh beaﬁeehteﬁerkﬁ&& ’)t{)oanéthe
terrperature above the nelting point of the matrix nmateri al

mol ten matri X 1hJ&Q"é’rﬁ2éFaMa§1wf@Rléiduy e ﬂteheatmnhgistb@mawww@eewlfdlemhmm 70
metal | urgi cal [y tﬁ%fé 38y %feTﬁéﬁ%gﬁkcg%§%é\?ﬂé%yeb C't?%tg?%t?{?d fheeonbuody Bod¥a B2

and/ or the shank 6rm n
Al t er nat i el yshask 30 nglydecliowtd ttoh}ebl whitd mdm&uﬁng:asﬁﬂlodﬁlpf@hem bétveathe it

brazi ng or trix materia be used tqQ apply . hardf ng material
to sel ected sifi¥are®d etsiﬁf’é]gg%t PRYHE2 THefognugled W@%%B%We%ﬂwgﬁ%iﬁg
cloths and faspl;gag@, ORI SRRk &l byt ygishabl e from for exanpl e,
Confonna Cl ad, Inc. of New Al bany, |ndiana. Conf ormabl e sheets

of hardf aci ng mat é/qramercially avaieleiefthedvessoehdis fonexahple, ebexsapgbmm[ntcbrdmg

o0 o S e Rl 080 TR0 b S0 Fus PR e
present 125 i pvlrpnetham: nseribomid polyifideSmaterialbheyalsh b uded to stfe the eladeesto

a unitary strg %} é 151 that includes a bit body 152 and a threaded
pin 154. The WhPE ‘ructure 151 is substantially formed from and

conposed of a par tA@ﬁr@vﬁMﬂe&mﬁ)@m%ém% ﬁﬁt&r%ébﬁ'vxdeﬁ Betkz@én?thebﬁbody 52 and
configuration, it may not be necessary to use a separate shank to

attach the drihe phagk70 B extends asmungl fhesdril] ity SO Tnan biteridysuhfaceshereofelardes
bl ades 30, t u 3
passagemys@gﬁgﬁﬁﬁ%ﬁ%ﬁvﬁ%gﬁ@é éfza%gi %%ﬁ%}k ﬁie %}?Blggddlﬁl%%gﬁma%%ldlgg
| ongi t udildal (BdFAWAQrocedsi eg?sa:hethmswehhrﬁg {M?]N)QXI)@EQ& ﬁé&kimugdasfghgd arc
unitary structure 151. Nozzle i erts shown) may be provi ded at
face 1)5/8 of (hif*ﬁ"’fe?%%pf%%% W‘E etd'hf’é‘(' VY‘F#‘E’F%\BWOC%SFU%eISQ%a]&@Wa‘V@dmg
42. Thepréddsd, bor Plater bah *&T&ng?ﬁicb@%ag be l.léé"d% WM 1R inBRccbdiv B the Bt
di sposed on the face 58 of the bi he PDC cutters 34 nmaybe

provi ded al orf§dBISddes theoshaplk F- nF%@éw@cug, tla,@ngerfap@bwaen e pidofinde ande

gfs t\fllﬁl (lglht n’gyﬂ%e Ry eygi%,gﬁo[@%fior nx%%b‘ﬁgﬂ{nﬁﬁﬁ?fegsg%%éﬁ%fgﬁ tPHEERIES the

Al t er nat idel ybit e Sarte the sheink 7050 may i ncl ude a plur aI ity of cutters
gig:]rpfg,np(r::a?r:azg egrk gbr Zgg !%gv?? tg\ﬁﬁ?r X \Eveeasrlrgsg ant har a%{nlg%”llatesnlé sQnot showrs may be
applied to selected surfaces of the bit body 52 and/or the shank 70. For example,
hardfacing materials may be applied to selected areas on exterior surfaces of the bit body
52 and the shank 70, as well as to selected areas on interior surfaces of the bit body 52 and
25  the shank 70 that are susceptible to erosion, such as, for example, surfaces within the
internal fluid passageways 42. Such hardfacing materials may include a particle-matrix
composite material, which may include, for example, particles of tungsten carbide
dispersed throughout a continnous matrix material. Conventional flame spray techniques
may be used to apply such hardfacing materials to surfaces of the bit body 52 and/or the
30 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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The unitary structure 151 may include a plurality of regions. Each
region may 10 conprise a particle-matrix conposite material having a
material coRPRsdskRp that differs fromother regions ofpdig.plskigkd ty
of regions. For exanple, the bit body 152 may include a
particle-matrix conposite material having a first nmaterial _
conposi tion, and thHeISHRREGEHIPRsRIOVSle anﬁgeﬁmﬂ’ﬂﬁ% vehigielrardiatieg mafer4lxmay
conposi te nmat gg LlichaY kR dudmtsri i44 on _that i .
different fromt elefi rst ﬁat%ﬁ?ﬁ? c%%p%sa?@iof)ﬁgrgpﬁﬁétﬁ' gn((:x())lrtgl‘fsprga ?eac%uluglrlfs’
the 15 mat er ksdgcsonpdsi highpresfure trmpressedmdys dse? terpypeixitielpbtvder particles at
physi cal property.that differs fr hysi cal] propert xhi bited b
the material 38?%1 "felioc?. 1681(&[%8 lt"'ﬁ?@%@igﬁ%? SJ{@E‘.&E@’r%igﬁﬁll%%edtﬂi’?@u 1a
first matesi ahegipgReSidd %ﬁh WikYe B8 Bhd¥dts @Rk sBERIIyQARsiBNA WBAL at very high
resistance relative to the second naterial conposifion, and the
second mat er i ¥PlodlRpEBIPIEsHE geis alserebiie atiigheressureomidesfeedu dhimioduce the
relative to t j terd ad it 1:0N4 enbodi t . of
he present i Aust i s ohig OHRAS b Tt p PP RN s
bit body 152 ethhecdeleraed woapogh tviclon}y nawardn dleudebsaatp] Onalmgayt e pfBHes
ASTM nmesh tungsten carbide_.particles.. Mre particuylarly, the

particl e- mat rgif[m&l_bﬁ‘ﬁf@%qnflgo ﬁcg‘pearqog?mg)qfh@ﬁgacgrgtmg © 152 (the first
conposi tiqp) may i Vel @ ertePnidudlfbrtafp9ing higet @ aai kA 1 RAE ke 8Sof the
having an average diameter in a range fromabout 0.5 microns to about
20 nicrons. THbody S3ard/pithawhaak| 7 inylvestepiingsa fisso alods on fabiic eayprising a
i ncl ude a cobal - et I ter t. 98%
cobal t by wei gheC RS L egR sMsReiREl b DO OEPRLTS: A B hnci Ky
about 75% and teatporstur8 s8bhdsivengiptime ©tecbinklaferr eftclath wp dairici contairing brazing or

particle-matrix conposite terial nd the matrj x _material. m .
orpr | se. bet vEERABBa Y e e DBS oy bbb hiotBF Hepp o St ina
conposi ti of ofuras td DeSpsfaturd %oﬁ@tﬁ@&%]tﬂlﬁpémi &hAhatrit fiteB@l. The molten matrix
particle-matrix conposite material of the threaded pin 154 (the

.0ITPOS . : !

second conposefesnl s wagker vatp depstupgsian sagtider gloths metaBuraicrily benskne: tha iagven
carbi de parti 14 cular, I -I.Hﬁ%r' i :
mat eri al of tﬁ%ﬁ? ﬁ?lgg{éujtg pllﬁmbéfgféﬁléafoﬁtkn%ﬁ?g%ﬁgh‘%} 1S’ra tﬂ';/@‘i’xoa?ﬁ%h&tgnal.
2007/ 058904 PCHliti820¢8/, 48688 clotin st enhday bicaibidsantiedtlesd rabmbzigg an matrix
average dianeter .in a.range from.,abgut 0.5 m.crons t.o about 20 .

M o one. he. HRCFIRARERSEso 5P RESnahaoRt i S0R e o b hacss2
cobal t - based aev@l thalsh@ik T@MHULS icREhsOmdFhBicst taRorlReEdal88%0a0 80 iond) Yor
wei ght. The tungsten car bi %ﬁqﬁgarti cles may conprise between about 65%

and about 7096V RKe (gRIOTHR IngeRfd¥ry AbanAgtidia i on of
particle-matriXx cofRAsiis1d Bkl & hard@itehot t X '

conpri se between about 30% angt%aoggllﬁlt Sgl‘%)xggteﬁm%i%ﬁ(mg?&feﬁieaﬂlgg%ag also be
conposi ti on ofppbad ta selestedwtrfioes ebhpbit bedy S2eandfor die.shank 70. The dri | |

bit 150 shown in F\G. 4 ingcludes two .djstinct. regions, . each of. which
conprises a parti c‘ILuéqt}ﬁ%ﬁterl )%hbg%n Boégf éin‘lré{telgﬁélilatﬁ P?lul&s E?a%f’l?%lfé the present
mat eri al e®npoaskdtionns shewn HOFHE ter Mgd dNebe 3o dhsedds S, udifasy druchke DFT that
150 may include three or more different r%gions,_each havin?,a uni que
material compB¥l¥FohRit FiilRe ARt Breadedain £ hepBiifRairyetug 1oTis substantially
I dentifiable ReiWeshnhhecdnised Sital il BomPsit il It 1 donfgation,
shown in FIG 4. In alternative enbodi nents, a continuous naterial
conposi tion gitatiyaat bewepedseryie vse ackephrath slong hoetach e drill tinlsp tg v dull string.
151 to provide a i1l .bi vin I ity of different, r.egi,ons
each 15 having adﬁl}ﬁ bdtubé’ d%ré?%rnflial es%(%érgrlﬁsou@?fv;hbcﬁ,arebsﬁ? al?tgg{%wﬁlﬂk ﬂ%@ 32 titernal
identifiabbe Hodpdatiemybel waed Sdnecey dlid facts] SS@@iiast bddly 15Musl dTendi®kinal
t he physi cal Broaerti_es ?nd characterjstics of different regions .
within the dr P 4tiwhiany lspgipagially sxieisdgongh thappiyestpreape f il dlozalgiserts

as, for exanple, wear resistance, fracture toughness, strength, or
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One nmethod that nmay be used to formthe drill bit 150 shown in FIG 4
will now be 25 described with reference to FIGS. 5A-5K. The net hod

i nvol ves sgpasahedoys form ng the bit body 152 and the thpieadedspizbdo
154 in the brown state, assenbling the bit body 152 with the threaded

pin 154 in the brown state to provide the _ uynitary structure 151-, and
sintering t hed™miPPRFy™ay bearaided P fice 54 ofidngit dy {152 Wi Sretiiornthiduid
bit body 152 {agsab gdpand secured to the threaded pin 154 during the

sintering process. 30Referring to FIGS. 5A-5E, the bit body 152 may
be fonned in the Jhednllbitds@meaginaydampiusdist dPDE qutters St digppred or s facAgs
shown in FIG . x4 ur.e 2 be. S i s
substanti al | yOfilaségjéttaoé)? ?%ﬁjg#hg?éﬁ%mﬂs# ﬁﬂ?@gﬁgﬁlg%gg%eﬁ?gshgwt%ﬂmk?ﬁéﬁ
p?)vvdelr it ]lcjriérméﬂ_fiiﬁl i@ yadencs3ustetha bl bdel 152y af mb_ﬁfblé 5 drieﬁH@cian a8find@ by
Part i cl eb and e s 1HohEbp Hrcadly DEnSLIL B bp2PPy s entmesivebiohe
those previo i i L i N.pd:
FG 2 Opti onan TR SR A oy PR s ol ey G et
addi ti ves cormaeiia) sushed, fnhevanple sehengeddongieen cBrbidiext ur es such as, for

o ovr di hg_ st ruct urde BEREIGEAved St RS pPe e Bl EBBONEAR: et mey
pl astici zer s dogfpris@kpaigelé-hanbi qagiosiDn gl halth@as mardal dblalposiBbh thabfiffers

conpaction aids for reducing inter-particle friction, . The |
cont ai ner 16419RMpTEE RN lemiypliy of igRieny FonsriEBlce Dabifbely 1¥enayirslude a

seal i ng pl at 6,18 ,EQK B%3RleGnard e niikd Hrilst &%HQ%B%HQEB@, aﬁ@ﬁ%%eéd@@
may be a substantially 10 cylindrical bag conprising a defornmable

pol ymer mat erfiall54 Thay delrde paiielmmatier cob@®sivapatsaiall bavimgl afscommd haerial
exanpl e, a defor | e. pal yper terial .. The. def or mabl renber. 16
maybe £ 1 ed PR iweon St Eerenl B e M el R R B e g e
and t he powdenatefial teingoskba ofithy bh@odst I akm@Exhibit PHlOVica Grapett ibatdifiers from a

di stribution of the powder, mxture 162 within the deformbl e nenber
166. At | eastPifier B EBT CEREHT @f’gw%?liél f?‘@l’%ﬁmﬁ‘d%t © U5F g >4 For
wi thin the deé‘x%ﬁﬁb!h% ﬁ?@ﬁﬁ%ﬂaﬂ-@ﬁgﬁ%&%o&%%@xﬂﬁﬁtﬁf@fky&.%%oﬁ%ﬁ@ wagp r,eiié%&nce

exanpl e, the longitudinal bore . 4). Alternatively, the insert
170 may not belatiset thesecondmaisig eareliosiionrnddhelgoortmetefial eamebogisipm oy

conventi onal gi al . th [alep r . The
conventi onal gl UBSLBSEAR UL LA USRI PLRERAGR T,
menber 16® provi dikngneenfodintknt ofjhd preseat intdneioe etpasielz-m 20X hempaié abiad
164 (with the powder m e.162 and. any desired inserts_ 170
cont &1 ned ¢ nGHSRIAH TRy 158 CHF T GuAPYR LAY Fios TH1GE &M B L Qhpets ABTMAnesh
renovabl e CoVgfigsth caMMcRertidRe bR RItRYIaES, REGaR -tk REMb MR ilafialRf the
the pressure chanmber 90. A fluid (which
bit body 152 (the first composition) may include a plurality of tungsten carbide particles
having an average diameter in a range from about 0.5 microns to about 20 microns. The
25  matrix material of the first composition may include a cobalt-based metal alloy comprising
greater than about 98% cobalt by weight. The tungsten carbide particles may comprise
between about 75% and about 85% by weight of the first composition of particle-matrix
composite material, and the matrix material may comprise between about 15% and about
25% by weight of the first composition of particle-matrix composite material. The
30  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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may be substantially inconpressible) such as, for exanple, water,
oil, or gas (such as, for exanple, air or nitrogen) is punped into

t he pressup® sivarbes 90 through an opening 92 25 usi ng paTRIEIRG/026d0
shown). The high pressure of the fluid causes the walls of the

def ormabl e nepber 166 .to deform, The pressure may be transmtted
subst anti al | y&gﬁﬁtﬁf”o‘ia ! Raglcﬁq%%‘%%ﬂje‘wg%?(@lﬁm@e‘iﬁﬂ.ranﬁﬁgo’ﬁlraég‘ét@rmcmm to

Wi thin the prassune SRaxberTIdULbNG heQ3iiall fe REERS Ml}ﬂ@iylpp%h% ﬁa’%ﬁé a
t han about 35 mag%pascal S Sabout 5, 000 pounds per square inchy. re

parti cul ar |y, cqbaE-bated saptal allayi comiprisinpgreaierdlumabent 8 $fAmeett byl weigh The tungsten

(20,000 pounde has P A5kl R SR Elech 180 B8 o SN TSR E G Rehumerray
be br ovi ded widnipiositibh ef proifdl QiTnRIX cﬂnﬁlﬂoﬁﬁ&ﬁha&rﬁ[,@.ﬁ@théﬁlﬁ@ﬁt)ﬁﬁﬁterﬁalEﬁ@ﬂomprise
about 0.1 negapascals out 15 ds per .square inch) may be. _
applied to ?%%W%%ah?‘ftéﬁﬁﬂé phaogégﬁ%gy YRS Hhespermd cargppsitioy of agficle-matrix
exanpl e, the @Mﬂ@g@]ﬁg@ﬁaﬂo conpact the powder m xture 162. |sostatic

pressing of the powder m xture 162 may form a green powder conponent
or green bit body HrAldheivhs0 shopmdn F5B, 4 wieludks bemdibiinct esginnedeabhn ofiwhiva
pressure cha A . eont ai after, pressing. 5|ln_an .
alternative %t élg%oafaﬂg}cges%%%é rg:? ’%‘B&Stgm fttaern an%%f%a&nfqgin}ahenﬁg?omp?ﬂaon' In
green bi t1tbodatefiiadvedhudirhents-th&drifi Bit 1 Sh@ap@ades thide ¥t wi6ie diffelenfRYioke each
uni axially pressed in a mold or container (not shown) using

mechani cal | y TSP O&AH AR RAF ) CORpRFEIoad FRIthEere: Byise Wd%lﬁg_tid%{#@able
known to t hosngéenahsltvAd Btisdtirkdiodsroftthe dafl 1itof SOPQWRE in RTIQCES $i Bfernative
embodiments, a continuous material composition gradient may be provided throughout the
unitary structure 151 to provide a drill bit having a plurality of different regions, sach
15 having a unique material composition, but lacking any identifiable boundaries between the
various regions. In this manner, the physical properties and characteristics of different
regions within the drill bit 150 may be tailored to improve properties such as, for example,
wear resistance, fracture toughness, strength, or weldability in strategic regions of the drill
bit 150. It is understood that the various regions of the drill bit may have material
20 compositions that are selected or tailored to exhibit any desired particular physical property
or characteristic, and the present invention is not limited to selecting or tailing the material
compositions of the regions to exhibit the particular physical properties or characteristics
described herein.

One method that may be used to form the drill bit 150 shown in FIG. 4 will now be
25 described with reference to FIGS. 5A-5K. The method involves separately forming the bit
body 152 and the threaded pin 154 in the brown state, assembling the bit body 152 with the
threaded pin 154 in the brown state to provide the unitary structure 157, and sintering the
unitary structure 151 to a desired final density. The bitbody 152 is bonded and secured to

the threaded pin 154 during the sintering process.
30 Referring to FIGS. 5A-5E, the bit body 152 may be formed in the green state using
an isostatic pressing process. Asshown inFIG. 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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The green bit body 174 shown in FIG 5B may include a plurality of
particles held 10 together by binder materials provided in the powder

m xture 16RoGéhessehA) . Certain structural features naypebeusmobiged in
the green bit body 174 using conventional nachining t echni ques

i ncl udi ng, s, €xanp chni 11in techn| ues, and
drilling tecﬁqu dﬁﬁ?‘na %P@gtc’%gf‘rg Pé‘ Sn"‘& UL Pl RS GRS A
form or shapanzttﬁ;aiﬂafe@lal megardcgiauictb@ ah tﬁ@ﬂlamxtméia@a)r m]a%e s@a‘ééMua»@Xdeﬁaﬁcal
exanple and not limtation, blades 30, junk slots

any ot her fedt thosaprrgrsdy fisrusesd in ylatipetoghedil it 30 Sh@’dy HILPPI@ ﬁ pttgamﬁyaﬂle
shaped green ﬁ\nheﬂﬂ&ﬁx%?% lﬁ%%m}hér z%cllzdd%ad(? gves cmg)uar}, P%%FEQ% ?esglr ggé\%der

bit body 178 shown in east y SI ere

provi de a Sbr ammtipéstsubloaky f&&iamblev%indem fot ﬁovﬂlﬁag I\Alsln@tioma&11igq3$sh@aﬂd for
desired final 2 Prior to sinteripng, the sh i t
body 178 rmy B CupREHY HEEF R TP et g B Ao gk he
renove any fugidel ¥erefidblel d@3uthR&lts YRHBphdHoh UL Gorlrfiuke 11{%61%%5018 friction,
m xture 162 (FIG 5A) as previously described. Furtherrnore,

shaped green bit BddyontFigerias mas ins F@ﬁv@dlgh@éémmbiﬂamr@b@aﬂmﬁhéﬁémg
tailored to t Ve S .
may i ncl ude, aﬂtlag? ﬁé%xap& Jxm%drhggfélhds"g% g@g?éble er a %?@s% 1%% a%glg}?lﬁmuy
500C. 10 'ﬁyﬁndrfoeWagbbfnphmdg(a défermmible pobynse h&tea:m |"1aieldyfonaaihé mainba 166

due to the remalnln rosity ther n tructural res

may be machi &Y Pht WA B bff‘%mﬁﬁw dfe%n ie se’awaml%nﬁ eformable
nmachi ni ng t echghed €8s mg%mlda%ﬂlftmpo%)aaﬂalxemew 'Th@ﬁet%ﬁﬁzl%&!rﬂéﬂﬁ%r 166 and
mlling techniques, t echni ques hel d tools al so may

be used to rrsthmmwc%ﬁl mmwadﬁﬁvw%g Wibprsed teavrcuﬁ@sa ynifopn destritiuien pf bamowdar
body 182. F“%&@; @laészgxﬁlﬂflgﬁ :,idcéﬁnﬁa %ﬁwh@é&%éﬁ”% ‘r%qgt ?‘EQS@E‘%’I \Axgeng?lﬁhébegtgjo

or inserts may machi ni n
182. Addi15i onedyl bys provided ngﬁm’ﬁy dberiaghibd meﬂbexolﬁﬁkfer ﬂ)aﬁmrg febtiireb ealgh 3R

prior to machinin chi_ppi he bro it dy 182
Such coati ngs X??ﬁﬁle?thﬁfoﬁggui b%t‘@@@&g?‘ EFéIFa“ﬁi ?‘Fﬁf’g( %/%?ln‘)t beused
By way of examplR agubohi Uoldﬂdrﬁi}ﬂb@%unb@ﬁsﬁﬁg’@dmﬁénﬂbﬂhl ﬁﬂ@lﬁﬁﬁgy&@b@s dding
cutter pockets 36, and buttresses 38 (FIG 4) may be forned in the

brown bit bodybseagent gracsssss. alhe seling et Shinenimaydidsitases amsnded i the
of cutters i neemRanFmeloct 16 blitingd chi s Lo MRhBEHE® 0 e nmy

be positiZned wi t fiha cohigineu 64 (wito teqtosvd@86mfi:gnweld2i amdt dug d@sxmmmnrtts 170
oot ter s may BREBES BOHFD DT R et Forr S Rt P AFrES Bt By
152. 10Ref er rhfidhetiReddo@Rovibdadadss td e idittioe aded pisturd BithnivRy 9dhea ﬂefdrmehch

in the green state
may be substantially incompressible) such as, for example, water, oil, or gas (such as, for

example, air or nifrogen) is pumped into the pressure chamber 90 through an opening 92
25 using a pump (not shown). The high pressure of the fluid causes the walls of the
deformable member 166 to deform. The pressure may be transmitted substantially
uniformly to the powder mixture 162. The pressure within the pressure chamber 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 during isostatic
30  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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using an isostatic pressing process substantially identical to that
used to formthe bit body 152. As shown in FIG 5F, a powder m xture
190 may bewwyBss5R6oM th substantially isostatic pressurgyyshéng43869
nol d or container 192. The powder nixture 190 may include a plurality
of hard part| Ies and articles c nEr|S|ng a mtrix

| i t
matort T rhe bpgRieRien B oF G tataify 1Ay RS hain it ipompactthe
subst anti al | yphW@ntaig@le I@ tﬁ@ﬁﬁlo%l@ééin%‘b?lt% @wﬁﬁyﬁﬁﬂqre‘ Th2lqf ffohﬁrﬁ ébn
the drill bit 50 shown in FIG Optional |y, owder m Xture
may furt her m@wmémawlemomsee@bm’mﬁr V74ubedn wiﬁﬁ @é)eslsplnganpb@mmved from

mixtures, as BESHOUSLASPRS et HlP GRS, L02 ey i ol ude 2

fluid-ti ght d sea pl ate 196. The

def or mabl e5 nenber ho4 ah@yathe ricliotad pfdassng the powde aripiugs 16270 &raslioRedn bit
such as rubbe iljcone, or pol The defom ab | e

menber 194 ma Odaeﬁgﬁlﬁq%gﬁnﬁ@ﬁ e o e §<{ tfgg%ﬂlmw@yw'swﬂh%m@ Id

nmenber 194 ang,. Ecg}ﬁmﬂ;‘?vﬁ;l@tr SHEWHG l&%ﬁglagﬂleaﬁﬁlcﬁ%/ M chﬁ‘!uﬁf!:altl apc{l&fgd r by
uni formdistribution of the powd m xture 190 wthin the defo rra | e

menber 194. Atneth@é%ﬂlat@mkrmvssﬁpéh@preﬁmdmrylSKélentthmOOﬁmdebeplpweasmgied

for "exanpl e, the | DRGTEOA AR bbr Bosy T Ee S e g FE R Ry 2 G e et
i nsert 2000 nasogathér Ei}ebmﬁ@dnaétﬁhli pevidead g thedionabr hmrereQ(EzmHLG e\ ) arepmich
usi ng a convention i

machi ni ng pro durin uent processes,
The sealing pfﬁic@rgg%a‘%‘ﬁéﬁn% c ﬁ’flf"i&‘hé"t? g %Bﬁ&gﬂwtlg 4 psing conventional
def or mabl e mﬁ?&ﬁﬁmﬁgﬂzc}ﬁﬁﬁﬁb Ry, for Btadnld, gﬁﬂm 0 ang rlﬁ@l?ﬁé’i@@zﬁr ues, and

30The container 192 (wt ovvder m Xt ur e desire
inserts 200 cowiing tee}dnm‘r@erEiamh%@ol@@lsgmwb@lwdwmhﬂwllafqymghﬂpe features

chanber 90. A r bl e may be used to provide access to the
interior of tﬁo‘%%\a%s%genco?tl\ib %%%490. A fluid (which may be

substanti &1y i ncom)wassﬁ éth)ﬂmdlmoammtétmh, HxdeepD gunineibes? (BId. 4), end any

gas (such as or exa ir ni troge i upped into the,

D essur o chanbbR TEEENIB IO Op SHES 05 Pt 4 PSR A PROEeSgY 178
The hi gh presgiwg iRfict ty@fl uid causes the walls of the deformable
menber 194 to deform The pressure may be transmtted substantially 5

uniformy to the pbvdberefisieenps bsn@so”&%wpm@é@u’i%mwb%atrkeqs‘r@ﬂpﬂﬂég@w@
chanmber 90 du{ot}%gwhga’g%g& it 96 NJoHRY BE:. Qbegh{%bbw?egs ARRYY éﬁ%ft final

nmegapascal s (a oun per square 1 nch arti car
t he pressie ddasity nPiidrdo pmeesmg;me cleqad ereer®bit oty 1§ maoisd aubjcctep rtcedsvamgl

b ter th 20,000 d
TRy T al ¢ lerRARRGE in SHe TR B AT ey S HBNEE el B SR
contai ner 192maneredsd 0710 Qﬁﬁwlﬁeﬁbwﬁﬁ @erscﬁﬂéanmlﬂ%o& the RRGRY af6@bi body

(about 15 pounds per s&gare i nch be applied to the exterior

surfaces of th8 B8hbaswuectety E(Eii}ta mﬁn@sphﬁﬁﬁ@or%@ A b disriemeyal tof such
compact the pgyger. ”sa%ﬁl%ﬁosk \Agﬁgﬁfcﬁhb%lpéxﬁ& AL ree%ahgﬁs ﬁg%%%‘ehtutes of

m xture 190 nmay forma gree conponent
in FIG 5B V\AfhoahSQﬂéﬁ be rem)ved fromthe pressure chanber 90 and

he. powder m xt ur GUEGBOFS PHeHY ARG T S SRS TEHBI Y fiorp G Sphs
the powder m xd:usig tﬁ&@n”@)ﬁtﬁﬁ stHidtaval Rhthdes B2 B8 BRchiAed@in R Bro®h bit body 182
contai ner (not shown) using a mechanically or hydraulically actuated

pl unger by meBHeR sonvREional BagiBRg tednidReSsEclsdingr @F FANYPIeKiuming fpchygues,
art of powder mﬁ[lﬁgéﬁﬁﬁcﬂ@s, 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
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The green pin 204 shown in FIG 5G may include a plurality of
particles held 20 together by binder materials provided in the powder

m xture 19@o(:kd+fassopf) . Certain structural features may pggumoboned i n
the green pin 204 using conventional machining techniques including,

for exanple, turning techniques, mlling techniques nd drilling

t echni ques. HEATHBE & R q?é@ﬂ avy @3&05369#51&}%&%&9”@? may nclude a
shape feat ur egydifve Of ol JdEnQ:RER1aPI N 204 if necessary. 25By way of
exanpl e and not limtati'on, a tapered surface 206 may be formed on an

exterior surface OBy g ofresemplei and2ed Ligtafion, ninternsh Apuldpassaseways 42, 208er
shown in FIG he sh reen pinp 208, I, . H

boar | oact pRRIrERpynd P EeRER AL 450y B R ARt Bk 1 o
For exanpl®, sHapedshapadigbrien spishowdd FRY.EE. phurticahdry, itd @fledit t160 is to

provide a brown pin 212 shown in FIG 51, whic as le than a
desired final msblaaéﬁgﬁf%lw ofigs I%tsgrglihhi%@wcmj}th HWQJ@W&@S?@%@H’% Iy be

208 may be subjached JilifhRvaiRt phbeReIALIULRE ih AndYFRNObh 1By 1890 MGpon
any fugitive additives that were’included in the powder m xture 19

(FIG 5F) as pbesguentsintertiesd thdmdwn Bitbofe i 38 the, cufthrs reaydiseeme basind pi and
208 may be subj t i {.abl nosphere tailored to aid in the
renoval of Su@%&gﬁaﬁl&?&x@@ﬁt@ﬁ%ﬁ?g @D@%heres may i nclude, for exanple,
hydrogen gas at t eRgfefiakus BE;0BF 3Dl thoEAES pin 154 maFhbe flfredin fhefredi 2tate
may be substantially machi nable due to the remaining porosit ,
therein. Cert4iH %%lgc?f&"tt‘ﬁ%ﬂﬁs"ﬁ%%??ﬁs%@ﬁ% w_ila Hﬁfaefﬁl Wégatg“ﬁefftﬂéc’%}%w Brdy
212 using S5 ¢onveRkh@naln MRCBEN, BOWESCHRNALES0 HAG bl HhddBed WK substantially
exanpl e, turning techniques, mlling techniques, and drillin '

t echni ques. Hapslativgirepsyro plithingl mald pugpntsinen s Tihe paudeatikiprd POmayinclude a
shape features. ih.oO n, di e.br i n.212.  Fur , 11 {

t hat incl ude Brpagleh%frh%ldc 3 ?l%ga%&%rpﬁlﬁé P f gmﬁ%ﬁﬁ& %’zﬁp{ﬂ[}s@{é@ atlgé{%lggﬁgﬁntagﬁﬁe
machi ni ng1of hdré phitiolsn afpd the Aikdix Medtidlimyeliel sybstamially figaticahyo thesegppliowety

to the brown pin 212 prior tq machining to reduce 10chipping of the
brown bit bodb Sdigisd %aﬁﬁweaaﬁwﬁi&@mﬁai? e i Prbes ¥ %F By e
pol ynmer mat er i@ may further ﬂlu\ﬂ@-ﬁddifiw%)%%ﬂ%{o%lﬁﬁgd R@kn Efé@ﬁi%@gb@d{br ahikfueRdss
214 may be forned 1n the brown pin 212 to forma shape r own

threaded pi n 2eBiogipdprciibedrl G Si. The shaped brown threaded pin 216
shown in FIG 57 tﬂ%@o%%epﬁ)ﬂlﬂ%qﬁél@&sffﬂﬁ@ti&lﬁ%eformablemember194 and a sealing

20 plate 196. The deformable member 194 may be formed from, for example, an elastomer
such as rubber, neoprene, silicone, or polyurethane. The deformable member 194 may be
filled with the powder mixture 190. The deformable member 194 and the powder mixture
190 may be vibrated to provide a uniform distribution of the powder mixture 190 within
the deformable member 194. iAt least one displacement or insert 200 may be provided

25  within the deformable member 194 for defining features such as, for 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.

30 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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15 previously fornmed shaped brown bit body 186 shown in FIG 5E to
forma brown unitary structure 218 shown in FIG SIC. The brown

uni tary stupgchamiRsedl8 then may be fully sintered to a desiu®ehsfhios
density to provide the unitary structure 151 shown in FIG 4 and

previ ously descrjbed herein. The threaded pin 154 may becone bonded
and secured t%% h S“%Ftﬁn‘f?i%ﬂ%l@f%ﬁﬂ@ﬁ) U5 a5y AOTERFYPIeL iRt Qi &7 3§ (such as, for |

sintered to tBaPes b 88nibpa) id8NTel Yoto B‘éﬁ)l‘é@g.lré‘lzﬂmnb%p9§ﬁ1?ﬁugﬁ hﬂgg%?% 92

partial sintering processes, refractory structures or displace
(not shown) négnghe PUgwd(EL skavpporThediigh pastura opdine flaid whses Hee walls af yhe

structure dur} siflication to maintain desired shapes .an .
di mensi ons duerh:‘{i}%glgrgltg %eﬁlgfgﬁ%i H?d'c%?t FRrth JE8 PaOsSEE IB?'yeéer grg%qrg}ggfgg%q,s}afpé%l'y
In alternati venifoehlyadgie polvdershianes] 901 ERepRistredd &isMe hsdure dihiGberSblaaras
be inserted 25 into or, assenpled with the shaped green bit_ body 178
shown in FI G SSEWPIPSIER AP L oKl Rn AYOwE £7 detzapicaly dovl 2800 detindapy

structure maysqRfreRasd)! aliby Shiheh§mk 3)1'&%31!% Q¥Mhi? it ﬁessﬂ_@encg%ﬁig%q%ogduﬂpg

unitary structure may then be shape si ng conventi‘ona
t echni ques i nedstaticrpgessing magnba gyshier thaw pbriun 43 & mednpasyale €20,000 dolindy per square

techni ques, and.dril.ling techni.qgues. The shaped.bro nita

struct ﬂr e ma;a/1 Qgﬁénﬂ %léen%%lv%} ?/1 egllogqél PRI B P‘P&S‘{ ‘F’%&ﬁwacé’ﬂé%ﬁ/.ml fda
yet 30 antl hegresliecromdr tig apoth@U mehescin@seh b5 @otndsider hodie iih%ﬁ may be
o celB B 3t b T ool harap e
sintered to acoﬂﬁﬁbtrtﬁéjpcfv@'dr%%{lnggﬁ@@@.Xsog%ﬂf@plllE:sgiﬂé’qfﬁ{e'%@fﬁ&%ﬁ%ﬁf)e?gg?r%f\_/lg{lﬁa

(not shown) may be asse with the fully sintéred bi
shown), and t$eenassiahtospogent graravnerimiA shgwi im HE. feavidch ¢ap bsramiord frgm

t enper at ur es &ggggﬁgembgééog& c%ﬁgingrhfﬁ%gt%?%rgi nto the bit body. The
r'ibe

sintering processes desc Igbove nmay "1 nc Sesméhy of the
subl i qui difs phase In an alternative method of pressing the powder mixture 190 to form the green

pin 204 shown in FIG. 5G, the powder mixture 190 may be uniaxially pressed in amold or
container (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.
) The green pin 204 shown in FIG. 5G may include a plurality of particles held

20  together by binder materials provided in the powder mixture 190 (FIG. 5F). Certain
structural features may be machined in the green pin 204 using conventional machining
techniques including, for example, turning techniques, milling techniques, and drilling
techniques. Hand held tools also may be used to manually form or shape features in or on
the green pin 204 if necessary.

25 By way of example and not limitation, a tapered surface 206 may be formed on an
exterior surface of the green pin 204 to form a shaped green pin 208 shown in FIG. 5H.

The shaped green pin 208 shown in FIG. 5H may be at least partially sintered at

elevated temperatures in a furnace. For exampls, 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

30 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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5 sintering processes previously described herein. For exanple, the
sintering processes deserthed above may be conducted using the Rapid
Omi di r ecty@gnados@ppacti on (ROC) process, the CeraconTicRfReRESs36430t
isostatic pressing (H P), or adaptations of such processes. Another
met hod t hat rTEé/ Bﬁ"‘ uged to formthe drill bit 150 shown in FIG 4
will 10 now bB®HEEEER RAruirtlA aimosphestiaiorediopidin thegpmeyal ofiheh addititerd Such
i nvol ves pr 0Vhtﬂiog[ﬂmf’éé|1ﬁdyﬂhﬁu&£M%ﬁaﬂ%lﬁ}hﬁ:&%é&h@é'af‘ﬁz blahfbS R o s R 62l
conpositions at different regions wthin a nmolfd or container, and

si nul t aneousl y pr eBiibagwa his 21 Ariap be sybstantilly maghinatds dws tb iemerhising porosity

container to a itar ree owder co ent. Referring t .
FI GS. BA-6E, ?’%%muniqégﬂ? %tﬁcﬁ%%qu@%@%im(yﬁg %ﬁ mﬁ‘%&“ t@é"* E’é’l’”ﬁeﬂnizﬁzt‘f‘?@g
15 green si at eonvsitivgalanadlsisg etitqms aesidg, Wr&&@xﬁﬁl_e, Anisd Wi s Fhiffing
GA, a first powder m xture 226 nmaybe provided within a first region

6
of a mold or & ’c‘ﬁréﬂeﬁé‘%ld Q@&i}lg_éﬁ’iﬁlﬁauesgegé‘?@ewﬁﬂléﬂs%%t’b? seg frgnangllyiferm or
provided w t hippa rgeceng, 519%‘1 M Glowhin 390! @uﬂﬁlétg%?ﬁ'cuaﬁl%t%bﬁ $at Jagjude

regi on maybe | oosely defined as the region w't e coft al ner
that is exter$werhafd conéngshramsens anke 289 fo Gniditdthsaslgoinpdf tedirom pal2.

be | oosely def] the regign within.20 the cantai.ner 232 that is
encl osed by thgt[ﬁg }fn?’ oM lﬁlﬁégaél%.appheq to ﬁlﬁglcf“(rf‘@flagé)%@rwﬁ?aﬁ g toisguce
may inclutle achippingdfitiebrodn babedypart Sedhesatipeimay pletidak ikalivebr other polymer
particles conﬁri sing a matrix material. The hard particles and tﬂe
matrix materi@fHdybe substantially identical to those previously

di scussed in rel atp E] N TN i SHEMA; |

powder m xture 228Bpn§;§gﬁi%§ﬁp%£%ngélgméﬁlg %Pial I tys %?L Iﬁ%@’?‘é}ngg%glrttﬁ iggjl%gg
and a pl ural i ¥ 262 topfarm ip shapsd borvpr thesdeg pim? 16 skowatieFIGIS). as

previ ously descri bk i co sition e secqond powder

m xture 228 may dib@]gglrla}pgﬁgl\r/%&/ngkeg‘#eé gh%r@ﬁgfl%lf I&P?él éngm@fﬂ[eﬂrg%Q%gntPﬂg
first powtfer prexibusiyefoRRed siayediaywabits@nBsehowhi Hiar SiE Rafotrh 6 bRSvr thitary
the first powder ngréﬁgure 226 rirgy hav%ﬁa har dness that is higher than
a hardness of SPREGABFIEHPIR AlEsSTn Togdravst B sWersyre A% thanemppbe fidly

Furthernore, diRereddddshe&bmf dORY IhdRIA0: ﬁ{itakﬁktﬁuﬁﬁriﬁq %H(ﬂ;gﬁﬁ‘g% T4 and

m xture 228 may have a fracture toughness that i s gher t
fracture toughRasehideseried barein dhe thresfledpin i $4mamphbasping boided aidseuredso the

powder m xtur . i [ h of the first. powder. .
m xture 226 aﬁ%@ﬁéséggg%%e%&%ggﬂnﬁhﬁ% Iﬁ'ggl%ﬁ%mﬁ%%/&?ﬁ?{%éa} R?H\ﬁ,\%' Joging all
addi ti ves2(tonsimaiing and ertinhsitenirgansiessgs, pahadiery soixttites iilRbnéss (ndt@hown)
exanpl e, bi ndlers ford rovi di ntq]lel l{IbI‘I gc_atl gg@durl ng pressjng and for
provi di ng st rieY U %ed & SRET AT EE fRATIGR OF he rpaaE R AYE AR Agnsification to

pl asticizers fhahtaiibdesgl §HABesna ARNerRPAS Buitld BB hnsifRAdod H@Eésg,aa@gﬁw%sly
conpaction aids for reducing inter-particle friction. Th

cont ai ner 23Xes#{pedncl ude a fluid-tight defonnable nenber 234 and a

sealing plate 236. > id-1] ef.or. me r 2
may be a substant i%@%naglélg?}r%glﬁﬁ%tgf&g%geag%ﬁ%bﬁ?b%ghoé*%dlén?gé-%lﬁlfag%gmserﬁeé
pol yner réft erinwlor afambiie fvotinthe bieped ploar bilBellymay shkewd oriredsE kofermfa@feen

exanpl e, an el astoner. su as rubber, neoprene, siljcaone, or 10

pol yur et hane.ur%ﬁ%’ SE@?%WWE‘%‘F@%HB Fry W?gywﬁgwﬁnﬂﬁf%swefﬂ t paropynysiate.
powder ni xt urehed2fviaiatn@useans tRMMEEapRT ¥t SndefiondNEactRi

menber 226 and et he powder m xtures_ 226, a28 nlgﬁl .tgle v%ogr at ecd tl%ﬁmh&s
13

provi de a uniPeF#RIfRrBRE thingtechranss owdliing teAbrigueseandyiritlisg tectukigues. The
def oi mabl i spl-acer i ns ey b
o ovi ded wi t R i) OSB3 AR R B A e S

as, for eXanpinether 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, 57

may be separately sintered to a desired final density. The fully sintered threaded pin (not
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15 the | ongitudinal bore 40 (FIG 4). Alternatively, the insert 240
may not be used and the | ongitudinal bore 40 may be fornmed using a
convent i omab 2oe@mbsgnd ng process during subsequent processegis20bbied3669
sealing plate 236 then nay be attached or bonded to the deformabl e

menber 234 pr VI a flu e taln
235 Cui th 1 neapp LB s the SOR il SR D ebaF S8 Rsepiabisd
228, and any sﬁesmfe&ﬂay 43518 bk BealdiQo @1@&1-1@%&@@&%{1@@@ BondaRy ateRh fe@vbadedipin
within a pressure chanber 90. A renovable cover 91 maybe used to

provi de acced® HePithd¥i nterior of the pressure chanber 90. A fluid
(whi ch nay be sub

water, orl, or gaciraniameYrobRERTRIERS) HoRh ) fOLES pmy MR pinge
into the rﬁr e ssergmgracdssas pwidds}ymmlmd hemml Fg @anmpki tg m.tpmrg)pr()ma;es
shown). The hjgh.pressure causes .the wal.ls of the

ot or bl o iR S iR P oA asing 16 6P il e ibreta Troo)
subst anti al | yprodsd, Ghericyraben™ N oddss, SHot RRWERE pFosxhE (1GIP3 26 algiatiB® of Such
second powder mi xture 228. The pressure mntﬁln the pressure chanbe

90 during isd8®%ES%: pressing may be greater than about 35 negapascals

W ehin the prossur s CRaRRa oyt O st T ael o oo R 3 i

greater tiffan migowstdei@Bedrefapaseak o {13, GDOEpThndehpbnyve guspravidimphyltiple

Izgzagagr gaglr \éugagv Fléﬂ%?uésst}%}u\{@ ﬁﬁ%%n?%te% cglrn%\olsﬁq‘:?n% ay\& eregtlléghlgns%trl]]gnae{ nrw].gld
or container, and simultaneously pressing the various powder mixtures within the container
to form a unitary green powder component.

Referring to FIGS. 6A-6E, the unitary structure 151 (FIG. 4) may be formed in the

15  green state using an isostatic pressing process. As shown in FIG. 6A, a first powder
mixture 226 may be provided within a first region of a mold or container 232, and a second
powder mixture 228 may be provided within a second region of the container 232, The
first region may be loosely defined as the region within the container 232 that is exterior of
the phantom line 230, and the second region may be loosely defined as the region within

20 the container 232 that is enclosed by the phantom line 230.

The first powder mixture 226 may include a plurality of hard particles and a
plurality of particles comprising a maftrix material. The hard particles and the matrix
material may be substantially identical to those previously discussed in relation to the drill
bit 50 shown in FIG. 2. The second powder mixture 228 may also include a plurality of

25 hard particles and a plurality of particles comprising matrix material, as previously
described. The material composition of the second powder mixture 228 may differ,
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.

30 Furthermore, the particles of matrix material in the second powder mixture 228 may have a
fracture toughness that is higher than a fracture foughness of the particles of matrix

material in the first powder mixture 226. -
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about 0.1 negapascal s (about 15 pounds per square inch) nay be
applied to the exterior surfaces of the container 232 (by, for

exanpl e, the@tuEsphere) to conpact the first powder nmpgiusmod@ssand
t he second powder m xture 228. |Isostatic pressing of the first povvder

gr son ponder CompIIRLED, GHEER Tnitiar SR JBTAES 23870 By oo e peder

6B, whi ch cammieuré ePPmednihamdidadfnes ssnhforladiQihe? et poRat3hiR R es
232 after preSS| ng In an alternative nmethod of pressing the

powder ni xt urségh @@r epggplepindsispt mavidingdebrigationaduying presirgand foyproviding

shown in Fi GstlﬁchragrQ@e 2 %ﬁe ﬁcﬁgﬁgﬁde%%gmp&%gt tﬁfer#fyl %kﬂi 'Ye binder

pressed in a no ani ca
hydr aul i cal | yncacﬁ:ﬁaiﬂachnﬁlluhmgarts dn}con@ad:umdmdslfatrearcmghmmpamdefﬂmme of
ordi nary skill

he f rocessi ree nitar
structure 244 shoﬁecﬂ& 1@\023% quﬁé atight %ﬁ?}%ﬁgr@w g%ftl?qdéils ing

hel d toget herplfay 26, np&reﬁa&w {8 dPh \fld%ﬁnme ﬁ!aﬁlbaoz@d%aﬂ@@ éﬂb?t§nt1aily
226,228 (FIG 6A). Certain structural features magﬁ[re machi ned t he

green uni tar \eybReriel baeecomprisings prforensibleantyines alataria hﬁldﬁf‘g"ﬁtl@dhmﬁn}b@s%"r
I ncl udi ng, q‘{l A L6 ﬁ%ﬁa%d%%arflﬁg hfﬂll errgu:ﬂ !dSn bﬂ‘gf ﬁgﬁ{&g!& %’I’iac%n? |0>1/

and drilling nigques so nay (st manua
form or slfapeofyeatthanes Tha deﬂonmbldlhan‘@afr@eﬁ marjnbta @ﬂlyd s,rﬁth ttet firsiepovdidr mixture

By way of ex | e.and not tation | ades 30, junk sl 3 Fl G,
4y, internal A oﬁ??‘&’é&?%’ or Wfaz%ﬁpﬁ?%%f@w%é@%egﬁwﬁ%g powder
fornmed in thqmgﬁ@@nzmlztzanﬂaysw Vistattdeto444ville of ifeHA BRAREIdn BTeRN powder
unitary structure 248 shown in FIG 6C. 20 The shaped green unitary

structure 248n1§m§w1ﬂﬁn Pedefopobigiyeneer 384.| Atdeast gradisplicyens Phinear e Oy
provide a br g)\é’?ll N %Mm?ﬁg HGhINBle %‘%&n@e’?? a@ f,: élg’sfeegg*es F&P fch%;%ample

| ess than a fina ensity. Prior
si nt er i ng5t hehshapédligal bere 40r{FIG Y. Attemﬁtmbeﬂﬁzlﬁseﬁtzhé mlyalpetb gaeéem the

nitar tructur.e .248. nay, be b ected to el evated tenperatures t
bur n ot £ or - IRHBOATALGOE S P B SRR 58 4 rRvousrel PROFTaed R fene

first powder sibsetiire p&ﬁ;es?sz@ The tdafing RENDH D HGE QliayNdexdttibiRed2@BodntibdSto the
6A) as previ ously described. Furthernmore, the shaped green unitary

structure 248\cfaipaple “WB]%%Q"@HW@%@GM‘%@%B%E pieER tailored to
aid in the renmovalyaf . SHeH. 3ddi djiyege JHeh %%&@?%Hﬁ%r%%&%aﬂle' QEbHAGowder

for exanple, hydrogen gas at tenperatures abou
20  mixture 228, and any desired inserts 240 contained therein) may be provided within a

pressure chamber 90. A removable cover 31 may be used to provide access to the interior
of the pressure chamber 90. A fluid (which may be substantially incompressible) such as,
for example, water, oil, or gas (such as, for example, air or nitrogen) is pumped into the
pressure chamber 90 through an opening 92 using a pump (not shown). The high pressure
25  of'the fluid causes the walls of the deformable member 234 to deform. The pressure may
be transmitted substantially uniformly to the first powder mixture 226 and the second
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
30 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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The brown unitary structure 252 nmay be substantially machi nabl e due
to the 30 remai ning porosity therein. Certain structural features may

be machi negoizidegobr own unitary structure 252 usi ng ceauantioenskes
machi ni ng techni ques incIuding, for exanpl e, turning t echni ques,

mlling techni nd chni hel d tool s

e used to muttarry e PEsRiauE de KPS B BreohrioLn e BRE . ThROE
str }(JCt ure 252m1)dﬁ!11‘f:§ﬁ@ Etﬂiﬂ)ttljlé se&ﬂgﬁj?ﬁﬂ?rtlﬂﬁilu?et Mtgatlscbs[’&riiﬂc%&%sﬁg B?flﬁ%Trﬂ powder
i tar'y St 1 UCPUR e 285 S5l iyl Pysond savigsixiety ZBb g bired treon phude
brown unitar YeordfodGit bk e%?&u%& L0 SRGHLD RG1EO6 S %H&?c f}y ?&ﬁ&gd Bm
the 5 brown unitary structure 5 such coati ngs ma

fixative of oﬂhh@respmé gimetben® awdi aahtainer 232 affdypressjngof exanpl e and not

limtation, cutter ets 36 esses and thre

214 may be formed IP aﬁgmﬁ?‘fﬁ/\#?e Pﬁs Pé?’?ssé‘lgrfg?:?é‘?’@eli’éli&‘%’?? $20r Ato H‘élbgd’
brown unitaryggt b&ﬁia? Srdhfe 200 WowiinFG. 6BEheRIdRldBERIRARs 204, 20B8nay be
drill bit 150 (FI G isto 10 include a pl urality of cutters
integrally f owwdailm EI‘F\SS?CH& pimolderidic {2 shewe using emschmaicalieor hydraulically
positioned W r

unitary str uc%cﬂlr g? dtf@%ggwlﬁ&h gﬁa%ta%}f? gvs"{l%ttg?ﬁgr?lfgrdﬁ qﬁhﬁmﬁ%%{ OWdel
unitary stucprocssigg6, the cutters may becone bonded to and
integrally formed with the bit bod FIG 4). The shaped brown
unitary structure %695%%] tars, stpycire é%?f e GoéBfﬁ‘P}'ﬁn‘S% aspiipeEpredf
to a desired aln@ésmnggettyerb?bﬂa&\fﬁé@&lals@ﬁoﬁd{udt@ﬂ% pgﬁaa%luﬁ?esé%zﬁ@m
in FIG 4 an ﬁrew ously described herein. During all sintering and
partial sintef h@eﬁﬁ@@&%@l feﬁmqsawbeyladﬂm@eﬂﬂwme@mmmwwﬁlng
(not shown) Lo,

during densi P‘?&éa?ﬁgﬁaﬁgacﬁ%g?%%?ﬁﬁ@gghcegﬂ%hgﬁggg{éﬁg @W%&% e%l}ll? %é
t he densi {3 catetimiqugs, (anééxsllmgtﬁc!m@uesp]{mﬂémmwas ARy mbebensed fo fanally form or
exanpl e, i nt 20 con |stenc in the s e and geonetry of the
cutter pocke?%‘a f%ﬁl?ﬁfsfrhgl e T a’d’i%mﬁ%lgesja‘éeways 42 during
sintering and denskfwepsf KampRuah nBﬂfrﬁ@éifbﬁrBla&% BUGHUE 86tsTRYFICE 4f, direrRal
from for exanple graphite, silica, or alumna. T1 he use of al um na
di spl acenent stl¥ifstouses 42, @ﬁ%@htap@e@ﬁ%@oacmﬁxas ben{prived desihe ghice ypaary

al um na may bg.rel ?44\45??48%@%&?%% o @ﬁ'ﬂctglrﬁggg Ik Gy {11]“’3{3%%5

m nim zing atomc S|nte|ng tiona
coatings 3uch as alhershamd ghoon onitany stricthes 248 shown UnFIGE. 6€ inthy be ot least pegtially

comercially aval ria |edto refractaor

truotures { ouirisn Bl boi G TR B AR 1 eE P, Rpish g Tk then
structures framre fifat8émpy.i P td zh@eabxlphmla Mm@ﬂﬁg 1hg sERS LifebiC@tiiaBtructure
Furt her nore, 8{ of the previously descri sintering nethods may be

used to sint et4S HiE sBIspetren FEHY Sctuss %851@@%8@?@@2%@ deisied tempemties to
6E to the desiyfdeidr ?&hex@%ﬂ? It Ntive additives that were included in the first powder mixture

25 226 or the second powder mixture 228 (FIG. 6A) as previously described. Furthermore,
the shaped green unitary structure 248 may be subjected to a suitable atmosphere tailored
to aid in the removal of such additives. Such atmospheres may include, for example,
hydrogen gas at temperatures of about 500°C.

The brown unitary structure 252 may be substantially machinable due to the

30 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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30 In the previously described nmethod, features of the unitary
structure 151 were formed by shapi ng or machi ning both the green
unitary Stwehitfossord4 shown in FIG 6B and the brown umiclrakYoos/o43669
structure 252 shown in FIG 6D. Alternatively, all shaping and

machi ni ng may, be nduct n either a reen unitary structure or
b own un't ar P EFEL GBI 95 Ao FATIES G et (e oYy S g 352

shown in Fl GriBefgite, Q@ttﬁ%%bl@um iabiRdePerhbA Jdaﬁﬁ%saoxbﬁl@ém ﬁ!ﬂj B@{xééd to
ou

structure (not shown) wit t perform ng any apin i'ni ng of

t he green unifegibiptespachaing ef thaﬁrou&;mhﬂwnuauure;ﬂﬁl IAC%efamtheyoaﬁngs ey be
unitary 5 st E unita
structure, prEIr gfri&%%éﬁ]%‘ggl|uh§m?hem%&§v2m§§3%?{%ga Ghﬁl I{LFQE%JF% CF 811 PIs Sf the
desired fiSnalbrdensinitary siidtererizii Vel costitips maaytinhellidleya dxhtifeeat sth@Spobfmer
the unitary stru zhure 151 (FIG 4) nmay be shaped or machined in the
green unitary ¥ icture 244 shown in FIG 6B. The frilly shaped and

machi ned green unigyayay Bt Mn@nm%naimvmer@m&s@%rbdaﬁes&,'s@fs I@dﬁﬂtaﬁd
a desired final density. 10An earth-boring rotary drill bit 270

enbodi es t eachieadiszldfmavte fprreedbintths Prowntingeryissueie\i2 it fEMG sligpedirewn
drill bit 27 i .0

conposed of gln'thISJ'tSHg ere?rzr;tjtg rSE(f(‘plggr}lFlo%Zﬁ §r‘%‘%{r}ﬁt&a ijﬁf’?]dniéirl I l556f]{8 ggﬁ 0
al so may liOncImciedesmplemhe'nﬁ’lcmneﬁﬁﬁegﬁ:ﬂl}?ﬁbnﬁddn@ﬂaﬂlﬁbﬁabdmSmeaduttaﬂs @y be

and a shank 278 attached to the d 7 of exanple a

not |imitati dPSIHORR vERELthe FuHer 99 %S %el%@%ghf&ﬁ@a@?@g@a’mﬂmsﬁq@wm
include steelyQm @BeqRdnh Shidrin 'bf@l?esﬁgpéﬂl b8¥n ulBy Shade258, {E@Y:uttels s may
i nclude an APl threaded pin 28 for connecti n%gt he drill bit 27

drill string Yepene smwgahio. and integralihiprned witlothy bitbedydb§2 (FG! 4de bI ades
30, which are sep tf l SS Wa
42 may extend bet \f\l{/tlalgtsﬁc%ﬁe %‘glglﬁﬂlggﬁts?u?% 2888 ‘glgfln E%ﬁ é%g' Ig%ebe %ﬁy
| ongi t udilifal swered WG, desitaddinabdeheinds ptdvidedighurite sehermie 137 Shovirhig FIG. 4 and

extension 276, and rtia 20t hrouygh the bit hody 274. Nozzle
inserts (not péﬁd%ﬁd%w ‘ieh%?lﬂvpﬂ‘élég ai‘%“ﬁ%%@@ a?%EafBT?l %{’I‘Fémﬁi’focﬁséﬁyregﬁory
Wi thin the i nk@eik of displdeRass ABEVRNS) Ady be used to siﬂﬁ%rﬂa&léaétatﬁb%uo%@th%ﬁ
i ncl ude a pl urallty of PDC cutters. 34 di sposed on the face 282 of

bit body 274.bofRelippe depsifiggtionzie paiptaie dspiendi shagemlnah glimrrsinns @@mg the
wi t hi n pocket f

be suppgrted c%?%%afggﬁ % %Sn %‘I@ﬁb a8 I}g%@%ésog%& % @eﬁu Fb?dé{%%gghg(gé{%a
formed wiZ0h tdessifsertcy bodye ﬂie‘l and\lgb@nﬂaat ofviak yentterhysp cllets 136 dmxltth@?xﬂemmlyﬂmd

| ud I | ter. h
abr as ve mat oPRaE et dh and PRIEL ARERER R SRl 7 i pn ey e

mat eri al . Theopgddtfioad, GorRRARPLY, g@me%uica drehéfih2Thehisd dfaneithd @5Rad¥B¥nts
have a different corrp05| tion fromth eyrgartl cle-matrix conposite

material of tHYCAiql ey dpalacementy £ dlesigahlerpscalimnisp gnayele fstatively less
integrally 3Qcf@tomeh Widhel{g: nﬁg% I dﬁ?&]

conposite matgrcl al of™t eebtlﬂt eghzly ﬁjg%n%ﬁlfcrl{gffm%n u?egh tﬁd EM(
hard par tZ5c| esafims aimilbyalmnmebcsmmﬁemhghmum niridg or mtkerrmammercadliy atdileble

har rticl n . .
ard partic elgateneﬁjs may be applied to the refractory structures to prevent carbon or other atoms in the

refractory structures from diffusing 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, 6F to the desired final density.
30 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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the matrix material maybe substantially identical to those previously
di scussed in relation to the drill bit 50 shown in FIG 2. In

one enbodiwsniyeksebe present invention, the particl e- wetiuksX06/043669
conposite material of the bit body 274 may include a plurality of

tungsten carbi dﬁi’xﬁarti cl.es havi r&g an_average 5 dianmeter in range,
from about 0.BIFHERHHEY RS SOBORCRN Rither Gn&rCerTHEtaRAFFISRITeF & T rjfary

i nclude a cobahbmaddoPbekle, BRSRLN B8R stAlchOY244 TS W WNUS! ENmERH L1ty
particles may conprise between about 60% and about 95% by weight of

t he parti cl e-siferes o founpbsivramiiay ehnette (nod slebvirh avitheut ppsforrrapggiyshanies or
conprise bet : % 0% L aht. . of e . .
mp Viﬁgcﬂnﬁlg%gfs Fbt% ﬁ%ﬁé@?&%&u%%%ﬁbﬁlbgg i;l‘ﬂ§ ?ﬁ Q?astules of the unitary

particle-matrix coO
substanti al | ytsbtuid 1 (FIG, dhmapbd fohmetyin 3 wbwvinitaty fhuGure? priamd sivgyinpthe

formed by any of the nethods previously. discussed herein . in relation
to FIGS. 3A HEOWn Unitary Fposn (e AorBaInaliensiy. phifeenating’ s Q%‘maﬁmﬁeaww

that incl udes,ranpakidr¢ LaditibX (ERMPHaL SeBhRH RlmacBin® 8f AE BAnnGel
blank is used to attach the bit body to a steel shank. 15 The

prefornmed st eductyiedié shewain BlEheB. ffoe fillly shirted bodiypaoliesd geantuniadyastracture
car bi de mat er/ LS. dnfiltr l.t en rix.material within a
e A he Bspb ) MLtk B Bifef IRuSR FRUTGHAR o1 2 fy, as

previ ously di scuss@edearihitodiagmtay diiil bie270fleatubaResheehiagtod teprgertt ifention
steel blank to the ‘stﬁg% shaglg can_ then in surfaces
b

the steel bl dhfiowadnFHE Tnilthe fglit 227P4Q?13dq§gﬂvgg%%ih?@ggwﬁ%a@ofﬂvwﬁ%%h%ﬁ

infiltration &aeRldieSertRicdBalk e59pd0E natea] Bleamk iy 0RRb nbf include an
integrally forméd with the bit body 274 in the conventional nethod.

As an al t er naxiapsionadt hoempriningtmefeltvr mytal Rkoysing alehak@ 78 ettached toithe hibedy
274, an extensj,0 7 hed.to th [ 74, af
formation of rbts]lﬁéggi%‘fa?lgggdém%%ﬁ & E]L%gﬁ%%%lﬁgi% eoe%t%?én r%gg%ggh easp ?fgfﬁéga%lﬁ}f}’
secured tig t haclbdd stéddy addhdd yron-baved 2Boe Xengshenk Insazdyrigelode ol Plahiended
an interface he en a syrface 275 the bit body 274 and a surface
277 of the. eERARSoRASHegr Cul GaTe o L il FHREPPLEG B, ween the
surface 275 of therfRivht 972 thyandudeBay 3D aGRICR 4 s@ﬁm&t@@bﬁﬁgﬂ'&%t@%

276 may be brazed using a furnace brazing process or a torc razin
process. The Ibiemab8uig ramagarios thaaesttenidictyeer e faepAse of thedit bady274 and a

configured t - ' f t r .
Son o The J5PGEM IR B SARNSLAL AR SUANC D HEBH LI 208 ey
provi ded.20Thehiwuglz theditalolp 9742 Sdozmiryinderte (notd ehowind mapkapioleed at face 282 of the

sil ver-based ,or i.ckel - based all.oy. Addi ti onal cooperating
non- pl anar sd??%?@g%%g?{l}%tget‘ﬁ%’?a@ﬂé/ﬁ?fsaﬁ%‘yayﬁé formed on or in the
surface 275 of therRiginbadyo défineRde @ﬂluﬁhﬁidﬂPMi Gtttk a4 @ispbbdd afthd faee 282
extension 276 such as, for exanple, threads or generally

| ongi t udi nal |f terbibpdyd eVl FRoarlersgi4 may herpeevideghriong birdys HY wifleppockets
rotation of thepbits ROAY r2cb%bsh Bk ald HBLdd 708 KR 5 Qbptikt from behind by
25  buttresses 38, which may be integrally formed with the bit body 274. Alternatively, the
drill bit 270 may include a plurality of cutters each comprising a wear-resistant abrasive
material, such as, for example, a particle-matrix composite material. The particle-matrix.
composite material of the cutters may have a different composition from the particle-matrix
1 composite material of the bit body 274. Furthermore, such cutters may be integrally
30  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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5 1n alternative enbodi nents, a press fit or a shrink fit nmay be used
to attach the extension 276 to the bit body 274. To provide a shrink
fit betweeryd h@7Bb@Nsi on 276 and the bit body 274, a tegpesabddi€eo
differential may be provided bet ween the extension 276 and the bit
body 274. By gay of, exa%g nd not |inmtation, the extension 276 may
be heated to 2ri¥ ate @%ﬁéH‘%ﬁf%al&f1d‘ﬁlﬁ’éalé9<§h8ﬁf‘sl?f8‘ﬁ°‘?%dl§%1?%e€ n%rﬁ]é*mn
bit body 274 @ﬂmegﬁu%ggggggﬁguhqgcguse t hermal contraction of the bit
body 274. The extension 6 then nay be pressed onto the bit body 274
and the tenperaturéSH@ﬁﬁﬁh@nEﬁt%ﬂhﬂnmmmzﬁﬁmaW@Lﬂmembd@ﬂmamymmﬁwﬂhawﬂmmﬂ

fhe bt body oo b A e R b Sn Bt epr I B PR TR B 520 e
may engagesor dakbister ﬁgaa:iaﬂg‘dﬁmﬂ ebanin b atdaomshb awfut Lhwidddils. Thelmattik4naterial may

t her eby at Ieas art |ng the hit body 274 to the 15 extension
276 and preveff L}ﬁ%age eida‘asqdweetﬁ.a%l%Eavngsaewwﬁﬁqmﬁlc@ﬂnémwse

276. Al bednalt byl w@%em& 5&&&99% AW ij%h?@iyth@ araa%ﬂﬁgcé}ﬁgaaﬁ@ﬁaﬁeng

bit body 274 and the extension 27 ng su faces may be provide
on the extensiaahth? mtrawdaiﬁhd ntﬂytcomgd;ée 12Tdeen Abavd 6Hi and aberyt 48% by eetkht of the
press the extegﬁ n 216 ng ghe bit body 274 while rotating the
bit body 274 P |ven§o° %@ on 276. Heat generated by
friction hetween 2@Qhé biebedst :Ems's Obs@ffalBrdhilaieo Mietbithody 52 %wmyz FaG. 2, and
| east partially nelt the material at the mating surfaces of th

ext ensi on 276 1pd0% FIMSE tYhaRKy oD e mPHEds Srextauiy FeuatetoberER N aélatmn to
stopped and t hesdida bpdy 274 and the extension 276 nmay be allowed to
cool while nalntalnlng axi al conpression between the bit body 274 and
t he extension 276, hpr:wnemcmgi drifl rhiite tthag rhavie b dhéiobddit thatf inclad¢ses perdipletmipdiix

mati ng surfaces_ of .the. ex on 27 nd. t ;

Addi tional ly, gmﬁé?ﬁn5%§1¥ %E%F%v%ﬁﬁﬁn%e$&mg&HWEg%ﬁFg%ggﬁgggfﬁdgﬁgk'
t he ext endison T&% §rett"chﬁied eeeéieﬂaiﬁ igatend tb e bibolly whert pR2id&laecabide material is
exterior surfac eof alon an | t n the bit ba 27
T he oxt on Gy ORH0S by Hal et PEFR TN SHmAm Gl o 1 TSR e Bleged fo
gas netal arc  wgladh étgzdéfg\éé\wev%a QfsSussél. AhARAPorloHRP fh @ &6k Ak ehik IS Hteel
wel di ng process, a subnerged arc meldln process, an el ectron beam

wel di ng 30 pr bbekd therteal shaslesaniesarhemdch Wbmﬁwﬁé%§§fﬁﬁfﬁﬁuﬂ§éd to
V\Bl d t he I nter f ace Q;%%Elﬁ@o&)g%zpfsglt F]% e(?Z§n QCQIVE% gf( %ﬂ?%lgﬁ' t&mgueéya

After the extension een ed a secure bit

274, the bankrddthedagied) dblafkt mepedt be ibtegrabx tfemsid onitR 7The bByboday276fin the
exanple and not linitation osi tioni,n 300 may, b | ne

in abutting sﬁ?%ﬁ%@mﬁi ﬁ@& %@}agﬁgﬁwgﬁég<§ﬁaﬂ?ﬁ@mgggﬁhgﬁgﬁ§§g@93gﬁﬂY
steel shank 27384 theRtcNBYn 28 hil 8AdR6haN Bebii®c@)XtBNFHePforAdifon o iR Hiody
24 then may be provi ded between the steel shank 278 and the extension
276 that extedd$ around the drill bit 270 on an exterior surface

t hereof along an i r ?ﬁ%& el.4s 974
extensi on 276. Furt gf%%§§09§9 e ‘%%?g@?&l&gr§%§§%ﬁ%§hﬁggéﬁﬁf ! b§‘mr
be provi ded bekaepln, tainitg drnoldating adesrfak betheerszt weﬂaces?h?’érdf b8 badw27t4raed a

ext ensi on 276 t [ secur.e t eel t.0,t he €

Sr6 200y ot ¢ abi 7 e R Y ot Brle B sl St TR Dot
repl acement ofhd fieb§lyeah apd aRkuddcd 2R ¥f e ektedidd 27@'[@@ B’e&hs’ﬂietl Viing @furnace
renoval and replacement of shanks that are dlrect%é}attached to a bit

body subst ant {b7H2 Hreger aﬁ‘?féhrbraﬁég@tﬁ’ﬁiﬁés@&?%tfboéﬁf il heeexfritipn %70 may be
conposite mat Q:.He M&gﬁ@ﬁé é:fn?\ﬁd ﬁﬁﬁ&gﬁg 0 eﬁ@taﬁé‘@%t\zg’eﬂﬁe §u|i]i§céjj'7'5 lahd the

bit 50 shown in feac the present invention are
descri bed Ier eirfader2 77 ehathidna bwzing 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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15 enbodi nents of earth-boring rotary drill bits that include fixed
cutters, other types of earth-boring drilling tools such as, for
exanpl e, cav@darbhooseccentric bits, bicenter bits, reaneCEUSIE/I43669
drag bits, roller cone bits, and other such structures known in the
art may enbody te be forned

by nethods that eﬁ%‘gigﬂgﬁ%%]é?ﬁeg regp rese %"gh‘?a rﬁ%ﬂ‘tsﬁmﬁm BHReifpraned on

the present i nvanhe mnfahagm@mb lsiesdaylzb-ednmra@uﬂangvsﬁﬂﬂaceQ$’p@ﬁhe &Qension 276
certain preferred e%odl ments, those of ordinary skill in the art

will recogni zeEUEhe 55 Sraenlat Breadsar geperplly lnagituguially prienser kexathds; or slings,
addi tions, delghi0nsy FaciRilidCR Ao 92%&%13@@9 b Bt sg&%mt S

may be made W t hout "departing fromthe sto e 1 nvention as
her ei naft e cl ai nedh altemnagictd ietnbodimehis pa mesasﬁtfur@mhunle Tie miag die el tormtyclote

conmbined with 2 fe s .of ile still bein
enconpassed wi %Pﬁm{ %}ﬁg gli?p}’ét @y?k}ée}t ﬁgﬁ‘i‘%ﬁttw@ﬁ‘b £EgngsA %ﬁ@nd
i nventors. Funkdigt bodype4] Dieaipkiatie bﬂﬁreﬂﬁmlméyyoelpﬂmd&éd betRidiSh@bdeERR €76
bits having different and various bit profiles as well as cutter

types. CLAI vgnd fheRitpodyiddd.oBy tisy of tpmeplarind nebbiyniteden. dhe eximeion B36 may be
rotary drill Biclieq bNGuitEhRad: %ﬂfﬁﬂﬁlbﬁ bPBhe extension E‘f FOYhS Ll fe 8 b%'dg g@% I be

of green powder conponents, ast one green
t he plurallilty Cbelﬁtht}p camw:fthgmabcbrmectfcmmﬁlw hliéc@ldsa ﬁ’/‘fbf The dmt&nsiondyﬁ then may be

i tary. st ucpest oo b b@bad B R ISR, SRRERF Bl Ry By DR e Y Thoay

desired final 2ensiby anwéd%réqﬁlneram tAshRehembefatkéerreidd dxlfenbioh D@ and the bit
rotary drill bit; ing an_extension to the bit body after

sintering the bgregH eaﬁihb%ﬁtfy ﬂ@tSP Bxedr @ of e exteRsian 2 tayivaRacg ehaTH geainghide
attaching a shamc.bhatryg &gﬂ%ﬁ%&qﬂ erw atqéats@%?qmouhg ale%ﬁt'ﬂohﬁ% t e

to the extension. met ho mher I n providing a
plurality l&f gﬁ@esnorpbm;d peorpiorEepaaivmmdtieseshody 274 from the extension 276.

Alternatively, a friction weld may be provided between the bit body 274 and the
extension 276. Abutting surfaces may be provided on the extension 276 and the bit body
274. A machine may be used fo press the extension 276 against the bit body 274 while
rotating the bit body 274 relative to the extension 276. Heat generated by friction between

20  the extension 276 and the bit body 274 may at least partially melt the material at the mating
surfaces of the extension 276 and the bit body 274. The relative rotation may be stopped
and the bit body 274 and the extension 276 may be allowed to cool while maintaining axial
compression between the bit body 274 and the extension 276, providing a friction welded
interface between the mating surfaces of the extension 276 and the bit body 274.

25 Additionally, a weld 24 may be provided between the bit body 274 and the
extension 276 that extends around the drill bit 270 on an exterior surface thereof 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

30  process, or alaser beam welding process may be used to weld the interface between the bit

body 274 and the extension 276.
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formng a first green powder conponent conprising a first
conposition; and formng a second green powder conponent conprising a

second conppshdohesgeddi ffering fromthe first conpositionpcr/us2006/@3663he
met hod of claim 2, further conprising configuring the first green

powder conponent to forma crown_region of bj t
green powder conpomgh@ F@F@aﬁigs been agacélﬁgla%c} Fetck}legfto htili 1&? 74 the

conprising a n@iddogs ri@ety% aaaohea &ethereitelhsabnrme @g&&aysﬁ le:@é%ﬁ;ﬁé‘ aﬁcrlsmlhheuon
group consisting of cobalt based | oys, iron based alloys, nickel

bﬁsed al | oys, resbeking ﬁﬁ@dﬁmﬁ@w be@é@uaildlueg@ttmgﬁ@ﬁa%@ﬁ@f hee steel shpals 8§ and
al | oys, r
ys, iron %é%x‘%é%@%htmg Slgegstgelll %18%6%?279 Eﬁ‘bﬂ?% Basads Al Ay qxgeglgggg?]% A

based aI | oys, nmgnesi um ani um base

a plurality ofwdiapd mﬁrlﬁziy(ﬂeQﬁoﬁ&écﬁb&iﬁebnfth@mélhha@.fﬂand@]ﬁlse)Séﬂsi’hg 76 that

di anond, boron carbide,. boron nitride, alumn m |tr and c i des
or borides of SiFRdyRRIY thodrdll Bif 2 HYOmFT spjerier sur "’@0“3-’1?“ thngceg’r"r een

Cr. tﬂ@@te&%%@zﬁ afd BHeMBxFonsibH rzb@erm&tﬁ&’ﬁ{dré'sﬁglef? %@érﬁp bf Bfzing
t he second green powder conponent to forma region of a bit

configured formaiensamyeyit providad Shirekn abiiting ewbives gf %mtﬁgﬁé\ﬁb@ﬂc 2'%/8 and the
component  com .50 Bl Ak kLo Oh BRLLAELESLSOMEkakag, PRl or 2

sel ected fromThe group consi s oys, Tron based

al  oys, niigkel basay aahdhﬁng&m egtehgibi Z”Iﬂ"td t}mbﬁxlheﬂy bats eehoarhl any sepldcementafitie
ni ckel based allo%lé iron balt based all oys
b $o51

,. al d
Al oys, copperstesEetk 415 BHe HAGHITAN BiS éen%ﬂa?’egﬂggplgﬁ?al%ﬁﬁf%ﬁ?%ﬁ]ﬂm are
based al | 0YS. directly at@ehea@@a EI%JE?QU&E&I&IMW fOhfed ﬂ’@ﬂ?&ﬁﬁ'c@m?&%d SRLRAREt e-matrix

green powder conponent further conprises a pluralit har d

particles sel eC@tn@dSlfem@ﬂWllahéu@T@uﬁQr exles thery ﬂod'ifﬁﬁ@ﬁa biti@sbeivn in FIG. 2.
car bi de, boron nitr Wl%?

e St ot | i (<R ey B SRE RSP R 2R 1o

15  embodiments of earth-boring rotary drill bits that include fixed cutters, other types of
earth-boring drilling tools such as, for example, core bits, eccentric bits, bicenter bits,
reamers, mills, drag bits, roller cone bits, and other such structures known in the art may
embody teachings of the present invention and may be formed by methods that embody
teachings of the present invention.

20 While the present invention has been described herein with respect to certain
preferred embodiments, those of ordinary skill in the art will recognize and appreciate that
it is not so limited. Rather, many additions, deletions and modifications to the preferred
embodiments may be made ‘without departing from the scope of the invention as
hereinafter claimed. In addition, features from one embodiment may be combined with

25  features of another embodiment while still being encompassed within the scope of the
invention as contemplated by the inventors. Further, the invention has utility in drill bits

and core bits having different and various bit profiles as well as cutter types.
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CLAIMS:

1. A method of forming a bit body for an earth boring rotary drill bit, the
method comprising:

providing a plurality of green powder components, at least one green powder
component of the plurality being configured to form a region of a bit body;

assembling the plurality of green powder components to form a green unitary
structure;

sintering the green unitary structure to a desired final density to form the bit body
for the earth-boring rotary drill bit;

attaching an extension to the bit body after sintering the green unitary structure to
a desired final density; and

attaching a shank that is configured for attachment to a drill string to the extension.

2, The method of claim 1, wherein providing a plurality of green powder
components comprises:

forming a first green powder component comprising a first composition; and

forming a second green powder component comprising a second composition
differing from the first composition.

3. The method of claim 2, further comprising configuring the first green
powder component to form a crown region of the bit body, the first green powder
component comprising:

a plurality of particles comprising a matrix material, the matrix material 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; and

a plurality of hard particles selected from the group consisting of diamond, boron
carbide, boron nitride, aluminum nitride, and carbides or borides of the group consisting
of W, Ti, Mo, Nb, V, Hf, Zr, and Cr.
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4, The method of claim 3, further comprising configuring the second green
powder component to form a region of a bit body configured for attachment to a shank,
the second green powder component comprising a plurality of particles comprising
material 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.

5. The method of claim 4, wherein the second green powder component
further comprises a plurality of hard particles selected from the group consisting of
diamond, boron carbide, boron nitride, aluminum nitride, and carbides or borides of the
group consisting of W, Ti, Mo, Nb, V, Hf, Zr, and Cr.
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