COVMPCSI TE MATERI ALS | NCLUDI NG NI CKEL- BASED MATRI X
MATERI ALS AND HARD PARTI CLES, TOOLS | NCLUDI NG SUCH

WORMERBALS, AND METHODS OF USI NG SUCH NMATERI ALBCT/US2006/035010

TECHNI CAL FI ELD The present invention generally
r eCOMPOSIPEMATIERIAL S AYCLUDINONIGKBEheB ASHBMATRIE MATERIALS
t hat AFy HERDFRRTIRIES, TOGIHINCTTEDENG SUCHRAIATERIABSIAND

to abrasive, veErAOIYOPUINGHBCHMATHEN S that
may be used on surfaces of such earth-boring dril

bits. The present invention also relates to nethods

for applying abrasive - I ar df aci ng
materials to surfaces Wﬁ%@ﬁ%‘g‘gdri Il bits, and

a tegr tmﬁt Eiglrgiﬁ%seﬁ riﬁﬁ(hﬂg%l g&e%%@{%ﬁ[) ALy F()J?lél l(ariﬁ%its and other tools that
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f in@doecuset 60 dribsubteitagatt foratatioys, dnd td abvadivd, aveadrdsistannardfacing
subt erranean formati ons includes a bit, body hayi

f aeaerialy il eavebe gsed an syilagys Qlturh gadh-bauhg driflghits. “The present

RTINS i oy —
pith sGdives6f bath-baatngadrilbbiy, agd tohdettiodd forBeduring cattihpieldments to an

string that includes tubular pipe segnents coupled end

t caghdorag Wit he drill bit and other drilling

equi pnent. Equi pnent such table or top

drive may be used for rotg?ﬁ%r%ﬂtiﬁgﬁﬂubul ar pi pe and

drill bitypicAl fixeadraitiey, @k Ydrag,heotahdrill biveyr dodlinpaubleahean formations
directly to the drive shaft of a down-hole notor to ..

r dneludestarbit hody brvipg e faceyegiemihergon eaayipg euthag glegents for cutting into
drill big is.forped from st | ' i f .
S8 o oo RO TG o & R Yol stk having o
| NElel@RIpihesieft fofttaahidg Rl 111 kil to aSlitihstrivsy thatigsltdss tubular pipe
carbide, infiltrated with a binder material such as a

c oppaentasqupled end e end beswieanihedill iitandoher dullipg equpmeytt Equipment

body, after._the. bit. bogd: S n r . Str P
¢ euth Pl ey st o M 3R [ PlealBlA Pl gpa cvit bie
| NATkdigatiely, the darikandyasd doupiall @irkdile t6ltheldrive ghaft SFR&®Sm-hole motor to
Such structural features may include, for exanple,

r aigiatd thg A dith ongi t udi nal |y ext endi ng bl ades, cutting
el eme nt]plpf)?c%g}%;t ¢ Piébgcgfﬁo‘:‘t‘a dlriﬁ%%gs %)gxgxéé %rgmdsltésleﬁ !)rae? &w&%ion of a steel

and dri ses an ages. e cu

el aknéEbaiape idlal MarikemsREHIr §6t ctudes hpRICkatisulhteahatatifl, such as
machi ned into bl ades | ocated on the face region of the
bi tungstsanycarbide; énfirripd withea binderimajerial shginass espper alloy. A steel shank

RS PR Bl A WIS et e
S Usehprasa deditlselebiéd DedaRiendat sidcingBe 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
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



pol ycrystal l i ne di anond. Such "polycrystalline di anond
conpact" (PDC) cutters havebeen enpl oyed on

wo 2oog@3otter rotary drill bits in the oil andPgEESWe6/D35010
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drilling industries for several decades. FIG

1bkdnsiplayedndixedouratroanadrili bissdol thewiltand gasowell grilding industries for

bit 10 generally according to the description above.

TReVerdd8530CHri 11 bit 10 includes a bit body 12 that is

coupl e : I - 14, 1 ' :

f or med %F%ﬂgl?}%lﬁ%?eﬁg |°?§@“?’ﬁr° %%lgfhx/é\g Qg%‘?ftﬂg’%ﬁ;d&ﬁ@ﬁ@ %érll?%fallly according

bitd tht dedopipticwabave) Tht rorgydrilllbit 1gnélhdesdh Hidbadyfladkat 20coupled to a
it 10 via nozzles 19 duyripg drillin

f the drill
89"@%9&%?@%55‘{- “Eg?liei(%t shpwhkigdermed 1@%%}&95@& y frough a pottion of the drill

r t i .di 1. . .
DBl A D ATRASe GO viggorge 19 duing
t Aglihigtopb@dyns] Zubihginkad 25 yplvalppdiyaystailine disthersd soenpact (PDC)
bondi ng, or nechanical affixation. Adrill bjit 10ma
beuitiss elements) sersrallynase bprdagep et hit fase 20 ithebidbpdy i%gy methods
operat i, ons. dur iLch the rf. . the bit bod
1356 a0 B Mhfile B ERROPCG (o et rome
f or ces padidll it 1EH8EGe @od hiiReout timboopbEvRINuscedZivolrilling operations

drill bit 10 shear away the underlying earth .
f dnring Whish thenesfaces,ef therft bastydldeind sutting cleseats Zanaebe sibjected to

cutting.elenents 22 and the. surfaces it

T eRaT S et A MBI RIE 2 0 bR RS Rhfkar avay the
t RBdGHINEGES fOnatibe. PhéseRQEMmd oro@unde@dssésTandt thxb@titig elements
at which the drill bit 10 is no | onger suitable for

ug@ ang-thgsurfades ofthe bit badyyEhtovyeay Brenirappthe erttinggjements 22 and the

el epent l.i.ke e_shown in FLG e ed. .3 Q. the.
oS s Ui o5 el RN S sl AR BRI s no tonger
I ghiededorsd ormed with the bit body 12. Typically, the

cutti n% el ements 22 are fabricated separately fromthe,
bit bodyGi2isanenlswwed view ofialD G cpbng element 22 likgihesg shefvn in FIG. 1

" the ou

20

25

30

er, surface of ~the bit body 12. baondi na. .
it st REAIA il RebeBB 26 ebforal BRI Rikeraly formed with
biiigzit Bddyonn. MepicaBy, UsE6uttifg Slefmieh® 20hee HbfitdteDseph@IBNTBm the bit
22 to the bit body 12 as previously discussed herein.

Fhpdnh? anst securied within paskeis g fetneadan thepgut¢rsugfageryt the bit body 12. A

cutter, the. ti el epent 22 may .i ncl.ude, a

ooPyEpg maief AE s S AT S5 PO Cagr alloy oy be used o
Cybdukrd ghee LemBpteldinghts 00 UBSt BiatdZ 32 WhipedvidBly BRcussed herein.
unitary or conprise two conponents bound together. The

b&nrtherqona ifshe euttingelempntedlis y PPE oxiterhthessiting elsimengt may include

to wear an are ot her rtiops and surfaces of

bRt SO Riae Py 8F Sorliited S5 BREPefgnt 8y orsubsrae
s8] WhitH Gsey béRnsydR doRbAKY tviteddsioneBBolRl thesthad in

exposed surfaces of the bonding material 24 due to

wear . 3bkibdsding aeterinl 24|ty pigaliy iginsechalash esistant foowear than are other

r optiees Tar S-SR it e ar PR RERERR2, Hibas smatt wes,
V QbR ahdothbeddh@RdhRbe formed in exposed surfaces of the bonding material 24 due
to wear. Solids-laden drilling fluids and formation debris generated during the drilling
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



material 24. The entire cutting element 22 may
separate fromthe drill bit body 12 during a drilling

wop@vrasizon i f enough bonding material 24 is repowEd2006/035010
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“in h'ar,gfacm terl

Loss of acuttlng el ement a drilling

obeingeidsilingaperatian CWW%@F@W&;‘{&:@‘?%N@E ﬂg’fln&qj@mqﬂﬁ@and catastrophlc
b‘{ ﬁurfglfﬁx‘a%ﬂﬁre%ﬁlatﬁg [0 %El%fgr@'th&{a % qaq{eeﬁ pﬁth@ thtgrgn gﬁ%&t ve method

fore he re

efbf peveme élb@siofmﬁugrammts ﬂ@mﬁgw@mmlﬁ%ep@ﬁumt ti ng
eIerrents uring drilling operatijons e material s of
an i debe raatmmls bf an idead dnib bitawest beettientaly hlaml@o efﬁc1ent1y shear away

it HEED e DAY ot BEEE By B BB fPrces and
Sdife8e8 &Swhieh whil 6his &te gﬁﬁﬁe@ed @rﬁfg&irﬁmb% SfetAidng] elnferials of an ideal
drilling operations, e materials an ideal drill

bdrtll bigi stuss smnnlﬂaawehrwblbetﬂnglb ifractuiqleuglaess. ulnepracticality, however,

SRHEBRE (o iR Sy bk S B el vl gpd ao mot

%}dh]mﬂ RgRRgctHR t&i&hn@s’é h\kfﬁ'.lé mBte8Hls bXAB G R %ho RARe®Bghness tend to

e materials exhibiting high fracture ughness
t lnetlativelyesofteind tdovet yxlgbift ﬂngmlm@msm oAs exthsull, & chmgromlse must be

58t BBt b BB R SR P

ngierials for use in drill blts In an effort to
Sl nultaneously i mprove both the hardness and fracture
t oughnlass efibrtéasitiuthmeoisly indpiove bbﬂltt@ ha:«hwpwdtfelcture toughness of

b‘?af"g\rtltq%}&z QIQS&GE]@?Q% Lll@[e?glgia eesﬁgargfp?g;%etgg surfaces of drill bits
‘ft%gﬂr)%_% fsﬁg;e&@& & balenPharofiRte E&fq%s‘it‘é‘ Andi@idSare often referred to as

ing" materials and typically include at | east
dﬂm@fmsg”mtmlaesdmdbypmllymdmdaae leymwghpllmc thatsxbibatmetlatively high

er aseth h|b| s r h fracture
Sitinraeat! Sty pBisedhe e il B redt i
phot onfey 8g¢ AR re@éntﬁlo?i‘?)lfbiﬂ@@nﬁ‘é}ggﬁbrh!?ﬁijpoﬂéﬁé@&ﬁ eRhedsurface of

conventi onal rd-facing materi al e hard-facing
nate@vieatiorah hdu‘defecsng oagsiale tedreod-feiggmetedilasclydes tungsten carbide

substeny| sy Lopcomy O 2per S0, OUBRON. B0t e
\%ﬂﬁtlgh P aftleltmh §en4:9r c\%;}?a?ﬂlélesr £ %&Mﬁﬂe&t1nb1?m1§}ﬂ{agﬂlﬁ§§ while the

erratrl mat er 46 exhibits rel i vel
f maitixunstetiguigraxbibsts re‘lratn@‘bt leigh ¢artoraouglzesd.cl es 40 used
€ one, or. nor

cast t ?%&0( 1,1%@ ¢ ngr I AGIRG g)@tep@ﬁdgeyec}?mprlse one or

Cﬁf)%! ¢ QA Y céﬂﬁ i01eS, y%h@éd RéndstéN984rB1de particles, and
carbi de partic es ngst én carbi de system

i natrockystallive tmtgstemmadmlﬁ particles nﬁhm hohgste\Cadhndt YPSem includes two
wth a continuous r oé \&o tions. therebet ﬁen. Y

cHeichiomegt ewnee%néﬁﬁg&géﬂ e W} A BRLEUQUS{ANgE (Of Sompositions
MnXlBEGeah. ERG t!.\@%s@ﬁ] g?r\%ig %M%Pﬁgﬁ.\deéi t@&e%&fw&éﬁtﬁéwc and

carbide particles inclu athvely smaller particles
oW, iCohpodeds. Sagathamngiiyn earbide parkclesineludatelati@elly atnbllamparticles of

cobalt alloys are often us
wC bonda d to?g/ether by a matrpx matenala Cobalt and cobalt alloys are often used as

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



matrix materials in sintered tungsten carbide
particles. Sintered tungsten carbide particles can be

wo evom®sd7by m xi ng together a first powder thatPCTUTb20d€835010
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the relatively smaller tungsten carbide particles and
aMEEwEe frevdep a FEEen a4 GUBAIROYF FHEIER thor g sintered at a
P i | f y

DI U T P e oGS0 BB o OB of o
t eterivl dutrogndiegpertahgsten @ibiddparticbata fopamhitileoft@dtered tungsten
forma matrix of cobalt material surrounding the . )

t ¢pibjge-c HineHy pnaeropastpiling sangplen carbideparticles gepepily consist of single
si_ntere ngsten carbide. Finally, macrocrystalline
téxagfggvggrbide particles generally consist of single

cryst algri@fs t¥RniRE kOsisn iE0b bitGugshbduseivo dpply HBardfhcing material
may be used to apply a hard-faci n%r_mat.eri al such as
t $vish as Gptepeaentel! ind 161 o agurfacepf g drifldite The red mpy bg configured asa

ittt priuadt e e RemeRRom Tt RR R e iitot Ailfbard-fppingaterial thatis
t e Wikl @i GarHﬂEgtﬁlitil@lesI Rateadtdné bhd EhdhdlbW, eaRERAl tube may

car bi de parti cl es. east one end of the holl ow,

ch¢ seathdi CHie scaled amdyofiike tibalteah mFhbe sradied dr avrddegfonty ghe desired

tube the be .nel ted or. wel ded onto.the desired.

SR FREER s SR Fre s melsd e e BB s A TR Fbin the hollow,
t UNGREEN tQRTRARIPRE ok hatMxthhtBriilg 1thOddpd¥ited onto the drill bit. An
cylindrical tube mix with the nolten matrix materi al .
aslterhative tetdpopictieebloest forming aciast jodisifithe hardefheing nmatariaband using
techni que inyolves formn t. rod, of . t.he

PSHET PG S JE A ZPEDAIA PG Lot P B! GfGosg apn end of the od
t QFRE il BreBRRINceUn thelidn lpar d-facing material di sposed

at an end of the rod to the desired surface on the )
drill Aid welding wehuiigng slecimay daasedits eppiny Ived-factng meterial to a

a a.hard-facin terial to a.surface of a dr.il|

ool Sre S P s v R EReY hafrefiline betweenan
esitatldesdpda *%gélw? QR ARBuRARC LUK ot #EBh AP iPBesdred to apply a
surface of a drill bit on which it is desired to apply
ahdrdsfacifigmiategiahred @owder miktyre sbrding tath pertickes lofitlinggfen carbide and

ﬁgz%l%p])g? %{Iéétre% nq{itﬁlé%lnﬁ%é engegfc g% ?ligg?tg@ qg{?ﬁ‘gﬁ tgolﬁ C%S}%im%fce the plasma
ggrgl?%'ﬁé}?etd%ré H%o B%ﬁ%?iﬁn bt AR STPA O (1RO OTHNRaf RAk@Rd by the arc

e surface of e drill bit. The heat generated by )
t heltaatdeasetht paicles efsiptrixmeatpdal to Hiresa wéld paelonthe surface of the drill

terial to forma d ol on the.surface.of the

P yigh pibSsgieety SobEach BTy B8 sratp i s Gial bk Tifge surface of
halQrfiani ng material layer on the surface of the drill
bit. V%en a hard-facing material is applied to a
sur f acWheh ashaldifadinginpierinleis apphicel tp ahsugface efip drilltbit eedatively high
are used to nelt, at |least the matrix terial. At . .
¢ TP T B! 0 BRI L st Dreumaln el At e vsptively high

ﬁ%i:éfﬁ%s,bcl%ﬂ’fﬁ%ﬁ‘fﬁlﬁﬂ&l Ty Qictu‘? Bet%@:gf? 't}féec}lﬂés'iéﬂ GH88e Afcles and the

the 'matrix material, hi other words, after applying

t hetrbamedtetiat i hgothrert woida) afteatapplgmet the dwnel-facing material, at least some
atoms originally contained in a tungsten carbide particle (tungsten and carbon for example)
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



atons originally contained in a tungsten carbide
particle (tungsten and carbon for exanple) may be

wo eam@3i7n7 t he matri x material surroundi ng the PONYS1086/035010
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carbide particle, hi addition, at |east sonme atons

opirgitlealll showarih FTGedl At ledsesorae riorsraigarallil copiained ifi dhe tungsten

exanpl e) nmy, be found {n fhe_tungsten caybjde.. .

pearbidg pagicler{0dungsted aag cay DTS {5 GHUP ELEY PSR p sgion 47 of the

CaL Rt G Rafik 4! iﬁlmde%iaﬁagﬁﬂrréglhdﬁgﬁhe fmgfbn LEBRIE g§Ri‘Ef‘e 40. The region
y I'nthe

atomns ori gl nal cont ai ne tangsten carbi de
pay tdughl idduddstingsgien ofithd nuarib ontdriat 4eaminsbéjviththdphantom line

found in a region 47 of the matrix materjal 46 . . ,
| AclaiodiEPy 2 [pertGoma aﬁ)@l&%@ﬁgg@téwe@&th? patrpepateriql 46 (iron for

40, T i on 47 ine : ' the. :
T L A s S8R B
480. MRe 0@l tdgivh 4 latoukBlgShcladeyahatapion afrthgiumgbtey carbide particle 40

contained in the matrix material 46 (iron for exanple)
maytside theophaatonnlize per i pheral or outer region 4 1 of

the t t en..car bi.d ' 4 | ' . .
ough § T HERHGR PRl oG s e R BNt material

P2k hia§leMbiftleqhé Miat titerigihianh ¢ bgios 47 2urrclinditigthe tungsten carbide
di ffusi on between the tungsten carbide particle 40 and
t hertintet 40 andreedues ahe hardnesy fribe itwrgstent gebidaperticle 40 m the outer

L

t WRES s nd&ea iR kigearD Bt dbedsBreARedr-Redifight OutdEicinE tatfial that include a
t hereof, reducing the overall effectiveness of the

haratrif meferigl thattallpvafor atpmeie diffiision befvees tyngsign gabigleiparticles and the

the art for abrasive. -resisfant hardfaci .
it tpie e B0l ko e 9 Lbed B LB methds of aplying
f Qhcradbpdive vhabfdisdtan hRAFRRMAtHNES, 08 feadiili i and drilling tools that
particles and the matrix material to be m ninm zed.

Thelwdei syclamgtsrialsneed in the art for methods of

appl yi ng such abr asi = | faci ng

materials, and for &ﬁSF&@H@?ﬁWW I'ng tool s that

i ncl uden SMCRPEMRIRS pradenit infAntich BoWREs &abtdMWENdaf N slstimOmeterial that

aspect, the present invention includes an

atchaley eweairix mediril.anplurpditieef 20 ATEY (Amsrigae Sogictyeor gsting and

L al., | j f -20 A ' '
SR P
Chsde RRidetanuldd dThe Blngs@hichibid pelkf afhaT%‘hjéiﬂéshale aabstantially

tungsten carbrde granul es.” The tungsten carbide »
pedrdendy disperspdahreughkouile matbismeaieriadl The mafikgngtprial includes at least

di_gsper.sed. t hroughout the matrix erpal .. T ' i :
O P IR o LBl LI U I o s
hagnhRtelRhibidihelel intlugés 4 fRfalinhaNualaet catido B&zticlea bbnded together
sintered tungsten carbide pellet includes a plurality =
ofwithmiisterallophividga prettiigyodnt gienterdlpn abgut Ré0°Gi {mprg-application
bi nder al | havi.ng a nmel ti ol nt ater, t :
136150, 5 b SR et (R p B Ch 2R B e F RO Sthens of e
f %H%iv% SRRV ARG the BRa Ao aRAskd KRB catsilghdlleBicomprises
e
between about 30% and about 55% by weight of the abrasive wear resistant material, and
the plurality of cast tungsten carbide granules comprises 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-

5



abrasive wear resistant material, the plurality of
si nteredtungsten carbide pellets conprises between

wab@an3®0% and about 55% by wei ght of the abraBCT/ESW86035010
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resistant material, and the §Iurality of cast tungsten

ogsislademaicaAl fespluahpr olsdd MRS mehCagbivnestasoarpyle granules may
SBHE LA Bl o P 0T RS LB ek B A LR e pnd e plility of-
| 700 ASTEMGRésheen titlpSish catOfde polletadnayitoniiiide bytwaeh ghvtit 1% and about
t he abrasive wearresistant material, the plurality of

- 31 by Wvight ohthe abrasive Aypat tesisteat BiakEiabr anul es may
i ncl ' ' f =100. t  LMOGSLEN. o st
B e e L et L R

Cabtertad BASHRNat iRk PTEE] el ifd16de¥RfirSIANREIuEES 2 B&Jone stiucture secured

about 15% and about 35% by wei ght of the abrasive wear
rtosthe tstnetureealeng an int¢nfacgnanchaboadipe anateria elisposesbbgtween the first

SERHT LR SeRA oS o SR ahEHoE oo celiHal pegpres the firs
SEdUSCE S EstrRUFECRBEhSE I'Hd deBcSRptHELEhcluded A€ alsihsive Weheresistant

along an interface, and a bonding naterial disposed |
bekieeehdisheseflianse setfacecolithe davice: hdt deasbadcostingwsupastion of the

FTrdesiar Shedid s SR A o Tt bl surfoce of the
f Wb REEricARL UTRS cHIindBEPSIVEn WE Be- WS rsslishdt: niMRdrR eRlends at least

di sposed on a surface of the device. At |east a
cover ithel ousrfawe rtetvosendhe fings siwsaturg esd Hteasscondasteycturk aing covers the

bonded to a syrface.of the first structure and a . .
<itrshge i dbe BEeHEF wEdEttY P S e materia havinga
PREKIngReRberhiife YEREs the® hEHANT 00, & Alddali8X§feetered ttungsten carbide
| east "over the interface between the first structure )

apalletsrabstedoly ratdomdy dispersaddhmugleous thetmatiis nditarigl, and a plurality of

mat erial . The. abrasive wear-resistan teri :
T DIPTSR heoughout the matry
tgapeLpt ure of less than about 1100C, a plurality of

sintered tungsten carbide pellets substantially o
r andondnyandiddensledpechtberpiesunt itvieatioraineiudesratotary diill bider drilling

a plurality of cast tupgsten carbide granules. . °
Selustienbrganan ooy dea £ Baly o ac o ot e e spoured o
NREeSit ®bdy llbn@nadiétdcenals agee %:'ereki)li{, [‘tﬁ? gfx?ﬁ' eadill bit” includes and

i nvention includes a rotary dril drilling
sezbatpasseednllihg tavkt dfany carfmuratiop) indeding cdre bith eehgniigdits, bicenter

at. l east one_cutting elenent secured to the bit body . ...
P2, T e b DGR DG O Ui B e R W in he et
g%;b}?iéﬁgélmﬁi@me@mm% % bEkY Add tH8at10Rt SneQiuttdd¥lement at the

atron, 1ncluding core bits, eccentric bits, _
bintefice ranki seeyres dwnar lsast ninel @ittingy elgmit ®, thedhit dpdy o abrasive

bits, and other, sych,structures kn .in the art, A .
IBSH R B eril HRL SRt RSP oD, it gy el sl that
anxh@?s%‘é bRReef Uhbilt P98 LBt 8bvd BewkiRhesf e 8b@8Fe wear-resistant
secures the at least one cutting €lenent to the bit

boderialin phinabtyiof 2WASTM ewbls siaterednangstérndarbilapellets that comprises

ipcludes, in pre- | ] ion.ratios, a.matrix material.
t E%ﬁween Bout 309 and about 5%2% weight of the brasive wear-resistant material, and a

plurality of -40 ASTM mesh cast tungsten carbide granules that comprises less than about
35% by weight of the abrasive wear-resistant material. The tungsten carbide pellets and

granules are substantially randomly dispersed throughout the matrix material. The matrix

6



conpri ses between about 20% and about 60% by wei ght of
the abrasive wear-resistant material, a plurality of

w0 2@7A87M nmesh si ntered tungsten car bi de pel | ePST/UbZIl)6/035010
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conprises between about g% an ut 55% by weig of
tmetea@lrla@lu@ aﬁ@aﬁtﬁe@mgkea ¥ Weid ﬁm has agpeftigg Bqnm%ﬁ 1?%5931&11 about

{111'984&5 es e’g‘g %%1{ ﬂ{iggﬁﬁﬁbdggmgh\ﬂﬁ%@ ?[ﬁkﬂg@t@n thdtde particles

aRyrASd wpethAvith easmﬁdea alloyiRivarg zﬁﬂneltﬂi@@otnﬂ RERtee thapabbitde00°C.
pell ets and granul es are substantially randoni

di sperlgext @h@fb@gmmt th@eprﬁsm« uwemremchqdes arﬁ@et%{od for applying an

trixmaterial % ckel i g

S e R g S
Sfo%%t'i@rﬁ ryogetRa nﬁtﬂlhcle@ F)rdvitﬁhg@@ﬁll Blt Rl clicihd 4 Bit Bcfdy having an outer
tungsten carbide particles bonded together with a

bsunfhee, raixiing/a phvality of - ASTHM np:@h isinteyed Aungsten iearbidenpaiets and a

}é&%ﬁ@’e%fn éé{malef %ngﬁ-& t éﬁ %%1?@%‘1 ltl}glr&ytﬁ}lg }naPenal to provide

V‘@?f éﬁlp?)ﬁbﬁtfoﬁ%rﬁ%%éa@kesls%n@nﬁ&l{rfa@%ﬁd @hel@nghhie nhatfk material. The

I'ng subterranean formations. The met hod
i molterdmatrpr mutedalnef leastisanhd ofishe smmdjdngﬂyenepamde pallgls, and at least
havi ng

B0 Sl 0 e BSLT) B g o e v
pélﬂfa@{a bf theUrilr o aﬁ@ﬁM HBER Ak hHOSS iEH1ATAl d®e matrix material

granufes In a matrix material to provide a
pineludpphtilemt 746 natkeHsi weghﬂeaad haeesmttmgtpon'dmélesaﬂhan ahoapt 1100°C.
nelting the matrlxga tri

MRy $1gqeredatpngség15pe s ta uré'l gro %ttr WRESSH, Fnéiﬁ particles bonded
C@)r BindewREh ngtdgr alﬁ;? ‘ﬂa@ﬂlg E?ﬂ%ﬁﬁlgﬁﬁﬁﬁ gRatel ﬂ%n%@@&t 1200°C. The matrix

gst en car anul es are applied to at |least a -
pmratemahccﬁﬂpdslee betuteen abaut R8%eandfabbihie6 (36 bly Iwelight of thedpre-application

nolten matri x materi al sol.idified., The matr,
R RS S b Pk e S\‘;S‘é‘ucaﬂ’ﬂ&%é%ﬁﬁets comprises

h@ectvv@er[%;otu't 568R4 ngou%S‘% ? SveldRBdr RO Iapp AN alﬁé’s‘f\l‘b wear-resistant

sinter tungsten pel ncl-udes a plurallty of
t tagsiag ana‘tthelpihdehtp af tastﬂ\m&t@mmdade gmgdbhmm*hless than about 35%

2 | gg’gr@ ‘?qﬂgg ﬁ?ﬁ?%/ﬁ& gﬁg}nggragivg s Irf?stgs :‘IEQB% temLElJodlmen’cs
gﬁ/ﬁlﬂg d ,8h é) 0?7096 RYTNEMEM siErell l’t‘\?n%&ﬁ c@ﬂﬁ’dé ME!S%Hd a plurality of

ras -resi stant materi al epuraltyo
S Mt &S BN rheﬂhg;aiteumgs‘&n bmdbe:le;gedriuﬁssn g onpTy matsrifdenaysemprise mixing

R pimarath S medh setork phebeR ErhiE neles e Py of 100

tR& TRk %%11 to¥stOf g@éﬁ {MRES LML A d%ﬁﬁ)@r}%&!ﬁt‘éﬁal to provide the

conprises |ess than about  35% by wei ght of
ppe-apiicitoat homsiab resir-vesisvedrmatesals tianwhickttbe inadirix |rnater1a1 may

sone errbodl ment s, pluralit ASTM 1re

SFWE‘&‘*% PatWRRISARONt g@?tﬂﬂﬂ@% 308 gy é?fy%sqﬁ Oﬁz*zﬁ%rF .aPBh 10h abrasive
t [

oy ?ﬁ%l%aa??ﬁﬁtﬁgﬁﬁ thd gﬁgzﬁfrt)? gié &?nfegélcﬁgmgﬁ@ﬂ‘ Sz!rlrgﬁlletﬁﬁllgts ma Ocomprlse

ASdiMesE athous B Otoaane dbdiuﬂ ﬁg%tbg rveixht bf tHepreedpbbtation alotagive wear-resistant

plurality of -100 ASTM nmesh cast_tungsten carbide

; p&atetal and the Hlél{qrhty( Oﬁgetsbpmgq;teq @rbﬁg §fs gy comprise between about

P4 §"/aa%{a| a'ggﬁtta %SQ/] D3 ?ggl't Xﬁh@ﬁger R b P radiRY WEdr Bbsisthrt 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 a rotary drill bit



conpri se between about 20% and about 50% by wei ght of
the pre-application abrasive wear-resistant material,

wo b@7pBarnal ity of sintered tungsten carbi de pePCERUS2008§35010
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conpri se between about 30% and about 55% by wei ght of
t he it Appbddydiaiimg aabuessurfacemealudingsi picket thareih drat ialconfigured to -
and the plurality of cast tungsten carbide, g,el ets

may, .
c rpeivedSuliag pisainh 8 d PosTEonian § CuiBe Plemss) wiupdhepackel A brazing

DR PLGrARRLd. Gl v ' i dth
8 L L BRSSPI BB et e
mtfep Guﬁf&g of FIF&Eh hegda r\:\ﬁﬂiﬁﬁ t}ﬁg)geka nileﬁgingmnainmirfgcéaﬁﬁyebeﬁween and
a rotar ri bit. The nethod jncludes providin e

r aolidifiedir An pbigpive Meputssisimbmgieriabis applipaio ﬁgsuéfﬁceo«%ttg? drill bit. At

LR DR OB P A B 6 e

Cukd éﬂﬁndgeéleﬂ%t andi 4 portioh e tHRosdtat surficdoBithientdt ddyoyTHescontinuous
provided, nelted, and applied to adjacent surfaces of
t ipertiontexiends @iceatdpast hadnterfecebgtvenen igcpine clomephandpiaq outer surface

? %gﬁﬁi%{ %gﬁhgﬁa%g% %&r%%%%&io% Igg;é%}%pglég&%eraﬁos, the abrasive wear
VB stAr? Thatri cofRkiSssd Amat®x adRriaBd plaraditys uf fiageedfunphien carbide
drill bit. At |least a continuous portion of the

alpebiets \aad wehiralityoif sast hngstan etbigle granulnsn dég magrbgmaterial includes at

surfa of, t cut.tin | ement ..and_a .paritio f 0
TSl Syt b S By Kb hupygore. e
XLRREE QYShe Pellbigant shbRartllg rhakenibaliyRerdt fifoughout the matrix
cutting elenent and the outer surface of the bit body

amehtental. eFwthehpoiss cach migteatd toygstanpelbet énchysisk R phralignof tungsten carbide? .
;%%Jlg?c &s ﬁoﬁ&qc@{%&%ﬁl&v \S;('tﬁ%ﬁ{,igcﬁe?fé 8\% gg\élllg? tér}eeré%x?gl B%%gg%%éle than about

capbhde pellets, and a plurality of cast tungsten
carbide granules. The matrix material includes at, ) )
| east THRtferitalesladpgntegsisgind adiathatissaspests pf thegpresshhinvetion will be

I h b ] C..Th . id LI . .
SR AR 5 RS, SRRSO liine aoe

MR Ky b tiBR b6 Blred WolIMRiATA SyithaB6 RecdiipaByiag diawigss en
pellet includes a plurality of tungsteéen carbide

particl es bonded BBt BESCRIPRION PrHIRAVEINGY havi ng a

meltin oi nt greater. than .about .1200C. The f.e res.

advant g@/@’i‘f ?%gpeﬁﬁcé”flﬂ%ﬁo{}%lug?p& s‘g%lfnst ﬂ%r%ﬁ?lglg% z)toglstmg out and
| INERIP Blaithih b (18 WARINAL Bddhrded ab HRBesthi ihb@fionNiht Bevatdges of this
froma consideration of the follow ng detail ed

désvanitiph imay be o1osé wedibhscertainadidionathiedollawing degesiption of the invention
acconpanyi ng draw n BRI EF DESCRI PTI ON OF W NGS
O e SR A T e ROP TS ML AT g I e

Fti cuhar| % JRRIPEURG vk oBYSty Shé BEN bit it Aclidegcitiad elements;

pa
which is regarded as the present invention, the )
advant d6s?2 of ant énlargéchviewtdf ercutting efsanand pEthealaidl hilshown in FIG. 1;

ascertaineqd fromthe follow ng descriptjon of .the .
i nvent ﬁ*lgg% R g,eggaeqtﬁt.l%ﬂflm ﬁ rl,’g{"iOBHCf\Rﬁ&%Hh toﬁ A1 abrasive wear-resistant
aGGAIRAMMNIn LAY AFSstel WhiB8 particles substantially randomly dispersed

throughout a matrix material;

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



FIG | is a perspective view of a rotary type drill
bit that includes cutting elenents; FIG 2 is an

wendoangd? vi ew of a cutting el enent of the driPCT/bE1006/035010

10

15

20

25

30

shown in FIG 1; FIG 3 is a representation of a .
phot onF X3 oy iSab Kergseaiation 0f & RheterpisrosFapk; & ah fbragive wear-resistant
that . . id ] j

S B8 oUE a RaE S5 BBl iy SR
4cdrbide paidles s@sthntibradtolst dRgsdednhoagivud e nparit; cl e

shown in FIG 3;FIG 5 is a representation of a

phot onTX-6gs appnlarzed Wieahphasiupestonenrbide prricledhoyain FIGy 5

that e j €s. t eachi ngs .of the pres ' i.an..and .
that | RRTAED PERTEIEH Sady of deo i ARneh YR SUNP B gmbodics
r RRSaREYofIhSReEmehvei@isghout a matrix; FIG 6 is an

enl arged view of a tungsten carbide particle shown in

FI G 5FIKGGB iy aldteraberogmieatioped viemead the cuitingielemagt shown in FIG. 7A

e] ement of dr.i | i1..that enbodi es teachings of the
p*‘agg%g]?ng Fﬁ?gﬂ’? Flﬁﬁ?Bgl%hepf@’i s a lateral _

Cr 0Ss- BRE (994 on¥it€nAlcrdsbB8e@idhhl i@y 8F BFBMinS BeMEntsAown in FIG.
FIG 7A taken along section line 7B-7B therern; FIG

7TAitgkea alanggiectiodilingl 7(e7Odkereisrt i onal view of the ’
cutt n%{@é%nﬁglg%h \é%slﬁzrs]ecgf&%l]sv%gwltl%lg gk&gglf 1306 7%eﬁltulst?er1][ing another

line 7

CEQRBSs SIRmbhiQTal drifl ik &ﬁb&d}&tte&fhifglg_@fth%%rééehyﬁb&ﬁidnpg
another cutting elenment of a drill bit that enbodies

t eachi Rlfs 88is ¢ nagipndisdtosssewionalongw Bf e c@Bng slement shown in FIG.
I gn‘gi tudi nal cross-sectional view of the cutting

ef@ t shown in FIG 8A and FIG 9is a _

phot onti oGk 8RhotBini@0e @bk 8B4y Sord@/! wERSES A mdiBE 4 HhA bmbodies
t hat enbodi es teachi ngs” of the present invention and

t teathingsodf titbgseseutigsention @ad thatiacluded thogsts carhddet mantidles|shstantially
rando .di spersed .t hr oughout a matrix. MODES FOR

CRR %I@ﬁsgg‘liﬁollwp XFhe illustrations presented

herein, w th \BSEMEGRICAMRYING GUT SHERNEVERTIORANt to
be actual views of any particular material, apparatus,
syst enfhoillustedtivosiprebantedtheecinewigh the exieeptioz efFIG. 9, are not meant to be

representatjons which are enpl oyed to descri be,t »
R AT B A BHCHAMIe AL PN B o HSIFHS QX JRFHBAG but are merely

bgi-ueRA {égg&e%é%&ﬁ% whithalaft RBIGRABIN WPEREbEhe present invention.

desi gnat 1 on. represents a polished and etche
sAdflgionallyf, eemeris avnveomEmtweeds figtuan t maptretaim |thd 4ank atumerical

’ a‘oodi es teachings of the present invention. FIG 9 is
AR, :

e
a Hap-

FIG. 5 represents a polished and etched surface of an abrasive wear-resistant
material 54 that embodies teachings of the present 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
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,



phot om crograph of a polished and etched surface of an
abrasive wear-resistant material that enbodies

wo eaclhsergs of the present invention. ReferringP¢DUFL0G6/035010
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5, the abrasive wear-resistant material 54 includes a
pland aihl'glﬂﬁl‘ pfojesitinbe c@dimpulygotied irc ankhafeanpedthert sorbgpharichl tungsten
aplu al i of cast tungsten rbidevra | es 58

ihrtigles) Tn Siierorgp tinenis pLBa Diea S dutrOlen. ghe faet upesten carbide

I &l 6

Eﬁ%‘fﬁ% e RN ARLBEIH AT PR ) M. b
The t erGortigrelshap'edges, amlezdginlarla*ojecnmmaqudmafesidohletresses which
havi ng a general | y sg}ﬁerl cal shape. Pellets are not

t FRRY SptRTREstenRbife rtcrinkindhs Wélroéls okthg pptisles proximate the residual
a ggeéseg 1Pt &F idv?é?%erﬁﬁ&’é‘i‘&f@sydlﬁlﬁg %ﬁ%ﬁé&g% 3 t}fedab%?ve wear-resistant

non-spheri cal ngsten ca arti ¢

s anxertaliiddo anifsceasf atdiil] pik.eMeiting srvRftidl areltidgdhef th@fingsten carbide
sten carbi de granul es_may be or_include cast
awg@tl a Jupng ppRjcaten may &acilgate grmin diffusindetweencthe fimesten carbide

E\ﬁ{tgzle%d&asche @ﬂgoﬂﬁ&)# xﬁ{x]tr&rrﬁétgﬁetﬂ' O&f’ﬁl’@%{l %‘%ﬁscﬁgseg herein, atomic

ual 'stresses cause ngs car

mali fiigied bétWedd e hRgiomstetibl ddwxdpné tihebesumgseen daEdide pdlRts 56 and
residual stresses to nmelt at |ower tenperatures during
aspiti Bagsien cambiden gragplen 88 \raaembriftles thet matrixnmagariah|605ip regions

t %H%Mr?ﬁa&? %Hq:'é lJu!le € egs % 5{%}&@% rr?dé P gterhaﬁ%ness of the tungsten

am@llmd‘eqieﬂleﬁﬁ 58p38 13&1% dmdraégioxﬂitﬁéf‘eﬁf Hubh bt dipREWR &ihy degrade the
t he tungﬁ; en carbide particles and the surrounding

mevetell phutiesl pedpertigs op @b@glgp yvegt-ge@@%é@aw@p]ei% The use of smtered
a tr % IR
L PSP Pl ) o

-t ¢OEEnEBnal athiste @hkiae |p@1$1cﬁ§ thRYin€lilE céink®, El¥ep BAESS] #nd angular
~material 60 in regions surrounding the tungsten

c AYPG®np BlaY MBiIceBIchewmip diffusioncherebephsrdngths phsiaahproperties of

SRR SP R SR ng L DS S5, B oo

phyised lcabideaRiibts 68) dafrmg appladatias bibe Waadive Redr$ésitint material 54 to
material 54. The use of sintered tungsten carbide

péig W@C%f(daﬂldm@pdp&mtqo;s cast tungsten carbide

pel | et f ve naI n & o

parti C| SR %%eﬁlju? %%gl ég) '?) ?Itse a"tl) gtslg) % ang ﬁgout%/o by weight
2@ tHeibra3tve] wee-kdsauidnt ﬁﬁ&brfaﬁsuwm s‘éﬁmnﬁioaml&nﬁ itief StkiQMaterial 60

~thereby preserving the /phy3| cal properties of the

miayicRmpeisepstaperspodhid’ mdzéfiom Y%e by aithseldhe duptiyaiwear-resistant

?r?allt efjl Sg 8}‘%% Pa\rﬂcgﬁéﬂp}g Crg%thx ?rl%il ﬁé rrgup %{plelge %\r;vgerg Sbout 35%

Waﬁdi ab&gi SR DY VV@glﬁfdf&he BratiOe tRar-Fdistaat emitedfal SY.1 The plurality of
bits and other tools. The matrix material 60may

c sinfared amsweneashida peliats X09n ﬁ@rnmmhet‘s@%abyuw/g pd afout 55% by

te??% o%{% n,z‘scb% abl}’a\ﬁlg/g I -Irg%gsﬁaéxﬁ él}na?et:arllear '3 nﬁ\}“‘&é&?ﬁﬁ% ¢ plurality of cast
bediween c%métgr%%smdn@%kﬂprﬁg%s?ﬁhaﬂ%cﬁﬂBS%fbyt\ib?ght of the abrasive -

abrasi ve wear-resistant material 54. More
p aveai-ragistant ymatmfé Stat Moxe pattisplagly, 8@ phusaliso opcag dungsten carbide
bet we

granuFes 5@ may comspnse 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



and about 45% by wei ght of the abrasive wear-resistant
material 54. The plurality of sintered tungsten

wa@ asgiosgopel | ets 56 may conpri se bet ween ‘about PGDUSZME 035010
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about 55% by wei ght of the abrasive wear-resistant
rizelletsiSqImaype aﬂagwwé/p howeight ofdheahiasys woargesistamimaterial 54, and the

DR PRyhRR SRR e SRRl PR L 67 e P o abrasive

NRbLrbAdtatdmatbiesPani iagditiafdl YemBodameitsi e iplotaldthy ofasbt tungsten
tungsten carbi de granul es 58 na%@tdﬁ rlse et ween
U1

atsobitle gOen§3 aryoNEBHE BHtween g 7 il alton 8%y weight of the
ar-resistant 54 For exanple, the matrix

%?Yeweaéﬁemﬁ’lnqaﬁléa% %ét 40% by wei ght of the abrasive
wear - ' shiaRH 1k Rh 'cﬁlblcﬁg)ellétﬁl 86 Blay baldrfef ilPéizSthh BE @&t tungsten
tungst en carbi depel |l ets %/ be about " 48% by wei ght
ofarbilegmbulas § & Futharmoresthe nemberof cast fuagstericaabide grarules 56 per unit

e oSS AL 0. ST SR g Pt o
g%iﬁt@féd%ngéfbn chﬂ)l&g&ﬂ&ﬂs 8B BLr Lﬁl'fmféﬂhﬂ@@ﬁtﬁe alirR8vdhedrabdidtint material

cast tungsten rbide”granul es 58 may conprise
b&t.ween about 15% and about 35%- by wei ght of the
abrasi ye wear-resi st an

tungst b %%de%“%&ﬁ“lca’t e 65 e 2 sy gles. As
: E%d ?';lgl% , ¢ SE RPN PN eIk gél}gt?sméﬁs gl%!ﬁ ﬁl@ﬂ'a@é’a%able of passing

cast tungsten rbide granul es 56 per
uthirctugh@hu@l‘ MfNG.120 G Br/astandanddestingesivet Sneh sinteeadi tahgsben carbide

may. be hi er than the, nunber. of sint d t

ca@lbrscj@abgqa Ve £l agrage digmeter Qfolﬁﬁﬁ%aafa%%ﬁfegépglgﬂéﬁg The average

V‘@i%%e%?%f ﬁ{e%ﬂﬁex@'@gﬁf k@b cérﬁtde BetS 5BLEF He'fw&%ta%[iut 1 1 times and
e pellets y

carb i nc e -20 ASTM nesh pell
Asbous & dintes reesansr thanethe hvasge diafd@e ST naess hungsteh eaubide granules 58.

RSB CcPRe SRR PO UG 2 A0 gisch Haniles. As used
Shab! fd p&ff‘é@?shs I\ lﬂie i %ﬁﬁgﬂe@rﬁeeﬁﬁ T RAVR (130 aRVEH AU oS passing

di anet er ess t 50 mecr ns The average
dihasshein STV . S‘IOrIﬂ Srﬁechtdndm@ﬁt&kmg cvbi Hesoped dnethasliBénts, the cast

crvatier cehign crmales ke dinie CASERPRkRh Gl irmsertice pelles.
CAL t&k%ﬂleg%g ik ?ﬁra@@“ lgb %%ﬁ k-xe%ﬂ/?gﬁét nmgﬁ{sgieﬁ@ts ﬂ/l&é are capable of

granu I'ncl u gran
upgdingetimiugh ah eSTVIMNs € 00-148 mﬁ’s'fdnddlanistes@igamawe sSudeasstungsten

granul es that are capabl e of pass ASTM
'Nearbidg granyles maythave an gvaragerdisrgetes %fﬂgs F %‘i)g)%?% Mmicrons.

embodi FEOH %baé‘t‘% el 16 §t§ﬂ‘ca§l§iﬁpgéh%tsg§6 ﬁélu&%mw ASTM

i ncl ude t t ungst car bi de pell
Amekts pélldig nad mthe dsdseumgstals earbtd& @@am&'ﬁl\ﬂ&majn impaldeed &0/+27O ASTM

means pel lets that are capable | t hy ough ,an
AP S8R 0NN At e s R A 180 SRFPRs qagans pelet

| O#HAP%IS%QP%)Z% Qg go a@% ?%h%? %ﬁgﬂ@}ﬁ% 89 1Y &' 2QR4HL MBhE Sieve, but

ess
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
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



As an exanple, the sintered tungsten carbide pellets
56 may include -60/+80 ASTM mesh pellets, and the cast

wo 2ovgeseEn7 car bi de granul es 58 may i ncl ude - 100PeR¥82006/035010
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ASTM msshN%r anul es. As used herein, the phrase
U@omswd thating stevpePuchicast tangsien cgb}d@@f%m{eﬁ A48 mgy have an average

C‘—? g?;}gtlg};e ing ratl ngr&)mgapér i h{yaﬂ?) xﬁﬁIMb %)abchq 15 §n§’ons

|ng S I nCapa pass

t hr oughs @ﬂotﬁéTMaPﬂ@le 88c Wlupalfly oftsanelad durigstehi d’éi@bl&d: P¥kets 56 may
Such sintered tun /gsten car bi de gel | ets may have an

ameludgepluraditeefep0/0B0 IASIM msansintsemditupsstenepthidapeligisand a plurality

OR3P SRS AR ®pnd Bty of 00

hﬁS?M&nedﬁ%ﬁﬁ&e&flﬁh%b&bﬁ@arﬁﬂ%blh&s Riby SS5His0 BetREDAIL 30V and about
ASTM No. 10 standard testing sieve, but

i 4(1% balwteegho bf thagbraﬂgfetwﬂanc@tstamhmw Nb anQ Tepleality of -120/+270

AR T N e i S
f i%‘bgrw&gm' Jretheb¥rasie 'Hfé?af %Fstatn@ PRI 5459\3”113%& ®Bfein, ABe phrase

anot hér exanpl e, the pl urallty of sintered tungsten
c'ail RO/dt27 CpASTM meﬁ@eﬁaly iam u$edderein, preanspellets cappableddpading through

Y G eI O
Cﬁ@’@l\/ﬂﬁoPﬁO'@“SSA sTqiRlaR HEid sﬁé(feOfSuclﬁQﬁféﬁaQi ORIMA B de pellets 56

-sintered tungsten carbide lets may conpriSe between

ainay haz0dh archga kidarbetdOivo ebx;ang@fnghut appfoxtimetelbfGsiisrens to about 125 ‘
wear -resistant material 54, and the plurality of
-REEPL270 ASTM nesh sintered tungsten carbide pellets

' g?yt ﬁgfﬁg% Em}ﬂ@&Mp ERbBBRNt, 1s2¥oravad nRRAYtas2B% %Qélmiﬂ%' et abrasive

lve wear-resistant material 54. used
heeaimsistaitengbnid e thayl ARIuR 2DoWSII e steighd Inlmms matexial 60, about

e TSR 3 PR G o Bt
' 5’59@7 d%ﬁ! Q49A3@§‘§§Tﬂ9nfegl{ Qi4Bfin eMMi@?ran%%QSy Rs ﬁsed herein, the

st'anddard testing sieve. Such ntered ungsten carbi de
pﬁhhmt“sZ(B&OuﬁSThhn&}mellaw’émgs reiletrdtaeareicapable dmgssmg through an

CASTLERRL S [ 1ol A8 o, R85 BT bt o

?AS“[W{]' %d‘@ sagog/oé%&a%d \eé%ﬁ 5R%E S B R URS }Flﬁhse54l4m¥325 ASTM

I NCl U out Yy MBIg matri x naterla about
4Bkl laa? gmm&@mwmwsmmmmm@mgmgﬁw No. 140 U.S.A.

ASTMsHEis R s SR enB S e Groaniod SEM Nao s LAEA. standard
h{%F@gbevtehTh@méﬂﬁﬁnate%% gx%yb‘x%'l_%é% e‘?%h&e%tﬁloy,%ﬂ&?may further

that are capa passi ng through an
I\bmluﬂ@ olde Br Aors hadidanad desntritnguchi my for dxampia ch;mﬂuhm bbron, and
t hr ough TMNo. 30 U.S. t d test
FSJ ggaléln dye rggq?rgyf W’fae?]laﬁ gavemylﬁgég&%‘s%{%%}g% albggt 1100 °C,
ﬁlrdolg%i xHIFRABaREL e fv\tegh aB6& 35303 26w Fo RARS RAGkwell C Scale.
More partlcularly, 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
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 embody teachings of the present
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standard testing sieve, but incapable of passing
t hrough an ASTMNo. 325 U. S. A standard testing sieve.

wab@7oaini X material 60 may include a nickel - bRBEEUS2006/035010
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al l oy, which may further include one or nore _ .
anhrerticon aSuel ethsntcarbideshingkide.f bt &g 1o lisnitesh top rhtamium carbide,

boron, and sjlicon. The . matrix.material .60 alsq. .
o PR RSy s oA SIS iy iy dnd vanadium
MRyhR¥hi bit a hardness of between about 35 and about

60 on the Rockwel | C Scal e. More particularly, the ’ )
mat r i xThameirixahatédnl 6 magxchinpiise ambtal dlvy sgateial betingemelting point

cho 49 and o 5% 98 e, el € Seel o Fo s o
ofhetat)gugg%ty;bglsﬁl%r&&‘%{@ﬁ&{‘ Weblde pelpt856 ma%%fngﬁﬁ@é‘ PhefitBtungsten

sin ets carbides ot her than tungsten
cedrbidd @amicks bomded bhegetime ditha hindey alitey lalvingsi melting point that is greater

wear-resistant materials that enbody teachi ngs of e
pitan ShERAAA Forhor CEmPlas B PIndsF RIQLEAY AERBG 2 fhaltzAged metal

o RSN - ohr o . : . X
B
agisbuy apeati Cninctaislkbaigurdtivn, thetmatkix metterial 40 n6Y beaybstantially melted

conprise_a netal alloy material havin mel ti i nt .

{ Reiing @pPiiguionah ihs ARBLIE WePOTESStanE A TTRH i Sttt 01 A drlling tool
s . .
R
pbisded dlloy o@fthd ungsérecurbide padielepaf thecdigsre ounstn carbide pellets 56.

together with a binder alloy having a neltj oi pt e
¢ BB eiléblasrT@ﬁﬁ‘é‘ﬁSIYﬁ‘é(ﬁafa}BﬁiEF@nt@@SU@.S%If‘E)Pe @éﬁg?ﬁ syrfge of a drilling
bj : S8 - | pal .
LRS! T P15, AL LuROSRTELal bhed cmpse

medrbidagpaieiso drdathe irsatik aasterialt 6(aandibotwteed 200 ca3t thmgsten carbide

this configuration, the matrix material 60 nmay be
saratisn OB and {heppatiamagsial A% appl i cation of the :
I’

abr asi - ' t ial: : .
875 A6 AL A 646 s i
s yhsdranbd add thie selctddigngsten cattdde paliegSband cast trindsen carbide granules

granul es 58, or the binder alloQy or the tungsten:. .
cafheds tppreserve dae emiend compeiteyan 5@%@? BopFrjigs of the matrix

oel ! . sl ‘
£ B g S Vs g i
t 98 duhg dppivestidnesTHierabtdshvesvdap resistinthmeeriat Hhoche surfaces of drill bits

diffusion between the sintered tungsten carbide

pénd ether WElsand the matrix naterial 60 and between the

cast t S (o i.de-Qr.anu . : i

at or | MO gh SRR RHHAT R AE SRRl amounts of other
MeRiEngl, Big-hads @aibondétrbiRing rsilihye@on,t inen, aad nickel. Furthermore, the
material 60 and the sintered tungsten carbide pellets .

s s metesiel Qs men inchidsiadirgpaiptinleyces siligomangegsse, an alloying
preser h ] cal | B si cal ‘
D BRER fuch WS pFPRIR G0 ARRE U AR bt P PO

t ungst eNG ek lah Bdaigel Vet aBinta@editunbgecanbide plps 56 shown in FIG. 5.

car bi de granul es . ) .
The hardness of the sintered tungsten carbide pellet 56 may be substantially consistent
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 -

13



58 during application of the abrasive wear-resistant
material 54 to the surfaces of drill bits and other

wo o@7®3070he matri x material 60 al so rray i ncl udECT/US2006/035010

10

15

20

25

30

rel atlvely smal | amounts of ot her eI h.as

CBRASR itk @i g SIBIKTck Bygste Fmide; PalR AL 6 Ripy o 8 first average
TN P e et

eh@i@g@t he&an‘das as lohidsupithianke periphecie regioe 57 S tie pellet outside the
ynmer material. FIG 6 is an enl arged vi ew of

a
sPhﬁDéWIé ding @ﬂg Eb@ ﬁecead pyedegedardness ghe pigeied tingstey cagpide pellet 56

Rl 0580 0h DR PD B LY APAEEPARRR R (PEbhRhed tungstn

PeArbRle pelief 5&x mleexahﬁﬁe hefitdt @tlerhgh BEtads Cfﬁdybbdjﬂaout 91 on the
pel | et 56 naﬁ i ncl ude perlpheral or outer region

oRotlwelbArfice dtthm@go@cha\@aagmha@méq gy bgghouth oameeRockwellA

PR e bE PO L08R b reen

| bRgifdte thent&lel bidig8iEn E&Bﬂ%rp@lﬂbt Galhd decl PRl b thef_pﬁaﬂ’f&iﬂ line 66 may
exhibit a first average hardness in the central %I on

obe stlsstangialle sinsiter|to sedfragpureHougimass efthe inkéris matemb g outside the
se ond ? 6§ge har dness at | ocations within the

egion 57 of the pellet outside the phantom
| ' ne 6@0&5‘&0@39 %}Qla%l/eefr@&? allay A&l that MenyShtigdaet the matrix
tungsten carbide pellet 56 may be greater than about
oaterfal 6Bén thierabtasee aveageeshstantimetesiabf4 agesolsi it Broge Inc., of Rancho

BSOS R b sate PR SRR g BT bR SALLOY® 50,
S@Afm@ﬁ%l%aﬁ@&@ @ﬁixtéi‘é’(?f Ngﬁeﬁ" AR SRIERYS oM dadlaeUiindfen carbide
on the Rockwell A Scal e. reover, the fracture

t graghles$8 tlolt ntalyde meeckin therirasiveaeatPesiitainmtaried 54 atgisold by Sulzer
6 e ntered tungsten carbide pellet 56
B OB bl e B RTS: 66 may be

subst ant,} §ﬂnkéfe(§ﬁlﬂ%§t§f caftfdd fR8ek 58 aday h@vetr@ldﬂ{?élﬁﬁﬁh %cttdé@oughness

matrix materi al out si de the phantom i ne 66.
Coctativec taalthey castaiuhgdiére cmbt@l gahhley Y¥atwhileakhs @Mttmmyen carbide
be us rial 60 in.the bra

IS SR anan Pt e olf Mg BdneSt FeEsP 1B 8 e tunggien carbide

Rg@ﬁ&?s%ﬁﬁﬁ@% AatriahhtRi8 b@addenbddRrdif, aBefracture toughness of the
nmesVERSALLOY{r) 40 andVERSALLOY(r)50. Commerci al |y

a\zmrtéradatwgsiemcaebldd pt:ﬂnteg@& @l thahdsilngss pEthe eas t1Bgstan garbide granules
t tungsten carbij rranul es 58 t hat Y4 be .used
* BB T B G G e P a4 g oAt of the
Sle{lblzalgfve %EP&SM%H 543ba aﬁﬂ Gifoe bther gf@l’hﬁ@ﬂ%l tHd¥6by providing an

sintered tungsten carbide pellets 56 mayhave

r ebakive aleahirepistdnt awsteriad St cbaghnésproved atlatiee tombrdsivecwenr-resistant
tungst en car bj d ranul es 58, while the cast tungsten

c Saserinds oy Ang E g% may have rel atively high hardness

relati vg,hgyd Q@ar-%ﬁgt%t%téﬁﬂi‘%ﬁ%ﬁ&fy%a@ﬁings 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.
1), rolling cutter drill bits (commonly 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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pellets 56. By using matrix materials 60 as descri bed
herein, the fracture toughness of the sintered
wo avgeseEn? car bi de pellets 56 and the hardness BET/URB06/035010

cast tungsten car bide grangLﬁgﬁga may be preserved in, . q
t ramghbladssvall el prpasatuaas gag o PG POAOAN3Ref 7§ Previously indicated,

a ' ' Of:t:he, abrasi ve wear-resi stant naterial 54
2R3 R Afuie

or ‘other drilling tool, thereby

provi dCe@aialocatib@sinvesuntas of dilbbianmtay rafuieirelhtively highér hardness,
is inmproved relative to abrasive wear-resistant . ’
mavhie pthieslogpidens anrthe pefage of theysklchit wanksguing selpigyedyhigher fracture

5 THighbebe ThOSAPILAEN! FEFLLRRS £l SR SHBRK o, e sty o

, e
MeihehddalnSder daktias palessd, BndihSplurditd of dRytubgstap@irbide granules 58
to sel ected areas on surfaces of rotary drill bits

( suay fhe alettinsly variedyio gravide a5 abrasivesweprresiytamtnaterigl 54 that exhibits

.r. ?)J&l's:lfg prgﬁ%{ii%sr @ﬁHe:dlt%? ipt l?&lgﬁo}tg](;ﬁg@" lﬁéé? Ir) G riI l{ll?\{e%aetl é)%%ﬁlgface ofatool. ~ -
t P8 ex@hleS HRIsBRAEH of QutB@ect® Wi ralsing attar Wilel detIchid thyt BeGsubjected

tool s and expandabl ereaner bl ades, all such

10 apxpm_imitva]géﬁglaim_@a@t foages i@ @d@i@otet@&@iﬁj;@tgﬁé,—@dqe_ a@gasi\{e or grinding forces.
P s S L S e cio ot
Ir SYiif@udes] Ehet etgH %%@ﬁta%lﬁﬁ@ﬁﬁ@f@d Btk cabidpellets 56 in order to

ocations on"the surface of the drill "bit nay.re3U|re
r édcadaise thleyfrabfughenglimeas o fitheairatiyhweasgesisthet mastrialiSd e In contrast, the -

wei ght percent s, of the nmatrix teri 60, the st
BB B a1 00y PROGECIH DA Ry Plleriapactdfoe hypelatvely
t 'Bfghphibﬁ%héltt?ﬁp@fab&_@ﬁze SURGSREED 6861 ARl bBSBsiPS WaY-resistant
be Sel ectively varied to provide an abrasive

wesateriab §4 sipphitd hather pade Sufaceraof exduilbbitsmahyedledsl a higher weight
properties.tailored to particuy.ar tool or to
pQF’t%F‘&t%ea‘i’f cplyngtiem cahide zaamuls 58 Tp ggfer t%bf}ﬂ%ﬁi%ﬁbﬁ hardness of the
thg a?ik&g%aﬁfesgfanﬁﬂltataﬁagszpeet h on a rolling cutter type
dri it may be subjected to relatively high inpact
f or ces In addidieh to teing applied &1 sebestdd-argas @nabriacsis\od dgﬁ bi
grinding forces. Therefore, abrasive wear-resistant

20 il {1 29 SHBBFieddor §oh s AP ATeS B G RETg Jeap. that embody
t e&lHinBBYr thOGle M9 iR Rl @NBAY Mﬁs@@fo REkeeRuBEe Katures or materials of

sinteréd tungsten carbide pellets 56 in order to
i rieitlebdis end Hellingdodls thet teuglhtiedy mofe pioge &bweari ve
wear-resi stant material 54. | n cgoptra he e .

~ surf acépwlog A3 qepraﬁmtatf.wo@g gﬂﬁﬁ’é‘c?@e g‘a% Sn\bg{%g? ite&gﬁui}gs of the

i ddf i Q;qﬁﬁgﬁ if DGR iR G e\ 6tady dHIDB 50 is structurally similar to the

fPctiona -type abrasive or grindi'ng forces. ]

25 Thesf drik bitabd abowe indd6- desnd irhidesst phuradity 4 capiviei deiments 22
to the gage surfaces, of drill,.Qit may include .
RGP gre5es BabicRgeRet et ol dUR U PG o/ bt body 12. As
OGS in®1G Rr QR chﬁn%;é%?e%@z s vRaEAnEs® |E bitBdy 12 of the
abrasive wear-resi stant terial 547 In addition to
befritichieqipdldeglart intesfabe thesbe treems A donding fizate sl 84 sephids) for example,

bits and drilljng tools that. are subjected to wear
{176 adBsisioy braggrallpES1ag s RO Vided ot Parkes %?Sﬁniﬁi?gg%séwre and attach

30 each cutting element 22 to the bit body 12. The bonding material 24 may be less resistant

15

ts and drilling

to wear than the materials of the bit body 12 and the cutting elements 22. Each cutting
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teachi ngs of the present invention may be used to
protect structural features or materials of drill bits

wane7@si7ht i ng tools that are relatively nore pPONES1006/035010

10

- 15

20

wear. A portiagn_of a representative rotar)&ldrill bi t
dl

5ﬁema@t22@wdmle%e 3 Rlrey viglking fiamead perapashtablgq Atk angd secured
. ity |
AR Ry drpRBHERY aliblab BRI T 16 shown

i N FlI Grhelrot@pdiriinbit bdefirthePinghales by abfasivet weadgesistant material 54

el ements 22 positioned and secured within pockets .
pdispasaden &purfase obthedrilidhit 10a Moxgpves, 1§Eiony pfipe abrasixg wear-resistant

AL A5 gy R3S BB 3Ry 24

an i ntexd, aeeid HesehetiReRectibnilongvief datafting cléheSUEN shown in
as, for exanple, an adhesive or brazing alloy may be

pFI6k i7detdken alphg sdctipe lihg GB- 3 thegind Asdllugeatedei . 7B, continuous

ttach each tti | t 22.tq,the . bit . Th .
cosE T e oo ey R i B4y ondg Vo ¢ fekfon of the
t BRerRi@EL 8¢ the Bt Hobif 1Diahd RASk¥ral durfiiRE of (1R tidg dlément 22 and each

el ements 22. Each cuttingel enent 22 may include a o
paiyiongustpaltianmeaytixamd e eoa igasict poriady of tsinterfage besweernidie bit body

secur cutti el ement b or substrate 23

gf%ﬂﬁﬁgﬁiﬁg?{?]e%‘%ﬁeéﬂ%ﬁ%@%@%?%%|-| bit 50 further
| ncl udegs, 3t i8R IAThUGInURRbssL RefiHaPew BIHRS didlinddement 22 shown in -
di sposed on a surface of the drill bit 50. Mbreover,

r Bigi. ohs taken tahengateetion Vige \#Ea7C rtbereint aAs itestratadain B4, (7igy another

B&{%ﬁ%ﬂ@s%’g& é\f thg }_%E@efx}évgx ??sgsq%{ﬁ ;ﬁéf{t%fail%llonfqa}} Qee bonded both to a

@R 0P BilouRR &lriatt 8MHR bithb8y E2/Add VbRl STFRRE 02heIHAMB element 22

in"FIG 7A taken along section Iine 7B-7B therein.

i dddusty extent! over Rt @astzBportiomof theduriper bitomen tie tithiody 12 and the
rasi ye wear-resistant material .54 may he bonded, hot h..

C BhaRilEa ST SR o bR e tiE et 2D iRt B e Tbigy s e diamond

affnghcl AR YRMEAARE cBhtidddRs poifoh9iRa8FRNE welr-#dfhtant material

each continuous portion may extend over at |east a

pf% tiap he béndetl bothrib erégice oftbe wetensiurfaee bf the budpdy 22 amdia portion of

the lateral .sid of . the cutting el enent A&l 7C

| B gosrrtir Ao prl e Sell e i P ERPOFA RS Bt pfrgtend over

elGORM A Ros AN inkd ik Fetwléh 1RBEBod) PIEHISRE FcOBf the Pllycrystalline

7C-7C t%er eiln. As illustrated in FIG 7C, another

cdinmiond oarsparotabiedB. of t he abrasi ve wear-resi st ant

material 54 be bonded. both t ' .of the . .
 outer DRPSRBIEF RS FoigaY Pesiom g BY plypse el fpesny material

25

30

gg% f(#ra icg%grg#l@ ?ﬁo%éc;@ BERbst A% oftitsh JTaNe Batd QéER A dig&g&! between

e interface between the bit body 1 nd

t the dutting ¢lerdemt#)2 awidths Uhif bty OF frolmeweart duiring dellbng nper2ions. By
opposi.te the a, pol ycr. I1ine dianpnd,c act t.abl .
PBOTeRtive ShrcpaiEi e LA SoBb PTG SUDRGPaetiges e abrasive
WG Bk §‘1§1% SARLHATBUSEIR ) PvERYerRBiBY 1593 1£Rer 22 from the bit
regl on 0 tlﬁeg r(lnut er: ggr?‘ ace ofePth‘I;ée1 b?ﬁﬁg% y é}Z a%d a o
pbadyi enduning dnidlirexqpesatidns damagetodhe bihbodyol 2 ang sdtadttophie failure of
di.anond go{rg,ag(t) tabl e 28 and may extend over
the rotary drill bit 50.
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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at least a portion of the interface between the bit
body 12 and the face of the polycrystalline dianond

wa@oopasi7ot abl e 28. In this configuration, the PCT/US2006/035010
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conti nuous portions of the abrasive wear-resistant

neffabrasiyte vear-iepistanbaterighttt pewvided elong andyer thg edgastaf e interfacing
f th dj ial 24 .di t th
et aRe R RS e Rl B BREREES (T om woar

dur i ngAdhield] ichshs-Q8ionkl 18w - of BYcultint @6hbm@t deandeRe iréifesentative
material 24 fromwear during drilling operations, the

atwtaryidvidl bk thabernkadaestieashings ofthepaeshut| ip¥ention frr shpwmtin FIGS. 8A

SRR TR P S Bl SO BB pB 3 o
é%}@.% dinf ahAaddsoPPiusalitpbt Hﬁtﬁn?feleﬁﬁh%tsrﬂ BoticHeld! dndetured within

e continuous portions of the abrasive
wpaketsgsoatiethon thetaatdr alirfaet afledtit badyel2'.ahbe putting etements 22 of the

g%(pﬁgr; ag}ligtrggga gdc’iélg cE: ggnt)%gggé@igr‘ﬁo Eli?e\a;altl(preizsi4venvlva ar-?eesistant material

WeRf il &ReP rot%@ttesgbs%h sefadd B4 - RaeriaAnd aR}élgr‘diéz &fes of the

edges of the interfacing surfaces of the bit bo _
ainterfacmgoutthéasgf thebitbody 22 andtheatittingleleorent22, sedis¢usse previously

* besioyin aglpan iche ey QROOUERDEFELS FRSSHIAE: of the
prese nkg '#llﬂ.?éﬁ'gttgh BNECE 82 AW Vel ré:degﬁls 78 &ePRSVi&R in Tuter surface of

rotary It 50" 1S structurally simlar to the
r thiedvitybody il 21adircent 1k siokets wiithitFiviEch the cattthgiatarhends?? are secured. In
plurality of cuttin epents 22 posi.tioned a

. | .
sBeusadsalinPpd ek ERSs Br BRFPULIVE RN TR ae i ¥ ragsebe provided
of....a: ! i .

R g b Prioue por oy 2 emdhe
otuttihgelabeaisi Bymavidingsheshead br baetle of Zirasive wdratresisbarg material 54

and_ protect expgsed surfaces, of bgndi n terial 24 .
aldhyp e accsege 20 ot eRent Ry 1F‘a&‘?eﬁ‘§a§ m?s%‘és%? GPresig vigep-rosistant
b 12" i | A% ..ok . e A
PB4 B ot Wliackl & IREYoLER drifbiO0° AP BE fuipimized. Asa
Stbssloatnasive drid@SosivemzErialdsinil [flosstto athech the beadsor Beads of abrasive
however, recesses 70 are proyided jn the outer syrface
oPCRES Bt Balgaiss araayieat AiRg JSUERG SRR Y RirEdpced

the cugjl Q&aﬁb@ﬁ@ﬁl si&%g% er?a?f@@ Er%?-be LB dtBESver and protect interfaces
configuration, bead or beads of abfasive
weatvet e systirarstructates bt fehtubes ofayrili ditpr othieddrilling tool. Fdrlesample, the

recesses 70 along the edges of the interfacin . . .
o Eristhecs edrecs ROIHLY %«ﬁ%ﬁr@@wﬁ%ﬂr Kg's o %@Bﬁ%ﬁeﬂseﬂ in the bit
2 i di | bve. terf
oBp P BN BI5 Br ER AL PRBRIN gt et
esttertn stouctdnechr fedtereh emdimay bdbesed st ofy ladatianioueny surface of a drill bit

wear -resi stant nmateri al 54 protrude fromthe surface
oPr dmlding god tRat i subjectse {0 WAl nmy be i ni mi zed. As a

resul t {Aﬁgﬁg@%é/a?-r@sgsgaéng éﬁgéfﬁé?s ﬂﬁteﬁ{ﬂoaggeaaﬂﬂgg qum@%liegént invention,

whi ch ead or abr asi ve ar-resi sta
medichras e dbfasiesveatHpdsiztine thathuinl ¥ nchy bk bppizpd opthe atleaedsurfaces of a

may_ be reduced. = - , :
diill bit or drilling tool using variations of techniques known in the art. For example, a
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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The abrasive wear-resistant material 54 may be used to
cover and protect interfaces between any two

wa@teaosemmes or featur es of adrill bit or othePCT/US2006/035010
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LSBT S B S5R)op fom
' fﬁgﬁ&tmé’t@rlél% AhE 11@@ tih éﬁm‘aﬂ@‘ 5f'sﬂ{ﬂerecﬁ &R Bsbie gellets 56anda

wear -resi st ant na eria I'S “not |n1te to use

| fluglitpetasirehywarcasiideighnules5 A @ghostgsnatodchnayanb ether type of
used at any | ocation on ané surface of a drill bit or
8

dwplﬂ;nmgrc&)g@ay bauedite hegt g} east@porponplihe weling ragdo a temperature
2’&8 %}? Slhélttlgg %)oﬂ?gfat'h% ?rLa?mI Hﬁ?ﬂgfwgyd l%?salﬁ!ﬂ{ abut PEOOEB‘?? melt the

I on, Suc Ive wear-resi

”ﬁhﬁfx‘ BhteB4l, 60Maidi8aypRRined thoexdidie of eloatt gidfusionoaneting between
of adrill bit or drilling tool using variations

f
t hetmattjasatkridvit) i theesinipred tragstaentpide peflets 56 and cast tungsten
relalgg [ cget gn abrasi ve wear-resistant material that
et ewny ings of the present invention may be

provi dege kdle bhatohnE AiMfsich oRbtingbetween theenavek ehalgrial @0 and the
may conprise a solid cast or extruded rod consistin

ofintetval aﬂng%tsm vatbidsapelletss36s arrh pasidvrgsical carbide granules 53 is at least

54. Al ati.ve t.he we n S

S POl LA L e, A% s SR P, Tho exenof
NRbRYd &uS8naR6refdrd, llﬁﬁ 104t 18 dfuadtidnybf Bbthshétetipefture at which
tungsten carbide pellets 56 and a pl urality of cast

t atompse dxfﬁxsmnbm@arsgminﬁhb g Rr Wﬂlncbﬂmad}'ﬁﬁéﬂ@ tsopllomvedrto oceur. -

aﬂggrg her t géft&?ll}?d 1<t&1$ ?]Céufrggyt{ g eaent d tt(lrllx?na%rla"fl%o and the

aaieed Hﬁl H@htdangd& Eidts 86 &{aecaﬁattﬁmgstdﬁa&aebﬂdal grBul@ns8 may be
| ess than about 1200C to nelt the matrix material 60.

Thorgrolieg b5 womtralking Hee distamae hetwenothiectolf fndithp welding rod (or

Sgﬁéﬁéﬁﬂb&ﬂi BB et e aeperRarD i b R it fsyedgine odis
A A& Q'RAUBEuRE by T}{betofcgte of atonic diffusion

occ rring between the matrix material 60 and the
si nt er Gdtysastydstesmd etonie h:eirp@ﬂm tencheﬁaasabﬂjca@a@@ of haatjsg wterials to

car bi de ranul es t r funct

ofempgLat ﬁﬁb?‘&?i?ﬁ’ﬁ g&()cb\,@ IEH]aXtSDS H,Fl& f1]d>|16? % g%ﬂ gt tfpe surface of the
Thin %ﬁ'b? il %t&ﬂ WvFicH ’c}fefaﬁfa!s% wetafl%sﬁfa@l': Ratekisl Altis lod@Spplied just
partially a function of both the tenperature at which

apriod 1o applyingsthe nbiasive reararesistzhemeierial Foio thihsurfacat Ber example, an

di ff f th
O o A P ARG R
ngtdﬁ[l or SPIAobNEIdSIsEH RIHRE th WRORIH-BPe ©A ﬁ!fﬁ’cﬁe&@l Hig@t ®mperature

cast tungsten carbide granul es 58 may be
cmsmgiitlyanehwrc@weaté Ithe BlgfalChe Tdieswelding todtamsamisingepre-application

wSsCreastas Trandisn gy oo bifiefhE APRp PR G iCRe A and the
¥"§1 E‘Hﬁl@gb&%eﬂ the %df@lh %tﬁé’w%l‘alr@?r@& nﬁfy o H&jﬁ&e@% HeBeat least a portion of

Oxyacetyl ene and atomc hydiogen torches may be
c dpabdléingtodieattemperamteabond the elting point of the matrix material 60 and less

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

-

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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tenperatures in excess of 1200 C. It may be benefici al
to slightly nelt the surface of the drill bit or

waleoozioarg7 t ool to which the abrasi ve wear-resi BCBOBE2006/035010
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material 54 is to be gppliedjust pri t,o applying.th .
B AT heRISFOLG e PR RO B0 e e Cl s i tat material -
Fgr exanple, an oxyacetylene and atom c hydrogen-torch

nmay be brought in close proximty to a surface of a ‘
drill Aitdrngtivetl, tHeladbrgivie o@hr-sesistansmdtetial Sdewdy Heapplive to a surface of
surface to a sufficiently high tepperature to sli ghtl}(

reedrill bit or driling tool HEing A PGl duns ECRRIANS. Y tip plosma transterred arc

conpri si ng. pre; i cat i - ' i.ak '
SR B AR LRl E il 8 Al oPBLSHdBn e oot
anfvded EBsnthliSpaRGes bRihweRMMitBealt60).c A Eurlityhef sivtbrii nangsted carbide
nmay be adjusted to heat at | east .a portjon of the

h :
welligisrp ansoa phirality @fjsest ungsten-aghide erraules S8imey pomixed with the
i LR LA OB LSRR AR i

I'X
REB0F 8 boRfer RkiirE as blagBiRaferiddareweldaigafadhiighéranay be used to
carbide pellets 56, and at |east sonme of the cast

t heatysitleast Tportipulef the precpplcEBNYEr-FRsistapbmategial te ateaperature above
syrface of .the drill. bit, . t |+ an jo -
nrglp éq,e?tg}g Wtﬁgyxeﬂga@é F]}laa&érr*a? g@ arb@%%sgﬁ?.é %{Huggﬁ(zdog to r%e.lt the matrix

T&gte;iglt@)_of cooling may be controlledto control the

m crostructure and physical properties of the abrasive .
wear - r Blessg dransiaed ricaiveBling mackinestyipically inglade a non-consumable

abrasive wear-resis t.material 54, m e jed a1
a‘g@‘f}m‘jﬁ Lhat B'fay?;)e g)l‘f(?l}gﬁl i closg proximity ontélg P%bgﬁatgglff@g bg gr é\t@gr drilling
‘Aﬁ)'og! B W ECRRHYEs 1S YE Bp@iRda APhlaSHR-fEANS b ik @ebvaded between the
wel di ng techni que. For ‘exanple, the matrix material 60
meubstrgte pndihie den-consuntablef adroirods, tepigadlidie thefermmg ¢olumn of flowing gas.

particles of rix material . 60).. A pluralit .
SR B cOserBye Rt BF g pas B s st glasma in th
Ob 1268 ¥orh AP $hEN TR BbWEered %@%@?ic@@oﬂ%aﬁﬁsﬂaﬁe%mﬂﬂl may be
the powdered matrix material 60 to provide a ) .
pdizecagrpthtavah itonplasns anderite b awfacewi dhe sbstrate nHeg fHIFILERITIET gas.
a powder mxture. A plasma transferred.arc | di .
nvééﬁlilqﬂéowc;gé# Hrgyapgﬁcﬁlggdwtaa—r%gg@t aterial ggssgsf\’\%(r)cgﬁﬂglﬁe Blasma it is
U RGutd & ARRIJeERe AR WIRAH atl@st SIradbf HBtvidak-adsidtant dnaterial will melt.
tenperature above the nelting point of the matrix

méne¢ iha bt 1645t pantiallpswltemwnarsios stanteaeriathas paepidepgsited on the surface

matri x material 60. Pl asma transferred at | di

Rt e FESTRPHE JepL el ﬁ@gtegah%ﬁop eﬁlg[ﬁ ﬁ@b‘ﬁg’\{\gug% P ransterred

t Bat TR *ﬁ% iRy §RtknbWnGh BRerPiRdofinatcially higlable.

su stratg gl‘l I'l 'bit or other drilling tool) to which

mat er i The tesngievathie tapytichetic pre-qpipkicationf weatireristeignaterial is heated as

provi ded between the supstrate.and the nomn-cans e .

CRECTHERY Dot EaV 07 AR 15 GO PGy controlling

988 o1 3n@aSsihS b GRES Rk SR ABEIMRE hd 18stelt@ Ot dredamplRAhE b@rent may

substrate to generate a plasma in the plasma-form ng

98 pulkbé apawelecied palse-ratoHeivoeeniaonighwarrentemidst kv current. The low

n%hrergrllt?rllayr{)%%elggted to be sufficiently high to melt at least the matrix material 60 in the
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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directed through the plasma and onto a surface of the
substrate using an inert carrier gas. As the powdered

w@e@7appbi cati on vvear -resi stant materi al passeBCT/hsmugbssmo

10

15

the plaspa. it is _heated to a tenpera e at
B e ety b R e o B S e S At B reistant

TR N e

sdbaat 1200eC tb heelvuha madtes insitaiil 60mThis mhy henialikothe dxteat of atomic
solidify. Such plasm transfer;ig arc meldin%wg?chl g
achﬁfummmum\ng e e GRIRTL P SR e TR B bide pellts |

-application

c@sﬁl{é’?%ﬁﬁ‘% é{}%{%ﬁ@g{aﬁ&e?ﬁ eated as the materi al

p as S esOthf Feling f8 @8/ Jachaymbel alert e VIEpat waldiyg techniques
controlled by controlling the current passi ng between

t tuegsteneipert gae (TR am@elémgéqqhmqées pod flasg spraz Weldieg techniques are

cur rent puI ed at r

S i 3o "6, P TE SEM S5 R0 b s oo
bﬁuﬁ@é@feé@mlbﬁo?anﬁmffw&l entlyhigh to nelt at |east

the matrix materi al go in the pre-application

wear - rW&m]stthwprqmtemymtlondwg bepe dpscaithed @pye@hwlﬁhatysmgt to certain

:Ilzjf% I e n h’g{oge{/gf o>;ct11n El}f@%tthc ffﬁm\g ur{aér% 1ezte): %Ild Bﬁ)‘?‘emate that

sghetdt %S’ hhﬁteﬁe RafiRr, Ayl dddilhs, RRYiosS asdodifications to the preferred
pre-application wear-reésistant material, and the hi gh -

cembatitputy mey def hindd avithioyt Heppting fipemtheiscopsaet the invention as

P, B SRR o i
NRL&Edsale LBHRP @rﬂb@%ernb i18REN hethd UAComPasi®l tithikethe scope of the

matrix material 60. This may m ninm ze the extent of
ahwmtmndflsfcbuismpﬂ‘at@thwﬂlﬁ iimvgnives. stmhet, itlee imsiention hagtglity an drill bits

R AN R L

technlques such as netal inert gas (hﬂ(% arc wel di ng
t echni ques, tungsten inert gas (TIG arc welding
techni ques, and flane spray wel ding techni ques are
known in the art and may be used to apply the abrasive
wear -resi stant material 54 to a surface of a drill bit
or drilling tool. While the present invention has been
descri bed herein with respect to certain preferred
enbodi nents, those of ordinary skill in the art wll
recogni ze and appreciate that it is not so limted.

Rat her, many additions, deletions and nodifications to
the preferred enbodi nents nay be nade wi t hout
departing fromthe scope of the invention as
hereinafter clained. In addition, features from one
enbodi nrent may be conbined with features of another
enbodi ment while still being enconpassed within the
scope of the invention as contenplated by the
inventors. Further, the invention has utility in dril
bits and core bits having different and various bit
profiles as well as cutter types. CLAI M
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1. An abrasive wear-resistant material conprising the
followng materials in pre-application ratios: a

wordwziosomt erial, the matrix material conpri si PQI/US2006/035010
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bet ween about 20% and about 60% by wei ght of the
abrasi ve wear-resistant natd@lAlMSthe matri x materi al
conprising at |east 75% ni ckel by weight, the matrix
material having a nelting point of |ess than about HOO

0C, a gl uralyt A0y s P
car bi dg " pel ﬁ&%@&&@ﬁﬁgﬁy r %ﬁ%&%@%@%@?gx@wﬂng materials in
t proygptication tadograt ri X material, the plurality of

sintered tungsten carbide pellets §grrpri si ng between .
abewmitisowaitl havatixgasiery cREPRNE OFIvase ahpiiadyend about 60% by
wear - r esi g n, . ..
o SR AT e PRl 8 4 AR ol compriing o

car bi deeager4 sicks bhanrsad, thogatrianatesiilhadinb amgeingbdianof less than
the binder alloy having a nelting point greater than

about 2boB 100 ¥nd a plurality of -40 ASTM nesh cast
t St i ranul t iakly r 0 .
A LT DR

pl ur al idisper@éd héwt g Sh iR x e gh@slutLitS o lspirerell &indgten carbide
| ess than about 35% by wei ght of the abrasive

wear - r @silels eemprifargbetaren ghour B e 4bputed 5% by weight of the abrasive

et er 1 arecoaprrbBeeal @b sl ugd G Cal iRy o proratic
wei ght opfungkten alibids p¥iticle BbndeAIbEdtia twithed Sihdelalloy,RBe binder alloy
plurality of -40 ASTM nesh cast tungsten carbide

gr anul &8vies apreltingspaintareaten thanyahst 1WA nesh cast
o o iR B ASTYERES o Pthnisoi bt SHRAATER] randomy

about Iiperlayd ﬂ@é@hbupmetrﬁa&riabﬁa&éﬂialzethwwimn@sdfsqamngsten carbide
material. 3. The abrasive wear-resistant naterial o

cl ai m 2ellsip eorapsing espihan abputyd 546 by »@ighcTithembrasive wear-resistant
sintered . tungsten carbide pellets conprises a

pluralpyvﬂgp - 60/ +80 ASTM nesh sintered tungsten

carbide pellets and a plurality of -120/+270 ASTM nesh
sintered tungsten carbide pellets, the plurality of X
- 60/ +86- ASTVheralyhsive wearrtesistanfmegiereah otckaipi ld @vhpesit the matrix material

canpri.si bet wee ut % bout , 35%, by . wei ght .

o PRRH S TR AR5 g 2holl0Rn LR elantof iy ey esistan
Ofmatck 20/ the (R ARY MBS A\ STMItREBabiiESd e carbide granules comprises a
car bi depel I ets conprisi ng between about 15% and about

20ber ity wet 1§AASIIM niesh edst tinizsten pallets, prdihs phwmalitaf 00 A4S TM mesh
glcgﬁ-{ Eng%?eﬁm?ﬁe%tg hcvc\%aprri_sése lc’ts'\fvte%f{] tabc%‘%t 5% %Ld %{)mﬁn% o0 rl])()ef v%ight of the

abrasive wear-resistant material.

3. The abrasive wear-resistant material of claim 2, 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
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wherein the abrasive wear-resistant material is
di sposed on a tool conprising: a first structure; a

wa@eaaonsn7st ruct ure secured to the first structurer/abmogo03s010
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an_interface; and a bonding materi al disposed between )
CPRIIAS CORPYEInG IO eTaMo % G rfPOst 39%0( by eveight; pl the abrasive

i I f.a :pondi ng material securing the first
s%%c{eglggn%\{r}lggfl é second structure together; and

wherein the abrasive wear-resistant material is

di sposed on_a surface of the tool, at least a )

cont i nflous poe EPBRIVeveerEesiptant maseiad 0f 30y pae of clgims 1 through 3,
bej ng. bean ] £ the ] t r .a
PP BB ERA e oRa Sy B mBler S gl I B i

I AfiedtisagauRRet ween the first structure and the second
structure and covering the bonding material. 5. The

ab sepond @tru@ane-sc@wcbtoég@ fiped stewqtiane agmg@mantﬁxfaqe; Wieer ei n

P PohdEm kit o RTREEDR e R Che SRRy e

el emeninté@fack Be bodRigmatetihllseQiring the firkhi@ruadRi@gidvBe second structure
wear-resistant material of claim4 or claimb5, wherein

t he boingethgt;maderi al conprises.a brazing alloy. 7. The
abrasi v ar-resistant material .of claimb5.. wherei.n

t W&erﬁ:m tﬁséﬁ?mg? wteﬁréref,lsttagt‘i,%}atgp?ll 15 dlﬁpgseﬂ 8§ a ngf%cStothe tool, atleasta -
sur f acgoiilodd pdrB@sbf ME VeheRSSant MAIEA Bongd BiR6AA] surface of the
surface adjacent the interface between the bit body

and t héirs sirudturg and @staface ofthelseshed strustue anderdending over the interface
portiop of the abrasive wear-resistant terjal is. .
di spos8g%EFL Ell?ehﬁfsﬁ 83'%“tmrlee tthg r?gcoﬁlgcsgyg{ru?% :cmcirﬁ%vermg the bonding
abrasi ygiapgar-resi stant material of any one of clains

5 through 7, wherein the bit body of the rotary drill

bit has an outer surface and a pocket therein, at

recet "3 poriionol, .S, LS LG TP
agh ARk aShif bagest Atothiyedrli bit RAEYhafdohd Sirediirk icBhprises a cutting

ghpr
el enent. 9. The "abrasivé wear-resistant materi al ofp any
oglemeht ef the rgary drillrbdtugh 8, wherein the abrasive
wear -resi stant material further conprises niobium the
ni obi um bei ng | ess than about 1% of the abrasive

wear -1 gsi st aQt aBREi9E vRhr-rekfitant kRl 88 tMAn 4 or claim 5, wherein the
wear -resi stant material of any one of clains 1 through

9bondieg matericheomyises x braaingrallay. of t he abrasive
wear -resistant material further conprises at |east one
of chrom um nickel, iron, boron, and silicon. 11. The

gb tr ﬁs i ye hwi ghe 515:54i5¢ Rr-8BbBhtinMte®f] oPOYInPRENIREei HRIVIEbOdy of the
roug ,

rotary drill bit has an outer surface and at least one recess formed in the outer surface

adjacent the interface between the bit body and the cutting element, and wherein at least a

portion of the abrasive wear-resistant material is disposed within the at least one recess.

8. The abrasive wear-resistant material of any one of claims 5 through 7,
wherein the bit body of the rotary drill bit has 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.
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wherei n each sintered tungsten carbide pellet of the
abrasive wear-resistant material has a first average

whasodnsss7 i n a central region of the pellet anBCBHUS2006/035010
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second hardness in a peripheral region of the pellet,

the second hardness being greater than about 99% of -

the figst j = i

mat er i %I o%ﬁ%ﬁ‘é"’ g‘)f%arcﬁ-gglgtr%ﬁ Qfln,%%rv%g?el % ? ﬁi% ﬁltrafgliiktl through 8,
haheteimabe dbrakitdwees acisight hataiag fsthar @ngprided iobitungthe niobium being
about 89 on a Rockwell, A hardness scale. 13. A nethod

flsps thppalaus d>eef therative v HesiFasi BrtsHel material to a
surface of a tool for use in drilling subterranean

formati ons, the method conprising: providing a too

for usp.in Thd hibrasige Siehi-REisaNEAAtdRAL BRLLPDOAe of baimodlthrough 9,
conprising a first structure having an outer surface;
nivkeraig the pragia mateyiabel the gbrasivs/ veat Fesistant satayiol (ther eqmprises at

car hi de |lets and a.pluraljt £.. - 40 ASTM nmesh cast
t%ﬁ%é’?‘éﬂpg};{%ﬁl% rﬁ&%@d&@s&%ﬂh’a%ﬁ%#ﬁoé material to

provide a pre-application abrasive wear-resistant

material, the matrix material conprising at |east 75%

ni ckel 1by weheyphrasivhweptaresistantmeterinbel danspl#laims Bithegpugh 10,
pojnt. of |less than about .110 each.sintered .

P ihgeidien SBr Pt Re OOt e BT gt material has
t ﬁﬁgﬁeﬁgeﬁaﬁﬁbﬁ% ReéditabicBiond@ tidesdlibana b RedonWhhildnéss in a peripheral
bi nder alloy, the binder alloy having a nelting point
greemnaf thelpetetatho gecond bardmsss bping graater thamabeytio8Yo of the first bardness.
conprising between about 20% and about 60% by wei ght

of the pre-application abrasive wear-resistant

materi g, tige Mhekdiad Wkat-efistahinthaessl Jrungshe b gaikil Hewherein the
pel l ets conprising between about 30% and about 55% by

wBistihardiodss atrbthp seconppdridoess prsrgredter Akinabasifo-anadtapkagll A hardness
material, the plurality of cast tungsten carbide

gi°4iful es conprising | ess than about 35% by wei ght of

the pre-application abrasive wear-resistant materi al;
nmelting the matrix material, nelting the matrix

mat eri 83. coApnétbodifyr hprdying gn shrasieawearaessiantmagieng! tq qeurface ofa

Plofb BF S FalriBBs SR e PRREGS: e e Briids © °
NBlS{dR o 8l 6:08R ih REMNiALRUierhAQAGot@atis! theR8olBtpriXing a first

material; applying the nolten matrix material, at
| east stomturehavihg as puieeswtice;ungst en car bi de pell et s,

R T T T —

LQ feﬁ : gimt ASTIUGESH @5t DAt Uattiiid Yaftlel 1ea ABlrixeRateBAINtb Provide a
pre-application abrasive wear-resistant material, the matrix material comprising at
least 75% nickel by weight, the matrix material having a melting point of less than
about 1100 °C, each sintered tungsten carbide pellet comprising a plurality of

~ tungsten carbide particles bonded together with a binder alloy, the binder alloy
having a melting point greater than about 1200 °C, the matrix material comprising
between about 20% and about 60% by weight of the pre-application abrasive

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

between about 30% and about 55% by weight ‘of the pre-application abrasive
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14. The nmethod of claim 13, wherein mxing a plurality
of -20 ASTM nesh sintered tungsten carbi de pellets and

wa2@rwsabity of -40 ASTM mesh cast tungsten cap@i/s2006/035010
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ranul e n.a matr e a A .
ol ur al w?ayr'-reesta@fan@t'grxmhn@egh@ﬁﬁpg%ﬁ' e e aRpplgs comprising
Il et
R T
pr e- apphitegial;i on abrasive wear-resistant material, and

wherein the matrix material_ conprises between about,
20witmsdhepuinx suowiAlweriiRe Ty Ml PRErahprmetippAcating at least a
abr asi ve Weal-r e St t

ot or BPE A BEReDPb R BBl widiGedtiuiIibaaldh o temperature
about gQke fﬂ‘itdrnél‘ﬁﬁ%‘poﬁ%ﬂh& maeighbteeifl doddess than about 1200°C to melt
pre-application abrasive wear-resistant materi al,

andt heﬂ}glmﬂ’fnxm%’?ertﬁl, cast tungsten carbi de pellets

c E&H ris ﬁ% ﬁe@ 6{{1 ?rlgisat/feg&goﬁg 8{;1&15 %%t@r?&/ tqufét&malrﬁﬁe pellets’

ive wear-resrs
15 Th %1&@41@5%@ séthe Gf ik Bhst BurPbtess Icaibidelghanuiietoeit feast a portion of the
heating at | east a portion of the pre-application
abr asi oetemsafacceﬁﬂ!@tfaﬁtstrﬁaﬁl@’ﬁ%d conprises at |east

‘gl}fgé’ t'ng)?tthe matrj terial with a plasm

fhe moften matrx ma lta matrix mateérial with an

eI ectrical arc, and heating the matrix materi al by
bur ni ng acetylene in substantially pure oxygen.

The nefihod Ghe amyhaﬁnef ainc] ZaivherelB miking aghurpbty qﬁh@? éSfTM mesh

? ke el FE0gF DIRL: S50t PRGBS AT sy nfffen carbide

n?Hels bk o Rherid ?nateﬂh@ cHmbhed ndiking! a'?‘plﬁialaﬁx ofM20r£$TM mesh sintered
p oviding a drill bit further congrlses provi di ng at

" sagsicongbolpelicigan] eploritoaicloNDT e chitfissey carbide pelltsn

aI et an’flﬂsﬁ {3&1%5&&916 gﬂ% %{eﬁaepp a{]qq) g l{kr){lsgz Ie g {eglg%nt material, and
e '»@IEFJ‘& th@ indufte a8l cfcfi‘lﬁﬁ'lseé hewBRHo IR 09 élﬁbﬁbﬁ@t@@% 15}90\161 ght of the

the at l'east one cutting elenent to the bit body. 18
Tlpee mmﬂhambrrﬁorash\m weat-Tesiviirg m@qtqnaggm glpw@ty Hesinipred gﬁlgsten carbide
gl X materi eas

& 6AIBATD AEE BB AU Do gt DRIt pre-applcarion

C 3Bfasivi MG 1%@15&%{ Rhdgal ?érﬁmié 1?&2\1187 Abask ﬁﬁgite@c@lﬁiﬂé pedRts comprises
of ‘the outer surface o conpri ses appl yi ng

t fhetweeh tisout irborand aheutS6Vetly, weight bbthe presambcaﬂontah@ﬂve wear-resistant
Si ntered tungsten carbide pellets, and at |east sone .

of ™ f&lcast tungsten carbide granul'es to exposed

surfaces of the brazing alloy at the.interface between

the bit body and the at |east one cutting elenent, 19,

The netldod dheahethed diclam B3 encrhlmSM wihereath hegbing af bﬂﬁ@POﬂmn of

Zﬁd?r)iafltelépp %ﬂtlfpgr épag{veﬁ% %%st?%a@{ dl n}%lses Qtol(éell(s?toné of heating the

matrix material with a plasma transferred arc, heating the matrix material with an electrical

arc, and heating the matrix material by burning acetylene in substantially pure oxygen.

16.  The method of any one of claims 13 through 15, wherein providing a tool
comprises providing a drill bit, the first structure of the tool comprising a bit body of the

drill bit.
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providing at |least a portion of the at |east one

cutting elenent within the pocket, the interface
wezdoensgi7ny al ong adj acent surfaces of the bit boDYSENE035010

the at |least one cutting elenent. 20. The nethod of

any one of claims 17 through 19, wherein providing a

drill bt f [ : |_east

recess In anroupiupeIEHpREds R HH rakifhe gRTL 0P RS b comprises

t E@vﬁﬁné fa&dst ORuttitiol dleiferdsedTRed to thablit bh@y dohg apﬁitetfaae, and
nolten matrix material, at |east sone of the

spiovishirgia bnawgg ploy befwbenithe his|ody and the @t lepst|ong sutting glement at the

of the. t st.en carbid a

por 1 o rep PSR i Phifebe RS olsbullnsRiRky e itbody
applying the nolten matrix material, at |east some of

the sintered tungsten carbide pell ets and at | east

sone oiStheThQamt:‘gm

' ?g}c}ggggﬁ% roff%feesu?tgrea tungs en car%dcYe ﬁMlleg d at ‘leeast SOme 6 Silthe Ot fungsten

d n@ slaen 17 awhsreie @pbfmﬂ the ntqbtetl meatrix material, at

carbide granules to at least a portion of the outer surface of the tool comprises applying the

10  molten matrix material, at least some of the sintered tungsten carbide pellets, and at least

some of the cast tungsten carbide granules to exposed surfaces of the brazing alloy at the

interface between the bit body and the at least one cutting element.

19.  The method of claim 17 or claim 18, wherein providing a drill bit further
15-  comprises: o

providing a pocket in an outer surface of the bit body; and

providing at least a portion of the at least one cutting element within the pocket, the

interface extending along adjacent surfaces of the bit body and the at least one

cutting element.
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20.  The method of any one of claims 17 through 19, wherein providing a drill

bit further comprises providing at least one recess in an outer surface of the drill bit

adjacent the at least one cutting element, and wherein applying the molten matrix material,

at least some of the sintered tungsten carbide pellets, and at least some of the cast tungsten

25  carbide granules to at least a portion of the outer surface of the tool comprises applying the

molten matrix material, at least some of the sintered tungsten carbide pellets, and at least

some of the cast tungsten carbide granules to the outer surface of the bit body within the at

least one recess.
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