EARTH- BORI NG ROTARY DRI LL BI' TS | NCLUDI NG BI T BODI ES COVPRI SI NG

REI NFORCED._ T1 TANL UM OR TI TANI UM BASED ALLOY MATRI X MATERI ALS, AND _
METHODS FORCPHRIPNE SuCH BI TS 5 PRIORI TY CLAI M Thi TSR 02275 n
clainms priority to pending United States Patent Application Seri al
No. 11/593, 437, filed Novenber 6, 2006. <I0TECHNI CAL FI ELD The
present invention generally relates to earth-boring rotary drill

bit's, and to met KoUTRIBGRINGFYTARYIDRICH BIES INCRUDING BPF BODISS | |
bits. Mre parti Cébﬁcﬁﬂfglbﬂlﬁf ﬁtﬂfwmﬁ% WnfuhvepalssS t O

earth-boring rotary KF ‘E Fﬁf aAlthME‘f %ﬁbﬁg at
| east a portion thereol substanti ﬁ&:ﬁﬁ%’# particle-nmatrix

conposite 15material, and to net ring such
earth-borigg rotary drill bits. BACKGROUND Rotary drill bits are
~commonly used for drilling bore holes or well bores in earth
formations. Rotary drill bits incl P&ORWO fLARMry confi gurati ons. One
configuration is 20Q,the rol.ler, cone.hit, which conventignall .

i ncl udes three roll }Sa%lr"lcé"bo ‘amsé’d“’a‘h' @LPBB%WUP@ sset{’]tﬁ%faqwt’%’m}caf%m
a bit body. Eadghanw.l18r50828E fil&l Newthibgrs ©d0s0 spin or rotate on a
support leg. Teeth are provided on the outer surfaces of each roller
cone for cutting rock and other earth formations. The teeth often are

coated w th an abrasive, hard ("h (g erial. Such materials
often i ncllﬁde tungsten carbide paﬁ%ﬁg@%hﬁ%er sed throughout a
netal alloy matrix ThapREéminvetidrosenahily fllates th REEPb@HpE6tad/ RilI¥iRYrdad
on the outer surfaces of each roller cone into which hard netal

inserts are sdeqtiedg of mapufpciitingsuchtopithrho@ngeaiotany grill pits. sMpte particulanlyethe
t hese inserts L SE, [ rial for . onded
to a netallic Pﬁ%ﬁggé"}ﬁ té&l %ﬂggﬁg\%@%%%r@% ?‘Pkﬁ’tﬁ&ln@%ﬂgagmgﬁg%%{ho Ya
bore hol e suchatihght lebs arpotticar theresfesibabntialla gainis lof & PertieRrhdirid Qomposite
formation to be drilled. As the drill bit 1s rotated under.ap_glied
wei ght on 18i t mateial,apgl fometbegied magpfacigipg suchiepth-Sopnegetarydrill bits.
formation, and the teeth crush the underlying formation. -2- A
second primary configuration of a rotary drill bit is the
fixed-cutter bit (often referred toBACKGROUNEG' bit), which
conventional Iy includes luralit f cytting. elenments secured . to a
face region of a b#t%@lﬁwgﬁ(@?ﬂfsﬁg%&ﬂ? ﬁ“ﬁgogﬁ'@%%%ﬁ%@f’@mem
fixed-cutter typfidhd. IRotdy ArilBYEnQLAR, phinfPlonBRaARore! Ofe configuration is
substantially cylindrical” shape. A hard, 5 ’superabrasive matglﬁl a(l),
such as nédfualtherobiersdrsbij whichcheentidnallp inghudysthek tallaecodésammmttd onsuppbe

provi ded on a,substanti all L.r.cul a nd.surface of each cuttin

el enent to préﬁﬁsgléaagﬁg?ffﬁ?'ﬁﬁ%émqgﬁbggc GHSF cent isicﬂ’bé%]feglrmﬁl?‘g Oéfoé‘g%?rf &n
referred to asuppoed ¥€r Yedudhieipiévigidasinne ogtenitafabes of RR® rofiéHdoRé for clififg
cutting el ements nay be fabricated separately fromthe bit body and

are secured wir¢tki #dskatspsh fosmatiens; nlherecth gftar am poptad evitbfant dbeashyet hard
body. A bondi jal nesSi b, al . he
used to securg‘q}aﬁ%&‘gﬁ?i%ﬁg e eansg]r?ﬁgn fﬁgljﬁq%gﬁg? ?ﬁ%'gdgy&g e #alrl%é%gg% c@%r
drill bit 26ny dispepsedtechghoutaa bt diloy enaitic matdial. Alkenatively] Rgephciarest s
abut agai nst the_(;eeﬂrth formatigg to bgbdrilled._ As the drill bit is

rotated, the PMRMIAPheRUAT wriaessgisachroblescongdnte ydugh hagd jetah mserts are

surface of thgedhpdieh! pirRhd 8&{@% El@ﬁentgﬁ-ﬂg@orgé insRAEH, BesePinbsHornpfitd b!

bit of either primary configu ion may be secured,
superabrasive material formed on and bonded to a metallic substrate. The roller cone

dnll bit may be placed in a bore hole such that the roller cones abut against the earth
30  formation to be drilled. As the drill bit is rotated under applied weight on bit, the roller

cones roll across the surface of thé formation, and the teeth crush”the underlying

formation.



as is conventional, to a hardened steel shank having an Anerican

Petroleum Institute (APlI) threaded pin for attaching the drill bit to
adrill stWOrgU i dri1l string includes tubul ar pi pe HdUSHYHEMt
segnents coupled end to end between the drill bit and other drilling
equi pnment at the surface. Equi pnment such-2as a rotary table or top
drive may be 20 used for rotating the drill string and the drill bit
Wi thin the bore holgsecild ity torBiotratibh6r SYOBRKAN bit 9 thedfrkd-cuttdr bit {Ghen
be coupled directly to tHe drive shaft of a down-hole notor, which

then may be ugefdmtdtornst ddreg’tth), which doniéntionally includghweplimialitylobehytingfelements

rotary drill bit f or.med. f.rqom,stgel . ernati vel t bi.t

body ay be. 1 PR PAHeIoHER et e SroereiBribE G ike s ot Togaper
particl e- mat ritgpe &l 6RKBRSEher A8iR chapeSor GAMYAMTaNP it Ghyde RatAd,
tungsten carbide particles randomy di spersed throughout a copper or

copper - baséd abpargbrasive matenalt wch ey mytgélivdhonded partides af polysrystallibé didmond,
material). Such hit bodi es conventignally are farnmed. by enbeddin
Steel bl ank i TR IGRBEHe 3P i M By Sl e BRGET Shth RElrBre
and i nfiltratigigviddecud@igsudeabech chRtiEleRMehR hrdiofBn FERRE ok “MlydBystalline
mol ten copper or copper-based alloy material. 30 Drill bits that have
bit bodies f ordigsepridrcompeaetd (PIMarauiterse Thacutiing dempisinaebafabrigated) separatgly
may exhibit increas enosion_ and . resi stance,. hut | ower. strength
ana toughness Tt oy gidis Rt Fahi kS BRRE indon iR ot A Bl
As subt er naneandglr Albohdigg 6RRGL Jueh 8s AN HiheREEdr@BR Lo PREPHEuRY &F sdiBree
rigorous, there arises a need in the art for novel particle-matrix
conposi t e nat dhg tiing demaniste thabibhadybdhe Bxedogutiendri} hit may b¢ pla¢eddn a here
exhi bit enhan ' : L es.and . b sed. 1 9.t nproye
t he perfor rrangjgfgosg ag%lfltﬁﬁé ?)"gtﬁrf eger“?%l Sa'{lP @‘ a%?llk%}?ﬁebeigﬁg .for%ﬁ*i?ﬂ_tegfﬁgie@&?ﬁﬁ
| NVENTI ON | n cifidl bérth adated; e, cutting e[efrR AR Bérapd aoiith kil shesiGhwdd €% saiflace of the
earth-boring rotary drill 10 bit for drilling a subterranean
formation. Théngerme fgrmatione| udes a bit body conprising a
particle-nqgtrix co i LAl i -Iﬁ\’i . s
particles rrgr regi o@gg%tggd rs%ggt%ﬁggggﬁlggi&hgrﬁr.{%ﬁ%m o%fnog%a?be secured,
titani um baseds &l doayemiahal] to atmtdenedsteel Tk davibg ad Ametivart Peerolauncinstitee

rbod ent -t NP B it ArcOipe e R tot AP DY STRERS s
drill bit conpitubdrpthean®duiRdys hid Yoip1 8] dhbi % éﬁ%emeeﬁgﬁyﬂg?it?@é&ﬁ@

differing material conpositions. "For exanple, the bit
drill bit may doliigedeipment at the snfapeoBquipmintguch dsarstarytableoritay drive may be

Chat di 112Ds At RERE ettty PR gy SO R S hie hele, S0l B
conposi ti on NefankuFioRilFbiPhby B¢ éduple@lirbalydo B drive kIRTt d¥fa doREIHIRSmotor,

di spersed throughout a 20 titaniumor titaniumbased alloy matrix
material, and YWk Berpaybemated o wiatebggalibiti on may conprise a titani um

or a titanium base i al... RLUrahkity,.o .

cutting struct ures%ngéitg%d@ég%%rggngﬁffé} k g%@égd f(g?mts{?gl ) %‘litf’m é%‘ééy.’ the bit
In yet anot hebodyinagbertonined frivd apagiishatrii\compbLie maiéall AR shpafelchastrief
form ng ar% earth-boring rotary dril] bit. The nmethod jncludes

provi di ng2a greBROSSRsiasconysRYS R ing Bdshard fungsten earbidepartiglesymndpamly
particles and i i ( rh1Sd i !

T ani um based B o rophofta oBHct bfcopsoraalia o) Bl b A B rfepad o
green powder @oppbmded’ naterfaby riush bittbobiss yorventpmialy arg farmed by embedding a

Co & ari 11 st PeRbG SeAeslT SR PaR PR Pl PHUTHA Foklofiyl inhliging e

particulate tungsten carbide material with molten copper or copper-based alloy material.

30  Drill bits that have bit bodies formed from such particle-matrix composite materials



The features, advantages, and additional aspects of the pr esent
invention will be a parent to those skilled in the art from

consi deratw&?“‘g’f""?ﬁg fol | owi ng detail ed description Con%@l{ﬂ'é%%ﬁm?%ﬁ
conbi nation with the acconpanyi ng draw ngs. 5DESCRI PTI ON OF THE
DRAW NGS Wil e the specification cgdacludes with clains
particularly pointing out and distinctly claimng that which is

regarded as thg, gpﬁr ﬂ)‘?ﬂherbﬁ‘é&@ttobl@ﬁ'an&Qf@ﬂﬁ%XﬁaﬁE@%ﬂowrEtFEn h'aaa%&%pﬂé;ﬁe

may be nore readily ascertained from OW ng description
i nvent i on wherrelatregitoidnilldats having stesl bitibbdies.he acconpanyi ng drawi ngs in
which: 10 FIG 1 is, a rtlal ss-sect.ional, side view,of an
eart h-boring rotarys d?lﬁﬂ frragean ﬁ‘ﬁ@f‘ %HP@SW%&WP%@“%P"% GYEsBAtE

i nvention and rig%?dddclﬁ&e%&bﬁnSE&%Yth%‘&H%r‘n%\rél?an%cR%ﬁthﬁ iR 6 nbterals for
COITpOSI te materi al IS a par cross-sectional siIde

vi ew of anét hesse Eelit bodiesrdf mofanyairiflrbjts dhrat Exhibit enhiahert] phpdicad pepertienartd thays

of the present vention and i.ncludes a bjt dy. conp ri.s 15a
particl e- mat riX gbe é 'glpf’fﬁ'Félﬁpa?ugmanceolk—?a@g%oéﬂg hé’ﬁ?ate one

exanpl e of a net hod that may be used to formthe bit body of the
earth-boring rotary drill bit showm in FIG 2; FI GS. 4A-4C
illustrate another exanpl e ofDISCHESHBE QE}'&HEerVHhE"IObIed to formthe

<2 36 W ow ot BRI ) bbb iR Bl g o0
cross- sectiigonalit fut (ﬁ’m:ﬁ)é aédlbﬁm‘%ﬂ@ﬂ'forﬁﬁﬂm THe drillBit iRclhd¥s 8 BitBbNEERRIHLAN

| i ne 8-8 shown therein; FIG 7 is a cross-sectional side view of
yet another bipartisiamairiagomnesita material having & [pburality rafshae prtiglies er regions

material and t h| n ent .i.nvent.ion;, 25

8 is a cross- s{:%% %’@?&H\gﬁ é%ag gfsjn@mblo} aeils aﬁmf: ?ﬁ&ﬁéﬁﬁlb%
al ong secti on fhithe uiuhdkg)atsbasmetdnarngls&ucmdm aface df‘kl@bxﬂndd?. a
cross-sectional side view of still another bit body that I ncludes a

particle-matrix compaiithes cripdimenl therpresepidnventipn cailes ememthrigsing fotatye

-Fl)_II:’I 2 > Ie :1|t u IS D:S:.?It ons tp(f’oé@)e n% er GF %Bﬁm#h& %gxkﬁg%ﬁ\% ’lg\lgll?l%t\?\gal

of any parti cubswpositdsr i o exapplartat bﬁ ,body ofrthichipill, bibihay icudeey fisyregion
i deal i zed representations ich are Io ed to describe the present

i nvention. AddRYPERist matep n@W@S’E‘B ‘ill aSSE‘EfE’EiWS%‘H" fayng és"‘eﬁ%?‘ Pegin
the same nUfTErcbﬁ@bs:ﬁ'@rﬁ KPR froy"ﬁlei ﬁ{sggna%ﬁ?@om itfbhC A THE 't m B4

unsi nt er ed. term"green as us erein means an
unsi ntered st rcampmleornnamnclgder@lmablywrf bard pgmolfes chiregioetdispessed thedughout a

hel d together a_bi nder te he st r re having a,.size and
shape al | é%ﬁ%" PLi A ’i“rgl? alﬁymai%‘aﬁfﬁ“ éllﬁsgccf“gr"%ﬁ%r@?f“ﬁn%moan
earth-boring dkd cbmphgeafmmﬁ)bea fhRiufLbEE& A?M%%&%%H%Ftherﬂﬁ%lﬁﬁ&}alﬁw&g
processes including, but not limted to, ining and densi’fication
cuttmg structures may be disposed on a surface of the b1t body.
In yet another embodiment, the present invention includes a method of forming
an earth-boring rotary drill bit. The method includes providing a green powder
25  component comprising a plurality of hard particles and a plurality of particles
comprising titanium or a titanium-based alloy material, and at least partially sintering
the green powder component to form a bit body comprising a particle-matrix composite

material. A shank configured for attachment to a drill string may be attached directly to
the bit body.



The term "brown" as used herein nmeans partially sintered. The
term"brown bit body" as used herein neans a partially sintered
structure WQ&B?W‘?W% a plurality of particles, at | eastPSOIRFYHYZHRAT ch
have partially grown together 15 to provide at |east partial bonding
bet ween adj acent particles, the structurd-having a size and shape
allowing the formation of a bit body suitable for use in an

earth-boring drill TheFeafui@Mdvagtasds! 4h@kidiBoftY aspeits SOHEPYeseHBIRENAGH Wil H2d
processes including, but not limted to, machining and further

densi fi cat i on.apBrrewrioshesetskilled 5n gy atb drofroa censideyationorf tha Sotjovdng detailed
tiall interi bit dy. 20 d h i the t
Pt eri - comairbienesiidEia s kanSition A pE AGoupEngre dmtnes

m crostructure of a material. In other words, nmaterials having the
sanme chem cal conposition but a different mcrostructure are
consi dered5t o have differ ent DESCRIPHONORIdH PRAVEINGHe term

"sintering" as useq, herein neans densification.of a particul ate 25
conponent i nvol vi n%lgen@\?_ﬁ’ecbffacaﬁ?n F%%?l‘{de%wbthr@ar'@ﬁ pﬁ?lcﬁﬁ%y BB‘PE@? oft and
bet ween the stdutintihgclpiaiifg BhewhicRcepRad AdhdreSRE indkRDA) the aiANRGE of
wi th coal escence and bondi ng between adj acent particles. An

eart h- bori ng rtlis drvgniden mpy bg monereadilytaseeripivgd &om the Eliomdsz dsscrittion of the
present invent,] -] o) j.n AL drill bi.t 210 includes a bit
ody 12 compr T SRR el il e Ricompaie BrinkS ¥Rt

i ncl udes aopl ural i F¥GAfis hpartlalphasgedbiondl site @RwIT ah €8ihtdsinghotRRdrfiEsl that
t hroughout a titaniumor a titaniumbased alloy matrix material. The
-6- hard phaseémbadies égaghingsy of, gipsssentapyentipy apd Inchidena bitdhpsly comarising ey
are rel ativel der, unding titaniumor a

titanium base?agﬁf%ﬁatﬁg??ﬁgwn%tnz#%%# In some enbodi ments, the bit
body 12 may be predd®iiaatphiiaaoprsesittialdide View pharottet earfiiiorink rotary drill
conposite material 15, which is described in further detail below.
The bit body P thaigmBodies trackingpekfhe presenhipyention paghrcinges akgfibefy eamprising
formed fram stegicA i eoiB6d Anerican PetroleumlInstitute
(APl ) threadedq%i n 283forc°}§?§éa{%%?ar§%ﬂ}l’he drill bit 10 to a drill
string (not shown) FIGH&Ab3killbxite ab2 exanypldef aseahodtbatahayde sed td forrh b bit

shank 20 by, for, e | e,. USi ng _ong. Qr.. nore.r i.ning menbers 46 in
conj uncti on ity Bﬁgg?ﬂﬁ"%ﬂ’,gé&awe“&]&ibim&g I‘H?@&ssed in further
detai | bel ow. 10As FRXWA-L0 ilftksGate hnoth&i@xihble BPShehadd BBY mal 55 4B MoRES
or blades 30 that are separated from one another by junk Slots 32.

| nternal fl ui dhphiteedyohrthesanlr-bapye wianeddll bie shevanintBhe. 3;ace 18 of the

bit body and a i tudinal bore,4Q, .which ends through the

st eel sha#é 20 andllchak?'g% ltégg{de%g:ﬁ‘?{; ﬁhﬁ%ﬁo‘o"f}é%l:ﬁé’bit body 12. In
sone enbodi ments, BUZz6 ¢ i bRes-beatidmdivieshofuh: sHak DOwAria\FIges takden aliwg
face 18 of the bjt 15body 12 within the internal fluid passageways
42. The df§top hﬁth"gl%OWﬁ@@F%@SI ude a plurality of cutting
structures on the ] : . : g .
limtation, a plur gﬁﬁ/kﬁ E‘g%[%@%‘@%ﬁ?%ﬁgﬁﬁo@ egéo%hg@? tt}(alglff&)ludes a
cutters 34 nayatiielegnatvik dedpasite maeHalahd thhenibodideisachithes afthspressnt invenfdis.

1. The PDC_cutters_34 Jjtay be provi ded al t he bl ades, 30 within
pockets 36720 fornggc‘iglasta‘rﬁosisasﬁgmf ‘G?Wf’ﬂgj%&"t 9y dhovimin Kl 7 taken glong
supported frompdphnng 1tobdd GRS ampB, Which may be integrally
formed with the bit body 12. The particle-matrix conposite

material 15 of theFE#td isodgrosiRectiopal sidd vide of spll ancthértbjt Ipfdyhbat dnghlvies e
{1 Cant um based SEI<Se i RTR G paPg At Byl cuihobiss RRites P Sprgeeptpvention

limtation, the hard 25 phase regions may be formed froma plurality

of hard particles, and may conpri se between about 20% and about 60%
by volune of the particle-matrix conposite nmaterial 15, and the



In sonme enbodi ments, the particle-matri x conposite material 15 of the
bit 30 body 12 nay conprise a ceram c-nmetal conposite naterial (i.e.,
a "cernet "X’M%’iﬂl’iﬁsf In other words, the hard phase re%qTéﬁsbz"(H(”gnh
particles may conprise a ceramic nmaterial. -7- Ti t ani um has
two allotropic phases: a hexagonal cl ose-5packed a phase and a
body-centered cubic 13 phase. In commercially pure titanium the a
phase is stable at tepr@DE@mm:ﬂmmgto@ﬁ%ﬁEmmrmﬂe 13 phase
is stable at tenperatures between about 882C and the nelting point of
about 1668C of conrhedllugitijonsupresenied deraimpresnoyamdaniuty ke aatumh tviewsanfeany

been identified._that . be di ssol ved i itaniumto forma solid,.
S0l Ut onand FHUC LA o TPRERE et e el e oaom Aoy S
the phase. E'a@fﬂ@x!ﬂf:ﬁay&&‘ﬁi d&scAbd kHeZfredce irveivAS €A AdiBodaBl CEIeMBhts Qointhon
the art as a stabilizers, while elenents that stabilize the phase
are referréd tbgtwaen figureamay sgiain thespine npeserical gesignatiempl e, al um num
gal I ium oxygen, nitrogen, and carbon .have been identified as a
stabilizers, and 185'\93%%5[?5{1 o Sﬁ‘g@“g lﬂrﬁ'eaﬂ?%%ﬁ&i ron, chrom um
and ni ckel have bedmeitelgnt et BitdodySaalistd h&eH meRPaChRIREES structure
including tin and zinc for _exag{ql e, enter into solid solution with
titani um do neempriging faj punalityyofsdisasete ipaicles haldrtogdiker dyphbigderonatetia, the

Ol amont s, var FpRuneaE oEaldSh e oy bl oREth Bha ety Wibore duvenin

one or nore a ahSeafth-dbiihg 461 it PHE Y stARbRe by st¥sdliehi MefFTact@iil Hbcna
or nore neutral all og ng el enents. These titani um based all oys are

convent i onal | ynudieg &pt nal himited &, mpghingiggnd dengificaionoys, near al pha (a)
al I oys, netastable (c I , at+ all oys, or
titanium al um ni deﬁgmhé%fgégyegrhggﬁ %Sﬁg%ﬁ%ggégéﬁegys that are
solid solution str &hgtdmari®cbviaybit belyadshided hereiaf meéans b phiiblly fitsred R @bire
neutral all oyi nl%ael,emants., Near a] pha, al |l oys include 20 spmall amounts

(convent i onal IMBEEHRBRAUEANH{RT PaTtigles ablsatisorme alivdnshchasepartigily srown toggther
of 13 stahili : : i 0L i : )
(al phaai 1y) Py EEasPHR0R bBN Y S B AdBEr BFHBES BRIk B dfiSSiae
beta al | oy) i rand flept abavingiherfamation piia kit badytsasdbddioeudedh an edrihetyosing drill
conventional ly.incl ude betwen,about 10 and .about 15 atofm c percent
Stabi i zers afl LG HFHERE Py oD T U BESUT BB pR Sk pitBe s ifed
phase 25 at rqidimey aldfiRtheB@dmifRhtiAY SBicWa! Bl Bodits hbf be MmREBYNEd
of 13 stabilizers (e.g., about 30 atomic percent) so as to rendef the
13 phase st ablegaraplespastinlly simpringagreen bit-body.| oys i ncl ude signifi cant
amounts of,nboth thg_a phase..an 13 _phas e.g.. the a phase and
t he phasgocorrpri sgsaP&PegegFlﬁag%%? g%oo ayen\'c}glcé%ggsbqo"t RN )Shem'cal
Ti t ani um al umcomgesti@r smdoaradroctuichsf a mitefiare tabihbcwedsnastagss Tavddlthe
(often referred to, as the a2 _p,hasegTﬁand 30Ti Al (often referred to as
the y phase). Samgchemical compogitipp buhs Jtiterent; Bicestragiureire sappidered to have
i nventi on, th%if?e%r%rﬁ%a%ﬁa%onﬁ)ﬁo%ﬁﬁahym based matrix material may include
an a+ titaniumalloy. For exanple, the titaniumor titani umbased

mat ri x material na{fhé neahudsntating’ e as usedblxtin Sdeans Wengfidatipe rof @nparticulate
titanium _approximately 6.0 wei ght .percent al um _num and )
appr oxi na?gl y cgmpoRgat ﬁﬁgff’l"b’@yr@@ﬂ aqgf\?'é{‘?%iad’ﬁf'@&f eRqrEsyRetueen the stating
referred to i ?aﬁﬁa&s @dcborAganied b %Iﬂt\igtglrcoﬁbih@(ﬂwﬁﬂl J:&ﬁaence%ﬁﬁhondingtbetween

titanium based alloys may further include at |east trace amounts of

at | east one eéfjaginhpartidlgper, iron, and carbon. In sone enbodi ments,

the titaniumor titani based .nat i eri al i ncl ude ut 89.0
wei ght percent tit & ﬁﬁﬁﬂ%b@pa_g Totghy @Ek%o%ﬁ%@%ﬁemngﬁé&?gﬁﬁeé%
about 90. 0 weiighkhtifReisGhswn in Bitput, Bheldritebig ho i&ﬁd@@ﬂ%it%dﬁlm%ﬂﬁmin@ad

about 4.0 weight percent vanadi um Table 1 bel ow sets forth
various eX8nplPagicomegkpeapasitematespl 1ithatinchidesmplamalivip€hard nhasepayticies or

regions dispersed throughout a titanium or a titanium-based alloy matrix material. The
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hard phase pargicles orregions are “hard” in the sense that they are relatively harder than
the surrounding titanium or a titaﬁium-based alloy matrix material. In some
embodiments, the bit body 12 may be predominantly comprised of the particle-matrix
composite material 15, which is described in further detail below. The bit body 12 may
be fastened to a metal shank 20, which may be formed from steel and may include an
American Petroleum Institute (API) threaded pin 28 for attaching the drill bit 10to a
drill string (not shown). The bit body 12 may be secured directly to the shank 20 by, for
example, using one or more retaining members 46 in conjunction with brazing and/or
welding, as discussed in further detail below.

As shown in FIG. 1, the bit body 12 may include wings or blades 30 that are
separated from one another by junk slots 32. Internal fluid passageways 42 may extend
between the face 18 of the bit body 12 and a longitudinal bore 40, which extends
through the steel shank 20 and at least partially through the bit body 12. In some
embodiments, nozzle inserts (not shown) may be provided at the face 18 of the bit
body 12 within the internal fluid passageways 42.

The drill bit 10 may include a plurality of cutting structures on the face 18
thereof. By way of example and not limitation, a plurality of polycrystalline diamond
compact (PDC) cutters 34 may be provided on each of the blades 30, as shown in
FIG. 1. The PDC cutters 34 may be provided along the blades 30 within pockets 36
formed in the face 18 of the bit body 12, and may be supported from behind by
buttresses 38, which may be integrally formed with the bit body 12.

The particle-matrix composite material 15 of the bit body 12 may include a
plurality of hard phase regions or particles dispersed throughout a titanium or a
titanium-based alloy matrix material. By way of example and not limitation, the hard
phase regions may be formed from a plurality of hard particles, and may comprise
between about 20% and about 60% by volume of the particle-matrix composite
material 15, and the matrix material may comprise between about 80% and about 40%
by volume of the particle-matrix composite material 15.

In some embodimeﬁts, the particle-matrix composite material 15 of the bit
body 12 may comprise a ceramic-metal composite material (i.e., a “cermet” material).

In other words, the hard phase regions or particles may comprise a ceramic material.
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Titanium has two allotropic phases: a hexagonal close-packed a phase and a
body-centered cubic p phase. In commercially purel titanium, the o phase is stable at
temperatures below about 882°C, while the B phase is stable at temperatures between
about 882°C and the melting point of about 1668°C of commercially pure titanium.
Various elements have been identified that may be dissolved in titanium to form a solid
solution and that can affect the stability of either the a phase or the B phase. Elements
that stabilize the a phase are referred to in the art as o stabilizers, while elements that
stabilize the B phase are referred to in the art as [} stabilizers. For example, aluminum,
gallium, oxygen, nitrogen, and carbon have been identified as a stabilizers, and
vanadium, molybderrum, niobium, iron, chromium, and nickel have been identified as B
stabilizers. Some elements, including tin and zinc for example, enter into solid solution
with titanium do not significantly stabilize either the ¢ phase or the B phase. These
elements may be referred to as neutral alloying elements.

Various titanium-based alloys may be prepared that include one or more a
stabilizers, one or more P stabilizers, and/or one or more neutral alloying elements.
These titanium-based alloys are conventionally categorized as either alpha (o) alloys,
near alpha (o) alloys, metastable beta (B) alloys, beta (B) alloys, a+p alloys, or titanium
aluminides. Alpha alloys are single-phase alloys that are solid solution strengthened by
the addition of 0’: stabilizers and/or neutral alloying elements. Near alpha alloys include
small amounts {conventionally between about 1 and about 2 atomic percent (At.‘ %)) of
P stabilizers. Near alpha alloys may include primarily o phase (alpha alloy) with some
retained B phase (beta alloy or metastable beta alloy) in the final microstructure.
Metastable beta alloys conventionally include between about 10 and about 15 atomic
percent [} stabilizers and predominantly comprise metastable (non-cquilibrium) B phase
atroom temperature. Beta alloys include sufficient amounts of p stabilizers (e.g., about
30 atomic percent) so as to render the P phase stable at room temperature. a+p alloys
include significant amounts of both the a phase and the B phase (e.g., the o phase and
the B phase comprise at least about 10% by volume of the alloy). Titanium aluminides
are based on the intermetallic compounds TizAl (often referred to as the o, phase) and

TiAl (often referred to as the y phase).
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approximately 6.0 weight percent aluminum, and approximately 4.0 weight percent

5  vanadium (such alloys are often referred to in the art as Ti-6A1-4V or Ti-64 alloys).
Such titanium-based alloys may further include at least trace amounts of at least one of
tin, copper, iron, and carbon. In some embodiments, the titanium or titanium-based
matrix material may include about 89.0 weight percent titanium (e.g., between about
88.0 weight percent and about 90.0 weight percent), about 6.0 weight percent

10 aluminum, and about 4.0 weight percent vanadium.
Table 1 below sets forth various examples of compositions of a+p titanium
alloys that may be used as the matrix material in the particle-matrix composite

material 15 of the bit body 12 shown in FIG. 1.

TABLE 1
a+f Alloys
Example Approximate Elemental Atomic Percent
No. Al \ Mo Zr Sn Si Fe Ti
1 6.0 4.0 _ _ _ - _ Balance
2 6.0 6.0 _ . 2.0 - 0.7 Balance
3 4.0 _ 4.0 _ 2.0 0.5 _ Balance
4 225 | 4.0 _ 110 | 02 B Balance
5 6.0 _ 6.0 4.0 2.0 - _ Balance

15
In additional embodiments of the present invention, the titanium or
titanium-based matrix material may include a beta (B) titanium alloy or a metastable
beta (B) titanium alloy. Table 2 below sets forth various examples of compositions of
beta (B) titanium alloys that may be used as the matrix material in the particle-matrix
20  composite material 15 of the bit body 12 shown in FIG. 1, and Table 3 below sets forth
various compositions of metastable beta (§) titanium alloys that may be used as the

matrix material in the particle-matrix composite material 15 of the bit body 12 shown in

FIG. 1.
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TABLE 2
Beta () Alloys
Example Approximate Elemental Atomic Percent
No. Al [ Nb | V {Mo| Zr | Sn | Si | Cr | Fe Ti
6 1.5 | | 68| _ 3 B | 4.5 | Balance
7 3.0 _ 1100 _ _ _ _ _ | 2.0 | Balance
8 _ _ _ | 115 6.0 | 45 _ _ _ | Balance
9 30 | 26 150 _ 102 _ _ | Balance
TABLE 3
Metastable Beta () Alloys
Example " Approximate Elemental Atomic Percent
No. 1 Al|Nb| V Mo|2Zr{sn|si|c|Fe|W]| T
10 _ _ {350 _ _ _ _ 150 _ _{ Balance
11 _ _ _ 400 _ _ _ _ _ _ | Balance
12 _ _ _ 1300 _ _ _ _ _ _ | Balance
13 _ _ _ _ _ _ _ _ _ 30 | Balance

In yet additional embodiments of the present invention, at least a portion of the

bit body 12 may comprise a titanium or titanium-based matrix material that includes an

alpha (o) titanium alloy. Table 4 below sets forth various examples of compositions of

alpha (o) titanium alloys (including near alpha (o) titanium alloys) that may be used as

the matrix material in the particle-matrix composite material 15 of at least a portion of

the bit body 12 shown in FIG. 1.
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TABLE 4
Alpha (o) Alloys
Example Approximate Elemental Atomic Percent

No. | Al |Nb| V |[Mo| Zr | Sn | Si | Pd | C Ti
14 _ I _ _ _ _ 0.2 _ | Balance
15 5.0 _ _ _ _ 2.5 _ _ _ | Balance
16 8.0 _ 1.0 | 1.0 _ _ _ _ _ | Balance
17 6.0 _ _ 120 |40 | 2.0 _ _ _ | Balance
18 225 _ 1.0 | 50 | 11.0| _ _ _ | Balance
19 6.0 _ _ 05 | 5.0 _ 1025 _ | Balance
20 6.0 | 0.7 _ |1 05|35 | 40 |035] _ | 0.06  Balance

10

15

20

Titanium-based alloys, similar to the examples set forth in Tables 1-4, are
capable of exhibiting ultimate tensile strengths in excess of 1,000 megapascals (MPa),
fracture toughnesses of greater than about 100 megapascals-square root meter
(MPa-m"), and hardnesses of greater than about 350 on the Vickers Hardness Scale.

Any titanium-based alloy (in addition to those alloys set forth as examples in
Tables 1-4) may be used as matrix material in the particle-matrix composite material 15
of bit bodies that embody teachings of the present invention (such as, for example, the
bit body 12 of the drill bit 10 shown in FIG. 1).

In some embodiments, at least a portion of the matrix material of the
particle-matrix composite material 15 may be thermally processed (i.e., heat treated) to
refine or tailor the microstructure of the matrix material and impart one or more desired
physical properties (i.e., increased strength, hardness, fracture toughness, etc.) to the
matrix material (and, hence, the particle-matrix composite material 15), as necessary or
desired. By way of example and not limitation, at least a portion of the titanium or
titanium-based alloy matrix material may be in an annealed condition. By annealing the
titanium or titanium-based alloy matrix material, the fracture toughness of the
particle-matrix composite material 15 may be increased or otherwise selectively
tailored. As another example, at least a portion of the titanium or titanium-based alloy
matrix material may be in a solution-treated (ST) condition or a solution-treated and

aged (STA) condition. By solution treating and aging the titanium or titanium-based
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alloy matrix material, the strength of the particle-matrix composite material 15 may be
increased or otherwise selectively tailored. Due to the relative stability of the hard
phase (e.g., a ceramic phase), these thermal processing techniques generally may be
carried out on the titanium or titanium-based alloy matrix material of the particle-matrix
composite material 15 without adversely affecting the hard phase of the particle-matrix
composite material 15 and/or the surrounding interfacial region between the hard phase
and the metal phase of the particle-matrix composite material 15.

The hard phase regions of the particle-matrix composite material 15 may include
a plurality of at least one of titanium carbide (TiC} particles, titanium diboride (TiB,)
particles, and tungsten (W) particles. By way of example and not limitation, the hard
phase regions may comprise between about 20% by volume and about 60% by volume
of the particle-matrix composite material 15. In additional embodiments, the hard phase
regions may comprise particles of titanium silicide (e.g., TisSi3 and/or Ti;Si), which
may be formed by, for example, the decomposition of silicon nitride (Si;Nj) particles
during sintering and/or annealing of the particle-matrix composite material 15. In
addition to those specifically recited herein, any hard phase regions that increase the
wear resistance of the particle-matrix composite material 15 and are chemically
compatible with the matrix material may be used in embodiments of the present
invention.

In some embodiments, the hard phase regions may have different sizes.
Furthermore, in some embodiments, the plurality of hard phase regions may include or
exhibit a multi-modal particle size distribution (e.g., bi-modal, tri-modal, tetra-modal,
penta-modal, etc.), while in other embodiments, the hard phase regions may have a
substantially uniform particle size. By way of example and not limitation, the plurality
of hard phase regions may include a plurality of -20 ASTM (American Society for
Testing and Materials) Mesh hard phase regions. As used herein, the phrase “-20
ASTM mesh particles” means particles that pass through an ASTM No. 20 U.S.A.
standard testing sieve as defined in ASTM Specification E11-04, which is entitled
Standard Specification for Wire Cloth and Sieves for Testing Purposés.
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Each of the hard phase regions may have a three-dimensional shape that is
generally spherical, rectangular, cubic, pentagonal, hexagonal, etc. Furthermore, in
some embodiments, each hard phase region may comprise a single crystal.

With continued reference to FIG. 1, at least a portion of the exterior surface of

5 the bit body 12 may be coated with a wear-resistant coating (not shown). By way of
example and not limitation, the wear-resistant coating may comprise a layer of titanium
nitride formed on or in exposed surfaces of at least the titanium or titanium-based alloy
matrix matenial of the particle-matrix composite material 15. The layer of titanium
nitride may be formed on or in exposed surfaces of the particle-matrix composite

10 mateﬁal 15 that are configured to engage a formation being drilled by the drill bit 10. In
additional embodiments, the wear-resistant coating may comprise titanium diboride, or
any other material configured to enhance the wear-resistance of the particle-matrix .
composite material 15. Furthermore, the wear-resistant coating may be strategically
placed on various regions of exposed surfaces of the bit body so as to protect regions of

15  the particle-matrix composite material 15 that may be subjected to relatively greater
wear during drilling. For example, the face 18 of the bit body 12 (e.g., the
formation-engaging surfaces of the blades 30) may be at least partially covered or
otherwise provided with a coating or layer of titanium nitride or other wear-resistant
material. In particular, surfaces of the blades 30 between adjacent cutters 34 and

20 surfaces of the blades 30 rotationally behind the cutters 34 may be at least partially
covered or otherwise provided with a coating or layer of titanium nitride or other
wear-resistant material.

During drilling operations, the drill bit 10 may be positioned at the bottom of a
well bore and rotated while drilling fluid is pumped to the face 18 of the bit body 12

25  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 driiling fluid, which passes
through the junk slots 32 and the annular space between the well bore hole and the drill
string to the surface of the earth formation.

30 Another earth-boring rotary drill bit 70 that embodies teachings of the present

invention is shown in FIG. 2. The rotary drill bit 70 is generally similar to the
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previously described rotary drill bit 10 and has a bit body 72 that includes a
particle-matrix composite material comprising a plurality of hard phase regions or
particles dispersed throughout a titanium or a titanium-based alloy matrix material. The
drill bit 70 may also include a shank 20 attached directly to the bit body 72. The shank
20 includes a generally cylindrical outer wall having an outer surface and an inner
surface. The outer wall of the shank 20 encloses at least a portion of a longitudinal bore
40 that extends through the drill bit 70. At least one surface of the outer wa]i of the
shank 20 may be configured for attachment of the shank 20 to the bit body 72. The
shank 20 also may include a male or female API threaded connection portion 28 for
attaching the drill bit 70 to a drill string (not shown). One or more apertures 21 may
extend through the outer wall of the shank 20. These apertures are described in greater
detail below.

The bit body 72 of the drill bit 70 includes a plurality of regions having different
material compositions. By way of example and not limitation, the bit body 72 may
include a first region 74 having a first material composition and a second region 76
having a second, different material composition. The first region 74 may include the
longitudinally-lower and laterally-outward regions of the bit body 72 (e.g., the crown
region of the bit body 72). The first region 74 may include the face 18 of the bit body
72, which may be configured to carry a plurality of cutting elements, such as PDC
cutters 34. For example, a plurality of pockets 36 and buttresses 38 may be provided in
or on the face 18 of the bit body 72 for carrying and supporting the PDC cutters 34.
Furthermore, a plurality of blades 30 and junk slots 32 may be provided in the first
region 74 of the bit body 72. The second region 76 may include the
longitudinally-upper and laterally-inward regions of the bit body 72. The longitudinal
bore 40 may extend at least partially through the second region 76 of the bit body 72.

The second region 76 may include at least one surface 78 that is configured for
attachment of the bit body 72 to the shank 20. By way of example and not limitation, at
least one groove 16 may be formed in at least one surface 14 of the second region 76
that is configured for attachment of the bit body 72 to the shank 20, Each groove 16
may correspond to and be aligned with an aperture 21 extending through the outer wall

of the shank 20. A retaining member 46 may be provided within each aperture 21 in the
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shank 20 and each groove 16. Mechanical interference between the shank 20, the
retaining member 46, and the bit body 72 may prevent longitudinal separation of the bit
body 72 from the shank 20, and may prevent rotation of the bit body 72 about a
longitudinal axis Lsg of the rotary drill bit 70 relative to the shank 20.

In some embodiments, the bit body 72 of the rotary drill bit 70 may be
predominantly comprised of a particle-matrix composite material. Furthermore, the
composition of the particle-matrix composite material may be selectively varied within
the bit body 72 to provide various regions within the bit body 72 that have different,
custom tailored physical properties or characteristics.

In the embodiment shown in FIG. 2, the rotary drill bit 70 includes two retaining
members 46. By way of example and not limitation, each retaining member 46 may

include an elongated, cylindrical rod that extends through an aperture 21 in the shank 20

- and a groove 16 formed in a surface 78 of the bit body 72.

The mechanical interference between the shank 20, the retaining member 46,
and the bit body 72 may also provide a substantially uniform clearance or gap between a
surface of the shank 20 and the surfaces 14 in the second region 76 of the bit body 72.
By way of example and not limitation, a substantially uniform gap of between about 50
microns (0.002 inch) and about 150 microns (0.006 inch) may be provided between the
shank 20 and the bit body 72 when the retaining members 46 are disposed within the
apertures 21 in the shank 20 and the grooves 16 in the bit body 72.

A brazing material 26 such as, for example, a silver-based or a nickel-based
metal alloy may be provided in the substantially uniform gap between the shank 20 and
the surfaces 14 of the second region 76 of the bit body 72. As an alternative to brazing,
or in addition to brazing, a weld 24 may be provided around the rotary drill bit 70 on an
exterior surface thereof along an interface between the bit body 72 and the steel
shank 20. The weld 24 and the brazing material 26 may be used to further secure the
shank 20 to the bit body 72. In this configuration, if the brazing material 26 in the
substantially uniform gap between the shank 20 and the surfaces 14 in the second
region 76 of the bit body 72 and the weld 24 should fail while the drill bit 70 is located

at the bottom of a wellbore during a drilling operation, the retaining members 46 may
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As previously stated, the first region 74 of the bit body 72 may have a first
material composition and the second region 76 of the bit body 72 may have a second,
different material composition. The first region 74 may include a particle-matrix
composite material comprising a plurality of hard phase regions or particles dispersed
throughout a titanium or titanium-based alloy matrix material. The second region 76 of
the bit body 72 may include a metal, a metal alloy, or a particle-matrix composite
material. For example, the second region 76 of the bit body 72 may be predominantly
comprised of a titanium or a titanium-based alloy material substantially identical to the
matrix material of the particle-matrix composite material in the first region 74. In
additional embodiments of the present invention, both the first region 74 and the second
region 76 of the bit body 72 may be substantially formed from and at least
predominantly composed of a particle-matrix composite material.

By way of example and not limitation, the first region 74 of the bit body 72 may
include a plurality of titanium carbide and/or titanium diboride regions or particles
dispersed throughout a matrix material comprising any one of the «+B alloys set forth in
Table 1, the beta (B) alloys set forth in Table 2, or the metastable beta (B) alloys set forth
in Table 3, and the second region 74 of the bit body 72 may comprise any one of the
alpha (o) alloys set forth in Table 4. In additional embodiments, the second region 74
of the bit body 72 may comprise any one of the a+p alloys set forth in Table 1, the beta
(B) alloys set forth in Table 2, or the metastable beta (B) alloys set forth in Table 3. In
this configuration, the material composition of the first region 74 may be selected to
exhibit higher erosion and wear-resistance than the material composition of the second
region 76. Furthermore, the material composition of the second region 76 may be
selected to enhance machinability of the second region 76 and facilitate attachment of
the bit body 72 to the shank 20.

The manner in which the physical properties may be tailored to facilitate
machining of the second region 76 may be at least partially dependent of the method of
machining that is to be used. For example, if it is desired to machine the second

region 76 using conventional turmning, milling, and drilling. techniques, the material
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composition of the second region 76 may be selected to exhibit lower hardness and
higher ductility. If it is desired to machine the second region 76 using ultrasonic
machining techniques, which may include the use of ultrasonically-induced vibrations
delivered to a tool, the composition of the second region 76 may be selected to exhibit a
higher hardness and a lower ductility.

In some embodiments, the material composition of the second region 76 maybe
selected to exhibit higher fraéture toughness than the material composition of the first
region 74. In yet other embodiments, the material composition of the second region 76
may be selected to exhibit physical properties that are tailored to facilitate welding of
the second region 76. By way of example and not limitation, the material composition
of the second region 76 may be selected to facilitate welding of the second region 76 to
the shank 20. It is understood that the various regions of the bit body 72 may have
material 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.

Certain physical properties and characteristics of a composite material (such as
hardness) may be defined using an appropriate rule of mixtures, as is known in the art.
Other physical properties and characteristics of a composite material may be determined
without resort to the rule of mixtures. Such physical properties may include, for
example, erosion and wear resistance.

FIGS. 3A-3] illustrate one example of a method that may be used to form the bit
body 72 shown in FIG. 2. Generally, the bit body 72 of the rotary drill bit 70 may be
formed by separately forming the first region 74 and the second region 76 as brown
structures, assembling the brown structures together to provide a unitary brown bit
body, and sintering the unitary brown bit body to a desired final density.

Referring to FIG. 3A, a first powder mixture 109 may be pressed in a mold or
die 106 using a movable piston or plunger 108. The first powder mixture 109 may
include a plurality of hard particles and a plurality of particles comprising a titanium or
a titanium-based alloy matrix material. By way of example and not limitation, the first

powder mixture 109 may include a plurality of titanium carbide and/or titanium
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diboride particles, as well as a plurality of particles each comprising any of the o+
alloys set forth in Table 1, the beta (B) alloys set forth in Table 2, or the metastable beta
(B) alloys set forth in Table 3. Optionally, the powder mixture 109 may further include
additives commonly used when pressing powder mixtures such as, for example, binders
for providing lubrication during pressing and for providing structural strength to the
pressed powder component, plasticizers for making the binder more pliable, and
lubricants or compaction aids for reducing inter-particle friction.

The die 106 may include an inner cavity having surfaces shaped and configured
to form at least some surfaces of the first region 74 of the bit body 72. The plunger 108
may also have surfaces configured to form or shape at least some of the surfaces of the
first region 74 of the bit body 72. Inserts or displacements 107 may be positioned
within the die 106 and used to define the internal fluid passageways 42. Additional
displacements 107 (not shown) may be used to define cutting element pockets 36, junk
slots 32, and other topographic features of the first region 74 of the bit body 72.

The plunger 108 may be advanced into the die 106 at high force using
mechanical or hydraulic equipment or machines to compact the first powder
mixture 109 within the die 106 to form a first green powder component 110, shown in
FIG. 3B. Thedie 106, plunger 108, and the first powder mixture 109 optionally may be
heated during the compaction process.

In additional methods of pressing the powder mixture 109, the powder
mixture 109 may be pressed with substantially isostatic pressures inside a pliable,
hermetically sealed container that is provided within a pressure chamber.

The first green powder component 110 shown in FIG. 3B may include a plurality
of particles (hard particles of hard material and particles of matrix material) held
together by a binder material provided in the powder mixture 109 (FIG. 3A), as
previously described. Certain structural features may be machined in the green powder
component 110 using conventional machining technigues 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 powder
component 110. By way of exampie and not limitation, junk slots 32 (FIG. 2) may be

machined or otherwise formed in the green powder componént 110,
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The first green powder component 110 shown in FIG. 3B may be at least
partially sintered. For example, the green powder component 110 may be partially
sintered to provide a first brown structure 111 shown in FIG. 3C, which has less than a
desired final density. Prior to sintering, the green powder component 110 may be
subjected to moderately elevated temperatures to aid in the removal of any fugitive
additives that were included in the powder mixture 109 (FIG. 3A), as previously
described. Furthermore, the green powder component 110 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 a temperature of about 300°C.

Certain structura] features may be machined in the first brown structure 111
using conventional machining techniques including, for example, tuming technigues,
milling techniques, and drilling techniques. Hand held tools may also be used to
manually form or shape features in or on the brown structure 111. By way of example
and not limitation, cutter pockets 36 may be machined or otherwise formed in the brown
structure 111 to form a shaped brown structure 112 shown in FIG. 3D.

Referring to FIG. 3E, a second powder mixture 119 may be pressed in a mold or
die 116 using a movable piston or plunger 118. The second powder mixture 119 may
include a plurality of particles comprising a titanium or titanium-based alloy matrix
material, and optionally may include a plurality of hard particles comprising a hard
material. By way of example and not limitation, the second powder mixture 119 may
include a plurality of particles each comprising any of the alpha () alloys set forth in
Table 4. As additional examples, the second powder mixture 119 may include a
plurality of particles each comprising any of the a+f alloys set forth in Table 1, any of
the beta (B) alloys set forth in Table 2, or any of the metastable beta (B) alloys set forth
in Table 3. In some embodiments, the second powder mixture 119 may be substantially
similar to the first powder mixture 109 previously described with reference to FIG. 3A,
with the exception of the absence of a plurality of hard particles (e.g., titanium carbide
and/or titanium diboride) in the second powder mixture 119. Optionally, the powder
mixture 119 may further include additives commonly used when pressing powder
mixtures such as, for example, binders for providing lubrication during pressing and for

providing structural strength to the pressed powder component, plasticizers for making
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exanples in Tables 1-4) be used as matrix nateria e

particl e- natrlﬁacwvrposme rrat erial 15 of bit bodies that enbody
teachi ngs of the pr, nvention (such as, for exanple, the bi
body 1201 t he dr | ITeEN ! LEERAE TSRS PP ) v R s pabebed e pveed
at least a porgyifBmn Qf 1dabiCsomRe dukPhcd¥Bdreht dbcoffl rEéi'Sh PaIOF itk it EBhy % The
conposite material 15 maybe thermally processed (i.e., heat tTeated)

to refine Or tpdurger lt&mamlscr basersufacags eondiguteddo ﬁamrthmtaelaaalsomnd’f the
ST engt h - har GNEEES ;b s Bd BuBAELer T bt o6 e Rt o
(and, hence, thigiRembish £7 A8 be ﬁbsx@i@ﬁ‘éﬁ%tﬁlﬁth%quw%d dsed to REnOBE BRERLY
of fluid passageways 42. Additional displacements 117 (not shown) may be used to define
other topographic features of the second region 76 of the bit body 72 as necessary.

10 The plunger 118 may be advanced into the die 116 at high force using
mechanical or hydraulic equipment or machines to compact the second powder
mixture 119 within the die 116 to form a second green powder component 120, shown
in FIG. 3F. The die 116, plunger 118, and the second powder mixture 119 optionally
may be heated during the compaction process.

15 The second green powder component 120 shown in FIG. 3F may include a
plurality of particles (particles of titanium or titanium-based alloy matrix material, and
optionally, hard particles comprising a hard material) held together by a binder material
provided in the powder mixture 119 (FIG. 3E), as previously described. Certain
structural features may be machined in the green powder component 120 as necessary

20  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 powder component 120,

The second green powder component 120 shown in FIG. 3F may be at least
partially sintered. For example, the green powder component 120 may be partially

25  sintered to provide a second brown structure 121 shown in FIG. 3G, which has less than
a desired final density. Prior to sintering, the green powder component 120 may be
subjected to moderately elevated temperatures to bum off or remove any fugitive
additives that were included in the powder mixture 119 (FIG. 3E), as previously
described.

30 Certain structural features may be machined in the second brown structure 121

as necessary using conventional machining techniques including, for example, turning



15 desired. By way of exanple and not limtation, at |east a portion
of the titaniumor titaniumbased alloy matrix material_may be in _an
anneal ed c@ﬁdﬁ"?%@ﬁw By annealing the titaniumor ti t ani A HRAEE2ET oy
matrix material, the fracture toughness of the particle-matrix
conposite material 15 may be increased G20-0ot herwi se sel ectively
tailored. As another exanple, at |east a portion of the titanium or
titani um basede@inlqas, 411AB dchXiqiRL 81 EIIliNPREcHI s BafOheld 108R rhdyaidoasd
(ST) condition or a solution-treated and aged (STA) condition. By

sol uti on treatusadjtoamanualyy fogmionshape feahiresrin or on thebrawmstivgiesd1 21al | oy

tri terial, t t t h, of ti -matri i .
mater i al 15 mmy be I OTRE R denapive et EIF T s R BE R g, e
to the rel ati RewsdBifolchod ﬁaﬁﬂéd_fwo\hagtﬂmﬁﬂ@m $h6wh in FIG. 8Drt8 ptdvidehametiny
t hese thernal processing techni ques gener ally may be carried out on

the titani dm dwown bidhpdsi 2esbewn i FISi 5HatTihiesaniary bravel bibhodyHa6 then may be

Phe hard phaseByspRERET bisfr i prip lmbhor e orGioiRh iecliullniiid ™2

the surroundi nflowhiEFIGAE] Ak sihREhOMvEIREVRANTEARNRAR EeniRaRdsT pareity h%in a
e

met al phase of the particle-matrix conposite material 15.
hard phase regdiefyreothe aichysg being sintreedr will doinkodirng thesiafaral pi®esmyA

i nclude a plurgli . t;.. qne titanj i Ti 0
part i cl ce, "t 1 canel Ao Sneb 3ol snds o B SRR FRFubede Db apd g %
particl es.10By du@ivig SihtefiX@ X fre@ulgldidRhsibAdliiraikh@must becdrgitehe® hatbR counted
regi ons may conprise_ between about 20% by vol unme and about 60% by
vol une of the fpavhencdesizgping tooking frpldsidies, ¢iad ermeghinisg fepfyresdustrycomes that
enbodi nents, t ions may conprise particles of
titaniumsili caltp‘glg'gg(até%ﬂhﬁ@gg 3 and/or Ti3Si), which may be forned
by, for exanple, tleaddesmetdnd}thogreal poidet edtiponkiitl20ehowd i3 NIL). 3F may be
particles 15 . durinpg sinteri and/or annealing of the )

parti cl e- mat r i RSCREH{RRITReseRb 81t the green ppwisnremRaRetd 10 pyin in FIG. 3B to
speci ficaljsy rgg | . i L e
noar rest orance T &l Mo, FNV ghgh BuROR ook Bk W pdcRly bIHIERS
chemi cal | y corsputredite awdesined fimal densityx Tod enterfdciahmyrfives 0f diek green powder

enbodi nents of the present .invention. 20ln so emodi nents, .the hard
phase regions Cﬁﬁ\ymh‘%\t/ﬁls"gﬁnf‘ﬂber%?w PW?@?‘H&{W_ @r%a&g’,e%’sgggmde‘n‘)get&r
enbodi ment s, tduginglsihicdni tproREsefams oﬂn@ﬁﬁﬁth’b@ﬂ'tﬁ’é‘@re@i@lﬂit'ﬂ&ﬁ%%ﬁ YR partially
exhibit a nulti-nodal particle size distribution (e.g., Dbi-nodal,
tri-nodal, tetsiterpdhiaA browe hit hodio ddiepingard achigting propessesmimarbe performed on
enbodi nent.g, t . ph reaqj.on hay. substantj.al | ni.f.or
particle s@ze.tﬁﬁg%%glt% @%%gﬁ%%g%%@%é{esﬁﬁﬁg %)t“fnoﬁt,bo? %glelﬂ)l%ygﬁl?vregg
of hard phase toadedind fifalensigl ude a plurality of -20 ASTM (Anerican
Soci ety for Testi ngl_hand Mat erial s) Mesh_hard phase regi ons. As used

herein, the phrase The satengimompesiHopelthe fisbegionds (and therefpre) the compppsition
ass through ' L i i

R ASTM Speci TeR o Bg ot s S AREAN 4 Rl ik S Borfoslon oS

Speci fi cat i on stomd\wWgien W Gnt tencfors] the esmparitichesfithergpebiut poates mixtartA-19

Each of t hard ph i ons ave .a three-di nensi onal shape
that is geter ?‘V’?Q’gﬁgriﬁg{‘?‘{yhr’gé&?‘g‘ﬁgﬁf’%&t Bt?ﬁt}aqlﬁém‘%gﬁﬁﬁk‘?ge‘ﬁ”ngthe
hexagonal , et Gintfrfpldsdesses.e, i n some enbodi ments, each hard phase

region may conprise a single crystal. Wth continued reference to
FIG 1, at |east aThesiniesngprioceskes desctibed hereimmay includexfonentibmsal sinteringid g

12 b ted with -resistant .coati t shown). By way of

oxanpl e and nooTiHAEEr e PRE s BT SRRy FFep e ey

llayer of titanjéeingiproteds Al FRELrRR Pimédiately PRASHS Wi ?s_%ﬁﬁti@ffpr?%ing at
e

| east the titaniumor titaniumbased alloy matrix material of
parti cl e- P8t r ilRMPBHPES | near the eHteingl EMPFREIE Apden grfered dai emsiterHIBR

Furthermore, the sintering processes described herein may include subliquidus phase



30Anot her earth-boring rotary drill bit 70 that enbodi es teachings of
the preseny invention is shown in FIG 2. The rotary drill bit 70 is
general ly @Prﬁ"?SZ‘FI’ﬁBg the -13- previously described rot%ﬁ‘i‘w%f"f"("lz”ﬂ?t
10 and has a bit body 72 that includes a particle-matri x conposite
material conprising a plurality of hard-pihase regions or particles

di spersed throughout a titaniumor a titaniumbased alloy matrix
material. The sﬁﬁédn?. e bthéPworY, dt §i9teﬁﬁ§gfﬂé€ss.@s SRBK cHdu@td thtgﬁﬁeratures
directly to the bit body 72. The shank 20 incl'udes a generally
cylindrical opreximetaitd bittdeiomthatiqudusdmesfitepheseainagram far threematey nfagerial.

The outer wall_ of th hank 20 encl oses at .| east orti of a

ongh tudi nal 58T ST RECBEPERTESE R Bah =t MECRPEY P BPeicRy SR & sy
one surface OfofidiferettRsthMR! knoh tbhﬁ]csmm&n&g SRRY iPfe GRNGcH Wk 9k RAFid
attachment of the shank 20 to the bit body 72. The shank 20 al so nay
i ncl ude a fal Omnidirestianal Gxpipactiore RIGQ) pronesecthie diergront’| proces, hiasrisastatic
attaching the dri.ll string (not shown). One or nore

I I_Elit}{gmt?adr'll
apertures 21 MRy B&( OF AJADIAINT WSS PIOFeSSR | of the shank 20. These
apertures are descBroam, it 9/ 0Bl Flexalfplabhly kel @Mg a green poder Rhipaftivig
72 of the drill bit 70 includes a plurality of regions havi n? ]
di fferent mat ¢id RPCaversesinvelyesspresdytesingthe reex powies campadiet a relatively low

limtation, the bit body.72 A i nc e.a fiLst reaqi 74 havi a
i rst ot eri R SudEatist deuBely it ihdbn SR fdmlBihioe
di fferent 10mt %Eitﬁboﬁ@éfﬁ@ﬁl}uﬁdt.o'ﬂhe reQtidd Bréwn EAGNRETs (AapPRY in Ivahtesld sidheis
| ongitudinally-lower and |aterally-outward regions of the bit body 72

(e.qg., the cr @wphitefilin setl thewown stripderg. g wrapped browsstraetygiedhplzepdrimg

include the f . . i . i e nf i . f.
e e L R, QhichEAINd i Baids oM NEd oORKR S, SAN AL ATliRg s
exanpl e, a pl yulstdntigydbwpafahSpant taddhd of the ABEBSMAS A RMthdigowh Siticales]

in or on the face 18 of the hit body 72 for carrying and supporting
the PDC cut t er Shesgntaingris Reateddp dhe dgsipnd siigring jernpaerapraddichasabaneithy melting

slots 32 y i i . i o] 4 i
The secongg r egﬁgl%}%ﬂeqn?gsh Qi ﬁgfl ‘F}%’e&;ig&?%ﬁgt“?g‘g?rh8%‘3%5[}%%"2%%%%"%“
| at er al | y- i nwdiquidnegmperatuod ofttheenitiik macediyl i the bidwen stractaiet Tk healed 2mtdger e
40 may extend at Jeast partially through the, second region 76 of th
bit body 72. Wlh]_d’erfﬁ@“‘élé&ﬁﬁﬂc»ﬂ’sé@ﬁh O?é\gwt¢wi§a§@eafé Iyt jgmersed
surface 78 t haflersif) i platddaiA R cHaRAlcaPdr i RiR PresS subl aBorkind pidYs, thét it Ghed
the shank 20. By way of exanple and not |imtation, at~|east one
groove 16 may thepplxarasureiimthg moltem edraroiger pelyhamnatdidal oksogtite psescwaivithin
regi on 76,khat, i s.confiqured for attachnent_.of.the bit.body 72 to the
Shank 20, ZPacthegfolftacirdts B o TRR F8 Tkt Cendbigen g Strioesh
aperture 21 exiehowigtrudiirugithd Bevad @mpdRiuesobitlih eheSémtinet0 Thé molten
retaining nenber 46 may be provided within each aperture 21 in the
-14- shank 20 8RB RlMgH sbelass rerteriab atialei teapmit theardsaire arthdgbtowkedifovie

shank 20, the j.ni . , - Di y. 7 V.

| ongi t udi nal ss{erg%l?ﬂgt i@%no Jer, @?tm@%gfg%l%?rptgwgr %?g%&ﬁ%,g gé’ﬁ%&ﬁ%y
prevent rot at itansmifsidrh enellivin tledygh/ Ahidhopressard Bngppliedlithahe atxicturk Hdariag
the rotary_dri]l bhit 70 relatiye to the shank 20. 5l n_sone )
enbodi _meniéé, SHEBE SHRsagerbaghe fﬁ_ﬁ@S? P&FW’&F’P& Fodling. the sinigyedrructure is
predor nant |y eAMRbloSES! fdfn T Berbin] ‘3)'0%65‘,' ¥r SREPARkdrAL T4 GhdiR! detailed
Furthernore, the conposition of the particle-imatrix conposite

materi al may lssplawition tof vlel ROCaproends wnd kuitablereguipiitentfi yhe7 pratticepharedfde

U311 ored physradspatas: FaoNor B0 08, PP AEE3 L oon L RB s 3hhlhn

shown in FI G 436200be, 43556394, 4597,1300k 656002 019448858 W30 §dRI Ni Ng
menbers 46. By way of exanple and not limtation, each retaining
menber 463fay i ncl dbeCemcan oprreessdwhish fis similarde fherafatemertionedk RO[dwocess,

may also be adapted for use in the present invention to fully sinter brown structures to a



15 and the bit body 72 may al so provide a substantially uniform

cl earance or ween a surface of the shank 20 and the surfaces
14 in the @8&@@’2“5?“3 ion 76 of the bit body 72. By way of¢eXx¥MH%&%nd
not limtation, a substantially uniformgap of between about 50

m crons (0.002 inch) and about 150 micreis (0.006 inch) may be

provi ded between the shank 20 and the bit body 72 when the retaining

nmerbers 46 ar €ingli deRsISE dn Wietturavoh Repralesangg browa stracture s doard séitinkeegthic
and the grooves 16 in the bit body 72. A brazing material 26 such as,
for exanple, &o#ingaseh poalmings zHconiwRSxidsa gk ehrpme pxidg) | Gliengifnilge hard,

Phe. surf acos SPIABhED phdted(e, tanbOI GARLREINFER, be\iecd 30K el
al ternative t etritargigflly ensolitated by tlafsmittidg B 18zt Silstadtiallg lisdsdtc pagsuteo

provi ded around the rotary drill bit 70 on an 25 exterior surface
t her eof al &ng thercopated brevar @rusbropeng eqamisipartisigynstead of g fluibmsdia ag in the

shank 20. The a i } M
further secur g%gmé?lgn%d'ﬂg&? SQF%%E BI i q@%rgélhsécg‘?% hipgoec&ﬁ?gro@%ed by
configurationU.8.fPat.No. Bdag2 048 material 26 in the substantially

uni form gap between the shank 20 and the surfaces 14 in the second
region 76 of the bA¢PEYipslydessrbed, the matarigl compesibion of thespsond frgion 7o pithe

drill bit 70 'brctbloﬁf "3‘% ﬁQy%g sé&ctéch% @8%@%9&8&% yé Bﬁ@fbngpér‘f&ﬁnﬂg on the

drilling operation, e retal ning nenbers event
| ongi tudi n@l sepad efgionrv6péveh frethb ifitllylsodered Rate.r Afted shreerfipahdur@ry Hrinven bivy

D e enrS Lo Ralod A BREAE B deed Bk SRSy s Wges mon b
first materialycoupPi i ®PastcllSti&aRNE pfftieane B b8y t;ﬂ%ﬁu# glsgggwn

72 may have a second, 5 different materi conposi tion. ‘The
regi on 74 may sépacdtel ffemahgsihank 2D €Fi6R L) inkFI€0 A oBdrtesamplecthe abrfasesit ofthag

lurality of hard ph i ticles dj : th t
i Dani um oF ¢ PG (FeR s AT DgPrTe R teatashed o RGOSR PdgBtEs
76 of thebit fiosiichide tR%hAMCIHAEG 22)BIHR bit ﬁoclryeizal BRWhP¥f exdinpfe and not

particle-matri x conposite material. 'For exanpl'e, the second region 76
of the bit bodipitaondyo Brwoyrsd damdyremackinedid asorfimei78 ofithekecand regrmi 70 rmf

titani umgb | teri tantially  identjcal .to th
i i x ot er | M BT OO 48 CRTRIEIG L dopARieTy INGEet Pl o gl o
first region gémi-diftundeliotd ettadn. PiidgRehee¥ash @botd1® rﬁHTy%iQﬂB rddY}§ Bfdufda

both the first region 74 and the _second region 76 of the bit body 72
may be subst aRPTHAN|of thegieppnd regiprn’a 0 thetbit kody (72 pasdlvstiatedria NG cHnda slig

of a parthkgl e- LX: .CO. i I : fi.

ot ont ¢ RO Ao AR S SEMEsh@hy il 7BL g LERIETE yBRG B8

plurality of fstdoaail6imaghaveiadbaperdingtisitg bdhigular stictiar ofdan@bofrid A used

particles dis erseglﬁt hroughout a matrjx material conprising any one

of the a+ all 59@"’5 tqrgy toidn meay asurfaceasperpied by § gpsed|cpryy ESusleas s iclah

| n Table 2. Oforhiif: MHRbe Hhe RbCinReLAride) olonBifing Sh R dilhdstl FAPRE that
the bit ne o

and the second region 74 o ody 72 y conprise any
the 20 al phairch)desihk olpsedsmtvef brdtheriembddibientsAhe sunfacaidithd secraml region 76 of

enbodi nent,s, the .sec regi on 74 of e bit bo 72 may co i se any

oneof |t heS a A TIDRBCE WiEh e fofisn L mey hrvees e el SuhsiaBYAlyEEmS &

forth in Tabl gafial indRETHEGR Ve 1 0BLALE heAdd @Ns%bﬁﬁitiah%;%ﬂbsh@sia'é%ke

3. In this configuration, the nmaterial conposition of the first

regi on 74 nmy thesseemidaegioni’q of thxhit body 1 ghelowaiimBiGAJ.and

wear -1 esi stance t h%g d%&%bggiﬁgrrefn?lhechorgp r%gsllo;% 79nd fthet srégonsder%gir(])g 76 of the bit

body 72 may be separately formed in the brown state and assembled together to form a

30  unitary brown structure, which can then be sintered to a desired final density. In

additional methods of forming the bit body 72, the first region 74 may be formed by



25 region 76. Furthernore, the material conposition of the second
region 76 maHy bz selected to enhance machinability of the second
region 76 R4 t at e attachment of the bit body 72 R VRV
20. The manner in which the physical properties may be tailored to
facilitate machi ning of the second regi o23-76 nay be at | east
partially dependent of the nethod of 30 machining that is to be used.
For exanpl e, igredstngla%irfl BSwdc@ thikt@reTRE BeMGfokhi % HBA ARkt BREH RiWdPeodDondht,
conventional turning, mlling, and drilling techniqués, the nateri al
-16- conposi t iaddingfa sehendspaveded misgirote He samg diveandgiressingdhe eccord ipbivtler

| har d d high tilit f it is desired t i
second egi on MENERIHER e be Sk Witkehs ftag-Rertrrguae PR R etreREy 140
i nclude the UsBmRh MbnbhARAREGi! Body N BHGIRAMYIeDS Atst PRSI ik 8 o Redhd

tool, the conposition of &?%e second region 76 may be selected to
exhi bit a 5hi givevdetraixture swy heproxidedives siogle tieland simultaneously pressgto form a

mbodi ments, the nmterial.. it ] th i on. 76
el oct od t o' exXRTBTEEALPT PRt Hea ustuN 882" B Brvoe REPmay bf paied s
conposi tion ofnetdiGary biddinteRA tONdktted ﬁﬁbm@ﬁsitg.t 146/et GRBQHLUAGR! e moRlithic

material conposition of the second region 756 may be selected to
exhi bit physi catenditdiedy miag de partiallwsirtexedité @brwwntbat Hodyi Shapingandeadhining

of 10 the secand. region,76. f .exanmpl nd not limtation, the
mter 8l conpdlreren iy tesrindith Be SRR B Sy S it pfine g
facilitat eowelhbwgbiobodylliens R PR intepe 198 dédrell Endl@ensth aTike méholitHic dréen bit
understood that the various regions of the bit body 72 may have

mat eri al conpdedy iTaYsbe Hermedria & single dig wing tia diffeeent plungpishisechags the
desired parti rcal r [ rist.i h

present | nvent gieer SBE0Gin PIEARI N Y pEb: TR b Fi 3 leomore,
mat eri al conpadditionalpodidet Mextineginiysbe proeidbd bé hedeharPRY piotidk &by desired
physi cal properties or characteristics_described herein. Certain
physi cal pr opePfPgsetaRgoRs¥uR therbiichorly 42 baving ¢orisoal compatitier al (such
as har dness) ey be@eldANed iINRIAE oAt ARIARId Mrhidd thEpPbod] 751 UeRSrang®
is known in the art. Oher physical properties and characteri stics of
a conposi t e nehebit Abdyr8d obthe detanr drilnkid 7Q Gnayi Hehforhedr Bspriessirigothe peevidukle

f m xt . h. i | ti i | ude, fa | e,
cr 051 on - and veltieTpBL S Gl ikie pfEgTel angnd e perviensh Grnemisiansone
of a nmethod thaldeemikge U436 ¢riR 3‘6?'&“%511 nte:raI 9@M1r7d%8§lhng§/‘ﬁbtl)%}ﬁ? %e%egﬁ

Cenerally, the bit body 72 of the rotar rill bit 7
by separ at el y body b ther hilet, 4sishewn ire§io A7 Byway ofeampleond noelmvationsthes

brown 25styuctur pbling the bro tr ures together to .
provi de atzéni tgalélr“%%lll:}’r %ﬁv\ﬁg%{faltl “}S’gﬁk}t?“’a%e“\ég}h?"é‘ﬁ’ ﬂﬁg “Eﬂé’eﬁﬁ?‘ﬁ{:@ #BWIWt
body to a desisimltahtdily ideaichlly pressing Reffakt povdiet tikthfe 10 andethtisb&dnd
powder m xture 109 rr,aﬁﬁbe ressed in a nold or die 106 using a

movabl e pi st oPo¥AenixhEe f 1 9logetherina presyre ghsmder ni xture 109 nay
include a pluralit q{,}r@' | . . | of . thele
conprising a ti tanlkgljfma r fgalgﬁ% fa%’grl??ﬁlrlrrﬁ g%gogaﬁgﬁ%yoﬁé?rr%&%tlgfIaré t.he
By way of exanpioadpoederohixtirer I9%tbpbe prohided ithin apoweitter.nNThid ¢oheairdd thay

may inclu a.plurali f o titani carbide and/or titanjum
y (1% 11E)cluc{c a ﬁl}{d-gght éleformag e member, such as, for example, a substantially

cylindrical bag comprising a deformable polymer material. The container (with the
first powder mixture 109 and the second powder mixture 119 contained therein) may be
provided within a pressure chamber. A fluid, such as, for example, water, oil, or gas
(such as, for example, air or nitrogen) may be pumped into the pressure chamber using a
30 pump. The high pressure of the fluid causes the walls of the deformable member to

deform. The pressure may be transmitted substantially uniformly to the first powder



-17- diboride partl cles, as well as a plurality of particles each
conpri sing_an the a+ alloys set forth in Table 1, the beta .
al |l oys setwpoﬁ?%“sf'ﬁgTabl e 2, or the netastable beta (P) %VW‘Q’”&%%”
forth in Table 3. Optlonally, t he powder m xture 109 may further

i ncl ude additives commonly used when pre3&i ng powder m xtures such
as, for exanple, binders 5 for providing lubrication during pressing
and for provi %ﬂﬁlreswwﬁd%ékec‘éhd E&g&é} hiRtukd) €1 PT BRSHEssBHRWHRTin the pressure
conponent, plasticizers for maki hg the binder nore pliable, an

| ubri cants or champriciuriog isastatée prmsnrgeldabcbmgreatnx@an pbaut B8 Imeghpasels @hout

The die 106 ncl an i nner.c n urfaces sha

cont§gar adt o RS ol Spiel ot (Mpiel pad A, et e S RRD e A eigpre
the bit body 7caamﬂmuﬁhgliggﬁnc%s&gmxeg}eﬁﬁrmﬁvsbowriaaﬁ@g%?@sem (mwo@d
to formor shape at |east sone of surfaces of the first region 74

of the bit Sbhodpurmis, perm@netl@hbrln@ﬂcypo@&mfrﬁnﬂs ay@mumyaxi@m@sdqdmﬂemthe
wthin the die used 0 defi t ernal u

2. "ddi t 1 onacoBRGs LA e et Bin Sy 01 Fiepnslilebo R ISoRRRIENS
cutting el errerst;ua@@ﬁlkﬁ)t fhap Be apliBktothO&:8eribf surfdids &ttﬁﬁﬁéonia@fé?gfyaﬂr?bfample
features of the first region 74 of the bit body 72 15 The pl unger

108 may be advkhatetsphere) to hemghe tl_l@6r$1tpowdghmfmrcdoﬁwdghmh@d\pc\adler

or hydraulic t i hes t th

e 00 W RED 1B Gl ARSorkie (RTBAGR ARt | 0o B 38hd sawdsr
110, showngi n nhkfare BB.maktferndihe gdieallypllnugies rddiBlithad HednD@ bbdy B0 sREWHET
m xture 109 optlonally may be heated during the conpaction process.

201 n addi t i ondilGritA.Iveteh ¢in be remayed drophidie praaghee cfmbs:mf@r PBSSing he
wd t 109 t
P essur 65 [ nst de. a ToFerud eARRAta iRt AR Bk Yad RRFHEHEE 4 may

provi ded wit hibe nmohmecSMEpedhaﬁhﬁﬂsary Bwaeﬁmlﬁl& a@iﬁﬂﬂlnﬁﬁﬂ&t}l’the outer
conponent 110 shown in FI G include a plurality of particl es

(hard parti cl dangtenof agy e?mda?fép? &qnergHu CHWF%'IT@%")M}“WF‘FH bit bagydpP may be
hel d 25 t qget hefucly 1Pfolth rfﬁ’é%haﬁ@*s I%Bh@lﬂélgrg%er oeh $5hdd 1%5%]{1%%1@“4§t U

109 (FIG 3A), as previously cri taln struc eat ures
may be nmachi n@dampie,ttheggrewm cphmiﬂmal mmrqhdnegtcedhiﬂbo@]”ﬂ@mmbe&nmbdmmh
machi ning techni ques in for . exa n|ng thl ues,
mlling techn?ﬂh‘ég‘) Poélﬁcfﬁﬂlﬁj]? Hﬁm?lété’r?rﬁ;rg‘%’e@t b nhnhe’ﬁ itionsl gaghigige psy
be used to maRpai of&}ib@éh&éﬂﬁ}ﬁﬂﬁnd‘a%&ﬁﬁlﬁﬁcgfée&ﬁltpdayhbenﬁys‘%e

30 conponent 11 y way of ‘exanple and not limtation, junk slots 32
(FIG 2) may pecessashotissirask Inother mptbedst thermnlerally thedrgxabmnnthm@een bit
conponent ,410. reen 0

in FIG 3%6 bog)éil%tm%%estflmﬁgr% allt ytO%I nt etrhm(;gt\ﬁld Pglétg}ér%?egtb"'gbﬂgyg{b’én

powder conponentsstahmallyraymhﬁc@amthoai tedusing ey Gélet GiaReRY ofl@n @nd itKetdof or
brown structure 111 shown in FIG 3C, which has | ess than a desired

final density Otspyise chapgigg theshanep! theraongplidun ssembiébodyodfonent 110 may
be 5 subjected to vV, I Onl

renoval of any fugm‘)s? g%gi&tﬁ?%gc %gfbl\%\grggl nc%gﬁldﬁllol:nléf %Ie3 tH%I%AE'g}' be
m xture 109 (I?hﬂiallﬁﬂ)ltertalsto promdecahrbwnd‘l&ﬂmdy b®Hshokurin EKErxmerhetHamn bit
green powégr t 11 be subj ect ed fto a sui tabl e at rmé&@ere
tail ored ai"d ?—5”?@’ chiged &5 jiefess Fo forpaa strusipes subs geal
may incl ude, ft@fh KRR deftHHELHRFdIRATaF D avﬁ

500C. 10 Certai ﬁitruc?u?al featg%:rdes ?Tlg " B mac |ngg§}|§\0r‘?q{lﬁ E@mtm
brown st ruct umay19f1exasiphey awh note limiitetic, thtaddmgntudngalt kbarhrilqarek internal ﬂUId

a1 ng t ecnirieay g o R RIS R TR me o (ST I 57

form or shape ei:ﬁﬁﬁlﬂ,fmgh naCkinihg pid&@ssbh%ﬁkaﬁtgrdﬂﬁ&dké@ 38 {0k PDIBYcuvBi 3@falso
exanple and not l[imtation, cutter pockets be machi ned or

ot her wi se 3Por sy Germadhined ip e trgwn Mcholdi&fé?’iﬂilq &@ofﬁﬂbﬁ@h&@p@ﬂlem’f@m



30 mi xtures such as, for exanple, binders for providing |ubrication
during pressing and for providing structural strength to the pressed
powder con’ff&’r%@%’(",’“ﬁ?asti cizers for making -19- the bi nder VSt a2327s
pliable, and lubricants or conpaction aids for reducing
inter-particle friction. The die 2% may include an inner
cavity having surfaces shaped and configured to format |east sone
surfaces of thefeRCBIEIG. SH) Mat if orfiguied SorAtthchRRAYOS i bit HaBy 2 B HeRAR1k 20
118 may al so have surfaces configured to formor shape at |east sone
of the surfaceasaydfe mavhined trothe brosvyi borborlg 164 (RlGe4®).t body 72. One or

nmore inserts or displagenents 7 € poSLii d within,the die

6 and used Lo dorTi SETEOHR bl Py T4 i5wR GEkic S8:ias Boch Babuindf 14 ln e
di spl acenent s sirhdtufeabstaRIN )ideiByal B tHeSAsheduntel BISwR bl ®bdy PEOSHAMNINC
features of the second region 76 of the bit body 72 as necessary. 10

The pl unged 1KRIGn#, the staebern geay tenfurharsintered tola desired fingidengitycandissitaig

mechani cal or rayld c equi nt_ or chin to,coppact the secon
powder i xt ur SOBRY e el T hechipe BT WOy S ERE TS tyre 8 ng S0
conponent 120,préfi@he bit bbdy3F2 shown THEIGI3E ad pleviodklyAeRFibddl8, and the
second powder m xture 119 optionally may be heated during the

conpaction process Inaditipaakemhodimeptscths bisbodier2 marhsderaed ugnga eonwentionsl
FIG 3F i |4 i ticl f titani
FT S o e AR B L 3PS S W

particl es 10oNpfidt&iah . @, thadish e@bRe) tRhniuh aibdrite grl)her bbyrodided MAdeégion of a
material provided in the powder m xture 119 (FIG _3E), as previously
described. Cergdfrrisgrapbitemeld eameiddormed freye ampethermefictony mAtrialh Bahis
powder conpon j N ;ona hi,ni n
techni ques i n?%%élﬁgd %‘?Sﬁﬁeﬁ%,'@@aﬁ“ngf ?gegﬁﬁlr%’ggs i)rr%@'?'i ‘Lﬁlallne‘%s or
t echni ques, aniispthcehénts Gwhiels hnay Gumprise-eandmibebapbindtss gapkie: eomypoaents|sed
to manual ly form or shape features in or on the green

wd
Conponent 120,751 Conted A CRBHFORPRRHPBIRIBS DeSGispeA B kit YETh e iseio
FIG 3F may Defhe theattmBPSdsiRbd ¥, F}J@ﬁlgrgﬁqlen ﬂfck§§?§;ﬂ{1ﬁc sl%; 823 & ther

powder conponent 120 may be partia sintere provide a second
br own st ruct urestetal osintemal itopoEtaghic @ turedhoftthe hinbodye ks Funtharnzoreleasprefen

final density. Prior to.sintering, the.green powder. conponent 120 may
be subj ected % er‘_??Bﬁ%%ilﬁ%ﬁﬂ&%@)@?BﬁP?S&f%&& 3 a?%%mf (BRIt of thg;eraphie
remove any fughdld wit RAdhfigur&Btotitral thwesBnd Rigtddiehd Hit Bdag 7ROWder

m xture 119 (FIG 3E), as previously described. 30Certain structural

features may be nadhitadmios titapiimsbasehaldymeatrix satctgtroayderneited.poured into

necessary »usi j i M ques incl udin f
oxanpt o, 287 o FORLEEAL, AR IR, hE BARLE SirSe e e lq e
t echni ques. Haielfilsedegion G4 bosthewit ballgP2. UEhals6ld ahd paraalliatotiyed o 5BAQ nay be
shape features inWﬁr on the hrown structure 121. The brown

structure 121 2UABGhHQ Rogh tes sobidify Hiermakisp watrixpwaleridd Thet preform element or
previ ously forg : r A F -

provi de a uni tdaﬁ? gﬂ c?ﬁ??\%ﬁ%‘?%@%@%@ tgﬁgﬁiﬁo n?%q}ﬁ?éﬁgﬁk%ﬁh%%%?t%orlg
brown bit bodyodfz@ir¢dte formetie dpeorfdregipn of the it eelly7d nay Heshmosed fromatie mold
density tq_.provide the previously descrjbed bit body 72 shqwn in, Fl
22 S nearT REPREY %@ea@ﬁgme S0b9F dawiﬁcwﬁ%mygaﬁ)%m_ 18 yregiondf
a structure, mlfbecasitfmngﬁ;tﬂﬁ@lnﬁma Sdrtlsirich b tHe iBkINEn iU Ain Dot YD, The

sintering process. A structure may experience |inear shrinkage of,
for exanpl e, [5eqofe&agionGis ot tROdY thed mayrbg feymed & 4 mgnnensubstanteedlyisimilar

o e onal oo B AR P e g o

struct ures t hate it lodye2 s folvampfisd 4 ttasito? tieshium-based alldy A4 Yithout any
met hod, the green powder conponent 120 shown in FIG 3F may be

i nserted At o havd phaseFRgioRg ofpeRiclenethg tikeninm oRditanivrahpish aHey materieh may



15 forma green bit body. The green bit body then may be nachi ned as
necessary and sintered to a desired final density. The interfacial
surfaces ol %MATGIE8n powder conponent 110 and the greerfHORAE[L23275
conponent 120 may be fused or bonded together during sintering
processes. In other nethods, the green b2g- body may be partially
sintered to a brown bit body Shapi ng and machi ni ng processes may be
performed on Zfhnbih&e MM all podpQihtoAhe H‘ﬁ)@@éﬁrﬁ&ﬁtth@ﬂ%t&-ﬁlﬁcﬁr@éﬂ ftmﬂgthe
brown bit body thén nmay be sintered to a desifted final "densit

The materi al coelposvityivath lofd parbclés.r st regi on 74 (and t her ef ore t he

iti f th t 1 FI G A
L Somaosi ¢ &ietihepf By Sl eﬁgrm@%ﬂtﬂwﬁw RopyjEmord®
COMpOS i on Ofy iy SEGARCBAHRY Tk HVCE (ohP 1ROSNANY 1) DSl oftie

be selected to exhr bit substantially sim shri nkage during the
sintering pProgeahis mold mayErmqmrerdtteremrgfephainetsslg§2descr| bed herein

may i nclude convent,jonal sintering.in vacuum ace, sint

a vacuum furnace f ¢t ?7?%@ Oﬁipné’fh]ﬁ?ﬂ}bﬂ‘tﬁc?ﬁ%wﬂBtglgsﬁﬁaé’tt’ieéu%?gicbpﬁ@wr
process, and shétb el tloARRMH Rb&L¥s (i@, heirehiddy 1o PRl tailor (RE BRPsAEctite
30terrperatures near the sintering temperature (often referred to as

sinter-H P). Klframeemhrfehelnmds ﬂhmeinmmgt pmamme@esdekmyslbd@rmn@sﬁ €.
| ud bl i I th
Srtertng. pr ot ieheB R Giess, BrduR lbeRien, e DinB AT Bl Rt o B

bel ow t he 1lpi quis ﬂe@sdarm defirddNBy RhSEexainpRaAdhbiQimitalien, Wlchdt % poRicR0f Ble-
For exanple, the sintering processes described her ei n may be

conduct ed usi rbgt @dudﬁﬁery 3 alﬂlﬁrlﬁtbtcemprerﬁetqrmﬂkmmeqttyeldrtelq;fthe fracture
ordi nary ski l the idire t|on I
Conpaction ( pr o?gg"s Sur?ﬁ ene(‘rfﬁanﬂaﬁlr“%ggfs%gs TP § dfo igerease
pressing (Hl Pfractufe tadgmte@t dtQﬂEtny roﬁm(ﬁéinli&fﬁrﬁ‘{@%%ﬁétsmnal and th&hm&hbihtﬁz%d
by way of exanple only, sintering a green powder conpact using t

ROC process i ﬁmresstqﬁtpesmﬁeﬁaﬁg tegrpgrafre BhanyGiRRaingRIRessTis dependent upon

ut 11 o1 entiSs s SREHEF Hifiuhf o) Koil 3ol 8 0 RS QB8 Ml
resul ting brownogsttieyadesikedl tosberiragnped to themartial iand tisegdhers$ pgicaplitd for

foil to seal gﬁe brown stru Eure The wrapped brown structure js
placed in a cONICHNREE st “isa”f*?alhfl%d“%?t hndpérmpert@ge der dmpagtigg such
pol yner, or gl TRgE I t
Phan That "of e oottt il KAl prhrar S SR e M e B RibwRCISR
contai ner is égtogelof adinhwy siidlsintlechrisi nteri ng tenperature, which is
above the lting ,L15 t erat re of the par i.cl.e ceramc,

pol yner, gl ass r@ﬁta@f’ IJ BLiEa~ PRE ﬂ Eme&}gbq%{r@e@&p&;@g&p %tfe

matrix materi afloy Na bt (rt)raqw of lamiktdstib R beﬂr@) Bm%trﬁ&y KeoidhiionSFeatell ($T)tdre
nolten ceram c, polyner, or glass material t he brown structure

i mrersed t her épw}lowewc&@é@gedisa"%ﬁunﬁrﬁ qsaaﬂoothe mjalesiyrtnee ofp materialof die
as a forging t he nolt

ot o or "SR AN RSy RO e S nst
mol ten cer am ao tnmhammt pfﬂme biylbasdy 721@f ﬁdfdeﬁﬁalyfcﬁ(dbélteﬁaheg@@ﬁ&@itarﬁiﬁhib@ﬂ:d

and sinter] ngﬁiﬁf the hro structgre at .the elevated tenﬁeratures i

wi thin t hé coft QYnBrRY benolignriated dyabrating thy (iaum-baseq pley torar sohytign
acts to transmg

t hi s manner, th%p%rmmrte ﬁ&‘@@?{g?ﬁ@my Qtﬁ% ok ,glé]h?ldﬁg‘gl\mg?%%%%éé%?%nrﬂeeg%hﬁrﬁ e
transm ssi on rfegi, ha:twednrabuglﬁmmdabomﬂ%ﬂ”@) fosbappdmabehtbne-q&wwrof an hour

structure durln nt e se ent to the rel.ease o ressyre
2nd-cool i ng. . thabel Rrehets ol i br RS itk BtneSa i e Ree Rurr e
pol ymer, or 9|r§€ﬁ§ndm.¢tﬁéd Glenchd (. Gagslgly bbles) PR REuti S teRipelahife BP60om
process and suitabl e equi pnent for the practice thereof iS provided

by U.S. Pa0. Nesperatugagingen andlorxggery Ypon quepdhing syleast spayegians comprising
high-temperature beta () phase may be trapped or preserved within the microstructure




-22- final density. In the Ceracon(tn) process, the brown structure
is coated it ceram c coating such as alumna, zirconium.oxide, or
chrone oxiwg.zra@q?zﬁ%si mlar, hard, generally inert, pro'f%ﬁi’\(}@,mzn"'s
renovabl e coatings may al so be used. The coated brown structure is
fully consolidated by transmtting at |eddt substantially isostatic
pressure to 5 the coated brown structure using ceram c particles
instead of a fdftlieditaniwth-daged alley rhiteridREG metastads norfedriliteiugataad. [(B@n aging,
expl anation of the Ceracon(tm process is provided by U S. Pat. No.
4, 499, 048. at leapisa porEQn 8t e Melsatahlp pn-eaudibRumaiaggs reaydreampessio af
t he second regj 7 the pit b : d facilJj e
t he machi ni ng%(‘)ageikf a ugfr?ghﬁlep?%%'m %gmgég'{rﬁggdlgﬁ%@%%ggerﬁea}?%ﬁ %Aéee@?r%
in the fully sémperatertsbélad ehe sAfution tefipbiatire, @endrdlls betWebRiboutB90M @ artdli about
body 126 shown in FIG 3H to the desired final density, certain |
features may HEOTFaderitivess rangingront ahoptiweihaurs up tp ssvsraldringred heprp r4gping the

the bit body 7 i J at e . .

inFIG 31, oo it 26 SRR Gk G oriEing AR acpE e o
the bit body 7Re paatycubse titaniini allogt beiag preaad aoid thelnd oo sthrtude anid@hysivabsopeities
for attaching the shank 20 (FlI 2) tqQ the bit body 72. By way of,
exanpl e and n(SlFSqurFPSSt"F‘BﬁTedtt %P@S@%sanféh?rﬁiﬂeﬁépfﬁéqlﬂr?k%r fgfergnining a
surface 78 of i SREMAE tif@Uh@ ek i i A hik

FI G 31. Eachsgr oove 16gr}ay havg,%@?aorreg%gm %I{e]?é)gggg?}l&pg?rﬁgﬁ?ar glb,é(}g%
section. Hrt lpeopedies fo thaclategaloowwithiG tirpeneal lendladgelofthdse ofiordinach skill in
portion of the second region 76 of the bit body 72, as illustrated in
FIG 3J. |n_tt‘i’i"‘sal‘20 configuration, the surface of the second region
76 of the bit body AgZitdidhhilbys afelbe AR BscLRiBTBY RAMBoR aBP@ABhal treatment
conprising an angul ar section of "a partial toroid. As used herein,
the term "tor grefessmeeny amredobbing @eteliatisdt dyirenmbmsed curve (such

as a circle) rotati about,,. but nat iptersecting or .gontaining, an
i i sposed i n-a RaRED: friest heffie el irat el st or 08 b dud ey be
enbodi nentis, toeided béfofecoraifict (R HEBANITY RAI 8 (RrRAI RedthifadhdceRAYYor
72 within each groove 16 may have a shape that substantially forns a

partial cyl i ndewredThehighwanayr dapyesse 1the rhaydnges land/ax dhie onecas-odsistannt iof] thy

opposite side the. nd.r.egi on h it body 72, .as _shown
TR G o). Cadeflele HAERRRASE B (aithe Hifeet tord B e B s
region 76 of. tihebibbddyIRdBy W2y 6Bskalple2adastdinttaviot, M Wehddy 72 hy bé fivitled
state and assenbl ed together to forma 30 unitary brown structure,

whi ch can t hefs98 aqlafmernigiding PowasinreRlamiteiamien stheyprogess tapraiusn &r
met hods ofyof ol B} NiRtikdiRaddid nift o?gtanfugﬁnfd!it@§flo3’é.@%e@%o%ﬁb%ﬁ2?ecJo%ﬁ(m’?d
by -23- pressing a Tirst po r mxture in a‘die to formto forma
first green pdROEC, thospimmentempertiredppendigportte paticldsr nusekblLootmpbgtidnsad
sane die and pressing the second powder m xture within the die

toget her wi thqﬁ?ép?fﬂﬁgwsp&vaéva ‘Bﬁﬂ\gﬂﬁﬁi Or g tﬂﬁextm@?&w@?&w bripody 72
forma nonol i thly®beFeRSedPibr tQQﬂYiding!J BY RS GPELmpAe &dd it 1iRRYEIET amxgérw}e
and a second 5 powder m xture may be provided i'n a single die an

si mul t aneous| yugiced g titbody (7areayrhsmitkidedincingtreesphirie icotnpdsing T néxture of

nmonol i t hi g¢gr 1t body then nmay be.machi ned necessar d

si ntered t% 3 a%ﬁgosg? lrlé%s ?n:aﬁhé’fj’t})gghg? -2 bsiFER a@?‘%gﬁ"ﬂnﬂé@ﬁia‘?%ﬁ@y volume
nonol i t hi ¢ gr e@fogen tgad) G Yré¥8tesoRngng thioal, fyr Safiphy, adfetvOniphcaMMo Réveral
body. Shapi ng. and machi ni ng processes _ma¥r be perf'or med on the brown
bit body as né&Herassalsor marganddfar 2 timeapging irem. for exempls, sevbiabipinuiseie seveyabe
sintered to aydgsi;tgdd i nal density. The monolithic green bit body
may be fornmed I1n a single die using two different plungers, such as

t he plunger 108 sh@wnadditidnhiG m&Rodsndseldeeedplamagenpr 1dgionhonh the Exposed,

3E. Furthernore, additional powde ] Xtures may be provided as . |
necessary %f) 0 6?’8\??‘8%“3%‘“@@5‘&?%80{1‘1]%(%E’O‘{?‘fnr”é@i mwgﬁﬁlﬁg 1 eerpitrding

process. By way of example and not limitation, an exterior surface of the bit body 72



30 punp. The high pressure of the fluid causes the walls of the

def or mabl - deform The pressure may be transm <
subst anti 3W¥%$m y to the first powder -24- m xt E%f/ﬁ%gmgﬁ%z'f? he
second powder mixture 119. The pressure within the pressure chanber
during isostatic pressing may be greater28han about 35 negapascal s
(about 5,000 pounds per square inch). Mre particularly, the pressure
Wi thin the prassuseniahizdibe iratligtingghe softasf e it ®8dy TR withintBisePuiad B
t han about 138 negapascal s (20,000 5 pounds_ per square inch). In
addi ti onal rretbr%‘agI, 1B) rgdiatiqrrat Fepyn sEppiaBe. vbérhwpayiallow theehysieal propentiesefd

a pressure gr . : apout. -
square inch), %ﬁéhﬁﬁlﬁéﬁgég’éfﬁggﬁ’? 121 St%1 R%ﬁgf%ﬁgﬁﬁagteﬁtgér g%ég}dg?@@hqg%eoﬁhed
cont ai ner ( by,out,dbr exdmpiel &,antabrrosphere sphprisng difognppaaidet Yazubimrcshditions
powder m xture 109 and the_second powder m xture 119. |sostatic
pressing of t He&s ArrIesspssablessthan dhout 4.89passalsk he second powder 10

mxture 119 may fo %&Hﬁaﬂ&&lﬁt{o@lbﬁﬁﬂ%&ﬂ&% h§ maﬁ U?Qt?zlch%c{?o%e%i?@&ﬂfby

body 130 shown in ch can be renove romthe pressu
chanber after prowadisgmdrazing mateffd26gmole aq fdryexayiplenalsilveabaset oohickdlibased

reen bit body 130, sho in FIG 4A e chi ned or. shaped as.
gec essary. By y’“%@ aljpy E‘%\Aﬁ?@?e'&‘f?ﬁ“ ﬁﬁﬁﬂg&ﬁsﬁéﬁé ﬁ‘.,‘rfathFel 4dﬁf1'l§!SQQS°P§FP§t‘E‘r76
of an end of tpen-GAMBHRYI. YA LCHABALS hgfnﬁg{ﬂg{dﬁﬁﬂdﬁitﬁhﬁcﬁ%ﬁlh%g%ﬂi?gi&g

may be 15 reduced to formthe shape iCc gree
shown in HIOG béBiro¥ided encamp ki, rotang dgirter #l biy ac ekieriokr suzfake thenmif iatdniz can

bit body 130 be tyr th formthe shaped,
om0l i thi o gr SEEIADeHtEy eds boridr aRLHERCREHIAIng bt Peeh BRI 675 e
general Iy cyl ingdybiaak iimRhkidoGedirSaR shidk 2@@%&?1(6%?5??@6 perfor med

as necessary or desired.” In other nethods, the gen y cylindrical
monol i t hic green biln Rditlvpaly nic@itbdsn ptrbauresirare (eatumesa thaat previtle mechanieal
that the nonol.ithi c green bit hod 30 is substantially.cylindrical

w thout - educiPEPRRGTRLPE bied B AATER turpratien e O T GiE HER Y Dernd
changi ng tise sha@e4 &f sebiie thauhahit 20icchdbR8HdYTE  RAY kP of FRE aSHARKECoF
nmonolithic green bit body 132 shown in FIG 4B then nmay be partially

sintered to pradoshirg ashenlbhtorhe bipkady 72 dvdes¢riba below it refeenceTtn F1Gr2oand

bit 25 body 1 her chy necess to form ructure
substanti al | y%ﬁgg'nsﬁégﬁ¥{e§%lgnn% gfrd(;\?ﬁ?otﬁélafg 8 S(:??r %%adobs%ﬁrﬁéﬁlaeﬂi]ig‘f’ﬁé&/%e
brown bit bodyhdrk®0s hopvevibesly-ddscribdd. in Bilativayto B1G.€x aiph Bpedfaet MOhay have a
limtation, the |longitudinal bore 40 and internal fluid passageways

42 (FIG 3H) iy peshaps ?Pé‘ggi’fﬁd tafecaiyeatptaing mepRer 48F1GH) herem) Byyay of
for exanplg, ! [WEN I : : r
R S A T
(FIG 40 . Fursttienrnd ejayaktehd duduginbe shapk-20alomgan exigd.,(, b$ ShowdHh FIGA4.

IS configuredr;lthg at.tachment of the bit body.72 to shank 20 may
be machi ned i R%a{_ﬂ?rbﬂﬁ ageptal efglhap(egp@%)‘é@ Shmwgmw %F“ﬁﬁ]@t each
brown bit boduxit34, sle¥plafic tihGs sihStahddlyDesendiBgltived 16.&35&15&1‘&5 Lo of
structure substant| al Ia/ Identical to thé shaped unitary brown bit
body 126 showihg ¢rill bit 70, but does not intersect the longitudinal axis Ly of the drill bit 70.

25 When a retaining rnember 46 is inserted through an aperture 21 of the shank 20
and a groove 16, the retaining member 46 may abut against a surface of the second
region 76 of the bit body 72 within the groove 16 along a line of contact if the
groove 16 has a shape comprising an angular section of a partial toroid, as shown in
FIGS. 31 and 3J. Ifthe groove 16 has a shape that substantially forms a partial cylinder,

30  however, the retaining member 46 may abut against an area on the surface of the second

--region 76 of the bit body 72 within the groove 16.



5 FIG 3H, the structure nmay be further sintered to a desired final
density an Lp.additional features may be machi ned i ful Ly
sintered Sﬁpﬁz@@s&t&é&gs necessary to provide the bit bod&éﬂu@zﬂ@&%k’y%
FIG 31, as previously described. | n addi ti onal enbodi nents,
the bit body 72 may be forned using a coffrentional infiltration
process. For exanple, a plurality of particles each conprising a hard
10 material (e.g., Itistmaicabodimrenisgdeacht fetaiing methibeo K6 dray B¢ Gedurdatnio the

T T A S h et A B G
first region 74 eR)fngétg(g rcg-ﬁr}dﬁlaﬁ‘iié(d asTh&L R PIE! £ Es Headll r%ﬁ:rfsi't?frg?%é 46

(which may conpris m c conponents, graphite corrponeni
resi n-coat ed swaybecwelihaicd tleoshpainzihaleng the ynteracp detimicerothe @ndvof éich rétiiaing

nol d and used to 15 define the internal passages, 42, cuytting el ement
pocket s 363 jmﬁsn@r&gsanéé,eém&k&?)he{ﬂ S0 e| AOSRiTnise A RAVZIRD o A
features of theHd ReWowtd magf‘liié hﬂﬁfd&@ fhetwesn ?)E?&&r@eﬂh%%ﬁﬁnﬁ%mber 46

di spl acenent may be positione a region o e cavity o
gr aphi t e nol d ahéh &te shankc2in i giit ettiert ambfodimmantsh threade maylbe pgvidad of at &aeriirt

body 72. Atitaniumor titaniumbased allo trix materia be
Tol ted. pour eduRECPTAC (R b D RN M o AcFODBT Y rdy B3 e
par ades CO”W[F‘ﬁé\fi'&dhﬁ\rsqm&%f!hélshénﬁ2bWiiF'irHE€_a{nérfu§és2r1.eg' on 74 of the
bit body 72. The nold and partially fornmed bit body may be allowed to

cool to sdPidify tRefeming agaimta FiGc 2nehicebrazihg nipkesiab2@ Sushnase fenexample; a
di spl acenent previ,ous| itioned in the region qf the cavity of_the
ar aphi to ol d SUEHIR ok RRE e inealatoy Bwae pisgiish mpe SvieBblis i 2
may be renpvegap beiwceh thd Baflk 20 mavhd Yorfa8d1 ARPIHEREcRISELAHM 78! RO bit
or displacenment nmay be positioned in a region of the cavity of the

graphi te nol d bedy V&spondrld@4troax beeprivided sraend the gitemydiifidit Kooreamexteriine

second region f. t it _bo t hen may, be f dipna ner
soborant i ol Ly Gaind 08 atok o RELOER TG bRTE Snd e BieBRRRR 20, Thee
first regilon ld 24 ardifie bragia ehatefigl o mdPbedlsed oefulthér sEREY/thé Shank 20 % the
conprise a titaniumor titaniumbased alloy material w thout any 30

hard phase redit®ady & IpHhisqoafiguatiqnyif thebragingmaterial 26 indld substansieBriuniforray

material may _;26:..Si i . Vi
wi t hout pre- pggﬁﬁﬁgg%ﬂr‘m% %aﬁg%%@{dh}g&ﬁo %s @g\i/{}r tﬁgse\?m&iaﬁeé%gfﬁér?ﬁc Oedg?ﬁz
Once the bit hodtheZZld2dshookd feitlwhildehe ldtill bivddys 162ttt tHedotftemf a dvellbem

the nmold and ?i% di sg)l_ ?cemants maé be renoved fromthe bit body 72.
Dest ructi on offUiiRg asirfling pperatior,| the epingig memhers &4 18y Pesvste langisudingl

body 72. 20  sepatloR@thdbiPBbdy W{g&fn th?@héﬁktzopﬁféﬁébﬁre%mmgslb% & etﬁa- bitl

may be subjected to one or nore thernmal treatnent ocess
heat treated) bpdy Y2inithewelbarai | or the microstructure of a material of

the bit body 72 and inpart. on r re.desired sical. pr rties

(i.e., increased s %‘i%ﬂ‘ﬁ’,al Wﬁ&‘ﬂ%e@é?taﬁ%%ﬁﬁgm’k%ﬂ r‘ilé‘g]%‘t B‘é‘g{:)'?% oply e

material of th&aiBin nRkPsHer 48er more than two retaining members 46 may be used to attach the
shank 20 to the bit body 72. In yet other embodiments, a threaded connection may be

25  provided between the second region 76 of the bit body 72 and the shank 20. As the

material composition of the second region 76 of the bit body 72 may be selected to
facilitate machining thereof even in the fully sintered state, threads having precise
dimensions may be machined on the second region 76 of the bit body 72. In additional
embodiments, the interface between the shank 20 and the bit body 72 may be

30  substantially tapered. Furthermore, a shrink fit or a press fit may be provided between
the shank 20 and the bit body 72.



10 as necessary or desired. By way of exanple and not |imtation, at
| east a pogti the bit body 72 may be annealed to i [
ot herwi se se 23@{“%{7/%8% tailor the fracture toughness of Q@gﬁ%ﬁ'ﬁ"%ﬁz&?
72. In general, titaniumalloys may be annealed to increase fracture
t oughness, ductility at room tenperature}0di nensi onal and ther nal
stability, and creep resistance. The tinme and tenperature for any
anneal i ng process iRrtidpRoEeRbmp@itamiterialk Beed fetitHodiek 8 cafth-barivigttas) drigly
bei ng anneal ed .and the m crostructure and physical properties desired
to be i npart ecbitsgonvsationailynchide paticles s eegipap ak tapgsisp serhide fisgerged throughout

determ ning a I | LB an u I i
such m cr ost r uoeoprar oig MEE i bR ORI SR bl (AR s
wi thin the geneefficidnnoftiedgs abadshas@Tl) ofrbdiwedh absiti 16.0 hivhhe aad 2.0
20 As another exanple, at |east a portion of the hit body 72 )
conpri si ng “an HWnR (@iroory temperatyrs), Emgﬁsn, caghidegengrally, exdpis aiagas cpefByient
all oy may be s I ON- ] T
fo rofine or tarrsrabRRhBPodich Rbu B b bl B R Bl Bhe
72 and inpart mntclemattixcomgesiehetkrialiytompabingpaticled dresgid® oftungsten carbide
i ncreased strepgth) to the material of the bit body 72, as necessary

or desired. | rfigpsred hroughpytacoppembpsedplloy mafrix siaterighgengeally exhibit a linear

sol uti on-treat i . | j t )
omper st ur o oroeatenf6itbidi) biiindod AU DAPEHATIC QY el e Rt Glrs
transus t eifperBfuatien)( €Tlg. grafistewwaelds abd ptef&80 elempats dbodispldddaidals) ugdd in

bet ween about one-quarter. of an hour to about t ours.to allagw the
phases to equif®fb ’éalé‘?éllrﬂté’ns'aﬁg?‘rsoho‘f’%‘f%egea?rﬁ\\{\g?’nﬁ{riéa Hagas cpefficient of

then quenched tiémfi expaRddpbetteh 86but | DYR/LPE aﬁ@b.‘iﬂjn%ﬁbem%rr@éu#ro?tﬂeo
room 30 tenperature using air and/or water. Upon quenching, at [east
sone regi ons chsperitysinnte kpefficieninpithatmal expetsan (Detydeashe meaphite ntotdspped
or preserved within %Pge %{iéros ructure. -27- of the titanLumb sed .
al | oy mat eri al PR EORE BEYABTE™h SRTRYE) P’ﬁ?ef'ﬁlﬁ’a s CAENI0 BT T
| east a porst i QamPbsitdRERAIE frmbdidity inﬁﬁfaﬁeﬂwo&é_@éslmwmb@s%%ﬁﬁwmsidual
deconpose to a stable, equilibriumphase. Solution-treate

titani um basedirgsseoinstha pertiglgenateis cowppsiteanateriad aftet fovmativm ofathebit dwdies.

, lly b b 390C . 76 for. ti
ranging 1 om subtratiess RELFEahs R UE o B SRl AP darat Sgubhy i

time and t enpemdiovpeforfreleaitnts$6 displa0émdntdahni RYy REdHoPrenBBird BradkiQGR Sich
i s dependent upon the particular titaniumalloy bei ng[t reated and the

i cr ost r uct ur €T EE-BHRIFSISERIOT pRigksathlades 30 ard/prgunk otp 82 (FHga?k argas asljacket
mat eri al , »gnd 0 : ; . Ltab
reating tome Gng FEREL 36 FAGEOF adhrRuiahy HERE! Ll el ML LD Syt
physi cal 10 proogeks tiagéead @ romatoest feilura bf dee eotusytdnillrbit he gener al

know edge of those,of ordinary skill in the art, As titaniym
al l oys are general |l ta’%‘ﬂ%‘cé’b‘?it{\gﬁ"ﬁu’?@aﬁ)@i 8’;‘?34 Sheterigtdy spncerya exhibib 4 Hppar

process may be:o@ﬁuehﬂmmhalieﬁpﬁasfaﬁB?Eé@&é&%bﬁﬁrémﬁ%ﬁt&ﬁ?&%%ﬂ °C, whil
Optionally, at least a portion of an exterior surface of the Bit vt’)ogy
72 may be 15 ritaniprdeerbide pxhibitsarlingdrceefticient dfitterha) éypaiidomefabing @4 pm/m°C

thermal |y Jfreat as _necessary .o esired.. which,may increase.the

har dness’ Ad aP AT APOPASPEl A58 Creacibl SToPB aliEnEoR o 00 82
material 15 atumfecexpResdste, ﬁa@maama@ﬁ@&gﬁgi&@smﬁum@sae%lcm(ieta;\ﬂuﬁaiﬁy of
body 72. By way of exanple and not limtation, the bit body 72 may be

nitrided usindit#niynsakideand/pn ipnigmplitosids sartialea digpasseddhrepghobies titafinm or
rocess tenpergliie I L tri.din Litanj,um
gnd its al Irrgyst varlgé&?r%%?;‘ﬁ%ﬂ?qﬁ@%%&%%?a 6%1# 37'2%&&,%0%818 tp‘?ﬂhﬁmlal

t enper at ur e deppadiongefohetivien pbout i T8I ai/mvat and 3|5 aarASS] t AOm &Rt the
ot her par ters titani ym oxide at or on the exterior surface of

A . . e
the bit body Pzﬂ’r?&y%téw@ﬁﬁ?ﬁ&am&w dessriRed herein mgy eybitmlineat cosliisiept of

thermal expansion that is substantially equal to, or less than about double, the linear




may be nitrided by irradiating the surface of the bit body 72 with

i ntense pul.sed ion beam (I PIB) radiation at roomtenperature, which
may al | ow MRSUBHPEEeal properties of the bulk material YoUPEIH27
substantially unaffected. Such irradiation nay be carried out, for
exanpl e, in an atnosphere conprising nitBbgen gas under vacuum
conditions 5(e.g., at pressures of |less than about 0.02 pascals).

Ref erring agaideffigichd & thamal BGandic s azg'agiﬁﬂé rhld i’(;rta"%ﬁ&ﬁ@oﬁlﬁrﬁiﬂfa@ dther
body 72 by providing a brazing nateria 6 such as, for exanple, a
sil ver-based oefravtark ghatrisdleth whichl a bitl wdyi mayt he cgzipishngt swele ipattivke-whtairk

20 and the surfaces, 14 in the second reqgion 76 of the bit bo 72..
2n al'ter nat | vEOPBoBiEZRRGS o TETREnAM POPE 5 B ST RET e R S mefgs
10 be provi deqiesd:BudRertil %o fofth 81t bodlEd dfleat-borlih BRNARIRNE Shé REidSH EHACE
t hereof along an interface between the bit body 72 ‘and the steel

shank 20. Phe develepadgn sechet twidie3 @uatodnisimatchen the 2deffreigntiné thesreal expansion
S e A R b B o s P AR SR PR RO
used in addi t'd?'i‘otﬁ&drﬂlrbiﬂsQﬁﬁlgﬁﬂng)§uchtbh%ohfe§ﬁiaglge Btagéddatlad®e BMerelotore
wel d 24 to secure the shank 20 to the bit body 72. An exanple of such
a method of atkngwhidny bits.shank 20 to the bit body 72 is described

bel ow with reference . FI 2 and .FIGS . 5-7. Referri to FI 5,.
Do apert ur s 21 iy dsids Shradnd it vrdai mey syt tatetrutisiop
descri bed 1ion nredigtiriceRelb@vetoGonventibasl RopH® ldnll lcBppt-bARY allawetha At agdand
shape configured to receive a retaining nenber 46 (FIG 2) therein.
By way of 20 pexighpmatrizieampesiteinat¢riad foobit bediesofaperentional carthrhoying saterya
Shbst antl ) Y 0k e SRR AR APRTEe LS A e
orientation ofbircbedy dpaicdufrem2thei MafeHisls Sisacrkbed Ohd¥Eld fRRitiS&IGH doR@éntidaslh
axis L21 lies in a plane that is substantially perpendicular to the

| ongi t udi nal #Ritkbpryee wfary LB 1 | bit 70, but does not intersect the
romber 46 05 | nser (e R ReS UG e iy b o R 13,5 B fornes
groove 16, t heasngteithvidssnbsentialy sifilare/anylofithosgirkaibed Berain irf relagortd thelbi
second region_7 t he .bj dy 72 within the groove 16 along a line
of contact if bpﬁﬁ%%hamn ﬁ@-?ﬁggfaz@ﬁaﬁﬁt@wﬁﬁﬁt@%ﬁgs well atRg e presaRg g n
of a partial t@fi@indmégodgjlown in FIGS. 31 and 3J. If the groove 16

has a shape that substantially forns a partial cylinder, 30 however,
the retaining nmenbdn thtcemippdira¢ni tshewgmimE1G.ah the bid body 7henchude§ tee disfinct

t he secondregion 76 of the bhit body.72 wiithin,the grqove, 16. .-29-

In sone e%god?ﬁ%%qssﬁavé%ﬁ: afe faf’?ﬁl?ﬁj%}?@ﬁb‘v%ﬁh 4% lﬁeéﬁt}%ﬁlge 3388{‘143‘5’6 of @t?’%aé:e
shank 20. By wastetiwenamddditong efbodinents] b hferial donf@GiHon SLRE it By 72
menber 46 includes an el on?at ed, cylindrical rod as showmn in FIG 2,

the ends of ed@dy peefitvrousnEarisd bevpeenapsipes withincthe b hody 72l timg no
along the inter } . r kNt . r and
the Shank 20, TPaaer B HEflacelibefiien YogBRE hic RLA Ll Qo TH agdoR
materi al (not eafbodimjentspyhelist prdyvi2dedy belude enort enand Tegibnssigvihg material
retaining nber 46 .and the shank 20. ]n séi |l other enbodinents,

t hr eads bEOPPBRNICNSd 2B R sexiialr fogrtion ok dhee vesfous JicRoBh dayps Jpwprial

retaining memighpbGudndy aRPMELALLRATI HhpBCaiy be provided on
surfaces of the Shank 20 wthin the apertures 21. 10Referring again

to FIG 2, the braFiGg7 ithiseatesain 2Blittanehbiabedy b50 thataepboeljesaeachings of the
sil ver-based or nickel -based tal,all may. be proyjded in the,
substant i al |y XRFRETERGED Hebibady i<t imbreain 1 4mdsgrepatggiondsd
the second regisobest’ Seelfin thiecrBistseRRiidl vidw offiBe BRIbEdZ 450MMbvREINPIEY BdRd
around the rotary drill bit 70 on an exterior surface thereof along

an interfdfe butesirashetteen Bietfirg gemiory D5 2:and thelsecand eegiors Hemiaya@nergihefollow
the topography of the exterior surface of the first region 152. For example, the interface



the shank 20 and the bit body 72. -30- Particle-matrix
conposite materials used in bit bodies or earth-boring rotary drill
bits conveGHTi ncl ude particles or regions of tunYstYBVARH e
di spersed throughout a copper-based alloy matrix nmaterial. Copper

al l oys generally exhibit a |inear coeffi-8-ent of thermal expansion
(CTE) of between about 16.0 pminC and 22.0 5 m nC (at room

tenperature), ndyiasiheda pRIrAlite 6f HABRIdAllY RichdiRg ridgd 1568 depressions 158
coefficient of thermal expansion of between about 4.0 pm and 7.5

pm nC, and comowesppadiag totie blades3thandrinnk deis3d shat eapde pravided on and in the
conprisin artjcles or reqi ans, of tuungsten car hi de..di spers ]
S hout Dektsnor Syblce 5 Bt odly, 1307 9Rushidh £ Ehmisifouphy V6tes 3 o, pe it
l'inear coeffi %S‘fr_l 5(0inay B8N¢88 suR¥RMIS loOFachire ek t@{aué)isfﬂéﬂﬁec( ®Sa drill bit

s and preform

estimated using Turner's 10 Equation). The graphite nol
el enents (8r d¢peplisiogtheditdody dedidurmgasimlléengaperasipni nfiltrati on

nmet hods, however, al exhi_hi hine ffigcient,.of thernal

expansi on of bet Wegg@g’{)lgﬁ%%fs 3° r?fl%&f'rg)hté’ °§¥ gbrontﬁ %%"{)ﬁesaeﬁgggﬁﬁ ({f SPEHE
disparity in thenteefl Thebiehidyabo tlbeimdRidecxfRN@E0N 162 hmbedtcédlitregion 164.
graphite nol ds_and conventional particle-matrix conposite naterials,

conventi onal paefirgresionaktrimey indudesrprsitudinaly lowpoegies of the highodydithgnd

infiltration 0, / . Sk oni_fi . [ r '

part i ¢l o mat 15 SRR R P Gh BT i P8P Bh LB SR iy 88
These st r d9seFufthsrmoee, tiadiierfacdéreen the fiadt eggoror62 tahd theisécohd thgioadjbaarmt
the graphite nold and/or preformelements (or displacenents), and may

lead to prenmtRfiedeaphurlitygf jadialyexendinggidgesand depraysions (nehshgwnh which axy
bl ades 30 and/ J t . h1aG .
pockets 36 (FI e%@%@gggﬁggi%%%%%e@ llljl%%t%?%%ﬁg% 1°3gﬂ%§§‘§§%%3ﬁm§§t§?‘ﬁf§?° s
etc.). Such crappliesl toayrilléactotmpriping thethitrbedf 460 durthgafdrillivg: opetatioy. dri | |

bit. Ti tanium and titani um based all oy, materials generally .
exhibit a linear cd¥fl§ @?@mgw? thenrrpsral l%i‘ﬁ&ﬂsqr?)ﬁ%ﬂ'?@gh%%ﬁn alion to
7.6 mnC gd UnfoRimlentsof Wkt bﬁ%&@%@hﬂﬁgﬁ%ﬁh@@aeﬂa Aft@fs, other

coefficient of thermal expansion of about and ti1tanium
di bori de exhi thyes of ehitimbamng dellifig docds suchfast frerexamplex pera ditsnecoéntadb bitg,

8.2 mnC. Therefore . particle: ri,x copposite materials that include
& plural ] ty o aeReEpEERGRUE Srh oL Freary tfh EBKF teh Sy g
di spersed t hr gu@ROk ntayt drhtsodl UeacRingd bf 8l preseRRSRehtRdh! &Y B! bé Yormed by
material may exhibit a |inear C.OefFI cient of thermal expansion of

bet ween about MrEtBdyihaterbrilydeashipgyatthemsesantivention. Thiws as employed herein, the

30par ti ol epmat Lk GORaRiL e, b SFLALS, AF SPAL REL 6, Shi Ry exhibit a
| i near coetficient of ermal” “expansion at 1 S REERT Al | y equal
to, or less than alhile tHoplebent invistidni Hagdeen desctibed hexkini wikleRbpeof to certain
t hermal expansion of a %_raphite nold _(or a nold conprising any ot her
refractory matPEHFESdembodigpinis theseptiordipgry sitlyn the agt 361 regegnizr and appreciate
particle-matri 3 i J F O e i ; :

Par i ol o mat i conmasy AmiB Chae myl BB clont Sh RplifBaront to the
bodi es of ear tphefbroed entpod o @axsymajrtielmadb v thout dbyarti resfichu tile sedpe eSthemvéntion
devel oped.in such bit bodie ueg,.to msmatch in th oefficient of
Cher mal - eXgandh SRBLSEAIER ol a0 LPhdFUEs fomipde fBbabmeaymabacemped
or el im nat ed,wigy¥eathi2€ o LAbIF HEMRAn&E whitd ﬁﬂ%egfg'ehéonmags%dmthéé_c&%of
such bit bodies may be enhanced relative to heretofore known dril -
bits. In addi theonyention an¢ontemplated iytheinventirasiuthat, theyryention hexutility in drill

enhanced corr@sion, 10 I St an relative to.conyentional ¢ er and
copper - based g’?tf g@%@ﬁéﬁﬁéﬂvglgtpi@geﬁﬁnégﬂqué ng ?Siaﬁ b gr?ﬁgét?e? .es.
materials for bit bodies of conventional earth-boring rotary drill

bits, which may further enhance the performance of rotary drill bits
conprising a bit body formed fromthe materials described herein



In the enbodi nent shown in FIG 2, the bit body 72 includes two
distinct 20 regions having material conpositions with an identifiable
boundary or interface therebetween. In additional enbodi nents, the
mat eri al conposition of the bit body _332 _may be continuously varied
bet ween regions within the bit body 72 such that no boundaries or
interfaces between regions are readily identifiable. In additional
enbodi nents, the bit body 72 may i ncduage@snore than two regi ons having
mat eri al 25conpositions, and the spatial |ocation of the various
regions having material conpositions within the bit body 72 nay be
vari ed. PFWeati¥claimkdist rat es an additional bit body 150 that enbodies
teachi ngs of the present invention. The bit body 150 includes a first
region 152 and a second region 154. As best seen in the

cr oss- sect.i onah roparpdrilbbit fon érilbhg a fpouyanesOfosrtiom therriHl|b{s.coBprisinge 30
interface, I I y
genr ai | y* Por B e be AR Lisaiis b B Bl bR S RERR LAY BRAES
regi on 152. Foof heda@hgpk ee,gimhdﬁperste@&lmg@ut an3p+ S rayivinrdbyicte Aitplium aldyt y

of | ongitudina xtendi i,dge R

correspondi ng ‘Hot%f ﬁ'g\t %ﬁ’gh%gdr%@g% gg &n%(é&l%%rg r%% n%gﬁ#%@aedlég% theﬁoggi ded
on and in the wriiging of titgniyrh aar@d@ihtanhel daoriddy ouhgstds and titamtsrunhm@, the hard
confii gurati on, oyblagfshs 3 ftirk Bl atBR Gy LParfiBYeoREt B A ml&lgl e
to fracture when a torque Is appl |e to a Sconpris

bit body 150 duativhepnzpogiteimatirial ausirhe iipniyn alloy matrix ryterial gamnrllslagb@fmeés
yet anot her b'ei‘-bmlﬁ%g% aﬁ@gootlmt% @)’mﬂﬂ{e%ff t&%%ab%ﬁixc&)m})&ﬁe Qjﬁt@§ﬁ%d

i nvention. The bit body 160 also includes a first region 162 and a
second r e&jia orewtingsEIqyr disposedfngrizcegdthahiy bedicl ude a | ongi tudinal Iy

| ower region of the bit body 160, and the second region 164 nay

i ncl ude a Ion udlng,Lé % gglon of . the bit body 160

Furt her note, rotpry K Bit e P le BHE RRMmprisga SPf’é'éidB?F”IGtéa‘%?ﬁ‘dofFFé“m of
second regé anbo‘u@éoxmmsiﬂgmlfdpadﬁlean@hwoaipbsnty nfaferitiadi al | y ext endi ng

ri dges and depressions (not shown), which may nmake the bit body 160

| ess susceptible to fracture along the interface when a torque is
applied tH a drhelrdtaridtill bmnixﬂshmiZn@urthdrieolblbrtmdg(adlyasiﬁﬁ rdmnMleeabdrektbﬂdmm
porenn | oot st E GBS Em st MRS conRne BBul G350 e or
rotary drthé bit bidysnéchaical netferdeefrtwedh thahtm §ie adtdsbmetgipasg mﬁmber and
eart h- borj core bits,
eccentrlc"]hgg Qﬁ&ﬁh%@ ah%ﬂk??gMﬁgggﬁg%%Qﬁw%ﬁ%&ajdrag bits, roller cone
bits, and other such structures known in the art may enbody t eachi ngs
of the presentyiinyaikifBic BBy whEei B BB AAY Sralclor DAY
teachlngs of the présent invention. Thus, as enployed herein, the 20
t erm " bi tmppsiemataal camprisene dTpFEau 87 5 MFighifperchR tfagiuggaiPFy B dyed ur es.
Vm'|e_thew&?ﬁ%&&%tﬂﬂﬂﬁ&&h%ﬂa&ﬁémﬁﬂ@?4@%&%&&&%@nhﬁﬁﬁﬁ&hV“th respect to
certain preferred enbodi ments, those of ordinary skill in the art

will recognize and appreciate that it is not so |imted. Rather, many
addi tionss, delBlckQas dAMeit 5DHikhisCRhdr@N e tidnfubRPy RAEK hARriQTROL Ment s
may be nmade wﬁthﬁﬁ% degartlng from t he scqpe of the i nvention 25 as
her ei naf t €PPETES PR TAPRABRHHOT Brlcast @5 PLTe SOPPTTOF 0K BhBbdi nent may be

conbined with features of another enbodi nent while still being

enconpass d wi.thin tp of t nF n as. contenplated by the
Cnvontar &6 ety BRuBE ROGRN i B BN b B oRRiE | T bl fe and cor s
bi t s havidfiystdedidreira@ing a éirndmyiarniil ooispdaitibn, pratict eSthalrswvedibn Wengeuihfigared to
types. carry a plurality of cutting elements for engaging an earth formation; and

a second region having a second material composition differing from the first material

composition.



-33 - CLAIMS What is clainmed is: 1. Arotary drill bit for drilling
a subterranean formation, the drill bit conprising: a bit body
substantially conprised of a particle-matrix conposite nmateri al
conprising a plurality of hard phase _nggi ons di spersed throughout an
at titaniumalloy or a Stitaniumalloy matrix naterial, the hard
phase regions conprising a material selected fromthe group
consisting of titanium carbide, titaniumdiboride, tungsten, and
o B ChESory B R BR Rl ERLR5y SRR cgﬁpo%u%s%m%@a%m?ut
mat er i al , haadvdsstahétht secamd rumrall tampostadrr gxRibited @rang hardoayp rthe§¢qmgd heedngesen
about So%eﬂ%ﬂeﬁgﬁ e 0% Y0l unme of the particle-matrix conposite
mat eri al east one cutting structure disposed on a face of
the bit body. 2. The rotary drill bit of claim1, further conprising
a shank djrect f [ the
particle- émat r |t%é§t%7%ggﬁt% fgo%%an%fir@ﬁéﬁﬂg% ﬁ'f#ug%rogf %nrl gg/atﬁﬁgglﬁét&lo gfgl{gl m
2, furt hemtammﬂpllaysanmg Baitaniuecdlby tmmgraeihralnm offprevemiden atext B0oh kg Mitkesugh
at least a porti an.o ter of the s ank an abuhtl nigm%gai nst

at | east GHECES "a& Bierhae pen 6%?1 COMPEIFAAT EAa1 OF Rt &Y BP ERE Peen
the shankandhiBRitahun QRS ha@itts FRWA BhdhdesTBI H&Ier tAREbJuDROMEa-RBdY at
| east partially securing the shank to the bit body. 4. The rotary
drill bit of claiml1l, wherein the titaniumalloy matrix material of
the conpogite TRE&Ey kil 60 BIIdiRS whdreih B8R $dcoRDepbn %p'éséa@lmnammmﬁ)?nt
titani um approxi nafely 6.0 wei ght percent al um num and
approxi mately 4.0 wei ght percent vanadi um 5. The rotary drill bit
of claim 1o, We?btg}gtdhﬁbﬁ bf@ﬁﬁl@%ﬁér&ﬁ)}ﬁem{: g@x‘hﬁ[sbsadnet)fg B htgﬁlum alloy
conprises at |east trace anmount's of at | east one of tin, coppe
i ron, andndan o titardum Flhg. r ot ary drill bit of claiml, wher ei n the
bi t body conprises: a first region having a first materi al
conposition, a surface of the first region being configured to carry
a pluralilly ofTteusttrydgll bit efdains, Wiareie thg agpomiregion exaptribesfao rurtet itoriym and
a second rlr%rgl on having a second material conposition differing from
the first iterial conposition. -34- 7. The rotary drill bit of
claim6, wherein the first material conposition exhibits a first
hardness and t 0 .
har dness, laEf he @gé(gt%ggﬂg?%ﬁ}ecgé}ngg’i ﬁ%@e@g ﬁgg%lg%(%n%fllge?sﬁ %‘%ﬁﬁgnéusn? 8.
The rot araylogzlnnddnd)irﬁtxtaﬁmmlanwn 6, wherein the first region conprises
at least one of an a+ titaniumalloy and a O titaniumalloy having a
hardness of greater than about 350 on the Vickers hardness scal e, and
wher ei n tile setendarydgil bnnobcﬂmmrli &aherabm;breagtalmxeofmianmm ratHdé dippeddunm
?LLﬁya‘E}BSﬁ %b%ﬁ}ﬁggﬁ%a% g?@é.PEe Foé énﬁi;? ﬁggec{t‘a‘é Qgﬁe%%bt%gan% o for Pn?arnon
t he secontiringdrilbme. conprises a 0 ti tan| um alloy. 10. The rotary dr| |
bit of claim9, wherein the first region conprises one of a 0
titaniumalloy and an a+ titaniumalloy. 11. The rotary drill bit of
cl ai m 6, Mher €ihs retirg dglbbibplrlaingi wherein ihp pirddemanixgemposite mataiial prhalits oy .
12. The rlg‘&% 1?51!:1% f I.IHEr]ina ﬁtx QSI%IIFEI%JTH te glraf?ﬂ'enofq)g%eén a%§&t75‘391{/915‘c and
conpri ses one 0O 8t|tan|8 oy and an a+ titanium all

about 9.5 um/m° C.

15. A rotary drill bit for drilling a subterranean formation, the drill bit comprising;
a bit body comprising:
a first region having a first material composition comprising a particle-matrix composite material

comprising a plurality of hard phase regions dispersed throughout a an o+ 3 titanium



13. The rotary drill bit of claim1, further conprising a |ayer of
titaniumnitride disposed on at |east a portion of a surface of the
rotary drill bit configured to engage a subterranean formation during
drilling. 14. The rotary drill bit afysclaim1, wherein the
particle-matrix conposite material exhibits a Iinear coefficient of

t hermal expansion at room tenperature of between about 7.5 mMmC. and
about 9.5 n m flloy oilbB tidnit@taBEYmAlFi lnhtebdltthé ma ﬂfasdrlap;a@ cBmBritigQmiaARAN
formation, the drill bit conprising: a pit conpr|5|§ a first
region having SeFfFy §9mﬁlﬁtgéqupa?nsea%%lfﬂmuawaw?pﬁ%%51 gpide, fungsten, and
particle-natri mmﬁmﬂpiﬁ&ué @emaﬁ@msakegfdﬁawmps]blﬂgbawwlm%laha ynoeﬂ‘sohﬂfyd

h di ed th
Br a1 3 1 ani HFIRT! O PR R RO EPpslF maFd WIS GRASEH o grgenenal "

conprising a rmi@mlag beswdee abaadS s aid abhie 40% by polmﬁélsﬂ tBet pargleahattix t ani um

car bi de, tltanlun1d|bo e and titani |icide ard
phase regions coﬁﬁ?$5|ﬁﬂqb%?ﬁgfgﬁgﬁgh%ﬁﬁmg%%ﬂ% 5”% m&%ﬁﬁﬁ§m3gyfﬁe
parti cl e- mat ricutthgripostt fr aehgng al cartifodmitioe; thanlun1aIon mat ri x

mat eri al 0 vol une. of 1 he
particl e- %%?B\d r§géfglgnap gé %‘ge%ﬁnadfﬂga?#}al (.80911509 f onfdai?ermg ]fro {ﬁetl?/rlstrcglflp%glé){l 8?’1&

bei ng confi gur@dlptlsng:amtm}iumom titpabntbysed fllayunatdriply al agphwrality of agfting
engaging an eas%ame%]%%éd% 'the3l} ac@o?ﬁﬁﬁgfreéiglgbﬂﬂe Q?B’o!d?g a second

mat eri al conposition fering fromt i st conposition and
conprising a titaniumor a titaniumbased alloy material; and a
plurality;ef cmetrbts&g asill 'EHGF&HlﬁSISdﬁJﬁIEEP\S.ﬁﬁbr@ﬁ LBgne uﬁ&ﬁfata%dnme fdcbit
region of the b dy. . The rotary dr|F bit of tlaim

further c@ﬁ@#P@ﬁ%@t%ﬂghank directly attached to the second reglon of
the bit body. 17. The rotary drill bit of claim15, wherein the
titaniumal loy_matrix terial of the particle-matrix conposite
material bt t HEeFoy crifR gt lam Ieothsedt oF BiAniglgmalemalge! Rab e rside-of
greater thanAx acbmhlt&ﬂ@ermnoﬂtﬂiheﬁréfn@@ﬁscoh@mmms £1GRErege RRdestbLI it the

second regi on ¢ east o a+ titapiumall oy and a

T e o o S BeSoah P B Y i b SUg afthabEe e baleHo: fprripatees
100MPa- mldnd of anl@+ STie@iuiOdllay ynddi 3 fithnilyh bli@fhaGhgh Fachbe tolighntR SF greater than
conprisin alhﬁ%?r Qf titaniumnitride disposed on at | east a portion

of a surf&e¥ H€ rotary drill bit configured to engage a
subterranean formation during drilling.

18. The rotary drill bit of claim 15, further comprising a layer of titanium nitride disposed on
at least a portion of a surface of the rotary drill bit configured to engage a subterranean formation

during drilling.



