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t 99@@ theEisHSIELNP é‘chC&TWtﬁéH éﬁi‘i@ﬁtld‘n' i ﬁ%oﬁi&eﬁ&f heréh in its entirety by

drag," rotary drill bit for drilling sdbterranean
f trismeeférencs. | ncl udes a bit body having a face region

t hereon carrying cuttin WF@“ cutting into an

earth formati on. The bit Recured to a _

har denqfle shRgtio %@ﬁgfalﬁax\éld?& 19 ﬁa?ﬁ@@%%ﬁb&m?d%ﬁ@ giﬁ_il' l?:if% and other
such as an API readed pin, for attaching the dril

bitqolg thatamaly b¢ hsesltm Idnglnghabterrm:elam dersnationos, had topabpasive, wear-resistant
S nts cou o en bet en the drilll bit and

o FHTt FES Dl Pan LR ESe fiofcHiih Piticls maggiy Smposite dril
t 3l endloolsOThe 'iﬁ\)éﬁtl(ﬁfﬁédscbl%la‘tb“‘sqg n{e‘ﬂ{od'é %raaﬁ) gL 1ve Wear-resxstant

tubul ar pipe and drill bit. Alternati e shank
mhgrdfrsingdo gurgages of pantéclemiatrix ®ha)foslteuinlhblt$@m tdoéd e notor

to rotate the drill bit
conjunction with, a rot areﬁw% dr| ve
Typi calg E@nﬁeﬁﬁ’orﬁl ﬁx&ﬂ@ﬁﬁeﬁ?f ora“dilﬁg * lrothiyt dri1f bft fofRe 1 OMbterranean

steel or a conbination of
formations includes a bit body havmg a face region thereon carrying cutting elements for

cutting into an earth formation. The bit body may be secured to a hardened steel shank
having a threaded pin connection, such as an API threaded pin, for attaching the drill bit to
a drill string that includes tubular pipe segments coupled end-to-end between the drill bit
and other drilling equipment. Equipment such as a rotary table or top drive may be used
for rotating the tubular pipe and drill bit. Aiternatively, the shank may be coupled to the
drive shaft of a down hole motor to rotate the drill bit independently of, or in conjunction
with, a rotary table or top drive.

Typically, the bit body of a drill bit is formed from steel or a combination of a
steel blank embedded in a particle-matrix composite material that includes hard particulate

material, such as tungsten carbide, infiltrated with a molten binder material such as a
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waterial such as acopper alloy. The hardened steel .
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ig@ér%ﬁe‘&ﬁ dgfmé Wﬁléﬁ' the B F¥¢es' 6 MO DitWYdl 19%n8! GHBB eferfents 22 may be
subjected to extreme forces and stresses as the cutting elements 22 of the drill bit 10 shear
away the underlying earth formation. These extreme forces and stresses cause the cutting

elements 22 and the surfaces of the bit body 12 to wear. Eventually, the surfaces of the bit
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stresses cause the cutting elenents 22 and the
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har.dness .t end .be ativel br|t l.e and. ot . .
R ap gh st ek e hin edhos g mgiifs exPDiing high facture
exdugRivdss Bhdodb fIRREN &ft and do not exhibit high hardness. As a result, a

compromise must be made between hardness and fracture toughness when selecting

materials for use in drill bits.
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selecting materials for use in drill bits.In an effort
to si Nyl dnasTRAUS sl ERENE iRPEdVebot the hatdR&S aRd facture toughness of
fracture toughness of rotary drill bits, conposite
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e puist 20 Sk ISRl oS dEREuLn iron-based mateix of
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sintered tungsten carbide particles, an _ .
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OBl b SR 30 BRI L s, The
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f i f G t i al. ' . .
SR olBS, Sofindl e NG (iR BRA AR ) B il of snterd
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tu,nést en carbide particles generally consist of single
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may b i ial  suc : :
AT REE PN T Y —
bsuch aé thst| i@pregenteddinnBlG. [Betoco Blnifaer«fta dsll dithoAl welding rod may be

li.ndrical  tybe f d f th tri terial of
f %)éfﬁ%g}{elggge ihﬂ@ovs, cyﬁrrl(?r?cal tuLg ?Sme frg% tElIe )r(nart;lax I(rel;tlegal o(% the hardfacing

material that is filled with tungsten carbide particles. At least one end of the hollow,

cylindrical tube may be sealed. The sealed end of the tube then may be melted or welded
onto the desired surface on the drill bit. As the tube melts, the tungsten carbide particles

within the hollow, cylindrical tube mix with and are suspended in the molten matrix

4
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may be nelted or wel ded onto the desired surface on
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dsurfdce jof & drifirhat. V\Eorchxnlgpke@ phisma dransferwed mynao'ebm@mbhslmd between

i 5L, T G LTSy By et oy
eshrdblcinghstelg! WEPGW@& 1BixGfé [RARIABbR phRidicQdf Athgsten carbide and

surface of a drill bit on which it is deS|red to apply
aph@pm aef rmatnat eraterlal hepowayr bei dirested | tﬂmbuglju 9y poximate the

R R 0 g Rt e VISR N ot ke dgerated by

PHRABmErPARIERE the Particles @R hAtrbBateRE 18 ForRf a WERI polél bRER surface of
of the drill bit. The heat generated by the arc nelts

athel drgbbitt Which stbsequesdy sblidifies toxformt the ihatdfacingt material layer on the

wel Q n.the surface of the drill bit, which
sﬁ'ﬂgaggﬂgﬁ'te%?lliﬂi idifies to formthe hardfacing

nat er i #hendy Bird@Bin Fhﬁatérwl flsﬁﬁﬁ)liéﬁ tb Resudfatd bf Ridkill lW‘%laﬁ‘vely high
hardfacing nmaterial is applied to a surface of a dril

b temperatyirgs |arﬁep§ﬁdh10gmett eﬂrﬁrpieasatﬂm awtrsy materiall tfbt th@set rQiatwely high
l ?e%? eratt&lres sola Sggtfig %)cc%lr blqm )?e ng&; l \%éréx (5 le% and the matrix

eratures

t bﬂ’aﬁi‘aﬁ‘n 1€ @FHek @ﬁ)r@s’;lraﬁbﬁ bgislyiag dhé hﬁdl’&hfgl thateBibielat ddast $dine atoms
ot her words, after appl yi ng. t he hardf aci ng materi al ,
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c s

BE ?%Lglﬂflg Sllr’x%fn%r& xﬁgtgﬂgss(nﬁ'gu idit &1@ r\?rpﬁtﬁzprcg%ﬁ(g&ﬁe[mélg)ln addition, at

t wagsdom atemnd oginplhy tontdigednin thel diatrbomateﬁhl {i@as for erfMple) may be
atons .ori gl nally contained in the matrix nmateri al

( foupd in thertupgsianyaghidgpartigles.  Bin 4 15 an eAlarged gy eha tungsten carbide
gmhfé%ooﬁ{oWn befslG 5' ﬂéaéi% ﬂ:ﬁ a‘?&h?%ﬂ%ﬂéﬂ g&ﬁlxt%['l (fm the tungsten

ngsten car bi artlc

soarbldatpaﬂmemo (gmgatleh yind carbai, fiertexainplel tal be gourenn a region 47 of the
carbide particle 40 (tungsten and carbon, for exa e_}h )
g 0. The region

EATHemATIAG Fnraediately SAToMndie the gingsten carbide particle

47 roughly includes the region of the matrix material 46 enclosed within the phantom line
48. In addition, at least some atoms originally contained in the matrix material 46 (iron,

for example) may be found in a peripheral or outer region 41 of the tungsten carbide



matrix material 46 imediately surrounding the
tungsten carbide particle 40. The region 47 roughly
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within the phantomline 48. In addition, at |east sone
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| ﬁleemﬁﬂ’lb d@&@i&bf%dp@“g@llwlm when gbelctiateds tesiperaturehand when the matrix
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tﬁﬂ&@nﬁﬁt %e&eaﬁﬂ)ewerbsbmﬁomﬁ Mth piddesy Mered® dobidi fubkthice enters
l'i quid phase which transfornms the material conposition
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Di ssolution occurs nore rapidly as the tenperature of
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t Hfrdfacﬁ)lg ﬁ%ﬁé:i% czflll]er e?rbefrt@! eerllaea} gD god’ <? ?FO{‘Wgn between

antngitat c@bxﬂapafﬁel,es WeBthe hRSiShatktiahabe iﬂﬁlhﬁ&dﬁ%@fé i8thlSo a need in
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dthes@t der aietheds b caapplying sedinakrasivs a\@ap@ﬁiﬁiam bardfagingt materials to

nm‘fdne of E&zﬁ#ﬂ:]@-lmatt{?)h gg %Qeappfgﬂs 1398 rfg 1‘?% § (é)ln&1 dnﬁmg tools that

or ne ying suc
wilude esdhspattite-matriXf edipogitaabterialal s to surfaces of
particle-matrix cong%flte drill bits, and for dril

bits alnd drilling PESLOIVRE Q%EHEJEVMH
P RVENTAER i 16 D108 P oG- Bl pRE cBpdife material

ad@\&ﬁd o4 moh@t binderop Iifﬂi]ﬁ'aﬁtenafaizﬂ?m Qkodﬁéﬂﬁbﬁhll@ferrfployed in so-called
ten binder or infiltrant mater

come A Plmsiveh el i abp B charagtiized ¢ yipeng a “sintered”
aEh\Jﬁlﬂe%e{tﬁx C§Hﬁ)t351fé gg}cure bFﬁn yth@I I%%rp%nﬁl.zglg ?{i«g%észaﬁld abrasive,

aving a "srntere parti -matr
S tvearertesistant fratetriae rwhitihn ena}ObarghadictehlzedJ laf a fledrdfdeing’amnaterial, for
abrasive, wear-resista terl a ich may be

I
c Faaeing theuear- a%“%an%a thedjé’c"g]? al, for

In embodiments of the mventlon, a rotary drill bit includes a bit body substantially
formed of a particle-matrix composite material and having an exterior surface and an
abrasive wear-resistant material disposed on the exterior surface of the bit body being

substantially formed of a particle-matrix composite material.

6



enhanci ng the wear-resi stance of surfaces of the drill
bit. In enbodi nents of the invention, a rotary drill

whedaosiosskbudes a bit body substantially fornmed BET/ES2007/021071
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particle-matrix conposite material and having an

ext er i Metiflds FrCPpBith A abRRNRSH e révRint hidfdrial RN surface of a drill bit
mat eri al disposed on the exterior surface of the bit
baccerdanng vathoennlzadimerits ¢f theinventionfareal praprovided- mat ri x
conposi.t.e terial.Mthods for applying ap , abrasive .

wear - OUfec AaHN g ieriures ] atemaR ik, pBis F 4 PREER il become
agsRfGhe Mhen Wdwed SAgRH SRRt detaifled MBcripho UitV o8s @nBdiments of
provided. O her advantages, features and alternative
athsewvestion wheretakeniareonjonctionl withotbe ettasheg drawéngs anthappended claims.

viewed in |ight | el t he

var! ous errbod! ngﬁﬁ]:s}t @%Smﬁmﬂgm%&ﬁgﬁ nin

conj UNgYHiRNth §fecifoich tatdaids OkbﬁwelwﬁsN%%@w@n?&%ng out and
clai ns. BRI EF SCRI PTI ON OF THE DRAW VWil é the
sgisdndtlyclaimog thasrvdiicidie segaidetl ag theiimrenper, thecadivamtages of this invention

poi nti ng out d distinctl | ai,jui ng that. which,is .
Bkt gserfil shonddohom e TilRydtk d5Gertih hing invention when
| RME T BN With ARY ReoiRpdying RAGRES ivigeh:f rom t he

fol l owi ng description of the invention when read in

conj unEtG.dniswi erspettiyeateyo nba pgrivengtiahahwitary drill ibitvthatghcludes cutting
FIIG 1 is a perspective view of a conventional rotary

dF PN ¢ that includes cutting elenents; FIG 2 is an

enl ar gefG Vi i§%h @hlafied Widw Hth &ltGIEAEm&Tt of iR SAMNEIBAA AR#Ibit shown
drill bit shown in FIG 1; FIG 3 is a representation

ofn HGohpt omi cr ogr aph of a conventional abrasive

- i t terial. that includ t t i d .
par 11 o & S st ARPRRTRYoT SR ARG ERaPAaT 4 PpTHGT abrasive
aweRtresidtarinaterial thaFlikeludts iténg@fenediring %&le@%u%tatfﬁ&lly randomly

conventional tungsten carbide particle shown in F
3dispyred throughaut ¢ mpdrixmetfrialf a fi xed-cutter rotary

oxt endf Ky 4 bS8l Fiod Pt SpdpBaPlp L Cipile paicte shown in

f BIG.r3ecei vi ng abrasi ve wear-resi stant hardfacing

material thereon; FIG 6 is a partial side view of one

bl ade 8G.t hesfd sidd-vewt ef arfotedroptier rdtaryndrill difoilkustrating generally
TS BBt 8 PR B0 OB g BIBT flR armie
f wsgdresibtahttHardfadifg Mafibl therbbd; 111 ustrated in FIG 5,

taken generally perpendicular to the |ongitudinal axis

of t heFHyiq 1s aatial siderray of oneladecafithiyfixadecutter sang drill bit shown
{ RS sk UG8 ol B inkidg abr asi ve

wear -resi s
FIG. 7A is a cross-sectional view of a blade of the fixed-cutter rotary drill bit

illustrated in FIG. 5, taken generally perpendicular to the longitudinal axis of the drill bit,
further illustrating the recesses formed in the blade for receiving abrasive wear-resistant
hardfacing material therein;

FIG. 7B is a cross-sectional view of the blade of the fixed-cutter rotary drill bit
illustrated in FIG. 5 similar to that shown in FIG. 7A, and further illustrating abrasive
wear-resistant hardfacing material disposed in the recesses previously provided in the
blade;



hardf aci ng material therein; FIG 7B is a
cross-sectional view of the bl ade of the fixed-cutter

wo oaoany23ay i |1 bit illustrated in FIG 5 sim | aPCT/oS100A021071
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shown in FIG 7A, and further illustrating abrasive

wear - r 3G S8 &y sidevhast dﬁ@th@ﬁﬁ{?éd—éittexdf&d}?%lﬁﬂ bif) sfhhﬁr to that shown
recesses previously provided in the blade; FIG is a

siin] EIG/lSewlusfrata‘rgcgmeuallﬁ cireumferentialy exteraling edskds fomn;d in a blade of

FI G il t
ol il B e RinaP B SRy s Bl st BBl hetsite
in a blpgdeg of a siae vk b y&i dnofter ﬁ&@&@ﬁﬁé‘r '?&a@bdrﬂﬁbl\f Esimilar to those
wear - resi stant hardfacing material therein; FIG 'S

a skowiein/FI6i%. §fang & ilbustwatingrboth g@ldraﬂutlowtudm’aﬁw yxtdnldmg recesses and

bi t jm | . hown i

ebtrcibh b Bt o ReRaRTS P domta § Bides Ay drill bit for
r ?&%ﬁ%%sab@&ﬂ/e@%&_ﬁ@is't%t ﬁarafauﬂg eaedHal Mefetn; ext endi ng

recesses formed in a blade of the drill Bit for

recei vifilg. Hbiss icross-sastional es¢vet amilahtartioscshognnmtB6GSallA and 7B,

¢ PEE B s Apied s SN 14 GeRpery 45 ? Qresbesiiant inser
f QFdRdLdYANE FsHrlaMoREPaBRg BuPBEd BNE adefofea rotary drill bit for receiving

wear - resi stant | nse%d provided in a formation-engagi ng
s@blfaalU@W@&r-laSIBtlamd@rdﬁm% moteralthetein | bit for receiving

Fro 1 FToe TSR e cta Gt daesaruerd R plite of a roary

SQENISiE dnd BuftBHE rBess ORREY gélletdlly Bblind ﬁ'}%nphery of the cutting
il lustrati ng recesses forned generally around

p glementfoy resivirigabrasive iwegr- @lsemamardlfeqamg wrgnal nhgrem

abr asi r-resistant har dfa mat ef j,a her X

B 1 ¥IoLTRi R SRS A@Bn A BT alibsfor iR b flefipy and blade
Cyhdwieh BIG nﬁnttal@ﬁcgehéramﬁ péx?@x‘(mcdlzﬁ t6!the 1dnkitudidiieskis of the cutting
gener al | “ge end| cular to the longitudinal axis of

t lgkement, t dllustating theurecerses farmad igeagralhy atovad e petiphery of the

f ally around the periphery of the cutting
e?‘é@gfggfﬁéa 13 is another cross-sectional view of a

por ti oIFIGf 13 Reavitier IR s SbRioRAIt view bf bl gsttors BOWME éuttiffl Slement and
11, taken generally parallel to the | oni;tudl nal axis

obladashewn in KiGel biteken, generalin parallel tasthe ngrtgdmaieams of the cutting
r %f?l??}lgsfg{tﬁgrnﬁ?stgﬁ?%rthal Lf:\éesgésg Orl)‘rélreé he ri?lli egv %t G p%rﬁ]‘pg\ery of the

cébftinpgleglegient and bl ade shown in FIG 11, further
il ustratl ‘g abrasi ve wear-resistant hardf aci na _
mat er i NGl Eissregspestiveridew ot tesuyingrelsment andipladn shavrein FIG. 11,

p%ﬂt}fép effhystrgtfl %F@raﬁ% w Elglie 1s§1§5ﬁ{.rdfacmg‘ mgtén lsdl é;)s%q in,the recesses

cross-sectio Iew o I'ng I'eren ade
| ipkeevidddairousid e periphérly Of thbZnttinglelehtiit;i | | ust r atl ng the

abrasive wear-resistant hardfacing material provided
in FIG. 15 is a cross-sectional view of the cutting element and blade like that shown
in FIG. 12, further illustrating the abrasive wear-resistant hardfacing material provided in
the recesses around the periphery of the cutting element;
FIG. 16 is a cross-sectional view of the cutting element and blade like that shown
in FIG. 13, further illustrating the abrasive wear-resistant hardfacing material provided in
the recesses formed around the periphery of the cutting element;

FIG. 17 is a perspective view of a cutting element and blade like that shown in

FIG. 11 and further embodies teachings of the invention;

8



the recesses around the periphery of the cutting
elenment; FIG 16 is a cross-sectional view of the

wae eaosiom3y2®el emrent and bl ade |i ke that shown i n FCTRIS2087/021071
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further illustrating the abrasive wear-resistant

har df agi@ ol 8B tallhtert] cRsQYcHBRAI iview BEtHeQutthgaSerhéit RBSvn in FIG. 17
around the periphery of the cutting elenment; FIG 17

i taken pleng grstion liee lﬁ-i&\ﬂ@felm cutting el ement and bl ade

like t own.in.FL.G. 11 and.further odj es .
teachi RBE B S DAttt GfspRtiondb e/ of FRCGHHR ctement shown in
CFRS 373 86&hiafhdlsedtioRWne191108h&Geth! | Ng el ement shown in

FIG 17 taken al ong section line 18-18 therein; FIG '
19 i s HlG.oMyiz anlienalview @f syet @oothemfikedsuster gbtatyhdrill bit illustrating
cutti elenent shown in EIG 17.tak | ong, sectiQ .
| g?{gr#]%_ri<§5§eﬁ g?rg}eﬂ;m Apss angd:opg r%ongr@%{ﬁ%gw e?@{l bit Tor receiving
apsrhdies whark8dstad hhRifaciy Batkrigl thdréinPi t 111 ustrating

generalhg recesses formed in nose and cone regions of .

bl adesFK#. 2lhes alréprésentationf of arphotomicrograph rodsinvabrasive wear-resistant

wear -resi stant hardfacin terial. therein;. El G 1 .

" Bl Bl s g feeBRen Bt amephab ApANG inghes fngsten carbide
aparisley Subd@atial e shdha) HisPREQY thrlughdidh neidpedi es

t eachi nlgs of the invention and that includes tungsten

car bi dEI(p&2t1$ an endargedbwiewof iaduriggten sarbisteipartitiesshews enlFIG. 21;

t hr oug ix; FIG .22 is an. enlarged view of a .
{ungst EICR. Pl aeB 5 pheiFoiShmnmhs T ] ebtad ¥ wepbtégSlanC hardfacing
2 3hitefidBiak @nibaicd Nedehings dPhBe MvedtlorRBh@ $hatEincludes tungsten carbide
wear - resi stant hardfacing material that enbodies

t partplengbstantiallygandopdy dispersedriroughaut a meatird@sd t ungst en

car 1 Sy b . SHRTHA™S ko 1Rty 80K Py v o

Mpartield-rdtrix 66riipdtete hfakerial thele@f] ¥inliRY toW@e fotary drill bit shown in FIG. 20.
particle-matrix conposite naterial therein, simlar to

the rotary diVIOPEGSXFQREARRKING QUDTHENNSENHIONR

CARRYI THE | NVE The i.llustrations esent ed

ner o1 n 105 SIS AR e, g b fagreEy afLAGHT s of any
Paarticely @il Bit,i duktingl dlemérid! Kard¥acifg aiedMal oh athef fR&tuRdof a drill bit, but
material or other feature of a drill bit, but are ' _
raeansrely ddealizedagpresaptationnwhich eresemioxed tedescahpihg peagentdnvention.

d d r bRy I on o) . Id ke . .
e A N
f f@eo@eenithee Wik tHei shine dr Sifila Rfereive@nfRral. t h t he sane

or simlar reference nunerals. Enbodi nents of the ,

i nvent EBhodiEmentscol e dnyeation wagyche uped ineerthanessthewgns gesistance of
o t Adr L. hi rij . i i . .
DI plbig o SACU A EPEULIRIRL ShbSste matcri
c oompssitionowithi ah abrasplr asirvesiviadr hardficisgamatekialr dpplisdn® surface
material applied to surface portions thereof. Arotary. )
dppitipngpihereals oA rofaryckeigritahiddn afcordanse with st prbediment qffile invention

| W§BHhIA FIG. 5. The drill bit 140 includes a bit body 112 that has generally radially

projecting and longitudinally extending wings or blades 114, which are separated by junk
slots 116. As shown in FIG. 6, each of the blades 114 may include a cone region 150, a
nose region 152, a flank region 154, a shoulder region 156, and a gage region 158 (the
flank region 154 and the shoulder region 156 may be collectively referred to in the art as
either the “flank” or the “shoulder” of the blade). In some embodiments, the blades 114

may not include a cone region 150. Each of these regions includes an outermost surface

9



is showmn in FIG 5. The drill bit 140 includes a bit
body 112 that has generally radially projecting and

wo orvgiosasdd nal | y extendi ng wi ngs or bl ades 114, peiiusivo7/021071
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are separated by junk slots 116. As shown in FIG 6,
edah ivtorfiparddl wdapade hentbtorpbtandPdniatidmnurfeRgdiap alhell bore hole
a nose region 152, a flank region 154, a shoul der
bz Hhecrone g%g@ 1r5é>gmfﬁ r%sl k%aéldfﬂaah kegiaay} rare configured
S Vi
élfﬂ e?&ﬂgﬁx?& ta éh%?%e ¢ ! rﬁ%&ﬁ@ : étetﬁg e ﬁ ere hole and to

" suppottahe ‘magbrity uf thé acledlled! ‘ﬂvéigff&)nﬁﬁfb’OGWOBDﬂaﬁphddhmrou the drill
bl ades 114 nmay not include a cgne region 150. Each o

t E8% r EagseTegipRt cyae s majosity of rfhe culting feleraenint! 18 attached within
¢ gé‘%ﬂgﬁﬁgg %8519 fa%gig fﬂﬁofttﬁg Rl%#&t laa:f?ﬂ cgﬁtgng ﬁ?rrs%tgm%%%veay tlaeh%nderlymg

r fgmatiorl Ghe bots®En LE eovelllote. aMbe hoaltder kOIS 6Li5 4ndEéhfigured and
configured and positioned to engage the formation

shesitiened te pridgecth frapsfierobetwpen the bptteraod ﬂl?oWé“ h@r@ 110133 and the wall
(%%E‘téﬂﬁ% Fl?eeg?% olregto}éhgzghlé %r&? E]J’K? %OSI 0 enézgﬁe tthg fonnatlon
C gurfagefor M Gitérhlysidek ofﬂﬁ v@e;mttidrmolel ement s 118 attached
wi thin pocket s 122 upon faces 120 of the blades 114
for cudsithgf O@mafs@r@maalgg svidces nbthgrvaapus,iegigng of thablages 114 slide
t T
S B0 Dbl B8 o A5 58 93488 o i

t foxmation, dire eterialecot tlﬁdﬁlelatﬂBStlthm thic fbﬂﬁ@tmﬂiehg@{gesuh@bés thereof has a
and the wall thereof and the gage region 158

c BRASIGH e dVeR WY This TERIING a¥ey Rfethe Haaterinl ithe hlades 114 at the
ARSI ALl 155156 S5 g b i nait

r &g, driswhifrl) t\hleclbfnayl éathibi ead td cheasaophis failageof: amadrmsmt t4oe
formation dyring application of WOB and rotation t

dri || & abetie itd redups hengasing awagfof ttheemgierigleat t_hsblaal@s 114 at the
t n f

R B R

bphadesonldndl/@tin tiese fiafated dfthe blagedi 149 Fou ek 86518, in%yts lsécddas bricks,
to |oss ,of cutti n% el ements and/or bit instability

(étugs ang; weewnlqutg orgyed Ci}'prﬁ,a%p abragiye Wepiskggistapt material, such as, for

r

e?’* or [lé’t 0 S&gﬁggk#hgav\%&g%@ﬁaggﬂmg}wg#% #ég%a%er iar ofrblades 14.

t he bl Adahovid n BIG.tha ;ﬂmh@tdf@veaemgagmngls&tsr F2%0@sch of which may
vari ous tv‘\oiear resi stant struct and materials haye

a

b EURPC a0 G BAPLar AIBEStShoa bl Briek matchesingst vifln the el 114 at the
1itmafit-efih gﬂ?l s%rfa#:@sl.@f to? tﬁ%%ﬁdesl 187 S rga 2 gé ll‘&?on PM¥thereof. In
wear knots rom an e

rasive wear - i stan
maddtional embodimeats, tHeoslades alri]élmay inmhglstmammm etrudtmae on or in

J. | ad
ol Gheihe s tRecior LT Sa0T & P PIA0Fs e nehudliis b gone region
| PSE Mbse rbg®n 1S2CHhnRre gtk ¢44, Ws}ﬁﬁm& fepfon, 158'as %éﬁ:g%@thh respect

a tungsten carbide brick) rfay be Inset within
btcaHKs. 1614 Fat emtmplé,oahtwlveowezurrgagamefmebd@ﬂovdﬁedtdneor in the

bl.ade,.114 in. t he e regi on 158 .t hereof
e areEimgosTiers of (0% 60u 2t 1o0s AMHgF PR grion 152 of the
Wﬁﬁﬂesr 18 3irStafbtall§ bEMEE BAEST ABreRUtting elements 118.

Abrasive wear-resistant hardfacing material (i.e., hardfacing material) also may be

applied at selected locations on the formation-engaging surfaces of the blades 114. For

example, a torch for applying an oxygen-acetylene weld (OAW) or an arc welder, for

10



formati on-engagi ng surfaces of other regions of the
bl ades 114, including the cone region 150, nose region

was@g/oidzank regi on 154, and shoul der regi on 15BCEHES2007/021071
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described with respect to FIG 6. For exanple,

abx ASHLY,EmNEBE uscdStb St Akt panSANHcltEE WerPERAN ErdPatinY material to
in the formation-engagi ng surfaces of the cone region
15wildatd/ applieption ofetlie owear3esissant thaedfhtingl amatarial to the surfaces of the

r tignal l ehi. nd or more cutting .elenments 118. .
Bl 02" A FRTE T s Pet iy el P ReRng, 15 hardtacing
hatattiraL kd\the BRbBAY 212 isAescpibb@belb®. appl ied at sel ected

| ocations on the formation-engagi ng surfaces of the

bl ades Wit coptinuedx safgrece 2o tRIGe hS.f oecesspp| M2ndorameceiving  abrasive

oxygen-.acetyl ene wel .0r_a c_wel der

¢ SFERRRRRE HardSnl Rl hfteif madheltoguelincfe piaies 114 By way of
VWeRdmp1€ ahé haNimhaich &l Reest@t BRI mhy tReddBédeldltBngitudinally along
application of the wear-resistant hardfacing naterial

t thettlasdes Uit 4, a8 shovar intfie. b1 Adengitudinallypysendieg ieoess d#2 ntag be formed
wear -1 esi. st ant . har df aci terjal . i,.e.. hardfacin

i e BRI, ARG Y TR deRin, i e Blagometveen the
c ﬁi’iﬂaﬁé&%@ngagfr@rs_ﬁﬁﬁ& 109 ahdi the rgbatiérﬁi‘llz $&@mgbidaded46 of the blades 114.
recei ving abrasive wear-resistant hardfacing material _

t frepdditomaylongitudinale ¢xtending eedssald@smayl e fapnedmy odferwise provided

ex lLe and t limtation, .the recesses 142 nay .

ARERR B, hsd bt GedeBRR IR Ren i oaibeaing sotace 121
agand fHeVotatibndilyCGrailng frfae 948 belthedddés 4. e Oklk B8 nid?€ 86 the recesses
142 may be formed or otherw se provided al ong the edge

dé#2 mey exignd fleng the blade d14 adjadsat guean mdre wear-resistant inserts 126.

f or mat i.gR- i ng.surface .121 an h tation Yy

| cadi g PR aed P MoRREvbF i d0ad T1d SAAUTTIGS spken along
| odugioh Uiele mal-1 A sRaweBitbrdifl ARGESWn I ZIGEYA bie f&ebRE 192 may have a
ot herwi se provi ded al ong the edge defined by the

i senerallyciermieirqylar \seassrsedtiondl phape. | She invgetifimig notse digated, however,

1 n r ot.ati onal | raili urface 148 of.th .
o B Rt SRR ot feb i PR rBUINRRE eKflishtEppe that i
akertgallytfaktubl coehdral R eica@ Silhr (@ €D6€any other shape.

13€ s@liar
wear -resistant inserts 126. Fl ge 7TA is a _ . .
cr oss- J8e MasAeN invyaigh die rcesserdkt21arg fammesdnor otherwgse movided in the

 BNEPYSH 3550 B0 5, SABADEMABEE) B e R0t or

s exdample,d0thrrbladeo $ 34 s@fpriser@entod parbidEe othey paticlermatfix composite
not so limted, however, and in additional )
e Fstaahep describerbbelowdhe gespap] A%Eway]laq,g)naed in the blades 114 using, for

CERanpl ,%Céc}ngé}ﬁ{onahﬁimﬁlgtxﬂgéhh{esor Ry 'Z:?rl\}e}{ti(gr{ai ﬂlqgr#hﬁ% tool (including
generally rectangul ar 9(e.g., square), of any othe
s hapkheld hexchiaingeools)y @fticnhlly, ke reeeses B thdy bapsovidudrir the blades

or otherwi.se provided.in the bl ades 114 nay depend on )
t A& FHERG foamag% f}jaﬁib&%ies hi4pilhe awention jsAivk hm;@ﬁ by the manner in

f QhiEche E&‘res%%( 3&@ L& fol—:{glecf HemP lbf’a‘ans 1 1]41{}f £ 'Hﬁrﬁoﬁgslil 2 of the drill bit

cenent ed car e or other particle-matrix conp
ma#@rhioateyveraand eiscmiethed tiee lcavwbe b todors stesredebResnBd? ihe particular

c il it iy Do Rt AT Bchas P LGB g ginvertion.

machi niARGHLRA! in (F1GC 7801aBGsive wear-resistant hardfacing material 160 may be

provided in the recesses 142. In some embodiments, the exposed exterior surfaces of the
abrasive wear-resistant hardfacing material 160 provided in the recesses 142 may be

substantially coextensive with the adjacent exposed exterior surface of the blade 114. In

11



hand- hel d machi ning tools). Optionally, the recesses
142 may be provided in the blades 114 during formation

wotoosloe3ld ades 114. The invention is not |im tedr/by200me21071
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manner in which the recesses 142 are forned in the
bba@eswvdrdd e tbiasitd twdapeisislah? Hakdthdifg Ghhtetialbil 60 lﬂ@ not project

however, and any nethod that can be used to formthe
r @@ég’@@glnﬁ@nﬁhﬁ surfsge of thalbladesid 14.| Irpthis conbgaratjors dhautopegraphy of

t ‘aaep&? 10T su%{gce f t?het %lad a]é\f%;%()d%lg 31‘1:‘5 Iéepc%sses E4i With the abrasive

i nvVentr on. snown I n

WRRhr-fesistahit RRdfabiap tiadeah 60aiag bHeaubsk&iallR ¥inkitar R6 ehe t@ﬁ&graphy of
in the recesses 142. In sonme enbodi nents, the exposed

e theextesior susface ebthe ladeshkl 4amion & feamingthe resesses WAt Stated yet another

05591 PR G o L RESHL G BB TEAR 160 may b

exmm@dalgxkeﬂl o flesh] wah eheddurfabe oPthedgadk 144 ddjebrtahe wear-resistant
words, the abrasive wear-resistant hardfacing materia

1b@dfmylgnmtelmldj6ecn agliggatign generally pernsndichler touthe aegiomf the blade

ades..114. | n. nfl urat he .t & h
oft 4 RBET i st B R0 b AP 8. 3] S BR Rlcining the
f otikinAOtopbBaplECESHE extbior erah,est @ﬁthémla%ﬁé €4, the forces applied to the
wear -resi stant hardfacing material 160 may ‘be

s an@rrﬁurfamswf éhenbla@ﬂs ltl % mayebet mp@@valgimdlmbtttﬁbacross the blades 114

r ades 114 o farm ng .
BLEr Rt ARG Bl 4B o, Pl i B wgerressans
Shﬁxﬂﬁ&ﬁfg Piatetihle] (Abprofect SR the TeRfekidt @a;tfadéaroqfftﬁ@ iblidles 114, as the
material 160 may be substantially level, or flush,
wifermatiom eagages hgsoprojdetions efgebrasive wgqrar@sstantthaedfacmg material 160,

VSRS RS L) 0 64l T i 5t g e

agiraetivhs bNEbrisdas wea&bﬁﬁtmthah&m:ﬁg:\ﬁiawamw The nidgfitude of these
By substantially maintaining the original topograp hg
ofncrgsgedelocalized siresses may de generpldy propgdionalite the Gistenee biavhich the
e
a@fgrh)c%gnst %xlteF(? fgﬁﬁs e[fu'-: %ﬁ{fﬁ%r Ef‘?ﬁe bPatdﬁ§ f'ﬁ rggﬁie ?fﬁc::lt oHnPé))(x'ards the

across
misiiRtion btiag dieldedzy ’Ihl?(efd% {bydesmifigiieig therexpostllextdrior WitRites of the
abrasi ve wear-resistant hardf acing material 160
pabfaENe svearseistane hasdfaring majenial otk to rsubsientislly gwatch 1the exposed
a%xt%ﬁ@r E e{z@st o? rlhée g¢ %1&*}% %v@cf Q&Lh%gt ol theart%é@s%sv ?42, these
wear-resi s har CI ng materr al 0, In ner es

| dedasakidealized seesesmayy devauogl i éliminatedewlitindey 18dddto decreased
in the areas rOX|na§e t he pro ections of abrasive
WAL @é‘éi‘%rﬁaé sqryeeinisaf s dr‘fﬁ]tll! 14} 160. The nagnitude

of thegg &]%rgmaécf ﬂ-lel)tg&a\l,rh@cﬁﬁnég}g V\ﬁﬁﬁasm 109 ehzggﬂgflg lr%xga)ferial may

proportlon I stance Ich the projec
empmmillfl be aplﬂh:é deractfyato eheofacd 120 difl thelleis bdd.y41 I2nwitliomit creating recesses

d he f t d
Iﬁ%f@'ﬁlﬂ? %tll r ; 5&1@ M{fglgﬁlgc lgég%fa@é(s'tcg rtlixegtpt body.
surf aces; of 1ﬁlf§§at@§35xﬁ§}5éf %t\ﬁﬁa&ll[ Sﬁ'ﬁb?&ﬁ&or@ﬂ% g.g'eﬂﬁ)odiment of the

material 160 to substantially match e expos
extventior. ‘Fhe ddtbs 130 i gtmehillad;ﬂmlak]té theedmly &d 140 neviously described

f th t.hese Jincrea | ocal i zed
& Pl Blkninte, onfIG oeand Mgy A HEEBGOT DiRdeh 11y cpaaigd by junk

t ‘ré’llolfélelqgle {?\Slilgral’iﬁ/&lff viArdsREHERSER 1961 ifset Withth RE firhBtion-engaging

surface 121 of each blade 114 in the gage region 158 of the bit body 112. The drill bit 170

further includes a plurality of recesses 172 formed adjacent the region of each blade 114

comprising the plurality of wear-resistant inserts 126. The recesses 172 may be generally

12



It is recognized in other enbodinents of the
i nvention, hardfacing material may optionally be

wap@Bioes2di rectly to the face 120 of the bit bpdyusar/e21071
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wi t hout creating recesses 142 while still enhancing
t KithiMERY the @SdeSse@ MEE pRVicubly destifbed Beredf intrBlatidi fo OY 5, 6, 7A, and
FIG 8 illustrates another rotary drill bit 170

aéBor dhageeessean! Ehivothimdhe fagde 12He of rtherhit, dwwevere egtand| generally

bit 170 is .general S| to the.drill Rhit 140 o
oy G SRR ol B PR b diE bty i o the direcion
| pEdotiBR oftheldvll diti 179 dafinPbAmias. 114 separated by junk

slots 116. A plurality of wear-resistant inserts 126

ar e i nEKE. Yitlustratestyearfothrendrill bit-180 gy embodies teanhings 2f thefinvention.
h.bl ade, 114 in . [ .158 of, t o] s
S350 B B 5 PSS BB a8l BB e i i

I e7E %6 ncludés h phuFBisty € bRAENT 14, RBikrskA¢ P16, @hd SR&Nrebik@AEInserts 126
114 conprising the plurality of wear-resistant inserts

1inset within thedfemsationsngagieg sustace éAkphedch dlade (144 in e ghge region 158

recesses142. vipusly described, hgerein i,n.rel.atio .

| SRS T P b0 Rl HeliRBE pREL Bl iyifitisRly extending
f Aessd? V4DNike MRosei 3f, the AIMBN Bit a14©_xdn€n%:_n91%[1 rédchiferentially extending
circunferentially around the drill bit 170 in a

dracesses &2 dknethedel 9f ther drill it 179. t e this reopfigwatian each plurality of

rotatio f. the il bit 170.during.drdlling. ,E 9
PRt 198 sy b SRttt Pt nht: siiped (B rebesses 142,
t 27X Rhatgsre Ofilldd vithn WBALive Nwealhiesidtant Elghr&fdtih @ r matetiar %/60 (FIG. 7B)

drill bit 180 is generally simlar to the drill bi _
18oeedly up o dihe| ¢xppsad  exterioraperfaca cofuthesbladgsl bkl i By sybstantially
bl ades 114, junk sl ots 116, .and arsresistant .insert .
R e R R
eqehr-esigdf ihidtsi 126! BRaSRD WA SF e haRrihinef @efbladbNEl4 adjacent the
drill bit 180, however, 1ncludes both genera

'l
| haglityief waartrpsigtantangtirts d 26 eeaysheereduced qrielémixtamﬁ;( ié/hmh may prevent
Y Ly, chrcunferential
o RBe it Ploke Se S AR MRApsehs DG IS T ),

170. hin theiembodithieng ghd@in GNFIG 3K thedleions bf theWlades 114 comprising a
wear -resjistant _inserts 126 may be substantially

pBhuraibeplay ar-resistand insgdy! 9 are @)é@%@lymphqalw urpundadedy recesses
¢

L0y NS S 808 e 160 1
eSBRr Inoaddstionblbesbalimedts, dik ad &sord béar-Byistanfigteratofal drill bit may be

surrqundi ng the periphery of each region of the blade .
1Ay %thitgn%eﬁlm @Pﬂphezgllycﬁuwcf g‘é)f deogntes| e twath abrasive

1 g ye material of the blade 114
aﬁ?gg@ﬁﬁk?ﬁgfdlﬂgﬁﬁ$@ggf wear -resistant inserts 126
may beFi@dwdced cerssatdtivhalatied of wihiadb 1wl prictlves diilll bitsthat embodies

of one or_ nore of the wear-resistant inserts 126 ] )
disaeipesiithe inkeption; Theerogsrisstionabiewsin silar (9 the egospsectional views
t pﬁ)\&;negﬁ qﬁéS.Of7At-*7'§, bITﬂg qﬁa&lglf%ﬂm}) Sih”ﬁIC?. R#, uﬁcﬁwllévtex includes a
of wear-resistant inserts 126 are substantially

perarpiesisaht insatiri26 uhatend ingdividialy sabstadidlly pédplinalty smyounded by

be fill ith ahrasiv ar-resi stant hardfacing .

eEiFa o4 N E;fled? B)lt.ﬁ_ OFESREY B3 SFATanS 3Bt pterigh 460 The

OfecBRES 18 Rlay 'R SubStaHalll RiRdr o He Fretiobdly dBibERYecB&es 142, 172
(FIGS. 5, 8 and 9) and may be filled with abrasive wear-resistant hardfacing material 160.
In this configuration, the exposed exterior surfaces of the insert 126, abrasive

wear-resistant hardfacing material 160, and regions of the blade 114 adjacent the abrasive

13



i ndividual ly substantially peripherally surrounded by
recesses filled with abrasi ve wear-resistant

whasdhaseng material. FIG 10 is a cross-sectiPCHUS2008021071
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of a blade 114 of another drill bit that enbodi es
t QR&efSEnHardRGng AMRREI D mdy e ger 2Py EStERAR and '[gﬁa‘f{ar to reduce
is simlar to the cross-secti‘onal views shown in FIGS.
798¢ mmlﬂ%he lotaited 1stetss lrongeniratidil @austd, bhomxyv @brasive wear-resistant
i des r-resistant |ns

BB r Q1AL Bioiselng Pofs PiephETeil 19 esorb adspg formation
rg&§§g§§6d182 that are filled with abrasive
wear -resi stant hardfacing naterial 160. The recesses

182 nain bédiserss embodialents, sicaisbamay doet provided aramnd optting elements.

OB ek 2 ond L2 Sen s 0 SheR oo 122 o

NBla8E | B4 ofieﬁ@mll bh sfn'illa? t& ethi B WAtk ABusly BERCABROGERbits. As shown in
exterior surfaces of the insert 126, ‘abrasive

wezch- ofeBIGS:. dht13h aﬂCdSsaS:ﬂ% et ey Foamed 60 theahbde dgit dhat wbstantially

e s AR e BR8N G RGP tarecesses 100

apfly a8y cﬁo@s—§&96‘1§a¢ sk @lﬂaﬂé"@@rﬁerﬂ@cﬁqahélﬂgr %itﬁ&?g?l in additional
condentration caused by any abrasiveé wear-rési st ant

hembiédimienty, tharexssas 19BMap hayeeatyi atger fshapw tThe doitageelchdent 118 may

SBestRi Ry aRaParEs 2 Pinect sath st 5 el as for example, an
aﬁ(ﬁiéﬁ‘ﬁe SHbiazhg a@lb? MRRte privifed dilthé thtéRELAPEE ¥ %e(‘ﬁr@ ‘ﬁhd attach

one cutting elenent 118 secured wthin a pocket
oﬂleaputtingatenﬂemlkﬂ‘toahajlvladdlllélt simlar to each of the

Pl oo Koo e Sihshihalp B BiGRal T REeEN el but frther
Litthsirit@bbrastbs mmeﬁktlam m&&ﬁgeﬁlaiehm ﬁé@rdi%vég&i \Hﬂﬁn the recesses 190

cutti ng el enment As shown in
r pswiied aravmd thcayuth@g/elementr oss- B@c@mpowdl empeurlfao;as of the abrasive
gener al.

o RGP RE R ShueB o8 " REGR BhJRSblage 14 adjacent the

ShigRgve TWearGedisthitd hatdB Ry rhdtridla) 60 € nffC Wee %ex\i\érﬁlw Neoextensive.
t he pocket 122 using a bonding material "124 such as,

i Burtleemnrﬂ abrasive wetrerssistant hardfacing metenall 169 mnyybdc;@nﬁgured 50 as not

ov I d e interfa ecur e
S o ond PR, it Resd BT o R0q, 1 £ R0 B Clminate localized
1§tré‘s§ dheentrdist aRtdedl by adl Nibraivel WellfeSistatl hdrdfacing material 160
respectively, but further illustrate abrasive

weeyecting fromethe blade br"agﬁnnrgllnwmaa forra@iogi bepnggtsidileds t hi n

the re V|de und he cuttln

115, TADOEGRABEGE Y, PRIENTREC CHRY PR harofcing
weferiaEBi0Shay toven ﬁﬁH PiotedgatTedses partiod @O tiRMbnHAG niREHD N34 used to
of the blade 114 adjacent the abrasive wear-resistant

h@ﬁcefea@ie riyttingt dement L1Eovithiy thee perkeed 23 |\yh1@1b@3@cyemgﬁevtethe bonding
a{e@iﬁf @{21‘8H?We%sayrﬁlgnm¢grﬂ{m yysygr%{gctn?g h%fl% materlal 124 from

mat eri al be ¢ toe en
bez)émnduﬁﬂgedﬁnhjng,c&i&t alﬁasi\feawe&-reilsthﬁtehﬁﬂfadﬁg Mdterid? 160 may help to

' Sgldgnet sglgarftlolnrgf rtllijlet glttlmogceallfl:rlnezntq 18 from the blade 114, damage to the bit body,
and catastrophic failure of the drill bit.

FIGS. 17-19 are substantially similar to FIGS. 11-13, respectively, but further

illustrate abrasive wear-resistant hardfacing material 160 disposed upon the bonding

material 124 securing the cutting element 118 to the rotary drill bit 140. The rotary drill

14



stress concentration caused by any abrasive
wear -resi stant hardfacing material 160 projecting from

wo b@siohaade 114 generally towards a formati on bRCTES2007/021071
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drilled. Additionally, in this configuration, the

abit 480 e sttiralle Sinfilaf b tHeaoehaaHN BitES SHoval inlBI¢. MaYind includes a
cover and protect at |east a portion of the bonding

naluedlity pf qutting, clements 148 pasitionddeand seeured) wathimparkets pBovided on the

" A ROl AORGTRYiPERS 57 Rt 15 o

t be sEurddl foatheBitesods! 11224 thé @i WRRI40MGAgEh Stérfdck MBerebetween. A
the abrasive wear-resistant hardfacing naterial 160

mhgndirg watenalpi2dseeh ass éyexamplenamddhesive oubrazing alldyemay be provided

118, f t he bl 114, d tq the bit b d..
& A6t FPaP ind ufit iy E5ie PR ARG i tytfnd ra@R 5 5B gt pody 112.
S The bentlingmbtérial 14 rdy beolel feSistadtlto Whar AR MRCHAAAN of the bit body
but further illustrate abrasi ve wear-resistant

hatHandcthe guttieg eleinants 158 Bichsuttiag elepent t Hempypingludg a polycrystalline

BB Y S G R4 Gt 1 o s

S123glbkig &l imerfatéri | ar to the rotary drill bit 10 shown
in FIG 1, and includes a plurality of cutting _
el enenfbe 1atgrypdsdl] bit dA8 durhey indedasanr abirasiVenwpasakustant material 160

' ter. f bit. body, 112. .As .
R B P Mo LS e b B s e
b fhategial168niyobd doafipired m)grﬁte&ﬂe?(pﬁiedtsbﬂa&s bf the BohdiAghaterial 124.
along an interface therebetween. A bonding materi al .
124 subl5.al8 if adateseh gyose seciianal atew  afethe cutiing zlemend] 118yshown in

| - ' f.ace an LO.secuUr .
T 30, KA BAR b 55 DRFa 308 URERRE 8 F5 . cominons

1p@rtion 6 the atsthsige Wedrgtdighnt hiderY6MMal 86 BohiddiboiAGta reSon of the
wear than the materials of the bit body 112 and the

c avter wfaes ehtha bl bedw ] 12=nd leteral iswdace| of thenquttineseleragnt 118 and each

i | i i amond.. t bl 28 .
S PO S 02 AP RGP BRE B B e it oay
subBandathelalord sideo Bfthabutting elemeatel18The rotary drill bit

140 further includes an abrasjve wear-resistant

mat er i BIG-1160s ailensudinalgioss segtiopalcaews pf theeuting|clenng 118 shown in
146 [ . of .asi - i t
rraﬁtb('e'r ?ﬁpﬁ%gﬁ% g%gggf}ﬁ%i %}%Egéﬁ éﬁg:r %‘Seﬁ;@%aiéﬁz‘{ezﬁép 19, another

susiftimaes gdrtibhef the rabiasiye Madastdsistant Raterial (50 ARyibe bdnded both to a
| ateral cross sectional view of the cutting el enent

119HIRC PHesugaca of the R Rody biRyarnskalalesa spithge of dhe gitting element
theg %@mai‘?xt’g#&e% L#1e8d al Porfidrdf th intGRILE LBNRUS gre bf%le)Ody 112 and

portions rasive ‘wear-resistant materi
méhe loagihaiichd @énd gtifadecofathe emiting €lémertel IGubosise teas ®obtrystalline

the bit body 1 nd_a lateral surface . of the cutting .
e E@W@ﬁ cqmsg%f?ﬁee@éh Yebaqths soinyevs postiomelthe abrasiye wear-resistant

er e . . _
ol fterfl 0GRS} bebRbd bl (4 rdelh AU AR AL Bty 112 and 2
epentiontof MBexob@ sutfice of shd polgiryaalling iaatond cormpatti tabiall 28. The

view of the cutting, el.enent 118 shown .i
continuous portion og tlhe %braswe wear-resistant matenalq 60 may extend over at least a

portion of the interface between the bit body 112 and the face of the polycrystalline
diamond compact table 128.
In this configuration, the continuous portions of the abrasive wear-resistant

material 160 may cover and protect at least a portion of the bonding material 124 disposed

15



FIG 17 taken along section line 19-19 therein. As
illustrated in FIG 19, another continuous portion of

W0 bh@saksasi ve wear-resistant material 160 may PET/bsmwdzoR1071
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both to a region of the outer surface of the bit body
la&waad tie |cattiap adlerfentl Bige and thé ditc bbdy 192 efr@rewtarld@ing drilling
and nay extend over_ at |east a portion of the, o )

i PREAtIoRs e Bydroleemeithebendingywaigrial 24 frm pygar during drilling operations,
I . . . . .
A1l BB RSR, O HHD8 5LSe B R i clomen
1288 fryet tharbit by danduringadilinoopérativonsf ddnfige ab tesSbiv ®ody 112, and

wear -resi stant naterial 160 nay be bonded both to a

r eajasyRplie failhie of therotaydrilbit 1P t he bit body 112 and a
portio / f . Of ) lycr [
o ko R R U A LS BRKFHE 0B cover nd
t ptebersisvd sivfres be gesbadingmmurrialal 2416@y RYcoafi@ed as a bead or
over at |east a portion of the interface between the

bPeadp §épbresiye aycar-renistenheatesinl {¢(bpioyidpd rjongaandiqyer the edges of the
di ﬁll COMRAG! of ﬁltél lﬁ} Jo?ﬁy lrl]% atnlaI the Cc%ﬁfn:ggé’lglggﬂtoﬂ% t q’ﬁe abrasive
cont 1 nuGus portions o e abrasi ve WweaP-réesI st ant
MmavesrFriesibtadt6 Gnéteiyal C 466" paswddgdr QineCéffedtivd emsthod M6 ténfifincing  the
of the bonding material 124 di sgosedbetvveen t he )
cty@%rrrﬁastém@n@gtthm@or@m wpaseridl d 24 dgy halpopreventh thealoss of cutting
dyr.i b 3l [ By protecting the bonding
ngl%@?%gﬁﬁ%g%lr&rqlﬂﬁr%ﬁ&ag@?f ng drilling operations, the

abr asi VHEG.\20ds arf esl wtwnf yeminetheptotdr® dril &it200t asghevei FIG. 20, in
separation of the cutting elenent 118 fromthe bjt )
befige smbodimentigolythe) ImvensiospsecassenR92 mahg Previdedybetyegn cutting
b cand. o . . . '
oPPhe 155 AL R0kl 8 3 kO LAY Shbblrniay

welsout b derightudinhl a0 eff thabit (b6 shbah) baween anthgoélemeat 118 positioned
exp%seed surfaces of the bonding material 124 may be
cBhiEgepe degien PGS §) apdagthegiosgpeaien V82 (FIG. 6). Furthermore, as

- 1 eshat at: LAl ' 0 v :
56 31120 A USROS e v
licRationally behinditcuiting edéreenntl 18.18 or Tdxample alsd veeesses 204 may extend

e IoPe@haale: AgnS e Dlaga. Lidesi@ioanbe beKing fRse or more cuting
bERAERS 1 g@ﬁﬂi(ﬁled ﬁgxet n@?égﬂ)élpfﬁv(ﬁf& (%Qﬁd/lopﬁé ngge':ﬁegon 152 (FIG.

cutting el ements urin rilling operation
20).1 b additemd] emeadiménty,ahe acvotsee 204 atagmpt de ieldnghted a2déhay have a

As shown.in FIG 20, .in sone. enpodi ts of the .
BB GireUleb ich gty TestaPols SRSy (BT IS RRAN may be positioned
Cdfrd iy FrofhiB AR BehldB onE OF M@ Rkt £1BRASAG8S 68 ré@onally behind
may extend generally circunferentially about a

| adjgientiditting ekexiestsolf18f het i & radimbtpositioninedsetedefeom the longitudinal

cut.ti el ) ositjoned in the cane regjqgn 0 .

( ﬁlb(ﬂ%}’e éﬁlﬁlﬁ? glltt S?tOﬁé %ﬁ&g&gn rtbﬁi c% Zcu{tﬁgéle@)ﬂ_lts gl 1%. ;H'Sle abrasive

Fehii@sisRAtemateSal ShABe hpplich & tROecdsSesSPIE2@IMHORMLIBE bifplied upon

of the invention, recesses 204 nmay be provi ded

r othat Sunfaeds|of theahianddrdlibit imyderite helptredutd 8catFor exanpl e,

the r ©The3 r%si\zzg f'iveerlrrt-a esi(set)éltlteﬁ]agdfacing materials described herein may comprise,
for example, a ceramic-metal composite material (i.e., a “cermet” material) comprising a
plurality of hard ceramic phase regions or particles dispersed throughout a metal matrix
material. The hard ceramic phase regions or particles may comprise carbides, nitrides,

oxides, and borides (including boron carbide (B4C)). More specifically, the hard ceramic

16



generally longitudinally along a bl ade 114
rotationally behind one or nore cutting elenents 118

weomsvisaed in the cone region 150 (FIG 6) ank(DUS1008021071
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nose region 152 (FIG 6). In additional enbodinents,
@F@ﬁgf 8Spatfided iy Bethprii@ cBibRits ahEBoriidd nikay frBﬂlVélerﬁents such as

genera ly circular or a generally rect angul ar shape.

SWe Hir Moedbe Y, 204 Taplr, Ze, bbsanmS@neBy way eﬁt:kqmple and not limitation,
rotat.i.o hi nd,aqne. or el enent s 8, .

PR S e ey PeLRe 0 T JEBh CoBlNY PRI CcieBEnCE PRTfles include

bidhosdn RarbRidl AtarM@d | dakifife gms WirRgurh! &biBETaC), titanium diboride
Iongltudlnal axis of the drill bit 200) between the

adjiBm eehrominm icargides, ditemems nittide (Tiho, dbmagume)xlde (A1203) aluminium

r t ant..mat er | a I|e he r esses
BIACING A SR Carpie B, 1 5r B bt MedetBL e B metal
r @ndgo¥itél mhdtéridPichay TheRIddE fort xalipld) doBQUB&e&Bﬂbn-bﬂéﬁ nickel-based,
abr asi ve wear-resi st ant hardfaC|ng material s descri bed

hleqfreland mivlelebnsed, icalealt- fud n@k@lr’o@ﬁ@, ren-gaad gabalt-pasedylaluminum-based,
te mat erij.a t" terigl . .
SRy ReetiPactaeof s fup S Fhsh TRYRG oo mry fmaterial may
OdlsP B tskielted fFin® REmSRECiAIR putehetherts BRIha4s B8Yalt! ¥luminum, copper,
material. The hard ceram'c phase regi ons or particles
maygr@ewm tittaivem ntgndang nigkel.r i des, oxi des, and bori des

§ Ihgc lh; "goe(’?@{}?fgi) ﬂg n}vgafugh 9"-) ?}brﬁl\ég\gf‘f W eCI sf{gf;%ard¥dc1ng materials

Cﬁ bé %ﬁpl?e@rtbla%ﬁb@d%lbc@él'm %Q&lﬁd&ﬁh&hﬁgﬁgﬁ&cﬁliéchbelow As
and Si.

, By
vmtd chfereex dhe kesmathdt”rioeluddsrmiot anlyosonventionnl dilk bits dwut @alsy core bits,

ettt Serei i AR D S foPal R Sl F R AP bors 1 e

( Ti O) , Ficat1ateproseds Ri gidisheliadad etbhddadtirfate SF AR rabfgive W&r-resistant
), chrom um carbides, titaniumnitride (TiN),

anatefiali Gfn m@rdmg( m 208mbadiment nofutheninventiva, (pArtN)llarlanwltable for

siI con car Su The, net al nmat er

A0 kAT o) rading  TRnA RN koS Bl iy composice

exnateahle, FIGB)GQIA B¢ @dB drk GidruaR sRStom{trégtfihs EFSE dolishe®And etched

and ni ckel - based, cobalt- and nickel -based, iron- and

cOWtRre oﬁgls@aas%g wﬁqrﬁgs‘ﬁtggg@qgenab @cfylggjmg)@g@bodlments of the invention.
esi U e S tri

nﬁ?ﬁg {angjsa Igot?i dabHs‘t\%n\ka%} ?sa s%?rnlq Cr%%ﬁgrxgérﬁcﬂalurc u(fgsil A pl>1(1ra11ty of

eil@tefeﬂttangst@i‘caaﬁd@ pélBdtd 56 ahd Aiphutality 0P RRS rtungmﬁrtﬁahdmgranules 58
titanium iron, and nickel. In enbodi nents of the

i substantialhy randomnly dispersedsthipughoyt agnairin material 6. aBaghintered tungsten
g%ﬁﬁé @%;liset 9B ?%a@cp? éénggallggg@(}rlggl ep&hgtd%én Vﬁu %{5?&1 ’ﬁl%qgrm “pellet” as

ude nateri a
hesedihereit Areahieany pdricle haviap udenealdy sphvrigalcshape nPeltetire not true
dr|II bits, but also core hits, blcenter bits

o6 Pt 1k the cqEncrso Shap Shgisoyadi 2ngh adrnrmmtr@s gpmgponly found in
V‘@Ju%hea%ﬁ otHer o g%%epég%v\lg%feﬂﬁcégb?%e?}gir{ (:cl%g ?Iéx gw ee&%%ﬂﬂnents of the

surface of an a
ameentbhnn gxet castungston darbidet grafiulehmay rbeent inolude cast tungsten carbide

articul a i.table fo plying the materi
bl i f\@‘xn biCazipi 1 Bko tﬁsrvgrﬁgodimﬁeﬁ (o P iigpin the cast
CRARKL& E&bide granules may be or include crushed cast tungsten carbide or crushed
sintered tungsten carbide, as shown in FIG. 23A.
Comers, sharp edges, and angular projections may produce residual stresses,

which may cause tungsten carbide material in the regions of the particles proximate the

17



material. FIGS. 23A and 23B are actual
phot om crographs of a polished and etched surface of

WwW@rooalos233¢ ve wear-resi stant material accordi ngP€DUS2007/021071
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enbodinents of the inyention. Refgrring to FIG 21

t RRidabr 3§és4@ (B ahelf Q81 15WaN terifkRired! dudthg! APIUEIR Af the abrasive
plurality of sintered tungsten carbide pellets 56 and
aWehipresistantymaferiala®t ta & sydacsrofondnll dét. gMghingey m8tial melting of the

AL SBY0Y B0E ol GREREE, bl PR Gtboh dmecn e
MajhgkralY @arBide QAR chs!| and SR Qiricuadin hdtt nfafitfal. INE Phdvidhisly discussed
The term "pellet" as used herein nmeans any particle

hhteig dissaljetivarbgtwegn sherraatris aateriab e andbe kistesedatnngstant carbide pellets

tue heres,. but.lack the corners, .sharp edges, and_ . :
g ard BRE PRt PishigR i <5 P BCTbrie BidTurd ae 0 in regions
ObieSunaRR thE AegsER |cafbitROSdIRR 32 Rl ¢8st Rafdstehl @bidé Branules 58 and
some enbodi ments of the invention, the cast tungsten

c arahi wduggr theutowghnesy of ghe rhardfadingienatersl, partiggdendyn when the matrix

carbid el.lets, as.shqwn.in FIG ,23 n stiJl. other .

s hafBarBoited SR Aioton ozl it Lo SleaProperties of
C eHebAbalivg! el r@sstaR Ynd0&iaP 541 MUeURE of kintdd&H umdsibn carbide pellets 56
tungsten carbide or crushed sintered tungsten carbide,
aéangheptionally, EasGtunggten catbida eelicts §$angieaddfesnveational tungsten carbide
angul ar projections m roduce residual stresses

ARt hTEde PRty ¥l FOURG o T BRIl pROGAPRE ey reduce such
I e35chtton) preséiQingahé physRal propytieRbethieiR4tAR ntHieHal 60 and the sintered
stresses to nelt at |ower tenperatures during

appigster carbidedrelleth 96 { prd Hptienaklathe rcasti tungstan ¢ashide pellets48) during
to a. surf foadiill bit. Meltiog, ok partial ., ...
iR B rp v ssretiiog el SR e St it bits an other
apid. cation may facilitate dissolution between the

tungsten carbide particles and the surroundi ng matri x
mat er i Ahe mrip meajerisl SOymay sempasedbeteeat aboudi2%phud iabout 50% by

b ri terial e sinptered . :
S B RS RE iR B ko S8 Ve R BRTE s matra
g6anuhe compris@betvdefi i dolie 359E afi@tabodt FBYEL bl alvei@f iR the abrasive
regi ons surroundi n/g t he tu&?st en carbi de pellets 56,

-a

aM@acgsistantypgteriah S¢ar Biedpluglinn of st amgstenycarbidiypellets 56 may
t har.d ] terd articul arl .
DS RUNRLES ool 84BN 39 Sl DR ENA ks
diriseplali$4. OFurthesméteghapRrdlifeooasy tahdstadlifidedranules 58 may comprise
properties of vtohe abrasi ve wear-resistant material 54.

Thess Jhan gboud 3% kg weighg safethe cabrasi vee Wsal-Tesistants magesial 54.  More

ont.i: | Y . e i - 1Re i.n
oPAAEREL Yo SR WIS RREREP LIRSS, Bl S b
i alodut dO%¢ andebaut 3Shabp vesdgr of the dbrasigel lvadar-pdsizia@€ inabdtial 54. For
may r%duce such dissolution, preservi ng t he physi cal

pPLpe B¢ graiphdnaietal j 0 ﬁ%‘iyer%leaﬁb%‘@ el Dheveighit et dbe abrasive
t W@stlteﬁgtaﬁtaﬁlgﬂ ﬂﬁ ﬁ?lt*x@@)ﬁlrzgg 69 ter QP hin %}@ﬁ e¥rbide 1118?%6 may be
ets 0 He

tungsten carbi de pél during applrcation
abbas 48% byearighesf tht abvasinevesr-@bistardt matetidles4s aid theqhurality of cast

drill bits. and other tools. The matrix material 60 nay
c BingstFR ghide a8 (FRaYRabeMt [ 2t it Waglyafhe abrasive wear-resistant
material 54.

The sintered tungsten carbide pellets 56 may be larger in size than the cast
tungsten carbide granules 58. Furthermore, the number of cast tungsten carbide granules

58 per unit volume of the abrasive wear-resistant material 54 may be higher than the
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wei ght of the abrasive wear-resistant material 54.
More particularly, the matrix material 60 may conprise

whednspes2about 35% and about 45% by wei ght of P¢EUS2007/021071
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abrasive wear-resistant material 54. The plurality of
Shithiedreof tsiiiged ein@tinb icatdidee bblfsts 586 pBRYinf0UBluing€of the abrasive
bet ween about 30% and about 55% by wei ght of the
apeadesigtaiengteriab8ttst ant material 54. Furthernore, the

Compr1 40 s ngstHh S5 R0 X8 G0 b5 2o Rt ov american

WBédietly €51 Bdstifg antbRitdrials) afksh MBllets. PAS Lk edih Yihe pR@ise “-10 ASTM
plurality of cast tungsten carbide granules 58 iy

cowglr pallstsi ansaaepeliebsahat are 9anahle afivessing3thoeugh ansA Y Nyf. 10 U.S.A.

t sl.ve wear-¢gesi stant terial,b54. Eor exanpl e,
¢ MR PR VR 5B S, BRES G, B wfRlsc iR s an average
t BiameRF 86 ievethak about @68 inddtbnITELIRS dvtage diantdi® ofthY shterel tungsten
of sintered tungsten carbide pellets 56 nmay be about

4ebidg Pakety A6 redy henleetwrenaationt Ofetimes ang ahoah 0 bimes rerester than the
o urbeiiafenal VBt ol S50 BRUTE: 8 s am, oy cavie

Weiafinle£ S8 shaninclit €16 ASTHM . mdshegraméser ad dsed GédeR)) the phrase “-16
carbide pellets 56 may be larger in size than the cast

t O M esshegramiler’ ragaas gragules that mgcapablaef passing bironughtsa ASTM No.

o EAEh, ASRL AL S B SRS A B i 55

hingh éichidean0o Asmwrireh ?fanﬁlieﬂt Akeded hrein! @0 phak®Hd60 ASTM mesh
pellets 56 per unit volune of the abrasive

wergpulegsneans granvles dhat are eapableiof passingethegh angs¥Te No. 100 US.A.

RS D S S GR, ABATET pe  svors

ugiaghetee 6lesh thirboph1 WsRictond0 ASTM nesh pel | et s" neans
pellets that are capabl e of passing through an ASTM
No. 10A8.28, %m%ﬁh@ﬁ@tw@tm@tey@&@de sellis 86 @t iglude -20/+30

t ' .an_avera di anat er

ST B BERLE LB (TR AR o LSS o AL 002
OASTMeneblnpanalds. t Apgsddeiereimrthe ghraget-Dets0 28 THYNdIR pellets” means
bet ween about 0.8 tines and about 20 tinmes greater

t

pelistsithes ase eapale ofipassing dirowgh ardSTMLNO.120gSt/e standaritepting sieve,
oeanilgin e i Bihed MR 4G 050 SHRP ol Wb such

phinesed tingsenASitidepdlots@oanay) kes/c anewaage danisteg 9f tddsithan about 840
are capabl e of pas%i ng_t hrough an ASTM No. 16 U.
€

6 S A
s Pagrons Adiegeatsr thansabayle 90NBicENs o FpTthesmers, the Rbpgse ¢2lP0/+270 ASTM

PSR B SR, PR BBl s 0SB s o

me@h UgS. An sthedatd mastins sigva but axapdbid ofpsasingpiolgh ad ASTM No. 270
passing through an ASTM No. 100 U S. A standard
t@sst-{*nétag?laé é?StlsﬁchFVEas#‘\‘?‘u??égtt‘é}gSf@ﬁr%ﬂH@ graanigs o8 may have an

Wer&k%??an?é?eﬂﬂ Srae AAhAPPtXimSAely R3RickdR o AR Es0MmRrons.

met onA.s another example, the plurality of sintered tungsten carbide pellets 56 may
include a plurality of -60/+80 ASTM mesh sintered tungsten carbide pellets and a plurality
of -120/+270 ASTM mesh sintered tungsten carbide pellets. The plurality of -60/+80
ASTM mesh sintered tungsten carbide pellets may comprise between about 30% and
about 40% by weight of the abrasive wear-resistant material 54, and the plurality of

-120/+270 ASTM mesh sintered tungsten carbide pellets may comprise between about
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As an exanple, the sintered tungsten carbide pellets
56 may i nclude -20/+30 ASTM nesh pellets, and the cast

W 20vge82329 car bi de granul es 58 may i ncl ude - 100PeR¥82007/021071
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ASTM mesh granul es. As used herein, the phrase

" 1 R3/and Ao DIV BSReipR deﬁéabrWea?—@ésﬁs@in‘ﬁ n{at@ltal $4.€As used herein,
capabl e of passing through an ASTM No. 20 U. S

sthaplizasd “t189t12ig AT enesh mllet.ﬁ’oap@b Ipelless czpabbu qf g:assmg through an

SRV Tl Ao s ol i FEREOLET RS bV an ASTM

aMer Z@eU. Si@@%ﬂﬁrd%stlhg&%vé hehalewéd Sfstér @arrmépale& 56 may have
greater than about 590 m crons. Furthernore,

piit avseage dianniterary @ rangy lﬁionemrcgmntalyé@ MicEons usdzsbuh b?:Senwrons

Too o & A0 shRichEP Frafod S fin BEER7 e 38 HRbs The abrasive
PRESLradsthitr RMERal9Y Ay MdNRle a%BQt 4095 vy wéigﬁﬂq%si materlasl 60, about

testing sieve. Such cast tungsten carbide granul es
né8Pohavecight -2/ 308 TY st Binteied tengsten garbideaellets 56, and about 12%

aﬁg%ﬁ@%ﬁ%?g%ﬁ& s nﬁ I;:%ﬁ(t) fu?n%gtgxt? v 1?1??.? LN Pets Sﬁggé’ﬁed herein, the
Ag[r?/léedeﬂp@ﬁd ABTMVPResBYelleRC hiddes p"éll@lls ‘tHatt lal‘etcﬁpéﬁe ofeiﬁésﬁ%)through an

mesh sintered tungsten carbide pellets and
pASTM Noy2@U.S.A2standard tesiim\sienss huisineapeble df passg@tthmugh an ASTM

SRhe 80 287 iRt SR S el s, LA BERASTM mesh
apaléts” 3R8ane sl1ete andt &9%%&&&\61‘ ghdsin@f thfdugh alr RASTVENo. 140 U.S.A.

wear - resi stant materi al and the plurality of
mma@mtmmmvnebht mcmva@ieedf passig twoughr in dSTHd| Net 825 US.A.

RIS 0 A B S P B R b oy, v

hea |fﬁ11helr hgclidy @&feor m@@édﬂ&?&alﬁé&ﬂ&m%cﬁ@k | fof exanifi&hromium,
pel |l ets capabl e of passing through an ASTM ‘No. 12

LJD(SOA angh shieear dTheemairixgmatesalH0 deq mamdvapfablr@elbmg point of less than
RER AL ORPReT BraTHinafhos Sl g b B7 4R fiRpepect B Seale

5§1deﬂ))()uh606n it RYRIWRIC JadeHaidnkR valued REK8Inf 4r® Mpresented of actual
approximately 50 microns to about 125 microns. In one

pelr corvertad hardinesy muerohardeagss fdstarmingtions y Mereapardsudarhl, ¢he matrix

T e o e

Weedlid)t For2 & ahifle, Alrd Matrbs hatetinl 60 ﬁﬁztdxﬁﬁa&tﬁhhrﬁﬁsb bf@bout 40 on the
pel |l ets 56, and about 12% by wei ght -140/+325 ASTM

nReskwell Sealegst en carbi de granules 58. As used

h
oo |t S71 ArRe AR snic et pefs CELMES B fERHide also may

Noe udéd lth Sprémdstaamiazredwbaaesmgntsnﬁteﬁals bttt embdadphtahiags of the
passi ng through an ASTM No. 30 U S. A standard testing
sin¥gitons; Syich A0ther * carhides, fipglude, “but sa5e 1pp SlimigeAvtorpetomium carbide,

PSR PR L R SR b8 g v

bedrbidacapabl e of passing through an ASTM No. 325

U S. A _standard testing sieve. The rix material 60
may i n}'ﬁ% dRatax matgria { OB J8%0 CANPIE, 2 WﬁFai fglloy matenial havmg a melting

point that is less than about 1460°C. More particularly, the matrix material 60 may
comprise a metal alloy material having a melting point that is less than about 1100°C.
Furthermore, each sintered tungsten carbide pellet 56 of the plurality of sintered tungsten
carbide pellets 56 may comprise a plurality of tungsten carbide particles bonded together
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may further include one or nore additional elenents,
such as, for exanple, chrom um boron, and silicon.

wab@siexsed x material 60 al so may have a nel ti neCPUBI7/021071
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of | ess than about HOOXC, and may exhi bit a hardness

ofvithQIBIRRA AR A Iﬁéltlh%' BoifomkIE bfeatdr t‘ﬁ‘ﬁﬁ‘ S0 19080 Yor example,

60 on the Rockwel|” C Sc Har dnéss val ues herein are
r Sisrhamden takkdy why somprde ovobalbasedmeedaladiod messial or a nickel-based alloy

e T R e T e %?fnaﬁmgﬁgmatwn the
aRRHix ﬁ?@erﬁl‘l’ Ryt bé@u@é?axﬁlgﬁy I?ﬂél{%\ﬂ’ehﬁrﬁ'%b%ﬂ 1 QF the abrasive

exanple, the matrix material 60 ma ness
ofveaibresistanty materigh 64 Ro ck warifice ®fSe alréhngcmi sgclalam Iaeénlarhﬂt without

o St ity 08 ot SUREN G (R F s %1 06 the Dinder alloy or the
mgsté@%m%tc@rgmq@éseaﬂ @k sididad nﬁfgaeﬁxmﬁoﬁﬁcsyue@%@f Tqu @nables the

i nvénti on. Such other carbides include, but are no
| Abrasivelwear-registantrmatenial 44 itd beapphed }da:dsnfme ofia Bnliiuag tool at relatlvely

AR o AT AR bbb ] Spren et

amw S6eardl 1H8 tridtriR i a®fial'B0 @hd BbtwaY tHeCcadt tﬁiﬁgétérﬁéhrl%é anules 58
is less than about 1460°C. Mre particularly, the

namdihﬁmmmma@naleiﬁ) may conprise a netal alloy nateri al

Far t nePraperibusies SiTrdieain, Bt 2R GBCHan Pewess the matix
Ofatdrial 6 hictht biviteddd BhgMter Afbidd IRl SB analchNt %(%Ql‘éh l&bRle granules

56 may conprise a plurality of tungsten carb
pé&th seo paesaedhe dipoiead rcmmphsmprbandd@ac phydicy plm)ertwg o the matrix

t .th I t 1200°C
o060 HhetkinsbhlareSie e pelling Audths caf fuesiep c@bige sramles
”68 Q{mﬁ’é APPY cATRINQIT iR abﬁfsn@ \ﬂéaﬁj&%istﬁﬂfiﬁf@nﬁi 54366 tﬂ@&ﬁ'fa'cég of drill bits
aV| ntgea nelting point that is | ower than about

rtholst his conflguratlon the matrix materi al

may be subst.ant ddur| ppl i.cation.of t

abr asi \sz1 © (Rpx rrgg %aﬁ? aﬁ‘?&t B Jp trgatéve%rqfnggemﬂ?u“zs of other
deletrleht3GsubR@d caibéil) cadmiurfl rdllhdonbbdroﬂ\/l ifonOsltver, and nickel. Furthermore,
subst antially mel t] ng the cast tungst en carbi de

gHhenmpex materigl 6Q lakso nay énclugle| abﬂu& rmf!tmaltsunlg@s esrhcomanganese an

o B oo o e Sk Y3 R BePEE

mat er i 81G.52 isOalenlaﬁgBJi vl bo aasu&bﬂ‘eﬂ Q@xﬁgsﬁfl drtiidd ptllddF6 shown in
tool at rel atlvely ower tenperatures to mnimze

dFEEAlut T hiydness of thesinterask wpgsien casbide aslletatmay be substantially
Pebd Rl glg?@ggcatpﬁ S gf;aa&n&@&gfes@ b 508 An S ERad Péltet 56 may

miaickide @l péripherdl op betert fdgﬁinySﬂbSﬂlldSs&ﬁ&e@ @ik ten carblde pellet 56. The
mnimzing atomc diffusion between the matrix
nBtEr fegionsy mayrqughlydneluds e regionyet e sintares] wagsien 1=aébnde pellet 56

254800 50 BhebAROB2L, CIELLEr LAty DEBR I rein of
prmapes inatesialodo éx’mk)smhwuhm the phantom line 66. The sintered tungsten carbide
pellet 56 may exhibit a first average hardness in the central region of the pellet enclosed
by the phantom line 64, and a second average hardness at locations within the peripheral
region 57 of the pellet outside the phantom line 64. The second average hardness of the
sintered tungsten carbide pellet 56 may be greater than about 99% of the first average

hardness of the sintered tungsten carbide pellet 56. As an example, the first average
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material 60, the sintered tungsten carbide pellets 56,
and the cast tungsten carbide granules 58 during

wappkioesed on of the abrasive wear-resistant naP€r/Usto05d21071
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to the surfaces of drill bits and other tools. The

MRhrdhess MdyeiaBbut®q ol tRORBBMvdIIN ISUSlE, dnltid dckild/avRRE hardness may
anounts of other elenents, such as carbon, chrom um

s bk iabar 90wortheRockweall A Sichle dor, a ninkiel ihiasskmhtrix Foaterad and may be about

t j ial, 60 al. i ncl ud fl u. :

5 o RICE S O 0P By 1 s
Spfibr aSapPl@EhE Wie hadficiaghateed SsUeHe SfitefedPRhYI®Y carbide pellets may
material. FIG 22 is an enlarged view of a Sintered

t gKlgbit @n evgralli lpsdiess 0éabaB Shewuthd Roghivill AlScalthéo about 92 on the

s OREAE e e B i b P Sk EBHE BB 6 BB By PPtespectively.
FoNsoe i adhtered titfseh RABIRR el oS ey avE ah *a'v&gg/do%r&ﬁse 8@ the range of

mag i ncl ude a peripheral or outér region .
si8ht9dr el theyRgskwell darSsaldewhen centaiBiig atoat b €fo. r dggnerally during

57 : Ly imnclude the r.egi f the sintered

© AR Yera Pt B, BB e e Pt ety allows the
64intefiE t@rlsRh ERBIdENpdlek (@ UGBtntlaNlG! MdRSaih NBeir CGHigMAl hardness.
of the matrix material 60 enclosed Wthin the phantom

| Wikergs, irphdassdnmeirizd compesiee mayapistiakdy ghssolee th6 simdgred tungsten

ol e b B SR i B ETRAR LRty sver
S%_@K\delﬁf{(ﬁﬁ@B@pﬁrﬁfsg);éiﬁlﬁ)li@ﬁtidnq{h?dﬂe@sﬂS Wi thin the

peripheral region of the pellet outside the phantom
| i ne 64he Thatersd cungstery eathisle pelleindésmay have wilattvelyelligh fracture

tun n r hi.d ellet 56 be eat.er ,tthan ahout .
o BB FAH L el st PR B STRE Wl B Whgston cartice
t gnaalee 88 GadyDhAe rpRtivey hih haencd§ r&xarPlocthe tsigerbd Rﬁltgsten carbide

aver agehardness may be about 9 1 on the Rockwell
seelless SanBy vtieg BebrHatends 69 as descabrddisrarmythe fraciire teughoess of the

Y AR T T g—

f 68 nady be prasdpasicidl th@hbrasivéWe@tredbtant! hateSaltsa di@ing application of the
recogni zed t hat |tor| or to applying the hardfacing

mabIasIve | wesgTesistiat snatgria &4 toun gltlle hit cair ethere dnlbing doel, pegriding an
exni.bi al |__bhar of .about .85 on th . .
RaPRRt RSB g BERT W % AR Sl fo forasing wear-resstan
wheeriaiknaiviiimthelat ween about 16% Co to about 49% Co,
respectively. Also, the sintered tungsten carbide _

pel | et AbmgivervsrETesstan; Batsrals aggoadiag to gpbadireentaplyhe ifvention, such
89: l<g - optgji-ai bout .6%. ..

o T MRy ERSE ibePR oF R0, B2 R b8 ¥btca 0

ma¢lestedhireasorcsuefacddad estaryadrill bitsqouwghas ithemtdir deill Ibit 10 shown in FIG.

al l ows the sintered tungsten carbide pellets to

subdeing; cxiter,dith bis Lsommenly refgiredyfnag “tolergerngs drill bits), and other
5 C

SR oot [PaR RO APl lor R 82 B AP U1S hd cxpandable

t Ineainter lelgdes, allhsuch appardtwesrant hethadst Being palcompassed) as previously

har dness by. sever al éﬁgckv\el | points belowits

prsicasgh PuBintanterm rdpib i
Certain locations on a surface of a drill bit may require relatively higher hardness,
while other locations on the surface of the drill bit may require relatively higher fracture
toughness. The relative weight percentages of the matrix material 60, the plurality of
sintered tungsten carbide pellets 56, and the plurality of cast tungsten carbide granules 58
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The sintered tungsten carbide pellets 56 may have
relatively high fracture toughness relative to the

we aws/0823e9 st en car bi de granul es 58, while the PeBUS2007/021071
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tungsten carbide granules 58 may have rel atively high

hﬂfa?'b@%éleéﬂe%f VatRdtte préads hibhighside Wﬁg&§1§tﬁnﬁﬂﬁt@hﬂ%4 that exhibits
ets 56 using matrix materials 60 as descri bed

hB]ii)éiCﬁl prpmmestadmd eo a paryereardeolof ta & particylarareaion a surface of a tool.

t bi d ts, .56 the hard f
cEOT e I BBl PuRg) 888 i Rty TS EsSe i) pit may be
t E\ﬁ;[]éwerda@ rdl@iveBALigh Repaet fides PARNtiGH to %t%ﬂﬁl'—t abraswesoi grinding

application of 'the abrasive wear-resistant materi al
t toreesdr Therefore, acbrasmeh'erﬁardcswtantngatmail 34 ppldmddﬁOn@leaaurfaceS of the
wear - r esi st.a al 54t

Bh 5L B 590k 5 6 it ok R ki petes

t b@irfdrter thRcAskY the \WRBfurd @ﬁg}ﬁfe@m tRPdHRASHR! Weak SGRkMt Rdterial 54. In
to enbodi nents of the invention, such as the abrasive

weentraste gagst wirfacavenfardrill bismay bessbiedteé th fotativplggittle impet force but

R BBY S uBORRC LS ;5 AN 1580 AEY sbrasive
Flv@ar rdistafitGhhterid 5@%&&1 t@rthé ga%e Jubfaée QMARIMINGit Rb@iddtlle a higher

to as "roller cone" dril bi t and other drillin
t Beight pareantage of sasbfuagsten carbldmmnules 68 in erder te amaregse the hardness of

tools and. expa bl e reaner bl ades, all such
Bﬁﬁ& ﬁ=“@PH8?§“§§ﬁng enconpassed, as
previ Oﬁﬁbddlthdiﬂﬂo%h%dappﬂkd f deldched dr&s Bn"stifhdes oPldkill bits and drilling
Certain locations on a surface of a drill bit may

r togln that rae¢ anbjeeted tm \gwe; thmabmssg WGM‘TNS@t?@t heaterials according to

Lons o fhe s e dri
- 8RB0 3R v Eitionch B bbbt kool R e R oF Faterials of
WeHI Bits RET E6IhagR%s Mt 4rb eclilely Moftirehd @l w&k, intlli@ing the examples
pl ural i t%’pof sintered tungsten carbide pell ets 56, and
t peeseittedaove.y of cast tungsten carbide granul es 58nay

b
a:a?elzgés%ggﬁlnate%%w% ngﬁgﬁ hn%VI Sbévgf%épvm-andlnmed

P imdgreictd BGwta Ay 9@ dtRicRir@adriftatteans & @dll bt ortd?het drilling tool. For
particul ar area on a surface of a tool. For exanple,

t Feanznle.fthe ddergace cbewqeh@ hitckady and aaparmheyf- e kapts oy pay type of
d Hslellt 1rpl.'hg bﬂgéd)? 2%? J(:(?\?&&fj‘ctntzig)r&?&?d ﬂg%ﬁlg snhé \ggar-rggi)sqgt material 54.

forces in a rasive or

gl additien, fthe abmisivé hedaer@istant abdtérsdl \68 et -lingifddStoalide at interfaces
material 54 applied to the surfaces of the cuttin

t BewRemnEgichyes arfeaterenanshany DibnssA et potleestion ge apy surface of a drill bit
SbP&rﬂL gto%ﬁmf&%}p&&mo% ellets 56 in order to

i ncreas ure toug iness of the abrasive

wear - r abrasiveearrbdsitaneiatedals Atcoeding teaghbodgagas sfithé Awestion, such
ftgl&{;lll bit may be subjected to relatively little )
fbragve &eﬁrcﬁemﬁtémamt@@lé“ﬁn@hbq anpbied torihe selgqied surfaces of a drill

abf; ! d%ﬂlng% 14 'dggf iﬂBt‘fseﬁf tezpﬁggés | ﬁﬁ' #f For example, a

wear - r esi st ant na eriral 54 a to t e gage
sprefappheatioh  abrdsivé Iwénr{resmz;ntl mateudle aacdrdlgg eto waibgliments of the

RS Lt IR S T 98 o o
WeRHd, F &34 r aBtrudRd efoki@komfting of the abrasive wear-resistant material 54.

Alternatively, the welding rod may comprise a hollow cylindrical tube formed from the
matrix material 60 and filled with a plurality of sintered tungsten carbide pellets 56 and a
plurality of cast tungsten carbide granules 58. An OAW torch or any other type of gas
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hi addition to being applied to selected areas on
surfaces of drill bits and drilling tools that are

waamgeeed to wear, the abrasive wear-resi stanPCT/US2007/021071
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mat eri al s according to enbodi nents of the invention

Mayel Bechimag b Qsddto hes tat RhdtdGioktionl of fIRAkERS réd to a temperature above
materials of drill bits and drilling tools that are

r theampkiag o rod the oratrix matgsial 60.i Adisuaiay gninimeize deng)tent of atomic
nt ed _abov The braS|ve ant terial )
SATREDh RS o', B AR rlBRA T N ol catice
apyllctyss ﬁfdrddﬁFtt '__g%ﬁan‘éﬁrbfdéagrzﬂ{u@e‘é, 58f a drill bit or other
exanple, the interface between a

drilling tool
bi t boa'ge afﬁel Oﬁdp@wimﬂmeqoyur@ng\heweekrﬂmmaw ragtgrial yﬁﬁemdfthe sintered

S i 0 be .covered and ect
- By shldiodfcls Brm, Y wB o VD e RRRMRT ¥ A Tl bartatly o
ahrr@ﬁmy %fvtﬁérterﬁﬁe?htﬁieaﬁkt whRthedikdlutf . d2uROt Thé rexteaﬁ olf Qissolution,
use at interfaces between structures or features and

nﬁy:rqf@reu tedt lgast paptially o funstiom of dath thertemperatire at sithich| dissolution

e —

e aReslitieNdccuftingt Betwbdv@B trhAAx nSddsial 39 dnbah@Binfséd’ Ringsten carbide
wear -resistant material 54, nmay be applied to the

spellets Hrjang the sast Bingstermcarbide grapitles 58 may be |cpmtgalked bly employing good

f? varl ation f techniques known in the art. For
e gﬁ%f r%ﬁ lication abrasive wear-resistant

mat er i ahe wrtdtcﬂgn CdapaslE BERdatin® natdils tB‘(&Hﬁdr&ﬁreErﬂVexcess of
be rovided in the formof a welding rod. The weld

Koy kowy rheé@ngﬁ%@ltp dlightysmelb theearfpeedelcn diald bit Or drl?lmg tool to

leti%!rhna rigr 1fve R'{heﬁx %glsﬁg{ r\ﬁ%te\’\'glgg4 masst%lc z&;%%l 1§(§em ug? Rra?r t8 V\7pplymg the

C ybrasice Iw@@-reblsltbﬂt ﬁlﬂéﬂﬁ$4ftb Qe §urfacEBFol exaffiples thedO AP torch may be
and filled with a plurality of sintered tungsten

c Brayehteinsiase groximity traisusfags of ainill it o daltisg taol ardused to heat to the
4
CePlffo ARG Hor PRl PP I MRS Ece. e

Ofveldingy ral dinpeising ﬁird-@pﬁcdt@ﬁ%aﬂtésfs&nﬁbﬁtéﬂalt Jaemagitieh BE brought in
point of .the matrix material 60. This may mnimze the

eglosh progmigy &ﬁI@ syrfege, 8né theodistange; brgwessr the derch faad the welding rod

[ i | 0 &
BRS04 B B0 AR5 A BB bove e
r adeltin@fpotit of eHeltthatfin nmiat 60 tomble theasdirik i‘rﬁteﬁﬁ&t 60. XThe molten matrix
naterlal 60 and the sintered tungsten, carbhide pel

581%’& et qaﬁrrﬁggxe@fﬁ thesimipred tyresisn cabidsge]lets 36, m’éa@,ﬂeast some of
bl thifesfen! AL BAnQks 58 ol SERBERHO I burtlok P il bit, and the
t hrwitef avatrix nmtedinl 6@ amly beasotididied Py aohtolledi olied. Mhé Rate of cooling
t he terrperaf%({]e at i.ch dissolution occurs and

t he
¢ P HeonRlech i e IO ugRT MPTBIcelcRraperties of the abrasive
TQ%&q%g&ﬁn“hggng%gent of dissolution occurring between

the matrix material 60 and the sintered tungsten
Car bi de.\l(paiahedsl;s, thé alamsivé bveamsktamtungsrﬁzﬂ rb4ansybbelgpplied to a surface

be controll ed e aQyi ng good
? a %nﬁ%nt or ({n?ly ing tool using an arc we ng tenrc) 1%1/ue suc% as a plasma-transferred

arc welding technique. For example, the matrix material 60 may be provided in the form
of a powder (small particles of matrix material 60). A plurality of sintered tungsten
carbide pellets 56 and a plurality of cast tungsten carbide granules 58 may be mixed with

the powdered matrix material 60 to provide a pre-application wear-resistant material in the
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heat managenent control. The OAWtorch may be capabl e
of heating materials to tenperatures in excess of

wa22e8/ie329t may be beneficial to slightly neltpPehes2007/021071
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surface of a drill bit or drilling tool to which the
akyrmsdfagonRieF mb@sre SA PsmBRtaRifbRéd A6 wWeldih®mAhiAPMkA 8fdy be used to

just prior to applying the abrasive wear-resistant

mheat ai lgst § 4l>0tt1®nt0ﬁ élesm-ﬁladl@atl@oweaexeﬂmm mat¢rial tgea/\;etrxpmmre above

OEe el DR G b e Tl 0 st e it BPE et the matrix

SH{afeﬁﬁ%d.O a sufficiently high tenperature to slightly

nmelt or "sweat" the surface. The wel ding rod

conpr i Sithey W@nawphmqmﬂ such ae aetal andrtsgas (M asy welldlr@techmques
in clos r oxi m,t

t to th
et e ks wlline FehopER e dmiereraicy g Yediiaues ar
”ﬁl‘{ov{'}? irPhe st £ they BEakedfo dpPBSthe %bﬁt@fv%'v@é&r Qéswwh? material 54 to a

wel ding rod to a tenperaturé above the nelting point
osurfaneor”mdmlnlhltnadrelhngatooeo to nelt the matrix material

: ten matrix. east.
Che i TPEARGSe TerteiBR} Rl de) dBtoradiE s GOPIE Bygppticaton
sapah @it blyGasde fromgskiile-BRARX EfngsAO WS adBr BB )alll “cemented
applied to the surface of a drill bit, and the nolten
mearbidg” matesial. alhequrtipdgympixsenipasite matengl fooabit bpdyeis now presented

| j Th b N o
cBRe G e Brfioplok OpETEHER BepS: S8R BRUBEDE I nygption.
t he abmagier@ “BReA * ae8ded herin, MR Udint&éd.

Al ternatively, t he abr asi ve wear - resistant material 54
may beThppiBﬂned grasn abig (hotdpl easofused dieteir, meansoan dmsinteredy structure

t 0ol u5|n r i ng,.t.echnigue, such, as a .
o Srhe SRRy &S RRGE RN BeRmethes oBgr matgip) e stuctre
t hﬁ’lﬁ@ﬁ iz afi@ iRk alloRgNBY fddMaliéO¥f 881 boly Eﬁiﬁbfeowhskf in an earth
powder gsmall particles of matrix naterl al
pb@nuw dmly t§ffr0$li Heestrigture by subsequentr maméacgtemm&p@c%esamdudmg, but
}%rrn@\eg %{Iﬁésgndmdéggééa%gncar bi de granul es 58 may

matrix material 60 to
pr ovi d&’hatehhe‘bmﬂi i asatsecohbrmaheaﬁ@@aﬁfanmmmderl al in
t hef or m of apovvder m xture. | asma-transferred arc
vel di ndhentermi Theown &t bedy,”tas t@gds erel, meaans atpartiadlytsindered structure
0 : et or |
g(gr{lbr?snn%; Pﬁlfhﬁi}}ggfe a?tgcgést %t%dspﬁrﬂﬁ%gif “Ff)lgl@l?] efapQ{’thaﬂ? I%ci\}vr? ogether to

n’pfo@fdeaﬂt 162§t partthl besding baweabalidcedidRRidest heBhétuteving a size and
matri x_material 60, O her weldi % t echni ques, such as

vahape alloising the-formoafiomof arbit bady switagle fer wiviin av sarth borpgidsill bit from
| " Lengl dlb;? g%bs@ﬁfeny\%ﬂhpa%gﬁ@g oﬁ\l;:qgéé n%ﬂlqiu{g EHIIE not 11m1ted to,

spray we niques ar he ar
beavisiaiggtand Efmﬂiey dehsifickions Brevneabotrs Im?atyad’ét foffaéEby, ber example,
54 to a surface of a drill bit or drilling tool. The

aBrrbially,Entgang a green Bit hedy- material, i.e., hardfacing, is
sui t ablfe 7@l aRPld t”' ? e rhe?elp ' Eneggsd%egﬁ'ﬁfaéi%ﬁog? a particulate

partlcle matri x co e material or so
" canpottead involving removal of at least a portion of the pores between the starting

particles (accompanied by shrinkage) combined with coalescence and bonding between
adjacent particles.
As used herein, the term “[metal]-based alloy” (where [metal] is any metal) means

commercially pure [metal] in addition to metal alloys wherein the weight percentage of
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carbide" material. The particle-matrix conposite
material for a bit body is now presented together with

W@ 0v8/08e9 nol ogy to facilitate a proper underBCEHOS:007021071
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of the invention. The term"green," as used herein,
NRABE!) Wi SHedIRK a8l gredfee tHaBrthe Waighe Perbéritadd0stany ofifer ¥8@Ponent of the
herein, means an unsintered structure conprising a
phleyal ity of discrete particles held together by a

bi nder ,mat ey al. he stiucture havi.ng,a size and shape ..
al | ovi A5 PREMFein e et apeteie) Compiugor: ngaad fhs” Pt Bomposition
| Bndfhigesthen?@ of Romatedidll i dthér WIS hRaR kAN HaVihg thY same chemical
subsequent manufacturing processes including, but not

| compestiano butna chifferentg migrastonetise fare sonsideredThe hpeg wifferent material
"browntﬂ)as used herein, nmeans partially sintered. The
t&?‘ﬁ%"“%}é\%m bit body," as used herein, neans a

parti alAls\used Réreinethe Séri CttibigBenCORAE SthBghs AnP mbteal EdmPdsition that
particles, at |east sonme of which have partially grown

t egfuaing ehangjcg reomipdendstof|tergstenprad toarbionpenehliangfob exanepdey WC, W2C,

adj acent.partic t he ucture havi,ng a size and

s ﬁ%‘g & O%%}’l%aﬁ”}?g 0{ ﬁch %‘:&rrg?‘}l on Cg‘fngﬁteﬂ i Clarbd%ed Wcillﬂzef’agﬁr eexample, cast
f ainghte® carbida/birtaed Rin2Sten Bdbide] dnld ndckockys@iMlidetBngsten carbide.
structure by subsequent manufacturing ﬁr ocesses

i ncl udiThg rotarytdrilichit 14Qyias shpwoin Fifxc Ai mickudesanbit bodyt higr substantially

densi fi.cation. Bro it bodies. may be. forne ., f.ar.
oot P oo e e A B By el bit 140 aso
t efafindhid shaflenot sHowhg 8lached B the biTBadE 1 HENFbdveAthRt body 112
of a particulate conponent involving renoval of at '

| degstnod insbideiagtteedblank entegraldys fopaseduthencwithe as cerrvientigpally required for

' : i ed. i nk nbi.ned w .
S RSB A AR S R b b 112
ugieGhh ein, the term"[netal]-based alloy" (where

[ et al 11'hi s any netal) neans comercially pure [netal _

in addi mml@lé-m@n&porapwy@lw ef the biidode | hmay include a plurality
. . i t ap the .

o8 B BB 6 bt 8 8, PR Brcis

Asotipiist digmehd or thamie materiaBt ®ich ak EMHIRGShitrides," oxXIB&NSnd borides
the chem cal conposition and mcrostructure of a

néipeludiag boren sarhide Rerds, Mesg spaciicsllnathe hyrd partiglesanay comprise
. HES $ ) t
DA n BORRS WARROB Y el Bl 0, T SHSU6 N0 1HE B, 1 26,

cand85iBy wap of dcamise dndastelimitatidAe niatkials that gt Béused to form hard
car bi de". neans ané mat eri al. conposi tion that contains
301

c Rartirien) inelBdg deneaten ofarbideg Htaaimh rarbide KBIE), sangalumscarbide (TaC),
f . i ' : " :
S W el SRR M3l v
c éAbOglealuminitira mételdé QXIYtaad silzob catbide §8iC). Furthermore, combinations of
rr%,crocr)(lst al I i ne tungsten carbide. ) . .
ifferent hard particles may be used to tailor the physical properties and characteristics of
the particle-matrix composite material. The hard particles may be formed using
techniques known to those of ordinary skill in the art. Most suitable materials for hard
particles are commercially available and the formation of the remainder is within the
ability of one of ordinary skill in the art.
The matrix material 60 of the particle-matrix composite material may include, for
example, cobalt-based, iron-based, nickel-based, iron- and nickel-based, cobalt- and

nickel-based, iron- and cobalt-based, aluminum-based, copper-based, magnesium-based,
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The rotary drill bit 140, as shown in FIG 5, includes
a bit body 112 substantially fornmed from and conposed

wW@Rooa/ o3 i cl e-matri x conposite material. The PBET/UB2007/021071
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140 al so may include a shank (not shown) attached to

t ARl tlahivhoshsed dBoysHIHE HRIriX BRrR haP QY bd Seleéled SroPéommercially
include a steel blank integrally formed therewith, as

cB#HY elrmentiasuch as eqhAlts elntiawm, ¢ppper mageesium, titanium, iron, and nickel.

palticl e-mat i x materi.al.s descri bed above,, for

Pt o s R Al b Yo PR ol oot barbon stcel, aloy
P&Edl] Staild¥B isteel t661NREE] HadfMEM hdnghnedé steBE rékel BP @Wbaltl duperalloy
may I nclude a plurality of hard particles randomy

dimgisaiak aad 10w dhggmeliexpansien irpx- oreniekel-bhsed Ahleyhsucl as INVAR®. As

par ti.cl es y. conprise dianond or ceramic materi

S BRER ol 1GR. SHReFFioN e 1685, i ik i i cobalt-based alloys
(havehglatilagt PBY% QRroRdhRibyandi S O dditidhul exMmsed dfiafidld that may be used
the hard particles may conprise carbides and borides
nasdaattixonatetial proluds avstenitio stevls, nivkel-hased speralioyssychag INCONEL®

R T e p—

Padat iclds€l§ hachdsdthat BNARE BArdC parBEIES usdd i Ml PuGidhlRY Prticle-matrix
(Ti©, tantalum carbide (TaC), titani um di boride

( qrgosite gratesial- IMore glosely aratching tha icoeffigientraf deernnl eypansion of matrix

a .0 um oxi de. (LAl )..abumpium.nitride (A and
S, R () B RO R Vb e ghkecy G problems
dadsd@ated vithaesiduabstidsses @fd fiRbmd) Fatifie dA fidthdrakarple b & suitable matrix
physi cal properties and characteristics of the

paaterigl is- sritadfigld cystgeisic treanganase isteel (Fehwith appropimately| 1@ Mn by
. for sin echni ques known to those of
o HEr LI BT ROt

ary s “art. Most suitable materials for

hard pBI tinbbdifnefsCofC MANRN&itidh) meaﬁﬁti&lé%a@riﬁ!wmg)%e material may
formation of the remainder is within the ability of
otvslude acplaiatityr 9f K10 ASTM (Avaerigan Sofiety faatTestingrandeMaggrials) mesh
6 . .cle-patri oshte r ma T
hoBi SR BEbAbGeS, AP bR e A0 AT én partictes” means
Nparkéles g ephss i thdgh amd ASTOKENo.bAGE Gnesk ORdeh - as2@6fined in ASTM
ni ckel - based, iron- and cobalt-based, al um num based,

cepspdicatinnsield, Ohengited Standasd Seecifigndion faralire flash eediSieves for Testing
a Te [ erial. e.sel ect §

bt D TR (PRAEE pBhiglTind] R dCpARCRE oF Tegt AR about 38
coijpetis. ABGAES imuRrial nfagrihclode & hethl aHoy cothpricihg atidyit B@% cobalt by
of exanpl e and not. [imtation, the matrix material my _

i Welghtiand: abayh R0%y igkel by wejghts Bre tungsten earkide patistes may comprise
t i i .
SBet i SRR SRR ERTE oF B nOHAE TR i material,
oandthe keatrixbmatedalahbpy@nrise bemseeh BOGARGY) andAdoutstdds by weight of the
herein, the term "superalloy" refers to an i

ron-,. _
nPEREp-matiy, gormpesife m dMere pricylarly, thy pestancarbidopgrticles may

?rayrﬂlgislérﬂegryee%bgﬁtmf’/ﬁgﬁd S8R %%Wg@%ﬁ& gﬁr{llia)é-%nm)@{;omposite

e used as matri x materl frc
stnatekigl, and theeatrixsraatesal prayatdmpriseheobeen abbiNNYElaqd about 30% by
625%or tgene.%, and INVAR(r)-t,yPe al l oys having a
cBerent of thepartielempatih edmpasyie patesal

In another embodiment of the invention, the particle-matrix composite material

may include a plurality of -635 ASTM mesh tungsten carbide particles. As used herein,
the phrase “~635 ASTM mesh particles” means particles that pass through an ASTM No.
635 mesh screen as defined in ASTM specification E11 04 entitled Standard Specification
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that closely matches that of the hard particles used
in the particular particle-matrix conposite materi al.

woReos/0¢d3esel y mat chi ng the coefficient of therpP&l/US2007/021071
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expansion of matrix material with that of the hard

PeSrtWizé EFotPAESiSveR FUETHSBFEBUrPoes. SiSchitBAkiCnErtideHred®s may have
associated with residual stresses and thermal fatigue.

A dtamster of desp thangbout Aintcserise Armatizymatgrial nay irickidg a cobalt-based

Hadf i e, d austeniti nganese st.eel (Fe wi,th :
B Sl Ry he BB nleb Gobi Foresxample. the matri
hinagRP Hiafrandleded frehtoe tHal \udbilit 98% dobalt B?Méig{t.e—’[m:t fun¥sten carbide
composite material may include a plurality of "400
ABARFIERNBRY copmpBiee i atyednoabquts 60Yg aashdabet €35%) By weight of the
tungsten . carbide.partiches. used herein., the phrase

- PG TEHF SEnRSE A e o (oS e pst Bt fopre bR een about
t Byginghabau 46T Weightdtehd wstic]&-fiag B cortposied maeeall N ASTM
specification El 1 04 entitled Standard Specification

for W FEGT 24 dlusirate asmptbed DEderiming kher bib bedy usdain accordance

t ungst en .car bi articles V. have,a.di.anet er, of ..| es

L WA Bl ot B RO P oI o3 b i i ipoay 200
Meficn &l [RIG. Q0" kibistadtiaio eirmel %r¢i baldt cdiposed Bfita phMicle-matrix
about 50% ni ckel by weight. The tungsten carbide

p g@mpgﬂitg mataripl. C'Bi‘ﬁmﬁtb.@d Benevadly rifl%lm mr@@@i@g A @Oydmixgg%pressing
ot A Rl o PR i R i SERAS: el hsfihe gpe powder

apfixtaeout 40% by wei ght of the particle-matrix
conposite material. Mire particularly, the tungsten

car bi dRefsaing o BIS. 24, edrapvdes miturande masthsupressedmathdsubstantially
a . 80% i .ght th rtigl risX. €Q Lte .
Pt ML bl & Bl 85 THEBLAME, ARERBIS iy inctue o
apridlity 0ffha petvihasly idestPifed NardBhrtibles &id 4 PlRrality of particles comprising a
particle-matrix conposite material. hi another

e Mg matstialpps alse pravipuplyjdsscribed berghy: t Pptienaliyt the powder mixture 78

RIS T B g5 5 BaPhYRabL foh  sun s, or
t beanjie, Asitders €63 Spréadivg tebiicapar dughe pressiB@and @ prodidasg structural
t hat pass through an ASTM No. 635 nesh screen as _
déﬁrfmg*d tq sheapmemted ppyyder componRert plastdzesn fory making the binder more
s AN ; . . .' p

S TR A OO, AR Bl

have aTde asmhiaér 8 mheirlddbarfluid aglit ebrifable @¢nbef 82. For example,
matrix material may include a _cobalt-based netal all oy

c Siediuid naly dsfsaeblsimembey 82 sardie; substantiglly eylingsigak bagrgmprising a
RN . .
B G T B 0 ML 0L LR pie 4,

p &hidhahas bersubstaatigilyi $gd.b hedefonablsieimenitar 82 dhaytieuforrBéd/from, for
by weight of the particle-matrix conposite materjal,

AT, AT Sichafs o REAATEE; 5BicRES nOB B Rrgne.  The
o . . Rt _ _
o B By ) BOLEH BB LRI s o rovi
of uhdom Westritutioniof thegebwdes edxture 2 withmathe deformable member 82. At

least one displacement or insert 86 may be provided within the deformable member 82 for

defining features of the bit body, such as, for example, the longitudinal bore 15 (FIG. 6).
Alternatively, the insert 86 may not be used and the longitudinal bore 15 may be formed

using a conventional machining process during subsequent processes. The sealing plate
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wi th enmbodi nents of the invention set for above. The
bit body, such as the bit body 200 shown in FIG 20,

wo goosokseant i al |y formed from and conposed of BCT/US2007/021071
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particle-matrix conposite material. The nethod

08N efedlrhay begtadhiRiSoroadédliottic defevalE ni¥mbet 82 providing a fluid-tight
pressing the powder mxture to forma green body, and

aseal g etp)’&ﬁltl ally sinteri ng t he powder m xture.

Ref erri to FIG 2 r mxtur

pr essezﬂ%ﬂ cpptaingh & aﬁ‘?’ll't}b%img po‘év gPi‘%‘r s%‘ﬁir %X%%ﬂfeﬁl ipserts 86
Medritaiféd GeRim inier b@ﬁaceﬁ%ﬂﬂﬂﬂ*ﬁéssﬂﬂ@%ﬁﬁ@eﬁ@) MAYremovable cover 91
include a plurality of the previously described hard

paay be jugest tarmmadq)mml t the igteripupf the peesswe ﬁlpﬁml%ﬂr ﬁ@ A fluid (which

Bt 55 sy ing Tl LK a8 S aREr o ff Bitfgoch as, for
agﬁlﬁﬁlé’ @S GFANERhY isyRREHIIRD (] SESURLHARBEEY) thrdtigh!8Spening 92

such as, for exanple, binders for_ providing
| afohigle @quﬁme&j\%ﬁlﬁl&wg Ppm@s(QOtnﬁlomdi fIbe Wbpﬂesﬁur@of the fluid causes the

ol PE RSSOl By s SRAE, TH L pREaROeR py ransmited

| Wsiaﬁﬁdltysuﬂfor&q)ﬁﬂﬁ@ﬁd Powddrdsmixit@e 782dUhk Nessure within the pressure
interparticle friction. The container 80 may include a

f Fhneher O Huridg fispsiatio peessingriveay B2eremter than ahpite3S miggapascals (about

o0 aieb Pl S eR & ateoP s e Dresswe oy e pressure

PethamBRF S0 RuAHE @Hostaﬂ’&ﬁre@smg RaP B gBéhtdFaNarf aboubh €38 hiégipdﬁ’dﬁls (about
a_sealing plate 84, which may be substantially rigid

T%O%pw\dﬁncresqwmmh) s cvfh«;r hethods; awacuuompay beprovided within the

(ﬁﬂp %%reS(? M a | ffésgur cgaﬁéér t é‘[’(g‘g?ﬁ rra‘i%ggé%ﬁé n_g%bougéS pounds per
W&}ha&ﬁmﬁh |Ih@)db6/\di fﬁlled Rethe @k@dbr Sirfabel &f tHS catigineti S0r(BY,E0r example,

to provi uni formdistribution of the powder
nthet mespmr% te irompedicthe powdemplixuisiSoelsogatic pressiegmof the powder

A A o BREE p c ,
bisvhidh@dly be fentdved Fromf thé p&@i’@tﬂﬁmb%hﬁ) ilrﬁﬂﬁ)htam B\ hﬂ&%&smg

15 (FIG 6). Alternatively, the insert 86 may not be
used ab andther @lﬁ@lpﬂ udfi prassingoths nevdenymiztire Ji8nted fommi thg green bit

oy AL R, P e R PR AR T hoR SRRyt s wih o

banideid] pross| ine Meltior dilthe shewhpusinga m&ﬂmnﬁal%goraiydrauhcally actuated
fluid-tyght seal therebetween. The container_ 80 (wth
t RRnEFWRIemethods he a8 knownaley thees iof eudinary ekl nséhe art of powder
CEH)tC d therein) may be placed within a pressure
90 A renovabl e cover 9 1 may be used to

provi dé‘ha(gmeﬂsbltt bodyh@ shtvar inoFIGf24Bhmapriedsedy @ phbaithef particles
90 Aflud ich may be substantjall

b"’r‘\é{h p@ﬂéﬁs 2’2§ MAHK BRIGHH) 3161%%@%11& &) 2 bipder material

R G B P
hit@turgr emg ubee magkined) ia theirgoednndit idgvey usfﬁgecdmwghlonal machining
pr e gl{lees 1?1fclu31ng, I’olr uelxgmg u%u%suntg htechmques milling techniques, and drilling
techniques. Hand-held tools also may be used to manually form or shape features in or on
the green bit body 94. By way of example and not limitation, blades 114, junk slots 116
(FIG. 20), and surface 96 may be machined or otherwise formed in the green bit body 94

to form a shaped green bit body 98 shown in FIG. 24C.
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wal I s of the deformable nenber 82 to deform The fluid
pressure nmay be transmtted substantially uniformy to

W0 h@sfpoesder m xture 78. The pressure w thin theCT/US2007/021071
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pressure chanber 90 during isostatic pressing nmay be

gr eat eThé ¢hapedgreet biBbodyedsashasaah 1. a0 hapbdiQedsOptittdly sintered
per square 1 nch). Mre particularly, the pressure

wiotIPYide Ao BE bedy 462 sesyn mOFIG. 2FRgWhish heslasy thlan a desired final
PUESFL" S PR D4R ey B PRI o e i

per®squar

MeddyoIESmay by @ﬁbjémm&&rﬁélz\éﬂe%{éd \WerhpYratuted @nd prRE6RIrab burn off
80 and a pressure greater than about 0.1 nmegapascal s

(eiyemeve snyHipgiite apdtivesghatrveere mshidedrin thp powgdesimiatire 38 (FIG. 24A),

h [ f f ' .80 , | )
554 R 25 Br e SRR PR bl o

7$hitable Qthadpherenhitsied Paiafin ttherepveiest stick tladdiives3 S®Y atmospheres
fornlal%{een powder conponent or green bit bod%ég4
shaviincludeforexampte, hiydogen gasmt isepeetisoseef abperh0p

pressu cont ai. ner aft er essi n .
P ol B FRRIPRE 558y 107 BB B S eBlCR B gomaiin
f porcRitytBergine eerkiint stBetlitalFbatafee Winyi b fridhined 4B thd B18wn bit body 102
powder m xture 78 may be pressed, such as with a _

UMIRE icamveptienal machinangydchnigresdinsudings fem evampleistuming techniques,

C i.cal r. hydraul i I ct yat | unger, b
TEEE bl w5k, SOl L PR BRRCR gy, e wea
t manwllly fofm PPWHEe RARERSEIIGn hB®rae e tady 102dYTds that include
shown 1n FIG 24B may include a plurality of particles

(ethapsheqatingseer inpRItspaax bebeed toffaghitetei machinies Phihy brewi bit body
S 0ol RO o T BN I5 et BB i by 10

Gaiat @t fo 5¢ macHingdab rédvaé diippingBY thedrave bit Bedl 102. tueh coatings may

green bit body 94 using conventional machining

t Welyde g fizativepsjother Relymebmatekialapl e, turni ng t echni ques,

mllin i Lk i I

bt By S L s A RSy S0 5 s 3,

f aal buteassesn(nor shown) ey drearachiviet! op otherbide fddnedary thefbrown bit body
limtation, blades 114, 'éunk slots 1

| d d 16
CHRR 15 2 Shanad brmrmeibbesty yhown ek nab Shriormeraviiae drill bi

f i i
0B g SRR BURRR, & quiitifaritd Mo} BendfRef M 6FBoy 112,
bthe ycuihgsdlements mak b8, pidionadhyithin thie poekeds 30 dormedl ihythe brown bit
sjntered to provide a brown hit body 102 shown in FI G

bty B Hparhamieent HElRBE b Uer AW tapoel s the cutting elements

Pri = ' ' - bit body

B L R i S R

noder aThd shaptdEhratvadittbexdp é 0 thovasindti@. pAetsn may be dulbusiitered to a
off .or .r ve any fugitive additives that were )
 SSiTE gaaelin({‘)?nPWetop%%g? th; BFp\ipus 7 ges Irdreéﬂmzmséy, Igeshown in FIG. 20.
PR EVd: : [ t t g e

EIE DRt JRRRS (KRSl BT TRl PR S iBiC R roture, the
t sticore dbeing  sinttrédn wilh eshrielaluahg ahe sintérired grdcesses A Stradture may

aéxr{)%lsl J]c%rl%%ar shrinkage of between 10% and 20% during sintering from a green state

to a desired final density. As a result, dimensional shrinkage must be considered and
accounted for when designing tooling (molds, dies, etc.) or machining features in

structures that are less than fully sintered.
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may include, for exanple, hydrogen gas at tenperatures
of about 500°C. The brown bit body 102 may be

wa st al |y machi nabl e due to the renmai ni ngPEDUSENT/21071

10

15

20

25

therein. Certain structural features may be machi ned

i Nt hephrigpnalPisintdREY and0 parial Reht&RiBY prfckRBR | reffag@biyn sthéctures or
techni ques including, for exanple, turning techni %es, .
nilisplaesgnengscinnt shows) maydedised ka suppo @h teasfipestionsiad @-thiebally during

tgal s .al so may be used to.manual | rm or shape e
¢ B3, B O B ARG PR e ) Ui lond 4%y g densification
| pfolcekde SueR lispRicEn&Rhiayde Wkd, f0f eXdnSpl8By maintdfeébrkRtency in the
facilitate machining of the brown bit body 102.

Asig¢ andgedrnsiry ofathe mogkets daand ghe inteynab dluidhpassageways 119 during the

HIPRERr s SRR ESHRor it PRE ok RineR b Botkample, eraphite,
Stifiba, @@ Ahinfigs. ThY usd6f bidmim dikpladementsansteddnel graghitendsplacements

material. By way of exanple and not limtation, ) o
i magrheadesirible ds phwying awaybe elativelydessereactys, thamgraphite, minimizing

b . . . sh . hi ned h i -
¢ SPGB Seh A0S e AN oot e Al b e boron niide,
bW tniRiddy of Qthes tOWMMdrélally @vaikible nfatbialRemaPriR applied to the

the drill bit 200 is to include a plurality of cutting
erefietors strusturgs & prevénsroathonwartdthariasoms in thedgfradory sthustures from

cytting.el ng.s .be ;posi ti.oned within the pockets
3@@“8?%@2[0%1{1%0%%8?‘?%8%@'102. Upon subsequent
si nt er iMgthef mdifdb! M Erédnt bib®eYy 98 %holvhien UGt 2B may be partially

el ements may become bonded to and integral |3/ fornme o
whinteredhie fome athwenyn bit bodyrmathgwtapred ninchbinmngbiand plbagces@gy machining

h [ |G, 24 h full i nter.ed.t .
08! Peibiie Gulieiot BREedTpodt pifult PEHER gl hiBom bit body 0 a
daesiretl RAI Bérdsit)0fterhdtdveby) AiliNndcBssityGnaciningd\may B¢ Bérfdtehed on the

i nvol ves densification and renoval of porosity wthin

ageen bt tbgde 94 s iy KI6x: 448, which ghesimaydrectgllyisintererhioj andesired final
dHérlsﬂ? the sintering process. A structure my

experience |inear shrinkage of between 10% and 20%

dur i ng Thé Bin€iing Prédesds defib&nhétiatfay dckdelesiverttlorfal Bitering in a
density. As a result, dinmensional shrinkage nust be _ )
c Sasugefustpce intairo N BepupEy fufiiees fellosyed iy canysntiong! hot isostatic

N e pe—

ahtarshékikdring tamperp@rd (oflen Stfetred itd@s BinGe ESIPEGot isostatic pressing)).
refractory structures or displacenents (not shown) nay
bEugiesaordy the sisrring gprogessest deseribed ohgeinfmay paludgogipliquidus phase
during t . | Gy . . .

W GhaL BEHOR S5E55s DRAIBLTHAUDESIAE ot tmperatures
pprxaaste t&Gbotbalow Hedpidanliae obthe phase glegranh for themapixamaterial. For
to maintain consistency in the size and geonetry of

y
-t FeApRleKBe sintasing pgogqerses dricabeth heren ey pa Senditiedyrsing number of

30

dyifrenht t RBHSES tl@fﬂ.zvﬁ YtoPbRE SFS ord skl RGhO" #t suﬁh as the Rapid
structures may be torned from r exanpl e, graphite,
siOnirddirectiona| GompactioThROSE podeesd, uthic n@erdiapMapmivesst ot isostatic
[ d hite displ t
| Brsmetssraxlg (I-?Ifl’),gorr% apltati%ns !)fs sﬁ)lcl?gr%rggsrs]es
Broadly, and by way of example only, sintering a green powder compact using the
ROC process involves presintering the green powder compact at a relatively low
temperature to only a sufficient degree to develop sufficient strength to permit handling of

the powder compact. The resulting brown structure is wrapped in a material such as
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may be desirable as alum na may be relatively | ess
reactive than graphite, mnimzing atom c diffusion

wa@lewosioge3zd nteri ng. Additional ly, coatings suchP&BUS2007/021071
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alum na, boron nitride, alumnumnitride, or other

C praphiteC foll foyseal diel Bolva dimateird. ke \ﬂﬁ)ﬁg&ﬁbﬁﬂﬁi steitnir® i$ PRiced in a
refractoréwstructures to Erevent carbon or other atons

i eontdeery whichds BHed with pattigles of f coramig, fpblymangori glass material having a

orbs B ol bR Rt T B of B Bfe iR, btm structure

STI‘Hé edrftainérds hedtsd & the Aekirddl sﬁntQ%%;terpEﬁﬁﬁb WhikR'is above the melting
machi ni ng, and all necessary nachi ning may be

p@nfpsraﬁgd erthc tpartistesvef dicerabvelypqdymer qrqglasalmytenal but below the

dlé &r | Q‘%R%flglﬁ-‘{ ﬁj\{% o tX g’% é/rﬁlL Bleglgi?@\!wﬁg - -e Jgh%?at econtamer
pgith Qhé‘ﬁﬂlt&ﬂ cérBficd ?S@ﬁw@ dr étl’éég Yndtdiad rOéﬂfélnthb 'bré:\i'@sm?ﬁlﬁe immersed

whi ch then may be ly sintered to a desired final

déﬂmut)ys plnkes igi ameghanigalpordydesbe prss snéthasc feeging premayhat is used
ﬁaltpgf epr{gs%}rx]r\r/?%%h‘; catf&sc:e%%lﬁé:%r %P?%&%t‘gg% sgsta{lc press’ures within the

Cﬂx@l&&ﬂkéxﬁﬂﬁl phg&'ndr Sesgladsl Iﬁa@ﬁﬁsﬁblﬁ&t@ﬁ&ﬁ&i&atloﬁ"hﬂd smtenng of the

sintering i me atel followed by isostatic pressin

abropangteichire atcthe retfamted h@nsftrml@s iwithin dhepeonsaingre Thofriodlan ceramic,

B P o s i iy P st RS Pl B sirctore.

MRS et dife BT @bntl SpalPiér Corsdladk QEts Aa plebsudé R@smission medium
words, the sinteri ng processes nmay be conducted at

t &mwhawmpl@qusmummleddo tbeustntc@lrgvdunhg smteqmgd uSubisgquent to the
t he ha e gr,a iL.X_ nater

clek o PRRErCiRtteP i, Y UbElBbA b i Ryl fompe tiuefied

beergapsliRer, s gﬁ@ls RateHADArmEe d@taflé&éﬁﬂinaﬂ@ﬁ bpghe K(D@‘Mbcess and

to one of ordi nary skill in the art such as the Ra

Criitablier equipnaeva | foCtheppractiasntheRal)s prayidedsby Uhe Bur n4 094,709,
0 r

PAISETR, £ 4308594 b 8004 S Bl oeRRPh 801955 4 cseon

0n/794.943 mides 2399522, gr een powder conpact using the ROC
process_involves presintering the green powder conEact
at a r ehaEriern  Ipigesse Whichds simdlar (9 thapfprementiongddR @gprocess, may

ﬂglg% ? fa]géf)t%ﬂ[?éﬁ h?eom\‘}gé Pfeg%n%/gﬁﬁ&ﬁﬁgﬁlp%é%lt#%%%@ structures to a final

Sténsity.uhehe Eemarﬁbdqdoctd@s ahdvbiosn Shuctike iy (&ﬁ@ﬂa@lﬂl h%eramw coating
foil to seal the bromn structure. ' The w apped brown
s Pyl as Mwming, Zicqpigm §¥ide of Shtomeride. Whhersipyary handegenerally inert,

b L g B PONAT el gt i

t baolidudd B tradvenitiag rat kaEthubﬁtmaiallynsdst‘aﬂc lpmwﬁre to the coated brown
structure. The container is heated to the desired

s FIRCBIP HYne seramiaRarides inptradof alaidgnedia pinthe RiQfgprocess. A more
p&m%daé(Praﬁat% Jriag @«%5 ?ﬁeéﬁfs 193;3}85&1@&%% DY RS 4 4?9 048.

glass material, but us tenperature o

t he rmFunthernmateem emﬂxbadnndsrim{aofah@maﬁtdnun twhich. turigseentvariiddis used in

cont aj
a partic e-matnx composite bit body, the sintering processes described herein also may
include a carbon control cycle tailored to improve the stoichiometry of the tungsten
carbide material. By way of example and not limitation, if the tungsten carbide material
includes WC, the sintering processes described herein may include subjecting the tungsten

carbide material to a gaseous mixture including hydrogen and methane at elevated
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with the nolten ceramc, polynmer, or glass nateri al
(and the brown structure imersed therein) is placed

w0 poog/omsehani cal or hydraulic press, such as ap¢DU§INY021071

10

15

press, that is used to apply pressure to the nolten
C_@h}%_@i*aﬁlr@i R exBmpleNBle@hngten dafidd MhicfialPhey Béls@Sected to a flow of
wthin the nolten ceram c, polyner, or glass material

f gasey inclidimgdoydrogen ard ingthaanal asiemperatusg obabouh é,0806wnA method for

st ruct ur t- the, el evat.ed, te at yre ithin the

S ol chitiuct SRR TRC R Moca I8 D (O

mat er i @he Bi€b6dy P12 IsapfiPpldted BreathicRiHE W Badchoh SiRfwr) Osuch @s an API
brown structure. In this manner, the nolten ceramc

prspded pingnenjloaedaboyvestherston paversd difterent aretheds snayrbe used to attach
dipm, th ' j . the . . .
TS i ' BB o BRFAE PrlvioBe RO Rirh 8F ' es APtiatiap Serial No.

of 1/PTESU MhedRDBodP PN 2 Weth its Partitleth AFR ompbsite inbt&HalsSand an abrasive

then renoved fromthe |iquefied ceramc, polyner, or .
gWedrgesistant hiardfacing materaldetached dhereonmrayides mereaesistant tartbe abrasive

process and suj tabl.e ui pnent. for the practice
PHREEReRIhep kS s Bt aigrs ™ 4 004, 706,
4,233, Wafle fthe34dventidn HasOdRen Adescribedd herRy , with SfR4pe2P0to  certain

4,596, 694, 4,597,730, 4,656,002 4,744,943 and . B
sempbadiments, these aferdisan 'skiblrio dessart with reshgnize aridrdppegciateothat it is not

I A ——

Shé Hiatlel WatholiOdépaftingafror @RS kédpe dfthé Rfvehifdr&ORereinafter claimed. In
process, the brown structure is coated with a ceramc

catditiong feaenes dtona|onei ensbodiment onkyi be osanthsnedowith Hieahiees of another
gér%?(gdci:?”nglth Whilg' §H11| %Figghggc%mﬁggsgg r\?ﬂtlln' {h%gr%ctogg eocf. thFh énvention as

rve, 'rénovab coat’l ngs may al'so
CEuHtpl e WA tHed ihViHitdts.e FlusherUthk YnvetitsiOhds AdiligdnlYill bits and core bits
transmtting at | east substantially isostatic pressure

t bavingdiffergnteandpyiagons bt prafiles peweld pneptitng derent baes.i cl es
instead of a fluid nmedia as in the ROC process. A nore
detai |l ed expl anation of the Ceracon" process is
provided by U S. Pat. No. 4,499,048. Furthernore, in
enbodi nents of the invention in which tungsten carbide
is used in a particle-matri x conposite bit body, the
sintering processes described herein also may i ncl ude
a carbon control cycle tailored to i nprove the
stoichionetry of the tungsten carbide material. By way
of exanple and not limtation, if the tungsten carbide
material includes WC, the sintering processes

descri bed herein may include subjecting the tungsten
carbide material to a gaseous m xture including
hydrogen and net hane at el evat edt enperatures. For
exanpl e, the tungsten carbide material may be
subjected to a flow of gases including hydrogen and
nmet hane at a tenperature of about 1,000°C. A nethod
for carbon control of carbides is provided by U S

Pat. No. 4,579,713. The bit body 112 is conpleted by
attaching a shank (not shown), such as an APl threaded
pin mentioned above, thereto. Several different

nmet hods may be used to attach
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the shank to the bit body 112 and are provi ded by
United States Application Serial No. 11/272,439. The

whRaosloe3go 112 with its particle-matri x conposi PET/US2007/021071
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materials and an abrasive wear-resistant hardfacing
mat eri al attached thereon prQivAlleS nore resistant to

t he abrasive_environnent when drilling in subterranean
f O¥hahis dHmedighi | e the invention has been descri bed
herein with respect to certain enbodi nents, those of

ordi naRy skKiy |l . he. e r ' .
appr ociat o Phisyirf gkttt allibg o IEEEGRY B lean forarion, the otary

addil biteomprisiaget i ons and nodifications to the

emyodi nents may be made w t hout departing fromthe _
sadpkebedy %L}bétape*{\@’é’nfm@?ﬂ 8k arf@ml%amgrar cmpgsie angterial and having an
addi ti . rom one enbodi nent may be conbi ned

with fggtteﬂfﬁr:%}%%e’g%%t her enbodi ment while still being

ean abfasiss edavdetibtant rhiterid dispesedfontdn &abtravitidrosf tAs exterior surface of
contenpl ated by the inventors. Further, the invention

has ut thlilﬁqubf- drill bits and core bits having

different and various bit profiles as well as cutting

el enent types. CLAIMS What is clainmed is: 1. Arotary

drill Rit f dhedstatyldrilicbieds digimsl, whiegeirs thetabrakiae ®&8r-resistant material
formation, the rotary drill bit conprisin a bit body

s diseesed tanathe yat 1e3ptng gorsion of the extener swsfacq sztg therioedyecomprises the
I ' - ior surface; and an
gﬁ@é‘l}l%m\%gg?l? ?ﬁég::@gap gﬁ%a‘aé%%? iQ’aI di sposed on at | east
aa peatix anatevihl, tikemenixahaterial Lombaisiag betwiebe about 20%0ahd about 50% by
The ro'ta_r%l drill bit of claim11, wherein the abrasive
wear - r ¥&1g8t ghtherabraspyeayeatiresiviant anaerial, {he matmxmatenal comprising at
porti of,gf75b4 | : ' oC-
Conpr | Ko 75y et b e S HAHf dhelkEpBht of 18 hhan about 1460°C;

r atplurality 200 rA STMaheshi sihteretl hengsieir darbide pelletasubstantially randomly
conpri sing between about 20% and_about 50% by wei ght )
i%gpgsten carbide

of t hediBFraRd rougaRHt thesBatsx apateripbthe plyrality %9{%&614
nat er | ﬁélle@@%%rg%ﬁr%%eﬁ%eégf&%ﬁt i@/%/oaﬁﬂ %Bﬁdt 513% le&@ght gp Fhe abrasive

havi ng"a ne ' ess than about 1

pl ur al wegr-efistadiOnA&T) exels binkredt tangstbntoarbidd il etcanipirding a plurality
pel l ets.substantjally r ngo y di spersed throughou )

the nmof {UgeHen exbide Pa‘inﬁ]gs PRl 9 8Hes 4 rpigg oy, the binder alloy

tungst givif@k RiefighBld: Bleitef AR GBS T900PEL YREN about 30%
and about 55% by "Wei ght of the abrasive wear-resistant

matpduriabty, ofed@hASTM excshl castnysgstam cabide dgparpdds| sibstantially randomly
conprisin lurality of tungste arbide particles .

bonded Bt BrOUERoN the gpats misab, the iwaliy i egasty nggien carbide
havi ng gﬁnﬁi‘ék bomipristy 1Es @S RE 3598y FBBH of 4RO Wrhsiv@Rar-resistant

material.

3. The rotary drill bit of claim 2, wherein the plurality of -10 ASTM mesh
sintered tungsten carbide pellets comprises a plurality of -60/+80 ASTM mesh sintered
tungsten carbide pellets, and wherein the plurality of -18 ASTM mesh cast tungsten
carbide granules comprises a plurality of -100/+270 ASTM mesh cast tungsten carbide

granules.
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a plurality of -18 ASTM nesh cast tungsten carbi de
granul es substantially randonm y di spersed throughout

wo b@soesed x material, the plurality of cast tuPgBEUSI07/021071
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carbi de granul es conprising | ess than about 35% by

wei ght 40f t TRe ARARSANELIVBAERINE D] Shafin H8tphiraity.of310 I\MM mesh
rotary drill bit of claim2, wherein the plurality of

- sioterc@Tinngateshcashide peldats comprseen pembiydef -H8/+88tASTM mesh sintered

C iBueR R pab i acoraliy SRR RO RSN R [seret tongsten

- 38bide PY188 Sthe Ghsth t}'LUfg-%O)@SOC&SWdﬁeﬂ{ SR EB R RETEY c@BRle pellets
a plur aI ity of -100/+270 ASTM nesh cast tungsteéen

cafvrbmﬁenggbeiwmre@mt 30%end @bauty3 546 by IWdlght of thecabmasive2year-resistant

Ef aq,lﬁxia tt-?{%(?jrﬂé)l W 1|n§ﬁr%ﬂ[ rlgejg%@p carbide pellets

a% 1&% T%éf?%uﬁw%%ﬁ%b&trmm 8y \&e@g@lo%doairks@\teswear-remstam
and a El ur aI ity of -120/+270 ASTM nesh sintered

t matpsiaen car bi de pellets, the plurality of -60/+80
ASTM nesh sintered tungsten carbide pellets conprising
bet ween about 30% and about 35% by wei ght of the

abrasi ye wedhe rétafySdANbit"REQUINR! to dryBnd bB CRkrhS 1 ﬂafough 4, further
-120/ +270 ASTM nesh sintered tungstén carbi de pell

cmmpﬂl%lilgﬁg bet ween about 10% and about 20% by wei ght

d?. Fﬁ%ﬁﬁ{%@c@e&ﬁ F}?e%{@% A ﬂbﬁ‘f i 'Cﬁlglpggsslpg,;gq?) orhcor?ﬁgured to

furt hestaeR MRS dhahIOE a rild BARY Altvhas Hlﬁs&dyysubaaﬁtraﬂ formed of
bit body,-the shank conprising a portion configured {

at t achthehearétiematrixo camplesite | meterialngomprisgs \ehphuedlity tofiehard particles

glo:'rpggg’%{'g rﬂg't(ﬁ%’%téﬁleg éla-ﬁjbé}‘ ge mélg-f& 15}?%}1 t el (ﬁgﬁcles selected from

par ti cihegrowpedsistinglbSHaaNSAH YoRimosabiael thoforBitrideX aluminum nitride,
material, the hard particles sel ected fromthe grou

consi st @ﬂewrdmd@s ofitbe growa:pmm@g sV ohi, Me,N &/, Hf, Zr, and

alun1n [Lr] r i bori des.

o R i A, R s e 5] PR o
matri xlramb%a allope hfkkieshséd QIOYs) heobaltORI GiRRSIiHaEAA , iron- and
cobal t-based al | oys, iron-based all oys, nickel-base

al | oysnickeltbased- allpws, nirerk e rndh zeobait-hasedy alloysy gumigne-based alloys,
nic kal gregasgnh lélﬁgrg én%glumq)rag £ a‘ip aIs té‘{f‘j? g ya?u%ma-i)asex alloys.

al uni n ase copper - Bate

magnesi um based al | oys and titani um based all oys. 6.

The rotary drill bit of claim5, wherein the

wear - r 8si st dhe rptaDe b bt of @laypo%ewhﬁ:rﬁmathw weastresisiant material is

r ﬁﬁﬁés%d ?ﬁ(tafe f«l:gét Q)%e I déegs )P ? bl{ I%HIyt @om%ﬁt g{tlf:r%r surface, an
ace, ah ex sur ace e Wwea resit stan
rramfsedaburﬁeew tliel betraratibtant! iiatbgyl deingd substadiRll¢ Xével With the exterior

surface of the bit body adjacent the wear-resistant material, taken in a direction generally

perpendicular to the exterior surface of the bit body adjacent the wear-resistant material.

7. The rotary drill bit of claim 6, wherein the bit body further comprises a
plurality of blades, and wherein the at least one recess extends into a formation-engaging
surface of the blade and extends along an edge defined by the intersection between two

surfaces comprising a portion of the exterior surface of the bit body.
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surface of the bit body adjacent the wear-resistant
material, taken in a direction generally perpendicul ar

w0 oooBlog23ext eri or surface of the bit body adj aceer/usive7/021071
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wear-resistant material. 7. The rotary drill bit of

clai m§, whahekdiarylieilllvit acoerdingftticla 6 @ @MhI7S @ferin the bit body is
plurality of blades, and wherein the at |east one -
r eeigyrestociary 4 pluelity pheyting slsmsnigagichbe suateriad composition of the

| P3RBT Ll PRRBMHERRENET g L por i on

of the exterior surface of the bit body.8. The rotary

drill bit according to claim6 or claim?7, wherein the

bit bofly i s Themptaryudall bitoofcaaimy 8.awheraingthe myatefal comppsiden of the
el ts,..and the. material co sitian of .the ticle .
RS RaRceriSiRiarrial oid BERuii), RprbiGeB  hghsu e bit
9bodyre rotary drill bit of claim8, wherein the

mat eri al conposition of the particle matri x conposite
materi al varies substantially continuously throughout

t he bi&obod e%g. E% EotagindriHL.bht Ccco?qggﬁrto C
claim1’or cP&Im™3, rttaﬁ%? cgrtr%f;l & 8? Sy £ §EPer SREPSIng:

C df leash enet 2t dleri & WERekd o thdtt lidy aha@yanahterfstedihd

interface; and a brazing alloy disposed between the

b braging alloydlisprecdahetyegasthe b dodyiend the ablleaseone uting-plement at the

interf N I S [ 0 :

ot o ek 6 AR T Bl BE U P oLl G0 0 i oy,
porti ont Rhstteontasus’ @utioh anthadTaetresibtafeinmgrillostigdbéried to an
an exterior surface of the bit body and a surface of

t he at extererisudace of the bihkpdy aade surfage@f hetas fngbtrage gyiding element and
the in t ' 0 h I :
one. cubf PR HE el SukoE R, B Baly B s ftEhee gpe cuting
t he Dbr glzinegt aaldlcoveringht leddr@ poeticarof tiy Brhzingaltoyof cl ai m

10, wherein the bit body conprises a pocket in the

exterior surface of the bit body, at l[east a portion

of thejat | Syt t | el Lng.. di d. .
u thinhe potut UfiBl o B RBLe P Hi S RpRRRtiscs a pocketin
atjesexestor Sufice afshobit bbdy, at leabioglportiogl of ke @tledseasd cudtirgz element
cutting elenment, and wherein the bit_body further '

c Bripe dispased pwithinuibe packet, theigtesfape piiendinaplengeadiacert shefaces of the bit
PHSEPR 8 f RS AL AOHGE SR DK D e comprcs

midastr oreel rebs3s Mgrmobd S else ektavidrisurfatanef the Hitclwly ajueent the interface, at
recess. 12. The rotary drill bit accarding to claim

10
oreast 3 partion of \froqtupsive; weargesistantspatgial beingdisppsed within; the at least
CBHP&%%@? a cutting el ement body and a polycrystalline
di anond conpact table secured to an end of the cutting
el ement body. 13. A nethod for applying an abrasive
mear-rﬁaistant materjal. to a,surf?qe of a drill hit,
the method JdORFPS] ifﬂﬁm eRePiingtoFlaim 1q onglaimk by phgreg the at least

a oRAIChHiRL 1R | SmpASROS chinF &G hdrIbody Rd U boiherithiline diamond

compact table secured to an end of the cutting element body.

13. A method for applying an abrasive wear-resistant material to a surface of a

drill bit, the method comprising:
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conprising a bit body having an exterior surface;
mxing a plurality of -10 ASTM nesh sintered tungsten

we arbiogs2pel | ets and a plurality of -18 ASTM neGhUSAS1/021071
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tungsten carbide granules in a matrix material to

Pproviditgy a Aike-BipHbingadt 0O paRiRRFMEriNCaImpRRE Shabiial, the drill bit
material, the matrix material conprising at |east 75%

ni ckel cOPRgEngbit bedydayingapexigaoesuriafe;havi ng a mel ting

PO f k 4 Sihtere .
bl BeBRB oh RTARPR e bt GRS RhIGE ¥t and a sty of
tungst a3 £8THI MeshPaiist tufib®én Qetide dran@RE e matdt fatrial to provide a
bi nder alloy, the binder alloy having a nelting point

gr eat epretapahcagign abragiye grea-resifantympteriad, thameatig material comprising at

conpr i 1%5&9/53}(%1?%2 gy %%?éﬁ‘& tge0 r%’a%&dmﬁggalf tha\gilg%/% %etlt\ll\rllegi ;%mt of less than

of the pre- app' brasivé wear-resi

mat er i ghout 1136590, Usadh istitered t&righferr Afbidd pelsdt &dnpaikiBE A plurality of
pel l ets conprising between about 30% and about 55% by

wei ght tuggsterh garpids-naptislescanderh tegsthgs with anbiaderr dlpys therhinder alloy

mat er i .1 rakit S ¢ carbide . . .
e Bt e gl PR AR e comprising
the preetapgl abaitiZo, ahd abbutes0s dy- weighs b e pretappliction abrasive
heating the matrix material, conprising heating at

| east wegdesiptant cnaterid dhe- plpyslityc adfi ewtengsh dungséen carbide pellets
wear - r esj { ' e e abave .t he _—
ot o DRE AL s 5 bl SBBE SR PR RS pre-application
mat r i Xabredied mehr-registahtedgterislDMee plurdlitg of ichdt &tiMthten carbide granules
tungsten carbide pellets, and at |east sone of the '
cast teATaRASEE dess bihar ahputn dP%s by oweight ehghe prepgpplication abrasive
of the_ exter., ace of the bit body; and
soIidiP?éHg&%%@]ﬁggéigw matrix material. 14. The net hod
Oheatihgitlie Adtrix\natedal) cO@ptiding hédtidg R ldaktxa Paitioh icdlthe pre-application
conprises one of heating the matrix material with an

el ect r prasivg vear-ieaistantygateridl taed tlemperpiitre abeye the mpelting point of the

plasnaﬁ&ﬁ§$sferred arc and burning acetylene in
substantially pure oxygen to heat the matrix material.

1applyihg therhdbian mdtrig naaterial, 3t leadigsome of heGititeted gingsteli tdrbide pellets,
bit forned of a particle-matrix conposite nmateri al

f ur t hefnd:@gast seme phihgicayy tngstepicarbistscRranies tagt teast a portion of the

parti clgahmtyie. coqmwo% !Tﬁ{deri al conprising:

provi ding a powder m xture’ conprising:a plurality of
hsolidifpmgithemeRershteik ingderfal.om t he group consi sting of
di anond, boron carbide, boron nitride, alum num
nitride, and carbi des or borides of the group

consi s{yng @fnellod A\pclaimblii,\{vhéfgin h%ﬁtingatﬂg ridtrix 3erial comprises

one of heating the matrix material with an electrical arc, heating the matrix material with a
plasma-transferred arc and burning acetylene in substantially pure oxygen to heat the

matrix material.

15. The method of claim 13, wherein providing a drill bit formed of a
particle-matrix composite material further comprises forming the bit body having the
particle-matrix composite material comprising:

providing a powder mixture comprising;
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a plurality of particles conprising a matrix material,
the matrix material selected fromthe group consisting

woRoosolsbe - based al | oys, iron-based all oys, PCT/US2007/021071
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ni ckel - based al |l oys, cobalt- and nickel -based all oys,

i ron- anthriieg e haﬂaap%ﬁfaalsteeued flohPihe gfdl &AbiRtidg mﬁaﬂond boron

al | oys, "al um num based | oys, copper-based al I oy
magnesi um befsfblde,albdroxysumd@ chlgrninam pitridea sedi caﬂblldrysqr ‘tanides of the

a binder material; 0 e W th

Subst ant i a1 Epp SoioE ol P dboNiraRe s 2 EFEaR boay

subst aat;mmw of %Hﬁféﬁe@%ﬁ'n nélng’@rxﬁétﬁk ?ndﬂé’ﬂa‘[ I tKe ﬁ%ﬂﬂpﬁia&%al selected
mat erial; and sintering e green body to provide

fully sintefrea Bie ghogy cwmngmf abba}t ba@ﬁbcﬂéle}zis, ofrorabased alloys,

particle matr ter desi red

final densi P’)‘;i(é rgp@@y }“gq’r??ef‘gal OYphrdfogy And nickel-based
sintering tReyqriead ah® eabaltcbapédomogﬁ aﬁnﬁbebeﬁéJ‘leﬁ)&? Q:opper-based
bit body conprises: partially sintering the green”body

to provide alldysowegnesium:basedcalioys,agd ataniueabasedakkoys and
feature l%ﬁa surface of the brown body; and sintering
t he er\R/H’ prowdethefully sintered bit body.

1 pressh ﬁ% tHEEIEMr %1xﬁ¥@Wﬂh @bst%ﬁﬂ?h%sﬁh@?%sktﬁg tb tfS‘rm a green body
green body to provide the ful Sintere

conpri srdstalntlaiemoln}poswcrfmmm[y;ld metng rcempohwdyatexyal ;tmndvve en

bo Y d t 20% d | 15,
£ Splthiog e B8 BoRH movte il S Sadirse Bty gpmposed of

attac h ElelrPatAx Qérhﬁbdsné blatefigl ha¥irdoadusha fifke dshapk
di rect to the fully sintered bit body by at I|east

one of meldlng, bra2|ng, and solderlng an interface

bet ween t he f ul | it body e shan

at t achlqﬁ TE? %W‘i d? 1 Yvh"greléﬂ ogfgergﬁﬁﬁdfya@eprowde a
offun}f@ntgltéhlbﬁbguy]&eﬁ]ﬁﬁjseblt body. 19. The met hod of claim

13, 'wherein providing a drill bit formed of a

p@ﬁmaﬂy sintering the aresmbody toeprauiten Ibngn budlyudes pr ovi di ng
s marc ‘85‘%%&332{ g’g é‘?{"g‘{fn ﬁ]qae?ué-@ﬁe oft}ﬁ%&-g 8{39 ’baé]lg exterior

C @intdrig tiRcbrb@n bBE&RIoMRoAdPDE tfhIB iktbred bRt bdy.NJ el ement,
the nethod further conprising: positioning a portion

of a cuttlng el ement within the pocket in the exterior
surfac

appl y| L[?'e Riho %d%algﬁnﬁow l}e ‘%ﬁ‘“ eﬁ‘f’%l’ Y gerbﬁ?%t&prowde the
t hﬁﬂl)ﬂsﬂﬁtbteﬂ %nQJoG?EGHmpﬁdéé* lihé¥ly shrinking the green body by between about 10%

and about 20%.

18. The method of claim 15, further comprising;

providing a shank configured for attachment to a drill string;

attaching the shank directly to the fully sintered bit body by at least one of welding,
brazing, and soldering an interface between the fully sintered bit body and the
shank; and

attaching a plurality of cutting elements to a surface of the fully sintered bit body.
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exterior surface of the bit body; solidifying the
nol ten brazing alloy; and applying the abrasive

woRrms/Ou233d stant nmaterial to the exterior surfaP€T/of200Me21071
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bit body, at l|east a continuous portion of the

abr asi yg. Weghe figthsd dftclalht €8 heRe Peovidngad dR Bit formed of a
surface of the cutting elenent and a portion of the

e paticleanatgy eompesite matdnial inchudesoptpviding agltilidntiéomprisingr  an
interface between the cutti el t and th terior

PR o Bl Brler ol rd ek Fiiire o e aSk e feink cOnfigured o
al | oy. redfive 4 p6rtisRbPREutlhg SleMeAP, the mdthd fajhercBMpFkiRENI

form ng at | east one recess in the exterior surface of

t he bi posittayngaalpertiemof a heitipg elemient Wishintiee paskét ig tleeektermr surface

receive the t1i el enent, and wherein applying the
abr asi ve vve%t‘r:tﬁ?élépgqyant material further conprises

appl yi ﬁﬁlthnggﬁ@a{n@?- wear -resistant material to the
exterior surface of fhe bit body within the at | east

one r eappiyng ppltemheazingtaloy tadn intexfage betwepn thetpatting element and the

conprising Rprovidi at .l t ;one recess extendi ng

into an extéé?t‘f%olrs %‘%Fggguegfﬁ}oﬂg, bit body of a drill

bit; apHditying thd@oldntoraiig Alfdt ke abr asi ve

wear-resi stant material to the at |east one recess; _

heat i ngpplYing feabeasive wsar-resistanbmaterisldo esaxtarios surfage of the bit body,
material to |t the.matrix materi al,: and causi. a . .
surface of FHEhAIPRRL POl o diradl pER it dnateral being
subst anti al bohde@ VS h sotthét bheuttBisl QemeM dndCLpsitioh BE the exterior
bit body adjacent the wear-resistant material in a

di rection tskiaee githebiibogy past prdendiing over an interfase between the cutting

%;?E Ir g;i :;’I é‘%ﬁ%ﬁa@‘é rtfneggxtgjigr s?ngfgge gid t!hg%‘lstrgodty t;ueld covering the brazing

alloy.

20.  The method of claim 19, further comprising forming at least one recess in
the exterior surface of the bit body adjacent the pocket that is configured to receive the
cutting element, and wherein applying the abrasive wear-resistant material further
comprises applying the abrasive wear-resistant material to the exterior surface of the bit

body within the at least one recess.

21. The method of claim 13, further comprising providing at least one recess
extending into an exterior surface of the bit body of a drill bit; applying the pre-application
abrasive wear-resistant material to the at least one recess; heating the pre-application
abrasive wear-resistant material to melt the matrix material; and causing a surface of the
molten matrix material to be substantially level with the exterior surface of the bit body
adjacent the wear-resistant material in a direction taken generally perpendicular to the

exterior surface of the bit body adjacent the wear-resistant material.
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