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NI CKEL- BASED MATRI X MATERI ALS AND HARD PARTI CLES, TOOLS | NCLUDI NG SUCH
MATERI ALS, AND METHODS OF USI NG SUCH MATERI ALS 5 TECHNI CAL FI ELD The
present invention generally relates to earth-boring drill bits and ot her

t ool s t hawo 2oey3tme7 used to drill subterranean fornati oreT/UsIN6/03301@br asi ve,
wear -resi stant hardfacing nmaterials that nay be used on surfaces of such
ear t h- bor i ngCOMROSIHENMATEREApS ENEhUDING INICEE] FBASEDIATRIH MATERIATES hods
for applying abxNBIARDPARTIETES! ZOOLBANCLUDING SBHCHMATERIADS, sANDaces of
earth-boring drill bits, amETHODSHHNOIENGSUEMATERIAGKIting el enents to an
earth-boring drill bit. BACKGROUND A typical fixed-cutter, or "drag,"
rotary drdll bit for drilling subterranean formations 15 includes a bit

body havi'ng a face region thereon } cutting elenents for cutting into
an earth formation. The bit ‘body mbggc%afg to a hardened steel shank

having a 't hr eadegheRirdieMeniatbn Shetaly reddtésd6 BAriiIbdri itk ard dther oo bt i | |
string that includes tubular pipe segnents coupled end to end between the

drill bit andapbéesed e fitill suhiereapetpfoomationspand perabrasive iyedar-tesistent kardfaging abl e or

top drive may be .used for, rotatin he tubular pipe and. . dr.ill _Dbit. 2

Al ternati vel gte?ﬂﬁléeﬁ%ary R ysegeon: cgsdoﬁflfcgc “f@"{%{)m% 1113{)1%%GTE%8§6§63 f a
down- hol £ MOf0&ntioR alsh RllaéAo bltehods Edr bpplihg aﬁﬁﬁb&@édréfesiﬁﬁﬁh&ﬂfaci%%ﬂﬁteﬁﬁls?‘ drill
bit is formed fromsteel or a conmbination of a steel blank enbedded in a
mat ri x nat ertoabrfadesof ¢arth-bading dnidlrhitspandttd methede forsseairing cutting slenzests te amgst en
carbide, infil rbat.ed \Aﬂ%q a binder materi-al such as a copper alloy. A steel
shank 25 nay‘f%t 's«gg{ﬁgrd £0" the bit body after the bit body has been forned.
Structural features nmay be provi dggA@KGREBGbed | ocations on and in the bit
body to facilitate the drilling process. Such structural features may

i ncl ude, for exanph®icalfendqurtyr, ahirage rgtanifilkig foy dridlingsibierancapfosmations c ut t | 'ng
el ement cke I | . ' : ; il Lng.fluid
cour ses nd Peadssudeitt b ABET facl REuhatb AR DT MRl SRR il
pocket s t hatamgeth 3fmatRahi Tietbit Bddy lahpde sechedabd athadentd steblaghank agiignaof the

bit body. Generally, the cutting elenments of a fixed-cutter t%/upe drill bit
each i ncl udethepaggdnin frgmection 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.
20  Alternatively, the shank may be coupled directly to the drive shaft of a down-hole motor to
rotate the drill bit. S |
Typically, the bit body of a drill Eit is formed from steel or'a combination of a steel
blank embedded in 2 matrix material that includes hard particulate material, such as
tungsten carbide, infiltrated with a binder material such as a copper alloy. A steel shank
25 maybe secured to the Bit body after the bit body has been formed. Structural features méy
be pfovided at selected locations on and in the bit body to facilitate the drilling process.
Such structural features may include, for exampie, radially and longitudinally extending
blades, cutting element pockets, ridges, lands, nozzle displacements, and drilling fluid
courses and passages. The cﬁtting elements generally are secured within pockets that are
30  machined into blades located on the face region of the bit body.
Generally, the cutting elements of a fixed-cutter type drill bit each include a cutting
surface comprising a hard, super-abrasive material such as mutually bound particles of

polycrystalline diamond. Such “polycrystalline diamond compact™ (PDC) cutters have



surface conprising a hard, super-abrasive material such as nutually bound
particles of polycrystalline dianond. Such "polycrystalline di anond
conpact" (PDC) cutters have | WD 2007/030707 PCT/ US2006/ 035010 been

enpl oyed on fixed-cutter rotary drill bits in the oil and gas well drilling
i ndustri es WQR0078¥7&r al decades. FIG 1 illustrates a cROIER2D@Ha$010
fixed-cutter rotary drill bit 10 generally according to the description

above. The robeemempidyed obfixediqutiernotanyidll bitsin thelgd @pd 425 wehldrilling ioduspiasdort o a

5 steel shank 14. A bgre (not shown) is forned longitudinally through a

portion of th&'a A48 10 for comunicating drilling fluid to a face 20 of

the drill bit 10 vigg nenshessdembitionsl fixddichidricagRieiliatt 10snerilt dcehiding
el enents 22 (ty'gi cally polycrystalline di anond cong?ct ( ) cutting
a

PDC
el enents) gentrthe Hescriptiongbave d hegotatyalrill kit H4aeludes abit bode 1 Bihet s saypladtopy

nmet hods such a razing, . a i,ve bondi ng, .ok I f fixati,an...«10 A
arill bit 10 HEY SB“e‘ﬁl‘a‘ée%‘ %Oﬁgﬁﬁgﬂ?“?‘?}?gg“@%l%‘@ﬁ‘g@%ﬂg%g‘gé% LI e
operations  duilDGordbimfhinichen SIHIERCRSd & a fhbe200f theldaithbit 1D vidwbzelet 19 Mfling

el ements 22 nmay be subjected to extrene forces and stresses as the cutting

el enents 22 ofirilling operplianshettingelehends 22((vricallyrolycystadinegiampnd sempact At i on.

These extrene forc an tresses ,cause the, .cutti | tS 4 a he
surfaces of tﬁlétgﬁg’ ?136‘51813?}) %?erfa gy \%géaropgﬁtggﬂ%lg f‘: bpﬁgﬂlgﬁ%@ lgﬁb?n%%ﬁ%&sﬂ and
the 15 surf aceghek bihRghidhediadhonihgBymysaticdlaffaatiext ent at which the drill

bit 10 is no longer suitable for use. FIG 2 is an enlarged_view of a PDC
cutting el@ment 22A1drilditIAauey bs Hesdmumerops tines to pardymeycaessivaskillingopprotigns1 2.
Cutting el ene . I ' ; i ii. . body
Oy, e RIS ks 1 By o LORLRA D bl o0
bit 20 body Il2xtesntt Heaes aadlstitisieian tHeaukiigeledentsi2nafdhé deill b 10ghed asuy flece of
the bit body 12, A bonding material 24 suych as_an adhesive or, re :
typical ly, a Brigslyingiepl fogRgtione Thesedxirgme faseasand stpreses ﬁ%ttSijcert@ﬁg}%n@mzz to
the bit body ' ' rej b utting
el ement 22 i sé%a@%&péﬁﬁc %;b?lﬁ%érl\)gtlb?g?? ?ﬁ)gve 'e%ﬂ%ua%gmrgacgﬁl{%ge&lcfgs 2a2taggﬂ]%

pol ycryst & | i nefaeaoithe bit boghat2 ntagivear D8ansextant edwhioh ghecdrilt bind0 éd wniengerbody
or substrate 25 éS whi ch nmay be unitary or conprise two conponents bound
toget her. TheSHBR ifﬂligusﬁat erial 24 typically is much | ess resistant to wear

than are ot her  pofid, 9RSarthsSdaViAE 6% IHC bitfinglibhbnt B likd hoddMhoRh i Hid.hNT .

el ements 22. During use, snmalT vugs,
secured to the bit body 12. Cutting elements 22 generally are not integrally formed with

the bit body 12. Typically, the cutting elements 22 are fabricated separately from the bit
20 body 12 and secured within pockets 21 formed in the outer surfaée of the bit Body 12. A

bonding material 24 such as an adhesive or, more typically, a braze alloy may be used to

secure the cutting elements 22 to the bit body 12 as previously discussed herein.

Furthermore, if the cutting element 22 is 2 PDC cutter, the cutting element 22 may include

a polycrystalline diamond compact table 28 secured to a cutting element body or substrate
25 23, which may be unitary or comprise two components bound together.

The bonding material 24 typically is much less resistant to wear than are other
portions and surfaces of the drill bit 10 and of cutting elements 22. During use, small vugs,
voids and other defects may be formed in exposed surfaces of the bonding material 24 due
to wear, Solids-laden drilling fluids and formation debris generated during the drilling

30  process may further erode, abrade and enlarge the small vugs and voids in the bonding
material 24. The entire cutting element 22 may separate from the drill bit body 12 during a

drilling operation if enough bonding material 24 is removed. Loss of a cutting element 22



voi ds and other defects may be fornmed in exposed surfaces of the bonding
material 24 due to wear. Solids-laden drilling fluids and formation debris
generated during the drilling 30 process may further erode, abrade and

enl arge the small vugs and voids in the bonding material 24. The entire

cutting el qeenbresdiay separate fromthe drill bit body pEg udesososkos
drilling operation if enough bonding material 24 is renoved. Loss of a

cutting el eménting@drilfing\ipe2adncasioabip radiwes200bera5Dg 6lemduts amtratesiephid i ng
operation can . ead. 1o rapi f other cuttin | enent s d.cat astrophic
Poilure or ¢ AuhEnr et B 1ot st effin e Saot g iR or
for an eff eCliMpeviRiOhe 14596 BitOVENhaEs &iltthgl @SSiQipefiibhd. Ng el ements during
drilling operations. The materials of an ideal drill bit nust be extremely

hard to- effici ent The ghtesinlsafieryided dril bitmensthd exiragelydeardio ffoiently shesr swashout
excessive_wear . to the extrene.forces and stresses, to which dril] bits
are subj eéjt eghedﬂ'ﬁéﬁﬁmgﬁ ’rfoﬁ@?tbqﬂé %@’P‘btnegf:estswg Wiak eIS‘ileaﬁozh%?xu'ngei tg]@g? and.dri | |
bit nust si mytanaeyhich @XM hie sthjdled fudink BfiHinE@ﬁé}Bﬁtﬁﬁ,&he thie 41986 ah Ghl t Y,
however, materials that exhibit extremely high hardness tend to be

rel ativel y bdritltHilemastdinddtanequslyesxhibii highhfragiuerteghaess. to prietiedisy, haweves,

materials exhibitin igh.fracture t ness tend, to,10 rel atiyely, soft
and do not eﬂﬁ?%fahs ﬂ‘?gﬁg’ﬁhﬂ{ ﬁ’ﬁﬁ@gleiy %&%@%@% tlench) ‘&%F?{)"%‘Hﬁlg’ égltﬁ‘ijg?d é% nXtmade
bet ween har dogsisit 8138 fatAed tohighnbRUERNAES NSRRI EIN Sadiive @uighhdss fed tise i n
drill bits. In aneffort to simultaneously inprove both the hardness and

fract ur e 10oudhmnelativedy sofleand: do-tod exliibit digh|hardsiesss | Acoraselsia eompeeraise iust bave
been applied t he surfaces of .drill Dbi 5 that.are subi gcted. tp..extrene
wear . These. @ipafeEt RS sl riteuriih®s ot aRboR St R Ml

mat eri al s angjtgypi cally include at | east one phase that exhibits relatively
hi gh hardness and anot her phase that exhibits relatively high fracture-
t oughness. FI G, 3Inan effordp pigudipnetsly inprpvebqih e baidaess grdisectee teugpeass 8hed and

etched surfa f en, | 5 ' [ 4 Ng
mater i ai 1 noradaeoi i GAHE bRl ARl Ha A Wbl e HRaRBPUAPGRED
di sper sedst hiigiy gfeodiibjeatedité exirdpswehrTaAhesexcobdpositd miterialn tagy dfedn réferred keeas
tungsten carbide partjcles 40 exhibit relatively high hardness, while the
U X et o FBAROB IR AR TGRS AP GHeR e g UM SSAVP TR en

cor e Pt 03 Gk R it B o one o o
' FIG. 3 is arepresentation of a photomicrograph of a polished and etched surface of
a conventional hard-facing material. The hard-facing material includes tungsten carbide
20  particles 40 substantially randomly dispersed throughoﬁt an iron-based matrix of matrix
material 46, The tungsten carbide particles 40 exhibit relatively high hardness, while the
matrix material 46 exhibits re]atively high fracture toughness.
Tungsten carbide particles 40 used in hard-facing materials may comprise one or
more of cast tungsten carbide particles, sintered tungsten carbide particles, and
25  macrocrystalline tungsten carbide particles. The tungsten carbide system includes two
stoichiometric compounds, WC and W,C, with a continuous range of compositions
therebetween. Cast tungsten carbide generally includes a eutectic mixture of the WC and
W,C compounds. Sintered tungsten carbide particles include relatively smaller particles of
WC bonded together by a matrix material. Cobalt and cobalt alloys are often used as
30  matrix materials in sintered tungsten carbide particles. Sintered tungsten carbide particles

can be formed by mixing together a first powder that.includes the relatively smaller

tungsten carbide particles and a second powder that includes cobalt particles. The powder
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25 macrocrystalline tungsten carbide particles. The tungsten carbide system

i ncl udes two stoichionetric conpounds, WC and W2C, with a continuous range
of conpositions therebetween. Cast tungsten carbide generally includes a
eutectic mxture of the WC and W2C conpounds. Sintered tungsten carbide
particl eswombwowre7el atively smaller particles of - WC ponuedodseeeidher by a
matrix material. Cobalt and cobalt alloys are often used as 30 matrix

materials i ﬁn@(tqﬁ% & foamed, ifya { SRR o335 d hp gFeen ppwder mixture then isshyeredat ®ar bi de
particles r udes
the relati ve &gtu{eﬁ{egptﬂ% S%Its }Eén%%é&%gg%mgg?@ aiétgﬁegﬂééw&arﬁﬁﬁ%o%ég (kar t hat
i ncl udes cobﬁa\ténai)a]mmmkiﬁg thél'imﬁgmv@dnde maﬁﬂﬂmﬂﬁﬁﬁﬂé’s HiGTité62 ARgste35010
m xture is forned in a "green" state. The green powder m xture then is
sintered at carblcieer%ealbft maéfoﬁé’é‘iaﬂ’cnﬁé“%tﬁl R 1%@%@#@&@%@&%& congist elovegle
particles t trix of cobalt material surrounding the tungsten
car bi de %ar msﬁdégaf'tavgﬁ?or m particles of sintered tungsten carbide. Finally,
macr ocryst al I i Ne Vaiiogs teehni quds knoen pathe anlrrmybgawtalabyly&c}mﬁi fBtingimasériapl € 5
crystals of- WC. Various techni gues known % may be used tq apply a

har d- f aci ng syl asthatrepresgatgd HF1 %@w&ﬁw%a%@ itnThﬂde“B‘Ytbéc‘ﬁl figyredlaee of a

drill "bit. or med
fromthe matri xJ\;Vh%t1 eri aﬁl?ﬁlb% ?&&fegﬁ{) gh@%t?ﬁgﬁ ?rééitagér‘\ﬁth§y+{ll @%ﬁﬂm t?r aﬁﬂgtdgvm th
t ungst en carfilledeviphantdsehesrbiddtpattiehst Avleast emcendfof tHedioliow) aqplindrioal tubelmayal t ube

may 10 be seal ed.  The seal ed end of the tube the be nelted | ded
onto the deshersé@eds[ﬁl? ??Z edy#nd; ¢ ethe; b (theg; pay ll%”{eﬁ‘“é{Ta B’%]d%f”?t@ ec%@” ngst en

carbi de partg, n%émmbm%d;@éut elts, ﬁ%ﬂ@g“@ld&p%cm% ttﬁbﬁowawm'ten

mat ri x rraterla aS|t I'S dep05|te onfo ternative
t echni que i roytihdresl tibe mm\gltlathcasﬂtem odtrixfmatérial hsit Gi-depasitedjontathe diithbit.adw usi ng

either an are or .a torch to or wel ci mat er.i al. di sposed at
o ont o TidieRive Eaighe Ry HBLOrOHE Sapt ARG ob e R e e Tl alg BN di g
techni ques %ﬁ&ﬁ%ycaeaw&ﬁ% p;sﬂ}a&%rdﬁar&@éc%glﬁ%ﬂg E@b@d'a%néﬂao@me%yaface of

adrill bit. For exanple, I'asma-transftferred are y be established
bet ween 1&n teﬂmaieslmiksuaﬁacb@megrlbhlton a surface of a drill bit on which it

bar £ ol s of ¢ nast afP AR bRt n Pt ek BRUEbAR e SRl i oy
be directed §h@uEh AN bRI P& dXBhBlel mada{aammtea &@sﬁ@we%&aafsﬁemmeh he region

of the surface of the drill bit. The heat gener at ed by the arc
electrode and a region on a surface of a drill bit oon which it is desired to apply a

hard-facing material. A powder mixture including both particles of tungsten carbide and

20 particlé-s, of matrix material then may be directed through or- proximate the plasma
transferred arc onto the region of the surface of the drill bit. The heat generated by the arc
melts at least the particles of matrix material to form a weld pool on the surface of the drill
bit, which subsequently solidifies to fo:rm'the hard-facing material layer on the surface of
the drill bit. '

25 When a hard-facing material is applied to a surface of a drill bit, relatively high
temperatures are used to melt at least the matrix material. At these relatively high
temperatures, atomic diffusion may occur between the tungsten carbide particles and the
matrix material. In other words, after applying the hard-facing material, at least some
atoms originally contained in a tungsten carbide particle (tungsten and carbon for example)

30  may be found in the matrix material surrounding the tungsten carbide particle. In addition,
at least some atoms originally contained in the matrix material (iron for example) may be

found in the tungsten carbide particles. FIG. 4 is an enlarged view of a tungsten carbide



melts at |least the particles of matrix material to forma weld pool on the

surface of the drill bit, which subsequently solidifies to formthe
hard-facing material |ayer on the surface of the drill bit. 25 Wen a
hard-facing material is applied to a surface of a drill bit, relatively high

t enper at uNEs208FB0UWSed to nelt at |east the nmatrix mat ePCANUS2086/03%8se
relatively high tenperatures, atom c diffusion my occur between the

tungst en carmsitirde phshave iadIgng. v deasheamg stoms eeginally confaipgdyarthevbmgsien af t er

appl yi ng the _hard- | i ! Qri gi.n ont ai ned
In a tungst ecr?r%é%er%a?%gé i@gﬁt‘%ﬁ% a?(ltl 8%855 %ﬁéga%nﬁ @ar c?% or lg%é%ﬁ?rgy éf(}ﬁeﬁay be
found in thengek miaterabd®inmmddigely saunmiding thdtengswengaibide paaddi 48 TiRirédiene. I n
addition, at least sone atons originally contained in the matrix materi al
(iron for exdrprely wakides the wgiey of hempait MagEdA cpdptsrFdthinthe phantem i G 4 i s
an enl arged M . ' : PCT: 35010
particl e%40 %%&aﬁd&%ﬁ%tg&g%ﬁﬁﬁta@g%ggﬁg g Céﬁ%‘%%gzéh%g%ﬁ’gW%@ﬁ@%g in the

tungsten caxbmgi) pay bé fuad f4da pdripheat arousn ceghar At thoumgstaigatitde pargclbe f ound
in aregion 47 of the nmatrix nmaterial 46 i nmediately surrounding. the

tungst en card$ dereppaserregien dloroughly ncdudes e ragion gt tyngsten cathide RaKEle &Yy on of
the matrix %&ﬁcﬁétﬁépﬁa@i&@ﬁhfﬁfd within the phantomline 5 48. In addition,
ne a

at | east so ons“originally contained in the matrix material 46 (iron for
exanpl e) may be fAtomét diffusiorplestwidiahatungsenaatbide puetpleotl ahll thd mathie niatmpst en

carbide partjcle 40, The outer regiaon 41 roughly inc)udes the regi.on of the
t ungst entYcartiBey “ilfi:tﬂ"%m@lx %ﬁ?g@q&éqﬁéreﬁffﬁlﬁéﬁfr?w&l ?hﬂgﬁﬁ‘}@g@& f usi on
bet ween the@mh@%&%&&égﬂq@gg@%& fbﬁ‘%ﬂe Aidstbd SarBRI6! patidIBUB thhe olfdy 46 MY

enbrittle the matrix materi e region 47 surroundi ng the tungsten
car bi de parttgioh d1 #@reaf)dedueitiy de ovérel] bifect nasss of the hind-fheingmttenialc Ehdvefde,

particle 40 |n the outer, region 41 thereof, reduci.ng the, overall ,
ef f ecti venesSBfs # A athe ‘?régﬁrr?gr‘at%? é’?%?e.sls?ﬂ%li‘aé‘#j%?lg_ﬁgm %fsetg?tslnﬁu%%d in
the art for lﬁapﬁt a’t’e?ial"flﬁii’trallf)@?fo?’ét%ﬂﬁc SiatudbR6ihRgn B Bfdndhbiddpaticledaidife a

matrix materia at allows for atomc diffusion between tungsten carbide
particl e andattikenatsiahtleiminirsized. i Eierd is alse ameer initheatt fof neetleods f sgpdong need

in the art f thods of applying .such i -resjstant har df aci
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DISCLOSURE OF INVENTION

In one aspect, the present invention includes an abrasive wear-resistant material that

7 20 includes a matrix material; a plurality of -20 ASTM (American Society for Testing and
Materials) mesh sintered tungsten carbide pellets, and a plurality of -40 ASTM mesh cast
tungsten carbide granules. The tungsten carbide pellets and granules are substantially
randomly diépersed throughout the matrix material. The matrix material includes at least
75% nickel by weight and has a melting point of less than about 1 100°C. Each sintered

25  tungsten carbide pellet includes a plurality of tungsten carbide particles bonded together
with a binder alloy having a melting point greater than about 1200°C. Tn pre-application

- ratios, the matrix material comprises between about 20% and about 60% by weight of the
abrasive wear resistant material, the plurality of sintered tungsten carbide pellets comprises
between about 30% and about 55% by weight of the abrasive wear resistant material, and

30 the plurality of cast tungsten carbide granules comprié.es less than about 35% by weight of
the abrasive wear resistant material. In some embodiments, for example, the matrix

material may include between about 20% and about 50% by weight of the abrasive wear-
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I n one aspect, the present invention includes an abrasive wear-resistant
material that 20 includes a matrix material, a plurality of -20 ASTM
(American Society for Testing and Materials) nmesh sintered tungsten carbide
pellets, and a plurality of -40 ASTM nmesh cast tungsten carbi de granul es.

The tungsVén08#HIBT0de pel |l ets and granul es are subst ant iPaIfUg2005/6350N vy |

di spersed throughout 1t trh. ridél.,. The matrix materjal includes at
| east  75% ff% g r\ﬁgﬁ%{ﬁm hﬁ' %Esémﬁeﬁ Cgsgittﬁ’(gsﬁf‘ cprZ)g% ffaresdBtut |
1100C.  Each jqildHe@Iphetal®ty of U0gASTM ﬁx@ﬂﬁdaﬁi&m&@i@h;@ﬁl‘bld&%ﬂ&@%n@thl%:pl’!ﬁﬁity by- of
tungsten carbi de particles bonded together wth a binder alloy having a

nel ting poi AP0 4S&M meshdasitungbion carbide petletsmaysomprissdictvesan aloovt 1 Y% aidabout he
matri x materigl, conpr.i ses between abaut 20% and about 60% by wei ght of the
abr asi ve meé)’%?“r}@'s‘?’%‘ tr??ﬁﬁaat%reaﬂvgweaﬁaﬁ%ls%?ﬂpgﬁwﬁy of sintered tungsten carbide
pellets gsonprises; afh@hdreRPeckliy tpreef MRechtRRAHEUER% BYvive F@Nise Qh drflifngabr asi ve
wear resistant material, and 30 the plurality of cast tungsten carbide

granul es conprtersansan ewaticnanThaxdayice 3Bdpdey a fest sfhictusé, a se¢nad atsnesievecurrsar

resistant material..Iln e dinents, for ex I the, matri terial
may i ncl udg%%giev\%élﬁwﬁeb%laiﬁg %E/%qg{ﬁa e’a%@u b %go?a&g gﬁ?pog?c???{[g egrbﬁjﬁs'r\sle wear -
5 WO 2007/ 03hidhire BEd tHISEEWAE 50R0@E @t the aﬁérﬁcanmmlﬂrﬂgahateﬁdmedatds i@ firky of -40
ASTM nmesh cast tungsten carbide g'ghanul es may include a plurality of -100

p

ASTM mesh casd secong strequresiosethier. pEhe dewice fagther dnpdudss gn gbiagiye sfear-resiggniASTM
mesh cast tungs . i de t y. ri.s et ween ahout ..15% and about
35% by i gfq%ag%#aﬂa Ilﬂf‘g’zt'jgaegroglsi‘l\I%gulfi‘vcve%a?tf @gsqgg%gﬁt&n]gf‘gral %qn%ng&% Oétﬁé?ﬁ%?%as pect,

the present veanReistaBNmateHAILE 86nded 46 disfadeQT thiSfirst Rrdhirk hhd g swFatBlofilieanean
formati ons, The device includes a first structure, a second structure
secured toseqpad stugieeydae soimgousPorianeeiithe weargasistantyasieriad gxisadseat legst

di sposed be . I.I =R Talo| t e
interface. %&%@t@gﬁ] |rr¥£gdenb§véerelﬁ§f‘éj§§g 3&%5 thaglﬁﬁ P‘f gﬁgﬂgﬁgﬁé%goa#g%g%%%ur es

t oget her. ThendleymaerifluThe ebradiviowentessistant alatesisli incdudos amatrxhaériabhavigp amat er i al
di sposed _on a _surface.of the device. A |east a confinuouys portion, of the
Wear - 649 ot AHEEBPFANTS & o5 0Byt bl OGS AERRD Phumereh Quhisien samidte and a
sur face of s SBSARSIS B dispelRE tEORtbBUABAPRidi el Ohd b Bty of

wear - r esi st?gl(tfe sfr%ll?’erl a 1§/exten?ivs Sapte %geast over tﬁe i nt e%fl’aceaget?/vlet%% t he
first structcastausstntdabidegandesstubstedtiatl ranidmdp disparsadnthrovighodithgmatixer i al .
The abrasive wear-resistant material includes a matrix material having a 15
mel ting temP&tsre of |ess than about 1100C, a plurality of sintered

tungsten carbidey, sy additional aspect, the present invention includes a rotary drill bit for drilling
20 | subterranean formations that includes a bit body and at least one cutting element secured to
the bit body along an interface. As used herein, the term “drill bit” includes and
.encompasses drilling tools of any configuration, including core bits, eccentric bits, bicenter

bits, reamers, mills, drag bits; roller-cone Bits, and other such structures known in the art.

A brazing alloy is disposed between the bit body and the at least one cutting element at the

25 interface and secures the at least one cutting element to the bit body. An abrasive
wear-resistant material that includes, in pre-application ratios, a matrix material that
comprises between about 20% and about 60% by weight of the abrasive wear-resistant
material, a plurality of -20 ASTM mesh sintered tungsten carbide pellets that comprises
between about 30% and about 55% by weight of the abrasive wear-resistant material, and a

30  plurality of -40 ASTM mesh cast tungsten carbide granules that comprises less than about
35% bS/ weight of the abrasive wearffesistant material. The tungsten carbide pellets and

granules are substantially randomly dispersed throughout the matrix material. The matrix
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pell ets substantially randomy dispersed throughout the matrix material, and
a plurality of cast tungsten carbide granules substantially randomy

di spersed throughout the matrix material, In an additional aspect, the
present invention includes a rotary drill bit for drilling 20 subterranean
f or mat i onY XM HWE| udes a bit body and at | east one chJﬂUISg)Oe/DEmm secur ed

to the bit bo al her ei the tgrm drill bit'

i ncl udes andPat Blﬁﬁ‘gg%@eaaﬁﬂ ?Iﬁ P%%’F@Hfﬁngebﬁya E’SH?‘?@B%P&S?‘? than Pl ng
core bits, g¢gRUt ridehRintsted RInERE Rillet BLludes d}ﬂ@fﬁﬁfysef tmxéske'ﬁ cafi®Opddlidies roller
cone bits, and other such structures known in the ar A brazing alloy is

di sposed betomded t@&@ﬁlﬁbmtht@dﬂgdeahﬂpythﬁélnata m@MPmmmrﬂhwbeu@r?@mC at the 25
i nterface and secur e at %%t one cut t body. An

he
abrasive wear-r ‘gtaé}ﬂ elrrﬁstpg?t pﬁ?ﬁ Tht 1883’%&11 A ap‘P%tB%‘bﬁq Ti%BY ™ at i os,

a matrixsmahehHkiddé wdintesist@RdtaRS tdat smaee abaUdr LB RPdARRUEHARMnbI, Wei ght
of the abrasive wear-resistant material, a plurality of -Z0 ASTM nesh

sintered tudgstaions dihp nw&wemqlﬁespmhdtng@amlrhltse@udmg@ bis bedydlowing a@0Wsand

bout 55% b ht .of t br t
SI SlrJaI ity o)fé \i\%l %@’I’ﬂﬁ%é’ﬂ 31%% ?S 0 §§mm8%1re%1lls Qwéﬁ%fffi&?b&‘#?a? %%r?ﬁ‘plases | ess
than about ,BRdRPYr WEIAGTIM BlesH Jaet sRE caBideRainules il shafk niiRdh Rl fodkovidh e

t ungst en carbl de’ pellets and granules are substantially randonf d| spersed
t hr oughout ttpee- mmtlncatmnrm@r\ieamar Tnistapiamatesial, S10\elpiog the/mogrig nageri

ol i ng ot ARTEP e iR adBft L5l SR B v h% ey B e?a?”d o

i ncludes a Rbe af tteYeagiftuhigsraisdagtidecannilceard applied ke at leh@AdRtidnaFehdiGltevi t h a
bi nder al |l oy havi Egﬁa mel ting point greater than about. 1200C. In yet another

aspect, t he spifassof thejdailiehit, inagh the meqlign &gtrix m&eﬁ@ids sQdidifigslol e mptrizhmatsrighr asi ve
wear - resi st gog cfggﬁteléés?%% elsoﬁev{{%gaﬁ’ Ra 1%;9)'11& é)ffng i déﬂolhpglbomc

subt erranean OI’I’TB. oVl

i ncl udi ng aBath siaréd tayditeigpeirt Dighees apuureﬂapef umgmmgaraldplpaﬁaldstbpndﬁd 20
ASTM nmesh sintered, fungsten carhide pel lets and a pluralit -40, ASTM
mesh cadf t irEgdeenitapbraslioy hntneams! Hn&p%&gr?csterﬁlw&bp%l QQ)%pr 1he malix 5

pre-applica a?é%lgf‘pc;rﬁ?ﬁs\égbmén hisot %"/%"a{ld Q’E’otu? d)%' #H:e rpﬁ&aéd?i%atﬁ@f rix.

mat eri al . n matrix nmateri a ntered
t ungst en carabnasiee pehrresistantamederid, theghsdlity eﬁm&ered umg@emﬂﬂdetpangsttompnsw bi de
granul es arg appli.ed of the . outer surface of the

0 at eas ort.l O
drill bit, ﬁfélveﬁ%b%f‘ %@WF@M‘@?@&P the PepPligafipR.eprastysveaiesislaint gt er i al

material, and the plurality of cast tungsten carbide granules comprises less than about 35%

20 - by weight of the pre-application abrasive wear-resistant material. In some embodiments,

mixing a plurality of -20 ASTM mesh sintered tungsten carbide pellets and a plurality of

-40 ASTM mesh cast tungsten carbide granules in a matrix material may comprise mixing

- a plurality of -20 ASTM mesh sintered tungsten carbide pellets and a plurality of -100

- ASTM mesh cast tungsten carbide pellets in a matrix material to provide the

25  pre-application abrasive wear-resistant material, in which the matrix material may

comprise between about 20% and about 50% by weight of the pre-épplication abrasive

wear-resistant material, the plurality of sintered tungsten carbide pellets may comprise

between about 30% and about 55% by weight of the pre-application abrasive wear-resistant

- material, and the plurality of cast tungsten carbide pellets may comprise between about
30 15% and about 35% by weight of the pre-application abrasive wear-resistant material.

In another aspect, the present invention includes a method for securing a cutting

element to a bit body of a rotary drill bit, The method includes providing arotary drill bit




i ncludes at | east 75% ni ckel by weight and has a nelting point of |ess than
about 1100C. Each sintered tungsten pellet includes a plurality of tungsten
carbide. particles bonded 15 together with a binder alloy having a nelting
poi nt greater than about 1200C. The matrix material conprises between about
20% and aB®R0BBIINY wei ght of the pre-application abPagivseotaesotr esi st ant
material, the pluraljty of sintered tungsten carbide pellets conprises

bet ween abouincladivg ahi bedychayingsehigr smfangclgdlng A quk@éthapmﬂlat tscpnfigussitasi ve

o anul o5 compri L endh ol By P e e AR b RASRAE K B o1 on

abrasi ve weaditokespidiided, nitied) dndlapplied t§@d]@oeﬁﬂ§i@ﬁbé§&if&}& cuttifigléifentadd e al i ty
of -20 ASTM nesh sintered tungsten carbide pellets and a plurality of -40
ASTM mesh ca@itertsurfaes afrfhe hit Ihogb vihimnibEe @8ckeh d%ﬁ%& p11 jateréace thezgbehvesen @bdpr i se
i Xi I d
™ Xi g, 3 PTG ARTer @0 ARTMIRON. SLBLATEALIGR SRR A RRY 81 and a

pluralit nesh cas ungsten carbrd

nateri al to st bolginhbie p2>5ncmrcﬁtl@d%!rasﬁzawealnregbtraﬁﬁnmerlaalewona@@to&tsaﬂ“acermt erial,
in which the matrix material may conprise between about 20% and about 50%

by wei ght ofthe h@ttlpg elemgspl ansls parHombF hsiowter syiEase of dlist kit herdy. nEhecgontnuous he

I I f ' bet b
0% and abolk HNERa IR A G R R sl o e SR b Rpe AP MEER T

material, angtthdbit Bodyr llicbYer®the Gagiing! A1109S leste-applivatien mﬁbb Qhéabi@szeOI%”épr i se
bet ween about 30 15% and about 35% by wei ght of the pre- cﬁg@l cation abrasive

wear - r esiOst angsistapitaatpmal comprisghor marmpedel; a phealgy of éwﬁew gitebpArbide| udes a

nmet hod for s iLl bit,
The ot hoa 1A A8 abifililiob st EETEDbardiBe Bpfits PR ol BRI
PCTI US2006 10i340 716% nivled] g wagjglat dmﬂthab@dyelﬁag/pmgt ahlesutlan aboutf HO6°C.nThedi ng a
pocket therein that |s configured to, receiive a_cutti nt%rel enent’, and

posi ti oni ng HNERY Faipid @IP@II@MM%SWWU@I%I%@R@I dlswrﬁﬁda 91)@ howg) themateix
provi ded, ?m] s |MR=Tol ) urifaees ﬁ‘ﬁ n ment
and the ogﬁlélzrl Igetljlr ace 0 %gh%)lﬂte?ebjg)%fg \%ir”f%llnl tEe p |gtsnt|engﬂr§11hg
i nterfack thmrédiet wadeal gethé& wivh adlmfdleeailoyAqaviagraaaélﬁeg mat greatst thhmaboutrat er i al
is applied t&@aq?urface of the drill bit. At least a continuous portion of
t he abrasive resistant material is bonded to a surface of the cutting
el ement and a porTHe%‘atﬁ}tes talifarf? égﬁ?ralﬁHﬁérﬁé%ﬁfe%petcﬂ%flﬂietprp&gﬁ/mv&ﬁi%n%ﬁ'ﬂlbénUOUS
portion extends over at least the interface between the cutting el ement and
the outer suwppaeet toothoshekibled ibdbky arinitiors o eersidetatiobrefziha foBdwiog . detailed
pre-appl i cat Clie(ga’lprtl%}l cggsxdererzﬁn%grrn 1S11Ia%{c?n with the accompanying drawings.

20 BRIEF DESCRIPTION OF DRAWINGS

" While the specification concludes with claims particularly pointing out and

distinctly clannmg that which is regarded as the present invention, the advantages of this
invention may be more readily ascertained from the following descnptmn of'the invention
when read in conjunction with the accompanying drawings in which:
25 FIG. 1 isa perspective view of a rotary type drill bit that includes cutting elements;
- FIG. 2 is an enlarged view of a cutting element of the drill bit shown in FIG, 1;
FIG. 3 is a representation of a photomicrograph of an abrasive wear-resistant
material that includes tungsten carbide particles substantially randomly dispersed
throughout a matrix material;

30 FIG. 4 is an enlarged view of a tungsten carbide particle shown in FIG. 3;




10 resistant material conprises a matrix material, a plurality of sintered
tungsten carbide pellets, and a plurality of cast tungsten carbide
granules. The matrix material includes at |east 75% ni ckel by wei ght and
has a nelting point of |ess than about 1100C. The tungsten carbide pellets
are substWEt20e0/039707 andom y di spersed t hroughout the nmaP€THS2006038910al .

Furthernore, each sintered tungsten.pellet.includes a plurality of tungsten
carbide . 15 par F@l :gés %6?&??%@%9%5@%0%“%%%8@?“ gﬁrpgye §9‘|X s Btyg| ting
poi nt great gfd hamakebbdied EAMingsTHetht §RéehtCBverdidd aRE A8RSincAAd Ahigsnative
aspects of the present invention wll be apparent to those skilled in the

art from a cabgiegartizics substantialiseranddniy\dispers jugheiit adeatix; pti on consi der ed
i n combi nati on w he acconpanyi dr awi ngs., 20 BRI EF DE RTI ON OF
DRAW NGS Wi | e rﬂﬁt@'sépléé?fe? ﬁr&?n???ﬁ c%%&\%@g c%%ldﬁ Péﬁ"%?rérﬁg"ﬁar‘mﬁan y pointing

out and sdi stincEiy, TA & fi BSlaleB@lviedNbER cliing @BMALOf AHrllNGt Raf8@Bédies
i nvention, the advantages of this invention nmay be nore readily ascertained

from t he f oltdachinggoidhspresapt inventmh; t he i nvention when read in conjunction

wi th the acconpanyi drawi ngs in ich. 25 . FIG .| is a perspect] vi ew of
a rotary type dr ﬁq}n% 1B a?%%f? (ir?lséfsﬁf\yg’éla Uy Pﬂglegwgﬂ%ﬁltsegfempﬁ%f’ ukﬂ(%“%ﬁ‘n

enl arged Vi eweRhlodg Setiibh Nfe B EBRRSref the drill bit shown in FIG |I; FIG 3
is a representation of a photom crograph of an abrasive wear-resistant

mat eri al that inElGdéEss e longibudinnl croshiegtomhvieol B cuitibe elgmentshown indidom vy

di spers roughout a matri rial; 30 FIG 4 is an enlarged view of a
tungsteﬁgcatﬂgﬁtglée%pai?‘ﬁsé?tbon&?(ﬁq%ﬁﬁe&’ 3; 8 WD 2007/030707

PCTI US2006/ 03501Q1G.FASs sHatefal Brob&RicRRI it 16 tRdt of FIROIB TSt A aRbhed an
abrasive wear-resistant material that enbodi es teachings of the present

i nvent i on . asdtting glemeptefiadied] hitthgismehodies taaphiogs qidha preseabingemionant i al | y
random y di spers tohr.ou . gp e i | ar Vi f a
tungsten car bi de%[iicéirgﬁr i’ %ﬂg‘t’%d\}\% ! ?%E%géw@l ge\a—ll%&{h%fgt%lng agﬁle%%ﬁ%%leg@i ew of a
cutting el esantndf a drill bit that enbodies teachings of the present
invention; FIG 7B is a |ateral cross-sectional view of the cutting el ement
shown i ASFI G 7AFIG &g A phptemipraganh offnjabisivy wegeesipfaptapaferial that embodies

teachings of the present invention and that includes tungsten carbide particles substantially

randomly dispersed throughout a matrix.
MODES FOR CARRYING OUT THE INVENTION

| The illustrations presented herein, v\;ith the exception of‘F 1G. 9, are not meant to be

20  actual views of any particular material, apparatus, system, or method, but ’are merely'

idealized representations which are employed to describe the present invention.

Additionally, elements common between figures may retain the same numerical

designation. |

FIG. 5 represents a polished and etched surface of an abrasive wear-resistant

25 material 54 that embodies teachings of the presem: invention. FIG. 9 is an actual

photomicrograph of a polished and etched surface of an abrasive wear-resistant material

that embodies teachings of the present invention. Referring to FIG.'5, the abrasive

wear-resistant material 54 includes a plurality of sintered tungsten carbide pellets 56 and a

plurality of cast tungsten carbide granules 58 substantially randomly dispersed throughout a

30  matrix material 60. Each sintered tungsten carbide pellet 56 may have a generally spherical

pellet configuration. The term ‘“pellet” as used herein means any particle having a

generally spherical shape. Pellets are not true spheres, but lack the corners, sharp edges,

9



FIG 7Cis a longitudinal cross-sectional view of the cutting el enent shown
in FIG 10 7A taken along section line 7CG-7C therein; FIG 8Ais a lateral
cross-sectional viewlike that of FIG 7B illustrating another cutting
element of a drill bit that enbodi es teachings of the present invention;
FI G 8B i%wW0407¢8¢j0T udi nal cross-sectional view of the BUVUPHEI/ESEent shown

in FIG 8A and 15 FIG 9 is a photonicrograph of an abrasive
wear - r esi st aad apgrlay projectipns ooy deymdtip SEushetyandypthemronipherassl tungsERt | on

and that inc : Mottt el 18l ;
di spersed t hérag%g%%%ﬂtﬁ%s'%%brl X. @M%ﬁ%@ﬁ%h%%&ﬁ@{%ﬁ?%}%he
i 11 ustrati ongami&eat iecorigdlwdercastwiriddteh barbie peiddts, an skifwiFn®IG99. are not neant

to be 20 actual views of any particular material, apparatus, systeny or
met hod, but are rfeFBirs shargeddesA8d angubar PEUGHIGRS BRI hice residpal sempisoyhigh t o
describedh L v ent: | 1 18l ggm een
figures rgayelpg{ %?%ﬁ%ﬁééa%eﬁl%&nn%tﬁﬁgﬁ {heg%zt}dé)rég%h?é)ﬁ&}%&%EO reg}egggén rag a .
pol i shed andtetsehedmsitiaf ieer edmpprmtabs dsingeappheation @F itlset dbfdsiveAbeaiddststdnal 54
t hat enbodi es teachings of the present: inventiqgn. FIG 9 is an actuyal

phot oni cr ogrBFErAP44o pertased 257 bék dvielting oF pastiad mpltingofihe Wagsjen carbide

wear -r esi st ‘ | he B Liwesqnt i on.
Referring t grﬂéfe@tdghhglﬁpep lggﬁﬂs@%ﬁ&&ﬁe&}} g}tglgs&imsl{fgsﬁl?rp‘gn%‘%vgﬁ tg]'-i ﬁ'@%%%%ﬁl gs a
plurality ofpasticidseanddh¢ mngninding ceattit chatepiel. | & prevuslydlissusspd hemin, bionoé cast
tungsten carhjde granul es 58 substanti al rando di sper.,sed t hrgughout a
30 matri% rréﬁt}cl‘%l%ﬂ befpieetphe RalpeparA 60 awgéﬁ éwteeftsf{%ﬁée%@m@qp@stsrﬁéﬁ!ﬂ ave a

general |y SRR hhen REMGE! 5600E LRl @iricThd M BEILES 60% 438fs her el 1

means any partic aving a. genera erical shape. l'ets are not true
spheres, butsutragkditdthe tvargsen sarbsieareliete d6,658, andFediCe HRMA QARG the tungsten

PCT/ U52006/ 035010 .an ul.ar projections_.c ly faund in crushed and
ot her non-sgi&} ‘i}ec%queisgﬁg&g‘g fhe O(L,‘%r ethes bﬁfef’f'cﬁggggpﬁcg og Fﬁ%gF%&ﬁ €of the
present | ”V%faﬁfbhyii% pEdbetiiet HES élﬁﬁki%k%ggéﬁséﬁﬁ gﬁ%@ﬁsi@helﬁ@e Hsididhed ude

cast tungsten carbide pellets, as shown in . Corners, sharp edges, and
angul ar 1gr ojtexgstenrsrhide/pgdletdibcend, eptichadlly, et osgstan cavtlidepelles S8 ynstsad o€

tungst en’ car b de JBL ! Al SudiBepLEALOBR: Yol ZoREH LEE SaRL OB St e

projections may reduce such atomic diffusion, thereby preserving the physical properties of
the matrix material 60 and the sintered tungsten carbide pellets 56 (and, optionally, the cast
tungsten carbide pellets 58) duriﬁg application of the abrasive wear-resistant matérial 54t0
20  the surfaces of drill bits and other tools. o
The matrix material 60 may comprise between about 20% and about 60% by weight
of the abrasive wear-resistant material 54. In some embodiments, the matrix material 60
may comprise between about 30% and about 50% by weight of the abrasive wear-resistant
material 54. More particularly, the matrix material 60 may comprise' between about 35%
25 and about 45% by weight of the abrasive wear-resistant material 54. The plurality of
sintered tungsten carbide pellets 56 may comprise between about 30% and about 55% by
weight of the abrasive wear-resistant material 54, Furthermore, the plurality of -cast
tungsten carbide granules 58 may comprise less than about 35% by weight of the abrasive -
wear-resistant material 54. More particularly, the plurality of cast tungsten carbide
30  granules 58 may comprise between about 10% and about 35% by weight of the abrasive
wear-resistant material 54. For example, the matrix material 60 may be about 40% by

weight of the abrasive wear-resistant material 54, the plurality of sintered tungsten carbide

10



stresses to nelt at | ower tenperatures during application of the abrasive
wear-resistant material 54 to a surface of a drill bit, Melting or partial
melting of the tungsten carbide nmnaterial during application may facilitate
atom c di ffusion between the tungsten carbide particles and the surrounding
mat ri x naWr 30817030248 previ ousl y di scussed herein, atom ®@CIOSA60IM®IOON bet ween

th tri Lal 6 d i nt t t bid |lets 56 d
cast T ungst ERIGES GREL oGRS 6 o BoleRl LA a e R PR W50 |
regions su rpheam? bP&sitﬁﬁgsttéH&?&i&H‘gr&ﬁlHé'Sg%ag% Ledis _15%@@%%1{@@?&99&5&5 he

hardness of "the tungsten” carbide pellets 56, 58 int regl ons
t her eof . Suoteantesisiant diafdriak 5én Imagditiced) condedinivets, theeplatalitypdiysiscamggemperti es

f the abrasj _resjstant material 54. f .sintered 15 t
Car bi do. pel FBEEeHBRIATG Y B FORRIT PR bR b A R th)

instead af 6REVERLORSkahUAGETQB4Ccar bi de particles that include corners,
sharp edges, and angul ar projections may reduce such atom c diffusion,

t hereby preservi fige sinterghysgstealcapidopeliats omay be lutger immtze then thetcest umpsté0 and
TR TR JEFTWCEER. NTT T TN
wear - r esi st a@funieihk Albradfte lvear£QistRe rBtraRS £ $n bedhibhdr tRid Sieafichvef bEr

tools. The matrix material 60 nmay conprise between about 20% and about 60%
by wei ght ointeredtungstensiavhideeliets 58 peramni volumgtoé theabrasive wear-rssistent arabanidl ment s,
the matr.ix terial 60 rmay conprise between about 30% and about 50% by

wei ght c}‘fO t €' abrasi ve wear-resistant .material 54. More particularly, the

matrix material G@eBREOIRERRaNRIMMRRES 5OR1Y indhife 270 ATHVERGHHGIO Y wei ght

of the abrasive wear-resistant material 54. The plurality of “sintered
t ungst en carusedterga|thenhsass6-20eS 10 mesh dletsd meeespelpts that 8 ¢apabld ofsssing 55% by

wei-ght of t abr asi ars.esi st ant terial 5 -ur t her nor t he
plurality ogﬁr(?g@}an }ts‘gﬁgl\;ﬁ%r‘?oc[g‘%‘?&gm%é}tgﬁﬁﬁé%Sl%‘ée' ?%a%ﬁémﬁ‘%gﬁ%&cg%%ean about
35% by . wei ghpeli&@f mdychavBraasdvéRige \IRatetdr @Fil6dk ahdn MRIuE BE@ImiSrbns. MIWE average = .
particularly, the plurality og- cast tun%(ften carbi de 30 granul es 58 may

conpri sdSbetdipsesier e sinterss Ayngstan subidg sollatsy Sauspyybr beswveerabdorbl- hmeeand

wear - r esi st [ F i ' be about
3006 by et abor i Feltept e B ARGt a0 R b ol RS, TECL
si ntered turistcad tagsieh derbideGriiiled 38 H4y3Ac0de POCAIIIMGHEGH @3NS, ARakédets 56
maybe about 48% by wei ght of the abrasive wear-resistant material 54, and

the plural ibeipitfhichease 1R ¢st1dd mesh grRresy At wranses halpreantiiuel PrsuBgy
wei ght of t rﬂ‘?ro@@{ APA¥PM No. 40 U.S.A. standard testing sieve. In some embodiments, the cast

20  tungsten carbide granules 58 may include -100 ASTM mesh cast tungsten carbide pellets.
As used herein, the phrase “-100 ASTM mesh pellets” means pellets that are capable of
passing through an ASTM No. 100 U.S.A. standard testing sieve. Such cast tungsten

 carbide granules may have an average diénieter of less than about 150 microns. v
As an example, the sintered tungsten carbide pellets 56 may include -60/+-80 ASTM

25 mesh pellets, and the cast tungsten carbide granules 58 may include -100/+270 ASTM
mesh granules. As used herein, the phrase “-60/+80 ASTM mesh pellets” means pellets
that are capable of passing through an ASTM No. 60 U.S A. standard testing sieve, but
incapable of passing through an ASTM No. 80 U.S.A. standard testing sieve. Such
sintered tungsten carbide pellets may have an average diameter of less than about 250

30  microns and greater than about 180 microns. Furthermore, the phrase “-100/+270 ASTM
mesh granules,” as used herein, means granules capable of passing through an ASTM No.

100 U.S.A. standard testing sieve, but incapable of passing through an ASTM No. 270

11



wear-resistant material 54. In additional enbodinents, the plurality of cast
tungsten carbide granules 58 may conprise between about 15% and about 35%
by weight of the 5 abrasive wear-resistant nmaterial 54. The sintered
tungsten carbide pellets 56 may be larger in size thanthe cast tungsten

car bi de giamwheeerd. Furthernore, the nunber of cast t ywogaiSssoFR de
granul es 56 per unit volune of the abrasive wear-resistant material 54 may

be hi gher t HaRA.A. kiendwdrtsstingsieves Surheag tungstayerbide granileid muaiHave @ H8ager  uni t
vol ume of the abrasive V\ﬁral‘- resi st ngéﬁlat.eri a{ﬁ_) b10 @% JThe sintered tungsten
car bi de pel |HARCIEAD FIRPEF HOM APRrOXHAR PUIIIEORS I9APHE WU MEION§sed herein, the

phrase "-20 ASTMAxesBiREkkShSe, tREPNRaIREF Sinferdd Bing @k caBRRYeBeRfRARS NY
t hrough an ASTM No. 20 U.S. A standard testing sieve. Such sintered tungsten

carbi de pelihdude apdyrality vé-6Ah SANTAG mesh sintered fungsten earbide peltetsend a plustity

i crons. .Th i anet f the si d. t t bi.d lets 56
s e bt bt SETD ASTH ARBCTigd uiissisd oHbTk FRLC 3k Sl B R o1 o
di aneter of AdmEvieash siﬁféfeasﬁx@gateﬁ@wid@gemmw RfphSe belt\%h% aggﬁgo%laawa&n

carbi de granules 58 may include -40 ASTM nesh granul es. _used herein, the
phrase "-40 4%y weight of tlzerabrastve weanresistinbamatedal Sthand the gluealitnol 4202 Hhssi ng

t hrough an No., 40 U..S. A . sta r esting sieve., In,s e di pents,
t he cast 20%‘%51%&68%51 15?%?‘6‘@58?8%5%%@6E&Wycoﬁ%lf'ﬁ?fgwqefﬁbmﬁg? Kﬂaﬁ%&?u ast .
tungsten caribgipy pelgh€bSthe abfasive GfbalessBialt malRHalIA A8E usedIPei AThY pARSH

pell ets" neans pellets that are capabl e of passing through an ASTM No. 100

U S. A dandai28/1289 ASIY! mieghpellets)i@hused dercinymgaspplletrespihielel pgssinafheughay have
an average dia I Of th . 1.Cl ) e
o nter ea t urtaerehiNg oS5 S 4.\ EaRAAHind Syl WS o PR EAE R fon A1

pel l ets, andA$TM Neasto UiRgsitaniatbekingaiege.afudhamt&dd tamgsten cdrbide pelldd36+270
ASTM nmesh granul es. As used herein, the phrase "-60/+80 ASTM nesh pel.l ets"
nmeans pel | ety hayaen gy@ageafiameter fa 19assiveny approyiveiel A0 agvignsge atwet 125, A

st andar d te}tﬁicg)g sieve, but incapable of passing through an ASTM No. 80.

U. S. A standar Vesti ng sieve. Such sintered tungsten carbide pell.ets may
have. arSaver age Iflicagghagiculdf ehdsdinichgrsetlfioth maly 30 an campk, aledalipasied er t han

about 180 m crons, Furthermpre, the phrase - 100/ +270 ASTM . h granul es, "
as used her YSH-TSTEEREMGICHAL © @AY éﬂﬁﬁ’é‘?é{)%t 40%skt W@lgbh%%ﬁna&?rlaf@mh%t_ 100

U S. A, standgsgh apls/sieXSTM ks RAARAM S caftAR Yol 56! RkHB0AN2ASTM No.
by weight -140/+325 ASTM mesh cast tungsten carbide granules 58. As used herein, the
phrase “-20/+30 ASTM mesh pellets” means pellets that are capable of péssing through an

20  ASTM No. 20 U.S.A. standard testing sieve, but incapable of passing through an
ASTM No. 30 U.S.A. standard testing sieve. Similarly, the phrase “-140/+325 ASTM -
mesh pellets” means pellets that are capable of passing through an ASTM No. 140 U.S.A.
standard testing sieve, but incapable of passing through an ASTM No. 325 U.S.A. standard
testing sieve. The matrix material 60 may include a nickel-based alloy, which may further

25  include one or more additional elements such as, for example, chromium, boron, and
silicon. The matrix material 60 also may have a melting point of less than about 1100 °C;
and may exhibit a hardness of between about 35 and about 60 on the Rockwell C Scale.’
More particularly, the matrix material 60 may exhibit a hardness of between about 40 and
about 55 on the Rockwell C Scale. For example, the matrix material 60 may exhibit a

30 hardness of about 40 on the Rockwell C Scale.

Cast granules and sintered pellets of carbides other than tungsten carbide also may

be used to provide abrasive wear-resistant materials that embéd‘y teachings of the present
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WO 2007/ 030707 PCT/ US2006/ 035010 U.S. A, standard testing sieve. Such cast
tungsten carbi de granul es 58 nay have an average dianeter in a range from
approximately 50 mcrons to about 150 microns. As another exanple, the
plurality of sintered tungsten carbide pellets 56 may include a plurality
of -601+80WaEM/eseI sintered tungsten carbi de pellets aod/usplososbioty 5 of
-120/ +270 ASTM nmesh sintered tungsten carbide pellets. The plurality of -
- 60/ +80 ASTMimeestoni rijush exher es rineludei ke apeeppfehgutﬁwo,c@wwlm crbidgeen

54, and the gROrary SGPa s PR Rl ARk b e

pel lets may Gaibidd. se bet ween about 15% and about 25%u by wei ght of the
abrasive wear-resistant material 54. As used herein, the phrase 10
"_120/ +270 ASTM nih meii mgtetial 68 may semprigsagngtal aﬂﬁamtep@m%mgawbmsp@m

of passi ng th o &2

i ncapabl esof gsrshie%sgﬂ?ﬁﬁ)oug 0 é %g%fk;ﬁﬁ@)‘re ggfg%%ﬁég‘%\t&lgﬁ gé ?ég%% ??g%m eve.
Such si nt er edhd plagsityest spasrdbd d@.gepéﬂ ¢eebide p@letsiByminecteniize a\pﬁrragsa offtidpméier in a
range from approxinmately 50 mcrons to about 125 mcrons. 15 1n one

particul ar erepdidenariclesbendeddogethenwith pyinder allqy badngn melting poinbihatds gigater

vvear-reS|sta t o t rial
60, about n%"%%% %42%? %@ﬁé#ﬁfbﬁg %loi?r/ é?%“ﬁ%%%%@c%?@ ‘g‘%gm lets
56, and abOUtalla;}?%atebM v 1§ tlkel-bdsé0 AS 2 atéGa Maing b nesdtiiy fointghdt é9greaetthae
granul es 58: As used herein, the phrase "-20/+30 ASTM nesh pel] ets" neans

pel | ets tlRat ahew 1288561 & s CB%@%F‘H@W the 1 mateny) SRomay hesubstantipllgmelted
tandard test 30

O oA St ang i BtGionitng MAARE Nk Rl ARGABRILALON AoRPo ABTNIROL 20 1)
pel | et s" rrearmacumlaldeﬂlﬁnti\h&ioumubstaamﬁbhﬁltmg tmmﬁltm@s&hmbngb\gmmmmm 140
325 U5 A otRBaRley eralh REE e RECRRLH s ST P BTG FHER oo &
ni ckel - based g} &M?lembaﬂmﬁwwwrwﬁam?n%termm@%e Ig;ﬁle@rto TRirficadd drignal

el ements such as or exanple, chrom um boron l1con. The matTi x
mat eri al 160 abdat ﬂmyerhanperaum Itk DG oy atgmiofdiffesion bdﬂmmmﬂbommteldd)ﬁlngsten and

may exhibit a h en.about . about 0 on .t he Roc

Sea o Nor e S B tyand: e oAb peial SP 1 186 Ry PRSI s of
bet ween about rg{ﬁle@rsg an@BRYhateR makrikhgy. Rockwel | C Scal e. For exanple, the
matri x. mat eri aI 60 may exhibit a 30 hardness of about 40 on the Rockwell C

Scal e. - As previously discussed herein, minimizing q.tormc diffusion between the matrix

material 60 and the sintered tungsten carbide pellets 56 and cast tungsten carbide granules
20 38, helps to preserve the chemical composition and the physical prdperﬁes of the matrix
material 60, the sintered tungsten carbide pellets 56, and the cast tungsten carbide granules
58 during application of the abrasive wear-resistant material 54 to the surfaces of drill bits
~ and other tools. | 7
The matrix material 60 also may include relatively small amounts of other
25  elements, such as carbon, chromium, silicon, boron, iron, and nickel. Furthermore, the
matrix material 60 also may include a flux material such as silicomanganese, an alloying
element such as niobium, and a binder such as a polymer material. ‘
FIG. 6 is an enlarged view of a sintered tungsten carbide pellet 56 showninFIG. 5.
The hardness of the sintered tungsten carbide pellet 56 may be substantially consistent
30 throughout the pellet. For example, the sintered tungsten carbide pellet 56 may include a
peripheral or outer region 57 of the sintered tungsten carbide pellet 56. The outer region 57

may roughly include the region of the sintered tungéten carbide pellet 56 outside the .
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Cast granules and sintered pellets of carbides other than tungsten carbide
al so may be used to provide abrasive wear-resistant materials that enbody
teachi ngs of the present 12 WO 20071030707 PCT/ US2006/ 035010 i nventi on.
Such ot her carbides include, but are not limted to, chrom um carbi de,

nmol ybdenumwar#’@870ni obi um car bi de, tantal um carbi de, tp¢RUSH068/03801Di de, and

vanadi um carbj.de. The trix material 60 C rise a netal _all oy

material havi R et B fiptered tmgﬁ{enicgrﬁ(ésge?lgﬁgﬁ may sxpibit pfirseaverage

Furth , i t i I : i f
urthernore, gaghess 5’?‘%‘?3@%‘% fé:g% o?%g‘b@fl&'eﬂ&o&%_ e;ﬁ%fxﬁin 13;{3*564 M abdday o

sintered tungsten ca et's may conprise a plurality’of tungsten
car bi de parti eveageblmndiesds tiolgedtivas withivhthe phiiplden] regibo 7 ofidiengeilat owbitie dy poi nt

that is greate t han out 1200 C. Fo Xa , the binder all
conpri s eg ac _oBéﬁ-"{tQIB gg% _gﬁ)'n@t‘eaﬁeco@l qvagﬁg?&&qsgg% ‘S? s1gtepﬁdd:%gs§e§§§r@§?eéqeﬂgt¥6
materi al havi Hﬁrgoﬁ@ﬁémmp%&& ook s r9&eRLAEe h es}%ﬁ&?@%i t;%qu?gggn' n

this configurat , e matrix material 60 maybe substanti a
during appl i casrbue peflett 5te Abmaskaeaplecihe {irs sivehgnhartmdse magl beSbotitod hos thef ace

of a drilling._tool ch as drill, bit without supstantjall [ ti t he
cast ¢ ungst enRedrusid il ot B Ssepn gverpardardieisany b gy of or the Koskyel an
carbi de partiglgs Morédw%r,ﬁwﬁ@c&ﬁé.t&dgﬂl%g sme%a%glﬁm&glu ahs«itﬁaﬁ-t?% %gio(?)ifﬁgabl’ es

the abrasive wear-resistant naterial” 54 to be applied to a sur
drilling 15 t pmiximdte thewerteredimpgatartaarbéde febetrfiorandexdosad byrthe pltinfdnubneié mheyt ween

the sintered tungsten . carbjde pellets 56 .and t mat i X materjal, .§0 and
botween AL oS PORGAEAEL B BE Tegh O Eeeseb i P FalErbo At S 0.
As previousl yPgAﬁ&Hqﬁ@g&herei n, mnimzing atom c diffusion between the

al

matri x mater 60 and the sintered tungsten carbide pellets 56 and cast
tungst en car bi de gfemmesdally?2@vaiighle madtgiallop muaterizdy that thag behesed ealthecmapizsi ti on

and the physical p erti of the matrix materj al . the sintered tungsten
car bi de pol | eteicesl S8Rihe Festue v aruuis el b e gp iy G - Rengd

appl i cati on oytdieomR @ik WE®E the @adsTatRt VERBALLBY &40 41d VS AUI0¢ees, of
drifll bits and other tools. The matrix material 60 al so may include

rel ati vel y5 smeldmmersiahly stvaifabls sietered 28108t ganhids, peleis 156 #0d sagt engstes ladideum
OO 0B8PS ARG BB P8R
such as ni obi WBtccaWh A Binisle lof Bafchfeds GRrr@lyymer material . o
The sintered tungsten carbide pellets 56 may have relatively high fracture toughness ‘
relative to the cast tungsten carbide granules 58, while the cast tungsten carbide
20  granules 58 may have relatively high hardness relative to the sintered tungsten carbide
pellets 56. By using matrix materials 60 as described herein, the fracture toughness of the
. sintered tungsten carbide pellets 56 and the hardness of the cast tungsten carbide granules
58 may be preserved in the abrasive wear-resistant material 54 during application of the
abrasive wear-resistant material 54 to a drill bit or other drilling tool, thereby providing an
25  abrasive wear-resistant material 54 that is improved relative to abrasive wear-resistant
materials known in the art.
Abrasive wear-resistant materials that embody teachings of the present invention,
~ such as the abrasive wear-resistant material 54 illustrated in FIGS. 5-6, may be applied to
selected areas on surfaces of rotary drill bits (such as the rotary drill bit 10 shown in FIG.
30 1), rolling cutter drill bits (corrimonly referred to-as “roller cone” drill bits), and other

drilling tools that are subjected to wear such as ream-while-drilling tools and expandable
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FIG 6 is an enlarged view of a sintered tungsten carbide pellet 56 shown in
FIG 5. The hardness of the sintered tungsten carbide pellet 56 may be
substantially consistent 30 throughout the pellet. For exanple, the
sintered tungsten carbide pellet 56 may include a peripheral or outer region
57 of the swot2ed7@domungst en carbi de pell et 56. The outer pcegsisd8€010MRY

roughly include the region of the sintered tungsten carbide pellet 56
out si de the I%ﬂﬂvegl;?é@wlg%@gGWWESW%%%W%%WW@%WW%

sintered tungs);gh, GatdinderRglil-et 56 may exhibit a first average hardness in
the central regllﬁ%hn o? t he lpellq' et enclosed by the phantomline 64, and a

second average hatCdnas$ocationsamatsucfas ofia titll bitthey repridepélatiadly ighdr baredhdssof t he
pell et outside the phantomline 64. T econd aver age hardness of the

?l nt ter ed tungdthlg othsy &CEI‘féO’Eé’PItgﬁ_t S%C%;A}E?gll?g@F@éf@“&fgﬁﬁu‘;ﬂifﬂ@%mwe t he

i rst average S g : ) 1 an
exanpl e, tge ftl St gv?gégaﬂ‘gerﬁﬁlggfﬁegag gét} at;cgﬂ%mg%{ on '?iﬁg ’I@%:E@ve%h A Scal e
and t he secondintere taggstdredachidssellor )6 md alipgpktral®) of vast tiegRactansiié grinul&38 .

Mor eover, the fracture‘tg,ugh,ness of . the gat,ri x material 60 within the region
61 proxi mat e MAPeSEIREBIREIVATIGH G PONIE A1 BPTaE YV pRPITaEsisant teris Sf drat gxtibits he
phantom | i ne ] : i i ess of
the matrix ma?) gﬁ@p%geﬂggsf%#%a t{%[}‘{e15 ﬁﬁpéﬁgaﬁtﬁjglr:]&*?%g&gg&ﬂp&%m&%l a f‘{/&{é\?@ 1abl e
metal all oy nmdbeeiaalpk, tHeatrfaoey ofxattingeektias drbBingwbttertyperdeillditinady b8Gubjectédhe

abr asi ve ar-resistant material 54 are sold. by Broco, Inc., qf_ Rapcho ‘
Cucanonga,Vcalt? TP Kagtgpaptiaress e fiandat LROROFAE O ERAYEREREL OY( 1)
50. 15 Commer qglgdek&e,%@agﬂv@Weﬁr-&g@faﬁfﬁ&eﬁa rsga%ﬁfed%&&'s@lga&%k@&%uéﬁg flh cast

tungsten carbi granul es 58 that maybe used i1 n the abrasive wear-resi stant

mat eri al 54 ameaysodiaietyhigher peight pMrcangi\Gksint@et Hingsten Babidh pellats S6Gaordenio. The
Coughness 1 onBRERE e GeEHE tEuser gl e PBo S MErIeS Ghal A el 56, I F b £ cast
tungsten car bige. sudfcqorRukif$iaByBR%ubiaMa %@élamery%hme%g&t ?&E@B\ﬁ?&athﬁiﬁ“ ve

to the sintered tungsten carbide 'pelléets 56. By using matrix materials 60 as
descri bed lher digh, frichiendliiymst abresiveo oy igrnedisg dbrcehe Theiefiorer ebtasive gereresistanti de

el 1o 50, 2Ny BB et e S5 HEASHSSh 8 s Lo B Y
the abrasi ve psReftageest cabtaihgstanl QFHid gridhlds®8an Gider o Rickeadd thethARIedddfthd NY
tool, thereby Br o_yl di ng qnt ¢ material 54,
abrasive wear-resistan
In addition to being applied to selected areas on surfaces of drill bits and drilling
20  tools that are subjected to wear, the abrasive wear-resistant materials that embody
teachings of the present invention may be used to protect structural features or materials of
drill bits and drilling tools that are relatively more prone to wear. _
A portion of a representative rotary drill bit 50 that embodies teachings of the
present invention is shown in FIG. 7A. The rotary drill bit 50 is structurally similar to the
25  rotary drill bit 10 shown in FIG. 1, and includes a plurality of cutting elements 22
positioned and secured within pockets provided on the outer surface of a bit body 12. As
illustrated in FIG. 7A, each cutting element 22 may be secured to the bit body 12 of the
drill bit 50 along an interface therebetween. A bonding material 24 such as, for example,
an adhesive or brazing alloy may be provided at the interface and used to secure and attach

30  each cutting element 22 to the bit body 12. The bonding material 24 may be less resistant
to wear than the materials of the bit body 12 and the cutting elements 22. Each cutting
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25 abrasive wear-resistant material 54 that is inproved relative to abrasive
wear-resistant materials known in the art. Abrasive wear-resistant
materials that enbody teachings of the present invention, such as the

abrasive wear-resistant material 54 illustrated in FIGS. 5-6, may be applied
to sel ectveol2@resmsoon surfaces of rotary drill bits (suadresodshesoiot ary
drill. bit 10 shown in FIG 30 1), rolling cutter drill bits (comonl

referred to elementdp may inchilea palyriystalline dipmond gorapastiabledSiaftpghg alndﬁgeplgre%/ hat are

subj ected to vvea%glgég% gggﬁgbmsmh&gzgr}gnglag%u& at%s and expandable 14 WO

2007/ 030707 reaner such appar at uses and

ot hers bei ng encorfeasteg drif i ® Girthds inchides ag abmsive Waf-kusmahhmate@@rrslt drill
bit." Certain locations on a surface of a drill, bit require relatively
hi gher har drdiggpsed Wﬁ%fa@ﬁ ¢fdhe drgbbit 4G oAV Hegiony 9f %afzsﬁswm\éewwmtanbu t may

require s ! a&l%t¥l?+}l%4% oﬁﬁ é&’{o rg%ct%?ﬁ%@%ﬁﬁf&gfﬁTmhé ?A Vrﬁa IQQt

per cent ages 0 r|x ty o et ed tungst en

car bi de. pell ets 58¢., GBCﬁstahﬁtelﬁélLUradslségtloﬁﬁl vewtoftthe gattiap e(h@ﬁetmlt de saoendhes 58
may be selectively varied to, provide an abrasive wear-resistant material 54

t hat exhi bi tBIG. Mﬁ@fe@éﬂor@r%ﬁmhr@ﬁﬁ ZB thprein. s 1Busyated;ip dilGr 7B.gontigous o g
part ! cul ar StorRIbf ?nesapfafsi%g %e?{-re@s%ﬂﬂhatg#ﬁ@ﬁ nga??)%ﬁd tﬂ%@n %%rr£@8%3ﬁt8£ to

cutting teet’h on a I'ng cu 11l Be st
relatively higdr suifieeadf thedsic Blyi 12 amddllaﬂemnsarﬁwé of e icom[gelemmt 2bamisdacle or
grinding forces. Therefore, abrasive wear-resistant terial 54 applied to

the sur f b esCaBHnYqys PeOR M3y exteld gver adgast Wwfépeﬁp‘ij age brbyeshtheiihodht age of
sintered tungs gqh ﬁfepellgﬁe?@ﬂth@&ﬁﬂﬁgﬁelblﬂeﬁﬁéer to increase the fracture

t oughness of t raS|ve wear-resistant material 54. In contrast, the gage
surfaces of a dr |HIG e is arﬂnyg1bmhrmuh]oss03eehbrtabvm‘eIoﬁthe\cattylgleldrnehezz s’qowntmf orce

but | at h f t t di
e erors S 7, Bk alohe SirBRdie XClcaRedn vhs Hsthedth 361 2ECRier 1 f aces
of a drill bidnif®sipBRloUdE the AHrEMRY wikeir&ikant Bﬁa‘fe@ﬁ%@%y% HoRddd botnessen:

carbi de granul es 58 |n order to increase the hardness 0f the abrasive
wear - r eslst amgionaf the pater sidiacd of thzedui toidy h2 el ddeterabsvafapé ofsbie mnmlemneaz areas -

oD SurTaces o g bhebld R 10,00 b RS 20 o0l S ek Bl Bysu pPLEr Lo ear
il el Sgoiieas, gy et o1
compact table 28. Yet another continuous portion of the abrasive wear-resistant material
54 may be bonded both to a region of the outer surface of the bit body 12 and a portion of
~ 20 the exposed surface of the polycrystalline diamond compact table 28 and may extend over
at least a portion of the interface between the bit body 12 and the face of the polycrystalline
diamond compact table 28.
In this configuration, the continuoﬁs portions of the abrasive wear-resistant material
54 may cover and protect at least a portion of the bonding material 24 disposed between |
25  the cutting element 22 and the bit body 12 from wear during drilling operations. By
protecting the bonding material 24 from wear during drilling operations, the abrasive
wear-resistant material 54 helps to prevent separation of the cutting element 22 from the bit
body 12 during drilling operations, damage to the bit bddy 12, and catastrophic failure of
the rotary drill bit 50.
30 | The continuous portions of the abrasive wear-resistant material 54 that cover and

protect exposed surfaces of the bonding material 24 may be configured as a bead or beads
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A portion of a representative rotary drill bit 50 that enbodi es teachings of
the present invention is shown in FIG 7A The rotary drill bit 50 is
structurally simlar to the 25 rotary drill bit 10 showmn in FIG 1, and
includes a plurality of cutting elenments 22 positioned and secured within
pocket s pr VO aeaoyiotr he outer surface of a bit body 12. PI/USé6ssmat ed i n

FIG 7A, each cutting el enent 22 be secured to the bit body 12 of the
drill bit 50 gﬂ@p@lvgmepﬁ{eéﬁag%atfﬁﬁé @Hlon&awrw tﬂ%‘@eﬁlﬁﬁ éﬁhﬁ}m‘?@c’élﬁch as,

for exanpl e, dd}ﬁd? llgr & UG it g%yen{gﬁyzpe provided at the interface
an att

and used to secure each cttting el'ement 22 to the bit body 12.
The bondi ng mat eri Allat2dl omys- skbetlémkmemrsf | s it elememmroftahaﬂheﬁﬂepresaﬁa&iveal s of
the bit body 12 and he cgttl ng.ele nts %éx Each . cutting % 30&030707
PCTI US2006/ 03@(eﬁﬂ)drﬂé rfhatpmbpdics {engy e PERSHRLAGERHPY lSﬁEO‘ml e &dnpact

table 28 af gpe@a r t E[TE,% 623
al ong an |nter ace @%g%%gtdgg)}mcf@i ?IS&E‘%t gg @urt er mgr?‘lcgiglsﬁgﬁﬂa ?é]spve
wear - r esi st anFIGeL and aiclislés adilwplity ed cu’ming chmehtsc22 pésitidmed dnd Iséculdt witkin
Mor eover, regions of the abrasi ve

t
confi gured t oPQsKels FEQVided incthe) ower ¢ %%0 lf ﬁ@b@ndf%nca‘}@‘{ée%?@?m%gf gﬁ‘& 7B
is alateral C§0$8H8 s&tspemlma{ﬁa%woﬂémfon@p&ﬁsﬁsldzrele%be@ﬁ/e g&Zree@famnét@nalFl G

7A taken al ong section line B therein. As illustrate
continuous pH4 ﬂmmmselwﬁldpmcabmsad\serfa@aoﬁ 7 emidpigamterivh D4 aliong the 4dgea pf the

bonded both tpo a.re .ot,sfac of . the hit ly 12 and a
ateral St o@uT R RE R et o hepibia s e A g sefros %%fﬁ%cﬁés&éerewf%n may
extend over aferdifdstelioR® He@Btad drlift 50%@%@&91@@?7% the bit body 12 and
the lateral sides of the cutting elenent 22. FIG 7Cis a | ongitudinal

Cross-secti onal vi Asillytratédein FUE t&mgoewenemesszﬂ%mmﬁdqd irtheputersurfa¢ent al ong

por 1 on of ¢ nbokipaty T SBsemt e bed B ANERwo R oSl ymRR R a R BB L o 5

15 regi on of iecoaBE@hatiH bR b@idstoh*ﬁbl’@sﬁ@ﬂgét-ré@stﬁﬂ(ﬂma?cda@5¢hﬁ$f bsyfdvaeg of
the cutting elenent 22 and nmay extend over at |east a Iptortl on of the

i nt er f acel het wishin thevecesses 76 elgps the edgrg Oﬁhemtfrr@ﬁgigtsu@"ﬁmao bobit bedyfldead @ t he
cutting el eneptqlrg%%%glqgnqibt ﬁy Blt%V d?hgtqﬁe ‘B’e%g%%e%d L0833 {egﬁ@nnpﬁ%% 1a1"5‘ | e 28

Yet anot her CO ous rasi ve wear - I‘ e
may be bondedwhibinhthé focasseLT, @i dxtent fewhidh ee idd bab@dobf ﬂ‘b&l‘hﬁ Wezb&@éfstékﬁ and a

portion of 20 the exposed surface of the pol ycrystalline di anmond conpact
tabl e 28 and maipriahddenratrededyom the surface of the rotary drill bit 50’ may be minimized. Asa
result, abrasive and erosive materials and flows to which the bead or beads of abrasive
20  wear-resistant material 54 are subjected during drilling operations may be reduced.
| The abrasive wear-resistant material 54 may be used to cover and protect interfaces
between any two structures or features of a drill bit or other drilling tool. For example, the
interface between a bit body and a periphery of wear knots or any type of insert in the bit
body. Inaddition, the abrasive wear-resistant material 54 is not limited to use at interfaces
25  between structures or features and may be used at any location on any surface of a drill bit
or drilling tool that is subjected to wear. |
Abrasive Wear-resisfant materials that embody teachings of the present invention,
such as the abrasive wear-resistant material 54, may be applied to the selected surfaces ofa
drill bit or drilling tool using variations of techniques known in the art. For example, a
30  pre-application abrasive wear-resistant material that embodies teachings of the present

invention may be provided in the form of a welding rod. The welding rod may comprise a-

solid cast or extruded rod consisting of the abrasive wear-resistant material 54.
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at least a portion ofthe interface between the bit body 12 and the face of
the polycrystalline dianond conpact table 28. In this configuration, the
continuous portions of the abrasive wear-resistant nmaterial 54 may cover
and protect at least a portion of the bonding material 24 di sposed between

25 the cut{igi@opdsrgent 22 and the bit body 12 from wear P@lll}fdsg{%dagslow i ng
operations. By protecting the bonding material 24 fromwear during drilling

oper ati ons, tAki@nmbwalsu the welding rodggaystoampriserahelloa Icylﬁiﬁrlhdltpbe foomext fromribe

t f th | t,.22. f he Dbit 2. d drjll
porati ons, @AGEARGH AL By Lot SR g n e g 5 e
rotary dri I pﬁllr&ht?gf cé@ﬁﬁ%ﬁe&&%lﬂ@mem M%ﬂ?&c@fylén@@or@lp{)%&\bﬁwr type of

wear - r esi st ant erial 54 that cover and ect exposed surfaces of the
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PCTNS2006/.035 raS| v resi stant. materi 54 ed a and
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cutting el e%n%meﬁai &, eAd mby AESmBE el RRA ofdhGW A fididiticbirRigs BLGREN 22
of another representative rotary drill bit 50 that embodies teachl ngs of

the present it matrixomatesialsbbwnd the sHitasl t@gsted carbitlegmlleThs amk casttudgsted  bi t
50" is structurgc{ g{r S|m ar to the rotary drill bit 10 shown in FIG 1, and
includes a pl Eﬁb utti ng el enments 22 positioned and secured within

pockets provided Q‘Betrgt@ P Utodic %lﬁﬁfsﬁﬁ%c@limﬁ% Betwveb@ e hairix mMat6ridl $otdnddhe
el ements 22 of the rotary drill bit 50" also include continuous portions of

the abradive sintered hungsten a@ﬁrtbldvameélma% mchhamg@@vearbeﬂﬁoBr@nﬂﬁSe%& isegtgessted

surfaces of a ter al es t.he 10 i nt.erf
surfaces of tpﬁlg‘lg qﬁ%c anﬁlthe & e cut"%ﬂq gétat dlﬁ{mﬁlﬁoccél'rss gfhsecel} g

previousty hesmat diffiRiohethalefaRe) i 0 ldaht@mftiallﬁﬁ Yundﬁd)ﬂ b Batl thé Rnplaeaie aiwHitHES.
7A-7C. As illustrated in FIG 8A, however, recesses 70 are provided in the

outer surf acatastic diffiesion pcayesndithe timej far wiichy tqﬁ@mwdbfefwgnw dlowed\ipioseirt he -

R L

abrasive wear-re , e recesses
70 al ong 15he sﬁﬂ@e& tm{gstehecakmaeepélmd 66 aadrdagCrimgnén thdidei grallilﬂé.‘kyS&Zna'ynbb t he
cutting element 22. By providing the bead or beads of abrasivy

wear - r esi st asentieliedr Pﬁélcoﬁtﬂoulw tﬂrﬁ Aisapee peiwees dhe fqrch apd t@?(t"é?rll‘img dORHPLh t he
bead or. bea ?e Q}I 11@5’& b| t W?xalﬁ%ﬁﬁé fine @iéﬂttﬁé{g&dlﬁéfbﬁ‘é he

surface of t tary mnimzed,
subjected to heat produced by the torch.

Oxyacetylene and atomic hydrogen torches may be capable of heating materials to

20 ' temperatures in excess of 1200° C. It may be beneficial to slightly melt the surface of the
drill bit or drilling tool to which the abrasive wear-resistant material 54 is to be applied just

prior to applying the abrasive wear-resistant material 54 to the surface. For example, an
oxyacetylene and atomic hydrogen torch rﬁay be brought in close proximity toa surface of

a drill bit or drilling tool and used to heat to the surface to a sufficiently high temperature

25  to slightly melt or “sweat” the surface. The welding rod comprising pre-application
wear-resistant material then may be brought in close proximity to the surface and the
distance between the torch and the welding rod may be adjusted to heat at least a portion of

the welding rod to a temperature above the melting point of the matrix material 60 and less

than about 1200° C to melt the matrix material 60. The molten mairix material 60, at least

30  some of the sintered tungsten carbide pellets 56, and at least some of the cast tungsten
carbide granules 58 may be applied to the surface of the drill bit, and the molten matrix

material 60 may be solidified by controlled cooling. The rate of cooling may be controlled
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result, abrasive and erosive materials and flows to which the bead or beads

of abrasive 20 wear-resistant material 54 are subjected during drilling
operations may be reduced. The abrasive wear-resistant material 54 nay be
used to cover and protect interfaces between any two structures or features

f drill b drilli tool. F le, th ' t
of a drill yphboQhs@hrer drilling too or exanpl e sn%de%%w%ége ween a

bit body and a periphery of wear knots or any type of bi t
body. | n additbicarirol theeniadosiausitve andyshysica propertias offthd ehirdshle Wedr-fesistatiimdtérial t ed to
use at interfaces 25 between structures or features and nmay be used at any

| ocation on aWy surface of a drill bit -or drilling tool that is subjected

to wear. Abrasive WALk ’lstﬁ%%ge} ei1 ; &E—E&ls&n%ﬁ%ﬂlﬁ@?%&tbé %%?igérlfbgl%u%%cetoﬁ:y be

present invention, such aslive wear-resis
applied to thedricbieatdidlistobasts anfarawelding tdchiiijte, suchtisialpldsng tiansdérredsirag -

vari ations of techni gues known in the art. For anpl e, a 30, pre-application
abr asi ve vﬁearW‘?lg%‘g ?p%mﬂu%ﬁi% Fragpple.tha matHy pyyrezial éefﬁraahbwewéfd infle fora ekt

i nvention may, i oo . rod: i :od may
O i it e e R T

wear - r esi st angells@tSérandla @dralitylof A6 POGTNOACHIQ glaailled ISR BeQBHOd Hith the
Alternatively, the welding ro y conprise a_hollow cylindrical, tube forned
fromthe natWeWQtnéﬁql’éPm@ﬁmgﬁg?q P‘PY‘gg amq—wpgcig}qgr\gqqrﬁms@nt Q"#PE‘@#_ ©
tungsten car by de peldvdes mpuRnA f’aﬁmQ'ﬂHﬁs@érfe@ér&{fel&' g&nakmagﬁieﬁma%é Bled
granul es 58. An ox cety'[ ene t0|Pc or any other type of weldihg torc% may
be used ti) hemut ateabtaqpsttion of tretpraapphitationaveartedistagt matdrigido atetrpopbraitove 5

above the nelting point of the matrix paterial, 60.and |ess than about 1200C
Fo el t the. HRPEIRERRRLO G Mot i ARG e bt gofE Eaamel e R o
di ffusi on occoyskehfigobetween the matrix material 60 and the sintered

tungsten carbide pellets 56 and cast tungsten carbide granules 58. The rate
of atonic diffusi diasomctuansfamgdzae wesbling techiegsr iyricatipt érciugle Booraemhsemeable 10

i nt dt t i d [ | 6 d. cast .t t hid I 58
Tsat Teast SierpieRromay heleistb i e PRETER R R S ilng
di ffusi ompccysis to Whikth et isab be dpIEIC A%lﬁsfn&bsfoﬁﬁingt%g [SfroviBed biwadn theast .

partially a function of both the tenperature at_ whic atom c diffusion
occurs .and t habstiateantldhe neieonsumabia dectrods, HpiceHy ingtheforswsalume of ewing gas.

oo o U T e ' LA PELEEE Lo
t ungst en car bjlgenagfoaninkegas>8ThEAYoWaered pre-application wear-resistant material may be
’ directed through the plasma and onto a surface of the substrate using an inert carrier gas.

20  As the powdered pre-application wear-resistant material passes through the plasma it is

vheated to a temperature at which at least some of the wear-resistant material will melt.
Once the at least partially molten wear-resistant material has been deposited on the surface
of the substrate, the wear-resistant material is allowed to solidify. Such plésma transferred

- arc welding machines are known in the art and commercially available.

25 The temperature to which the pre-application wear-resistant material is heated as
the material passes through the plasma may be at least partially controlled by controlling
the current passing between the electrode and the substrate. For example, the current may
be pulsed at a selected pulse rate between a high current and a low current. The low
current may be selected to be sufficiently high to melt at least the matrix material 60 in the

30  pre-application wear-resistant material, and the high current may be sufficiently high to
melt or sweat the surface of the substrate. Alternatively, the low current may be selected to

be too low to melt any of the pre-application wear-resistant material, and the high current
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controlled by controlling the distance between the torch and the wel ding rod
(or pre-application abrasive wear-resistant material), and the tinme for
which the welding rod is subjected to heat produced by the torch.

Oxyacetyl ene and atom ¢ hydrogen torches may be capable of heating materials
to 20 tenda 2WOUPBITI N excess of 1200 C. It may be benefricanakodsossid ghtly

melt the surface of .t he ril i r drilling tpol to ich the aprasive
wear - r esi st aft®mit %ﬁf‘%‘?nﬂé’j‘l% %[o[ lgea%) @tolg?)sbf‘ipgalojng’gttge BWT@P%%‘OEWVF%GtaPEe
abrasi ve weanyfi&fill &f SRIpIBHEE hisdve #eE 1héltiﬁé1ﬁoi%tteﬂffﬂ?e0ﬁaui§%at@r@€%ﬂ‘leés'lhan

oxyacetyl ene and atomi c hydrogen torch na brought I'n close proximty toa
surface of abartil2P0%} to melt thel thitiin gnatesial 6Gndhigswey mimithizathe exténhef stomiace t o

a sufficiently.high tenperature.25 t.o sli |t or,"sweat" the rface.
The wel di ng. ARsPTERRaa Pt bERrrE sl o abd Meishuttd it ebmbide Bl o may
be broughts i 36Gh@eft RingMtbMtbdr¥ide grahliles s&ir f ace and the distance between the
torch and the welding rod may be adjusted to heat at |east a portion of the
wel ding rod to a Othgeredding techigues, Wwhlvasraetal ingrt pasi (MIG) arctweldinmtechniqeast er i al

60 and | o t han about Ctao.nelt, t.h trd X material. 60.. The nolten
ot i 1t or iNHTES R e e CH) e A it B dnd B e eohiige e
pellets 56, angwain tiRaSt arkioiBy B udeb o @S tHelBESivR Iveat-AdshitAE niifediBls £ D8 MBY

be applied to the surface of the drill 'bit, and the nolten matrix nmaterial
60 maybe sol isdif#desd aidyillbiirrdsillingdo@ool i ng. The rate of cooling may be

controll 18 CVQ,2007/030707. PCT/ 1352006/ 935010 t o .cont.rol -t .

e oot dture ancVIEiR e dnrsestngertion 1€ et 1Ml ARG IR Rordeb o eorain
material  54.préfd@¥dhdioditRénts, tHobEofdiag Va1l WERE art @l fekodifizo Wt eppradiate thaimay be
applied to a surface of a drill bit or drilling tool using an arc wel ding

t echni que, sutis naksodinpiteds Fathardnatyaddidans deletions\pad modificadentrip deerefpged
exanpl e, the d ial e hrovid ip t .0 r.
(smal | parti ce@éa%%nﬁb‘% xb%ngcltgeer wogtoge%aﬁ%gl ﬁ&gl flﬁkf’ ysl&g?éc gl% n eeﬁnevgm?oglngst en
carbi de pel Iietcmafiér claiched. h uddition, Yeatfrescfagh oh¢lagbodimentandt btecoprbamdl weish 58 may

be m xed with the gowdered matrix materjal 60 to provide a pre-application
vear - r esilst angaturag plepnogher epbpgigent whils sffll being fRrompassed wybin ke sropghi the

transferred ahdub 4 AcRIRLDS) hDERCAEN, PhrbkCtle iRedfodiERbaR i 88 bitd
portion of the pre-application wear-resistant material to a ténperature
above the nahicorg bgohmtingdiffeteat aeltvarizushit wofikek ab6@elhndcdtesypehhan about 1200

Ctonelt the matrix material 60.

20



Plasma transferred are wel ding machines typically include a non-consumabl e
el ectrode that may be brought in close proximty to the substrate (drill bit
or other drilling 15 tool) to which material is to be applied. A

pl asma-formng gas is provided between the substrate and the non-consunmabl e
el ectrode, typically in the forma colum of flowing gas. An are is

gener ated between the el ectrode and the substrate to generate a plasnma in
the plasma-form ng gas. The powdered pre-application wear-resistant
material may be directed through the plasnma and onto a surface of the

substratevH? ng,.an pnert carrier gas. 20 As the powdered pre-application

wear - r esi st ant e 8?Fhl passes through the plasma it is heated to a
tenperature at which at | east sone of the wear-resistant material will nelt.

Once the at least partially nolten wear-resistant material has been
deposited on the surface  of the substrate, the wear-resistant material is
al | oned t & Adryiee foy usssincdiillingsvieriapeandpenations, thy devige @MPisEchi nes are known
in the art and commercially available. 25 The tenperature to which the
pre-appl i efitstomuctmay - resi stant nmaterial is heated as the material passes
through the plasma nay be at |least partially controlled by controlling the

current pas&ond sthgkwesecukditroghetist adetaddonden udrgice;at e. For exanple, the
current may be pulsed at a selected pul se rate between a high current and a

| ow curr eQ%on&Eﬁ%m'a{%Wal i dsENbet B BE PRk RELET ah@ iR e hbb@RL dt¥ni gh to
melt at least the matrix material 60 in the 30 pre-application

wear-resi s t I t i i.Cl ly high to
melt or S%%%zwgﬁ@éEﬁ%ﬁ%%@@%ﬂa¥%§nggﬁg ﬁ%géﬁQkFgg%Hggfég%éf&kﬁg&lOM/current
may be sel ected t be too low to nelt any of the pre-application
wear - resi XE&RFCABYerial, and the high current 19 WO 2007/ 030707

PCT/ US2006/ 035010 may be sufficiently high to beat at |east a portion of
t he pre- apphirasiyq wearesistantanatenial disposegioars sarfagenfahe devwisss attlegstaabove t he
melting point of the matrix material 60 and | ess than about 1200C to nelt
t he mat ri gonitiews p@irtiGOof thhivsammyistantmaterzad being berdeslty ashirfateofitioe fidt f f usi on
occurring between the matrix material 60 and the sintered tungsten carbide

pel lets brdxfuraadd € astack vfigrisecondatrbitde pt @ruehding 08er th¥ egrfaoe betiwaen
techni ques, such as netal inert gas (MG are welding techniques, tungsten

inert gas e HrDsudb@redhd & cbREBRICAKE I @RErifd 1%@%0%5@%@!&%9 iR techni ques
are known in the art and may be used to apply the abrasive wear-resistant

materi al %aéi% @ear%ggigt%qnﬁgriﬁ cglrrlHiLinE:i athLFixqr{z{.térlail nghé) 2 Lrielting

temperature of less than about 1100°C.;

a plurality of sintered tungsten carbide pellets substantially randomly dispersed
throughout the matrix material, wherein a chemical composition of each pellet of the
plurality of sintered tungsten carbide pellets is at least substantially homogenous
throughout each respective pellet and wherein each pellet of the plurality of sintered
tungsten carbide pellets has a first average hardness in a central region of the pellet and a
second average hardness in a peripheral region of the pellet, the second hardness being
greater than about 99% of the first hardness, the first hardness and the second hardness
being different; and a plurality of cast tungstén carbide granules substantially randomly

dispersed throughout the matrix material.
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10 Wiile the present invention has been described herein wth respect to
certain preferred enbodi nents, those of ordinary skill in the art wll
recogni ze and appreciate that it is not so limted. Rather, many additions,
del etions and nodifications to the preferred enbodinments nay be nade

wi t hout departing fromthe scope of the invention as hereinafter clained.
In addition, features from one enbodi nent may be conbined with 15 features

of anot her enbodi ment while still being enconpassed within the scope of the
invention as contenplated by the inventors. Further, the invention has
utility indrill bits and core bits having different and various bit

profiles as well as cutter types. 20 What is clained is: 1. A device for use
In drillinegrp3ulies bANSAN ] \HTBh R st ds&ﬁetuﬁeeefdn?;ﬁise@mrirl Bit M theRebdrSt
structure; a second structure secured to the tirst structure along an
interfacek a bondin%?natqgial disposed between the first structure and the
second st%iﬂﬁ%ﬁ%?@ﬁr %%CUHH%8$F§Be, the bonding material securing the first
structure and the second structure together; and an abrasive wear-resistant
materi al di sposed on a surface of the device, at |east a continuous portion
of the wear-resistant material being bonded to a surface of the first

st ruct ur 3.8 davise pf elaimn dfwheein thedwndingtmaierial cemprggs ebrazig dllpyover t he
interface between the first structure and the second structure and covering
t he bonding material, the abrasive wear-resistant material conprising: a
matrix material having a nelting tenperature of |ess than about 1100C.; a

pl ural it y4 ofheetic®bLHaintiDISheéln ey di10it Rethbedcinplsbsd Bitbb@) havinggdom y
di spersed throughout the matrix material, wherein a chem cal conposition of

each pel | glieQfrh themiwo%gicBbﬁgHEithﬂE%GHe EeHébQ%&%{édCiﬁ'Eﬂ%?cgﬁengﬁlf%c%ts Is at

| east substantially honogénou roughout each respective p et and

wh [ h I f th | i f, .Si hi d |1
nas o £ aoesbions Ghertice bRSEh M Uhiah Fruft e ERembrRICEE: PREARE B secone

average hardness in a peripheral region of the pellet, the second hardness
bei ng grBaeRRsHRFARISSNRNOYEH? bepe dispessd ‘fﬁ'él“r‘ﬂﬁ?saé,?eaﬁtf@lefri?‘%eé% har dness and
the second hardness being different; and a plurality of cast tungsten
carbide granul es substantially randomy dispersed throughout the matrix
materi al .

5. The device of claim 2, wherein the drill bit further comprises a bit body having an

outer surface and a pocket therein, at least a portion of the cutting element being disposed
within the pocket, the interface extending along adjacent surfaces of the bit body and the

cutting element.

6. The device of claim 1, wherein the matrix material of the abrasive wear-resistant

material comprises at least 75% nickel by weight.

7. The device of claim 6, wherein the matrix material of the abrasive wear-resistant

material further comprises at least one of chromium, nickel, iron, boron, and silicon.

8. The device of claim 1, wherein the first hardness and the second hardness are greater
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21 2. The device of claim1l, wherein the first structure conprises a dril
bit and the second structure conprises a cutting elenment. 3. The device of
claim2, wherein the bonding material conprises a brazing alloy. 4. The

device of claim2, wherein the drill bit further conprises a bit body having
an outer surface, the bit body conprising at | east one recess forned in the
outer surface adjacent the interface between the drill bit and the cutting

el enent, at |east a portion of the abrasive wear-resistant material being
di sposed within the at | east one recess. 5. The device of claim2, wherein

the dril lipidbholidd bies ReQUWRI £8%ald bit body having an outer surface and a
pocket therein, at |east a portion of the cutting el enent being di sposed

wi thin the pocket, the interface extending al ong adjacent surfaces of the
bit body and the cutting el enent. 6. The device of claiml1, mherein t he
mat ri x terial .of Sive wear-res i ses at | east
75% ni ck %Eﬁgﬁé' Cb“? ‘ﬁ?rﬁmﬁh QEH%FY8%§P tuﬁﬁé aﬁnq trix naterial
of the abrasive wear-resistant mater furth conprlses at | east one of
chr oni umcompRas|a plyralify, ofyg éﬁTNbﬁlasfsslth@érﬁungeten?ﬁréﬂd&é%?i E& of claimi,
wherein the first hardness and the second hardness are greater 22 t han
about 89 on a Rockwell A Scale. 9. The device of claim®6, wherein the
plurality of sintered tungsten carbide pellets conprises a plurality of -20
ASTM nesh 0sThs ¢uviud dfetuira e whe@inhe elupeity ef Sntefb.tunpsendenbideepetitiscl ai m 9,
wherein the plurality of sintered tungsten carbide pellets conprises a

plural i t YoRbris@Q pt@QlIIAIFNVETesHh ASTM &@gﬁmﬁt@ﬁg%@@teﬁ@mnd&epenedsI ets. 11. The
device of ¢ a|n1d3 whérein the plurality of cast tungsten carbi de granul es

conprises a plurality of -40 ASTM nesh cast tungsten carbide granules. 12.
The device of claim1l, wherein the plurality of cast tungsten carbide

granules . c rises ralit 0/ #270 ASTM nesh sintered tungsten
Car bi e g 10L& Gain BB plngl Y of GFC R4 GEds Bl Fhnean
formati ons caonpri si nﬁ bit body; at |east one cutting el enent secured to
the bit SeBprisgsERIuA tymfréﬁ) M masfbﬁ‘raétzﬁua@st% qa&ydﬂgrﬁwg%d bet ween the bit
body and the at | east one cutting elenent at the

12. The device of claim 11, wherein the plurality of cast tungsten carbide granules

comprises a plurality of -100/4270 ASTM mesh sintered tungsten carbide pellets.

13. A rotary drill bit for drilling subterranean formations comprising:

a bit body;

at least one cutting element secured to the bit body along an interface;

a brazing alloy disposed between the bit body and the at least one cutting element at the
interface, the brazing alloy securing the at least one cutting element to the bit body; and
an abrasive wear-resistant material disposed on a surface of the rotary drill bit, at least a
continuous portion of the wear-resistant material being bonded to an outer surface of the
bit body and a surface of the at least one cutting element and extending over the interface

between the bit body and the at least one cutting element and covering at least a portion
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interface, the brazing alloy securing the at |east one cutting elenent to
the bit body; and an abrasive wear-resistant material disposed on a surface
of the rotary drill bit, at least a continuous portion of the

wear -resi stant material being bonded to an outer surface of the bit body
and a surface of the at |east one cutting el ement and extending over the
interface between the bit body and the at | east one cutting el enent and
covering at |least a portion 23 of the brazing alloy, the abrasive
wear-resistant material conprising the following nmaterials in

pre-appl iGad B@&ng %Ilb}psthe ArATNd Wear Fo @4t #aterfal SorlTBH ih4hBREIRMWiAE  COMPri si ng
bet ween about 20% and about 60% by wei ght of the abrasive wear-resistant

mat eri al i conpr|5|ng at least 75% nickel by weight, the
mat ri x na?gaﬁgqu£€?ﬁﬁaﬁﬁﬁ llng poi nt of |ess than about 1100C.; a

plurality of. -20 A TNInesh sintered tungsten caybi pel | ets tantially
D 2R oat, Shater L UngsLen carbh by el £h ubs) o
sintered tungsten carbide pellets conprising bet ween about 30% and about
55% by wetighitofdle abimesiebveasiromstons aateriadithe mAX maewd! camprigigg pt léasht er ed
tungsten carbide pellet conprising a plurality of tungsten carbide

parti cl es5%aiviieldyt wejehthtie mttih mateiahlthsingad melying phiat bf lesketharméiomy havi ng a
nmelting point greater than about 1200C., wherein each pellet of the
pluralityoobcsi ntered tungsten carbide pellets has a first average hardness
in a central region of the pellet and a second average hardness in a

peri phera /hluraﬁﬁ%@@ONSﬂ\ﬁ'%e@ﬁEh?erred HhSSEeANE: NAANEERalRl 1P YardibRA er than

about 99% of the first hardness, the first hardness and t he second hardness

bei ng di (ﬁlf ers%?tthro Qﬁu‘?th@ln"{' éﬂn‘?'na}/en thegpq g\}'\éﬁﬁﬁﬁé}ﬁ&ﬁ@gggﬁ‘é‘a‘ﬁ&dgﬁeﬁ&é bi de

granul es s anti y ran rougho X materia
t he pIurallt of cast n r bi ranul es. coppr.ising | ess than about
35% by  vETHIgb R APHS6s gf/r B SEE S oF AR E yeasSR et ar ry o)
bit of claim 13, wherein the bit bod conprises a bit body haV|ng out er
surface @Agrial, pashisiteredanasten carbide pelist camprsing aplusility ﬁ%tuagstqrre%lw ®ne cutting
el enrent being disposed within the pocket, the interface extending al ong
adjacentpaﬁw%%@n@e@kgﬂherwﬁﬂabhﬂehﬂdy,mﬂ@hwhemawlh&@ngnﬂéngp@Mtng el ement .
15. The rotary drill bit of claim 14, wherein the bit body further conprises
at | east grefter than about 1200°C.,

wherein each pellet of the plurality of sintered tungsten carbide pellets has a first average

hardness in a central region of the pellet and a second average hardness in a peripheral

region of the pellet, the second hardness being greater than about 99% of the first

hardness, the first hardness and the second hardness being different; and

a plurality of -40 ASTM mesh cast tungsten carbide granules substantially randomly

dispersed throughout the matrix material, the plurality of cast tungsten carbide granules

comprising less than about 35% by weight of the abrasive wear-resistant material.
14. The rotary drill bit of claim 13, wherein the bit body comprises a bit body having an

outer surface and a pocket therein, at least a portion of the at least one cutting element

being disposed within the pocket, the interface extending along adjacent surfaces of the
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recess fornmed in the outer surface of the bit body adjacent the interface,

at least a portion of the abrasive wear-resistant material being disposed
within the at | east one recess. 16. The rotary drill bit of claim13,
wherein the at | east one cutting el enent conprises a cutting el ement body
and a di anond conpact table secured to an end of the cutting elenent body.
17. The rotary drill bit of claim13, wherein the plurality of -20 ASTM nesh
sintered tungsten carbide pellets conprises a plurality of -60/+80 ASTM
mesh sintered tungsten carbide pellets, and wherein the plurality of -40

ASTM nres Bit®a8&} add4ne et [e#kt 6a¢ Bittey elgmamul es conprises a plurality of -100/+270
ASTM nesh cast tungsten carbide granules. 18. The rotary drill bit of claim

13, wherein the plurality of -20 ASTM nesh sintered tungsten carbide
pellets conprises a plurality of -60/+80 ASTM nesh sintered tungsten

car bi de | }ets. and.a plurali f.-120/+27 M h.sintered fungsten
car b de WS'FJﬁe?rPfsa,ry rﬁ‘ZngﬁF%ﬁ“ﬁﬁ? V@}er@%ﬁﬂbtg%b;%é fféé’ﬁ%gil%egg}y%éﬁtoa%gsth o
car pl de pe elLs conpri sing e n apo 0 ana, abQu 0 wWel g (6] e
abr asi ve e TOMRRS 18thepulsRY a%t%ﬁ? WéBMfM asasereihe isferipsp Al brg BeSMPHesh

sintered tungsten carbide pellets conprising between about 10% and about
20% by wef tistabissive Meamtesigtainy maigeialrbeinesdispoaer Witkin élrg ailleaspene recess.

16. The rotary drill bit of claim 13, wherein the at least one cutting element comprises a
cutting element body and a diamond compact table secured to an end of the cutting

element body.

17. The rotary drill bit of claim 13, wherein the plurality of -20 ASTM mesh sintered
tungsten carbide pellets comprises a plurality of -60/+80 ASTM mesh sintered tungsten
carbide pellets, and wherein the plurality of -40 ASTM mesh cast tungsten carbide

granules comprises a plurality of -100/+270 ASTM mesh cast tungsten carbide granules.

18. The rotary drill bit of claim 13, wherein the plurality of -20 ASTM mesh sintered
tungsten carbide pellets comprises 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 comprising
between about 30% and about 35% by weight of the abrasive wear-resistant material, the
plurality of -120/+270 ASTM mesh sintered tungsten carbide pellets comprising between

about 10% and about 20% by weight of the abrasive wear-resistant material.
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