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SYSTEMBMETHOD, AND APPARATUS FOR ENHANCI NG THE
DURABI LI TY OF EARTH- BORI NG BI TS W TH CARBI DE MATERI ALS

WA BOHskBAL Fl ELD The present invention rel at esSPCTIUS2006/039984

general to earth-boring bits and, in particular, o an

SRe P P e T A R AT s PR A AN R B A LT

mat er i al oF RCNEEORINGBITSaVITH GERBIDDMATERIALS |
bits include an integral bit body that may be forned

fromsteel or fabricated of a hard matri x nmateri al

such as tungsten carblﬁﬁ e of drill bit, a
plurality of di am)nd cu 1\;lq:cf(je%ﬁare m)unt ed al ong

t he ex i or face e blt bod

i el e G Certin SRR pheshral o PRt AR R eth particular,
t6 8f GfprovedidysteX h@tﬂdar aﬁ@%ﬁ%ﬁﬁmb gy bfman@@gxhe BeR6NAY ¥ carth-
upon the design of ody and the type of

bﬁnaﬂbﬁﬁwﬂh§@@ﬂkﬂhéﬁﬂﬂﬁters are either positioned in a
nmold prior to fornatlon (%? oPiNp body or are secured
to the bit body after fa ricatron. The cuttlng

g! te nggg@p ﬁy,pOSI oneddﬁl %n%daauﬁ%%%g%l%g@g% bq ysthat may be

o AN stel B€ FbABated 0P8 ard ASiHUhicnd] fIcBAE AlrksRAGAMRde. In
and drill the earth formation hi use, trenendous

ohertype ofrdsillekibr @ gduralityt o dipatanidneptier dievices are mounted along the

B N I —

nsdﬁ&hjté&meadreb@s $1U th‘éte&fﬁdoa facelvfalsd Ve bbdy. CPependihgSydR the design of
i NSt ances, | ateral and/ or abrasive forces have
thebig badﬂ ang rheﬁme efjipmpadsypsgd chetcuttens @i cithgy ppeitigpesain a mold

p\%ﬁ mﬁhé O 99&?515&@ @chgéiftto'th 1¥ bgg}p%@%tfblfrﬁcatwn

fender them res St ant 1o crac
due t o Thepauttingf demess gﬂ:mmsato&ﬂd dtlmgrtge d:laraldirigl ailges of thelbit body

s o SRR i PRgR DR 8 i it Qo e B Sifng clements

eﬁgé o a0 driPRRC kAt Yornkieg! 1RO, BlehSndhiR BRkd a8 @ferted on the
a nbre erosion resistant ITHt erial containing as

cuﬁwg@@neré& meitigelarly in ther oveandie irearaligsiion Additienallye the bit and
CERWE"Sle Se}ltléneg%t B e{%%e bfod gub%pa%tlglt gratﬂﬁlr Qf%l S sgllnghlnstances

rra are o use ere atlvely

impactf latBrzﬂgmld/eg al‘gaﬁlmﬁy%&rlﬁek ﬁméd gen g)llt fafe 311% B@tdﬁm@ss.
softer stee ody i C |stenrap| eroded. . Thi.s
| eads t'§hBesieelbadysts hayvetpshne @tﬁ){aatst A@Peiict ayhi¢hsrender

IR 46T stAeRy crm,geééﬁlnfa&’iﬁ{e sl {oufn?pa‘&f 3:B& Eénterated during drilling,

steel is subject to rapid erosion due to abrasive forces, such as high velocity drilling
fluids, during drilling. Generally, steel body bits are hardfaced with a more erosion
resistant material containing as tungsten carbide to improve their erosion resistance.
However, tungsten carbide and other erosion resistant materials are brittle. During use,
the relatively thin hardfacing deposit may crack and peel, revealing the softer steel
body which is then rapidly eroded. This leads to cutter loss, as the area around the
cutter is eroded away, and eventual failure of the bit.

Tungsten carbide or other hard metal matrix bits have the advantage of high
erosion resistance. The matrix bit is generally formed by packing a graphite mold with

tungsten carbide powder and then infiltrating the powder with a molten copper alloy
1
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Tungsten carbide or other hard nmetal matrix bits have

t he advantage of high erosion resistance. The matri x
wdpaozios4sgener al | y formed by packi ng a graphit eP@DUS2006/039984

wi th tungsten carbide povvder and t hen infiltrating t he

nol ten nder

BRI o Bkt Wi Rt R ERERE i sl SRty st TF e A The
ef@tofitke bibAR candhéf bd blr@ldbli @B lotigaiiseeBuree tyvah @pferhreaded body
ot hervxn se secured to an upper threaded body portion of
poreonsitthe Bikch t ungst en carbi de or other hard netal

mat ri x i

bei ng SStHbj ec?%déﬁle é/a%lde %E %t grh %%e({sﬁlgﬁdggﬁ% grbg @V%Pnare brittle
addi dahi ergck Aghdn tbemgablh‘tyectéd‘l&f HRpact foeeeseéncbﬁmtmeﬂ hdilrhgaﬂnlhng

erated during fabrjcation of the hit or

Ay ¥ theymelatisascs fiou thetheat g?raﬁrat?‘? reag [ icgigtho the bit or
daki§ hﬁllﬁfg@Hﬁ%wﬁE Brabibeto Goiint. e"f‘?/ﬁlcﬁﬁﬁ Rhéh a@é'l& RES! \Nhere the cutter

secured to the matri x body he''cutter elenents are
elvacntlhvierban séraradrtolthe lmatrlxtim;ﬂy If the cagtpreelemends are sheared from

[ ds. o he cutter .el enents andt
o, AR 5 i P R OB PR 5 Eefig e Hn g pid the bit
WA deagxRaiHHl. VAddiloklIfFPRh ke catbidl S V&§lexpénsiveTRtShpaison with
of fabrication. Accordingly, there is a need for a
stfel 79 a miateriahaf fabreatioRe t oughness, ductility, and
i mpact e 0
oo ot AnRRAND, BlacilsRheo S, L MEUIER DG 93, BROBRS Rucritiy,
anfl émepadt etremgth sbﬁ B’rfedmd tllimlﬁarﬂmd:shahld etdsﬁ)npes}hhlﬁféﬁ)f tDlﬁngsten carbide
prior ar and hard netal matrix

OFipdies 03 t e'e e SuRRCR S MaoRb Begrallem .0? PYipPE pit stecl
b% Qng ‘haltcpﬁl@‘dal £af1x bddyHils CaRE FalshEndMENIA %sgﬁgesmtam bit

odinent of a system nmethod, and apparatus for
Velﬂh@lmvangotalwstjur ability of earth-boring bits with

carbr de ?Haﬁa‘yamigﬁ@t@gmﬁmﬁm.“3;;”2 ;

con‘posieé gnﬁoerl al rrred froma binder and tu sqqgn )
car bi d 811’§1qu r?e%ﬁ%d ; o eaP@PS?E-{Sa 0 gaeing the
Rur RS éaﬁh%ﬂé%@ %@/lﬂf’@ﬁpﬁe Iﬁ'&ﬁgnﬁs @éﬁclgg | anﬂl %?ts havmg a

range of about 0.5 to m crons hi one enbodi ment
ddillsbit ibody ivath @fcugmglqmnmonentl mcluﬂaramqszemabgnab formed from a

cGayssi n distri i on _having a s dar d devi ti n on

YR P BreoRh aiite 9y B nLeRhiBRRRg derortil BRuch esperatty
sPBérBIdaB lshapRy aR@ UfmREh fai sERMRABE Bbuh @rsdﬁ‘oagllﬂlgrdﬁs In one
the drill bit body, or be used to form portlons or all

egppbogdivaenty thee) digsributiangiograin Sz isnghwrrsiarized by aGaussian distribution
h%Uﬁl_%% ﬁﬁﬂfard %Watfoﬂqglsthg Ordef BP hlsjoqlt %%8% §(ﬁmj@3r€sr I’l%e composite

material may be used as a component of hardfacing on the drill bit body, or be used to

form portions or all of the drill bit and/or its components.

In one embodiment, the tungsten carbide composite material comprises
sintered spheroidal pellets. The pellets may be formed with a single mode or multi-
modal size distribution of the crystals. The invention is well suited for many different
types of drill bits including, for example, drill bit bodies with PCD cutters having
substrates formed from the composite material, drill bit bodies with matrix heads,

rolling cone drill bits, and drill bits with milled teeth.
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sintered spheroidal pellets. The pellets may be forned
wth a single node or nmulti nodal size distribution of
WO b@7ou483t al s. The invention is well suited foPCTEHR3006/039984

different types of driII bits including, for exanpl e,
drill bit bodies w,t cut t V|n ubstrat es
f or mred e WeEMBE A0 PReA B AT PF Mgt hggation will

by a%;Bat@ﬁtt t’b'tﬁogées%ﬂi;ed #hGht BRYINCGABR ofithd folldwlisg dedlledddsttiption of
s wth mlled teeth. The foregoing and other objects

thm dresgutantegbisnoftakene inpecerianetiom et ithe agipendade claims and the
garent t those skilled in the art, in view of the
PFHT d&YWEPed descri ption of t he pr esent

i nvention, tBRIEFPESCRIPTPONCOFWHE DRAWINGSded
clains and the acconpanyi ng draw ngs. BRI EF

DESCRI BB ¥ 0F nildelRAW BheSRatulta tantl g varaage fod ﬂle\/&htf@rﬂmn as

the features and advantages of the |nvent| on, as wel
vl ot dthers Whighcwilhbedonserrparentipigaitiained and can ba ﬂln@fasta% in more

b d
R py PORCBH? AR oF TS i AL R B R oy may be

H¥aybpeefbagcd Yo rthé emtbvdiném thaeot mideh I‘mmllustrlamdemf the appended
which is illustrated in the pendddra ngs, ({;
drpwimengehiel dravingyiormey pachpih SyREPILAD: olfy 15 tptbe. noted, however,

tﬁgt O LE gvnl_l[%oﬂ\ﬁg dte ohllRdn {diGodimayy &gtﬁe 'nlnle'ﬂﬁbﬁ ahé tﬂéﬂéﬁfre are not

enbo the i nvention and therefore are not
tbdaebeonsmiesaddhmﬁdlg pfriits isngpeots itesinyenipn gyt ddmit to other equally

ipventi on admt to other equally effective
g%ﬁ%ﬁ%hqd;anggure 1 is a schematic drawi ng of one

embodi MBRLeOf iR aSidABMEHE ALIWiAE oFT et @hbedfRht UEedndl8 carbide
accordance wth the present invention; Figure 2 is a

eptidranitaictidda ageasdanse Witiethe presentimyantion; o peI | et |
for med férggrgzt g s%ﬁéntf%}%esufg Vigwd %HQ Emgb(gﬂ{ ?1 lteli g)rl{med from

constr accordance resen

the HarRde chystals 6F Fegmt i 1 asd Gisewmsemmﬂ mn&cerdanch wetht thef present
a bi-nodal pellet fornmed fromdifferent sizes of the
B¥¢miofle crystals of Figure 1 and is constructed in

accor daﬁgﬁre"\ﬁ 2 KOG RERSEN vikRVENS b ddifidhotta | 'bﬁm%dal pellet
schemat | i de view of one enbodi ment of a tri-nodal

fminbdetfroﬁo diffederft rsiwes diffthe cahidesérysals off Rigereclaptd greconstructed in

st al s ure 1 a d is constructed in accordance
’Fﬁlaf‘?? @i‘g’?éﬁ?seflh\?é’ f4%n; Figure 5 is a plot of size

d' stri bpigliens if Qrscl’@ei‘ﬁﬁﬂc%ﬁ&fllewadﬂ SéSerbdiasheest & trotnodal pellet
formed from different sizes of the carbide crystals of Figure 1 and is constructed in
accordance with the present invention;

Figure 5 is a plot of size distributions for samples of various embodiments of
carbide crystals constructed in accordance with the present invention, compared to a
sample of conventional crystals;

Figure 6 is a plot of hardness and toughness for samples of various
embodiments of composite materials constructed in accordance with the present
invention compared to a sample of conventional composite material;

Figure 7 is a schematic side view of one embodiment of an irregularly-
shaped particle formed from a bulk crushed and sintered, carbide crystal-based

composite material and is constructed in accordance with the present invention;
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carbi de crystals constructed in accordance with the
present invention, conpared to a sanpl e of

wae@oeowemsronal crystals; Figure 6 is a plot of Per/usm®es039984

and toughness for sanpl es of vari ous enbodi nents of

conposite material s, nstruc in ac ordan ewth t

o oot PR bRTCBISRPUPTED SHOSARR 8 ¢ EOMIBhEI itd crill bit

5615@9&511&‘3 r@&ﬁbﬁ@l@cﬁ) QdHfitr an&p&aw{emdec cSAER ¥bRWucted in
one enbodi ment of an irregularlyshaped particle .

ﬁ@orﬁemffwﬁhﬂwmgﬁmuwasm and sintered, carbide

crystal ghase rial and | truct

accordaﬁltgur \/\3?| t‘snatP lah esse‘gﬁ neflﬁ%/een‘fle%nf% g%?fgoo e Ofa drill bit

pafitg amayrisBedd 1@8@@0&&1@1@ ciibe¥ @istals eomythomtidie I’abccﬂﬂarﬁe with the

drill bit polycrystalline dianond (PCD) cutter

PIPEt HBieati9tig car bi de crystals constructed in

accor da A1 i

par 1 al Pl 1 e SorBEER B o UGR L BRmlch ! £xclihg ofhe aril bit

itrcbiplordting chdidengystalsgbnstsucted anl ataocdempe wéthithgpresen imention;

cryst aI con ructed in accordance Wlté;] tp sent

| nvent i BIEITERL bR ciny oSty Viesh i o ey oGt he  Polycrystaline

anRRMd TROD) afilldif Rlcbipdeatm@nartdid biysfist cdn@@&ft&pfrﬁidcﬁﬂiance with

carbide crystals constructed in accordance with t

freaesent invengionj on; Figure 1 1 is an isonetric vi ew of

one enbadi ne staIIJn

ari 1ol s Ap et ph feroPd PRI o

i N acCOFHane @3 Wstd nhib® gpdphseniont Féﬁﬂfdklhﬁéht & gwompbalw Snaterial

a m crograph of conventi onal corrposHe mat eri al ;

FPRstipete slworalamecwgb thegressat gentiashaed ment of a
COMPOS| ffgufRUAT b SABRLAKCLRA, P ARG IGREKIMEAN oF NE arinl bit
present 1"hvention; and Figure 14 is an isonetric view
ufcoqmoettimgr aendunmsntenmadﬁn'ah amstrictéd tini acordeocat wity the present
ngoa te material constructed in accordance with the
Mt i nvention. BEST MODE(S) FOR CARRYI NG OUT THE
| NVENTI %ﬁffl\‘i()‘ljlﬂg F@ft&lKEYiNGQﬂﬁ’IeI‘ﬁEWNTQf)l\G

car bi de cryst al 2 1 constructed in accordance with the

present gl E&‘AQ 100 giu% 1d%Ré Gh%gdlh{bn?oﬁé &%id@: 'cﬁﬂstaﬁ 94 rl:gﬁgructed in

form Int ment shown, crystal f or med
facoondancagithehe presdit devenio) ladﬂplcttais inea smzplnﬁgd awutndsd derm. In the

rglglggﬁ?lg%l} b%lﬁg-ﬁlgls?aé??nls forﬂn%ﬁquon‘l tun steepl%la RVEJ}] and has a mean

grain size range of about 0.5 to 8 microns, depending on the application. The term

"mean grain size" refers to an average diameter of the particle, which may be somewhat
irregularly shaped.

Referring now to Figure 2, one embodiment of the crystals 21 are shown
formed in a sintered spheroidal pellet 41. Neither crystals 21 nor pellets 41 are drawn
to scale and they are illustrated in a simplified manner for reference purposes only. The
invention should not be construed or linﬁted because of these representations. For
example, other possible shapes include elongated or oblong rounded structures, etc.

Pellet 41 is suitable for use in, for example, a hardfacing for drill bits. The
pellet 41 is formed by a plurality of the crystals 21 in a binder 43, such as an alloy
binder, a transition element binder, and other types of binders such as those known in

the art. In one embodiment, cobalt may be used and comprises about 6% to 8% of the
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"mean grain size" refers to an average di aneter of the

particle, which mybe sonewhat irregul arly shaped.
waredogoudsny now to Figure 2, one enbodi nent of PEEUS2006/039984

crystals 2 1 are shown formed in a sintered spheroida

IIet 41, r..c 1 nor eIIets 4 are )

B oo f G iRty ron nar i gink apalfegtiof, & ofhel cbodiments,
Shorpl4bf tethrrapar isf @brd ffiGbRNGE st}HE Bﬁ@%‘u&@ Yin Jthér applications
i nvention should not be construed i mted because
gicht aseusing groogwesise Motesial PE rthfexafnmcm fagtthe forpussion bifestructural

é{lﬁcﬁ’ %%e s of ttH%%Tﬁlbq{] %ﬁét a]kt)l rodoglru?tg gt?%c@tgr]gg?tgé,xt gl #{égees%f cobalt

hay dbmptisg fdrakatipid 15%td 30% tobalpel let 4 1 is formed by
a plurallty of the crystals 2 1 in _a _binder, 43,

suc
as an af\tgipats Wlm%ptﬁ phihsi inverion iaghadn mpltivmedal (Bﬁﬂbu’ﬂons of
dey Cc [
Rkl e 4 ity & WSl Bt 9 88 iokporates
spiberid 4 YatbidBaggodgatenet arysthls Qb poemigttivodiginct fel diffeckar sizes (i.e.,

or hard i n [.icatiqgn I n othe i ments
05 5110, BB DY papl s sy & oft Spustibodiment, the
é@/@dalscﬁ@ Qﬂ§ havda 9izB8hti@BPab&AL7: P%d%@ﬁd@%eﬂ&' $Owith& carbide
conposite material of the invention for thé formation
edntesit ofi epant 88 % diap shampls, tie latge cristaly 21tmma§( lavg.a mpirt size of < 8
C b &S t he ran f . caobal t.
&?&an aﬁa ttfn{] gmgﬁ cﬂéxag%% /ﬂ 8316]@/'3%8 SI ?_ab% gpﬁgﬁog Both

e@f@@w :manQSb @khibiigh¢ sua8 tpr@pbm&Céﬂdd@lai’ﬁ.&dﬂsh&)d@dcnbed herein for
di stributions of the crystals. For exanple, Figure 3

#epRtes ol hh dﬁ%aapﬂw If‘é‘t a geducfign in jbipdsk seRtghlewithout sacrificing
BRAEE c&arbi de aggregate of crystals 2 1 having

t I stTnct and different sizes (i.e., large crystals

21a andlImsamther empediaient PRigyreid), atrbmdelrpelllﬁt 61 imcorperates crystals

AT BE I e S derpe Frote e e it Pt b, Sha amal

R cﬁi‘n Abpiér £8% one et MEorydthis 2h Arae, $1yEivl a331ze ratio
ave a mean size of < 8 mcrons, and the smal |

ef @@l‘lﬁgé ‘741 pndraspvitkaeellgt ﬁbamthsa gasbide caneuttofiereritertban 90%. For
g%ﬂ)lg S fRbe crggtglesc i Xh' la m% 31§e JE< gtrrgllf%er I ﬁ%ﬁﬁlﬁggmedlate

c¢haracteri’s erei i Bf cry

cgstal3r1d| xha)y\ﬁa\few m@ari SﬁH Qif iabouti 1nmﬁxtraﬂand&na§man crystals 21c may
wi t hout sacri f| tg fracture toughness. In_ ano
Basod mean sizemf o8 Q3 mgicgens. ndHArysids 2ée by and F1c exhibit the

beﬂﬁ@ﬁr%ﬁ&ﬁ%@ﬁl&&ﬁéﬁatc tlés &eseﬁbédh{e?é:i @ f he bRt F&(ﬁ%fgts. Again,

l'arge crystals i nt er medi at e crysta
‘dmoﬂrswmlgb depipted ah Figtes) 14dnara rﬂmrddeﬂuﬂfﬁhvh andnae: greatly simplified

h 21a, ave a r.af j
¥ Rasotheelsfiie® bl isBheet e il 5of ol ealifhioche drawn
fohRMo s‘hﬁw&h@ atedl debMRtrY A5Poti@vise illustrate any specific features of the

invention.

In still another embodiment, the invention comprises a hardfacing material
having hard phase components (e.g., cast tungsten carbide, cemented tungsten carbide
pellets, etc.) that are held together by a metal matrix, such as iron or nickel. The hard
phase components include at least some of the crystals of tungsten carbide and binder

that are described herein.
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exanple, the large crystals 21la may have a nean size

of < 8 mcrons, the internediate crystals 21b nay have
w@20meamssi ze of about 1 micron, and the small E(E"l]/STSEIOG/039984

21c may have a nean size of about 0.03 microns.

crystal C

1l b o A SRR i

shownds apaitile Agalike thdwretivayempsdigepischaticle 171 thgudeds plurality
0}@w=ar merely illustrative and areafreatly srnplrfred

eyslalsgfl ipgrhindsided. Aversedrsidndl Hogensiedeby forming a large

e t d e dr I
eSS (8 T T AR o £ Bl RcE o8, Bomblsite (any
espedirhént), fseatrimgethe dfulk hempnm@man«b thenl erusgting thealmdk hemposite to

nbodi. n the i nventlion ris S. a rdf aci ng. )
5 GRSy ATGIAT 4 g TSR St/ ol a plurality of
chysAs N hewd Riciflar GRARRAL 88d tarm deh-@nifeR bR Retitled F1 are then
etc.) that are held together by a netal matrix, such

sgged mrzgformel@wéd appiivetipas sich naﬁl@semﬁh@rhegeinncl ude
at leas(%(ﬁizé)a'}%ge eg%nlp%gl)(e teﬁ'wfi)sf )E% %Sei] 218 b dl% flcoﬂectlvely

bi nder er el rr| ng now

réfiegrod @o Witharddnal r226rtRigureEs) mﬁ‘h thé eorpreatieil cbmseﬂtel M@Bterial 23
i s, shown as a particle 71, Like the previous
haxig farife sTysiy denicted i Figuyse |lddeemposie anatptial 220 Figure 13 is

Seh¥3i@lsshefoillall Radin arqu ile’Rat {5 \éerf)un(ﬁﬁr\*q't uf aﬂgl.i'laﬂ structures
c2D s et

generat y form arge quant it e.g.,
sbeh hesharp tombre OmregigetsaIInZ:omtram,dthb icnoheantidigal (Bom]postd matenal 23 of

Y 13 R R Telot R, i, R e Rioue pERRRG ot el Comers and

eﬁ§a§homn in Figure 7, the crushed partlcles 71
contain plurality of crystals 21, have irregul a
shapes, Iﬂalﬁdlmaﬁethﬁ ePmperifeaRateriatid qf digure 13 4s formed rrebatches with

{3, LA, DA Mar LS 50 AR LB i 2 i

escrr

Rigdrer 12 s Tobis, Fe@up@ste2matetiabaR 18 o hegti Mﬁfqtm 1n size than
referred to vvlth nuneral 22 in Figure _13) with

YRRdionRlo ARIPPesfpBaicial kit efSafhord Halisye éaramp “of a typical
dHtMﬁ&tﬁJnSZSj SPicrysefs b rﬁhf el Q:hgu?acteﬁ%qJQ§ It 81 JHRL1 grﬁaﬁ‘fowz%raussmn

In Figure 13 1s generally spheroid havi ng profi |
distubutian, mieesas o phd od amlh@i@stahgmnaiﬁ s&cmmenjroesl gysthls may be
ners o r.ast

381]»?\‘} HF?doﬁsa[Ogcfg)ﬁlﬁlggp gchg?rg}qli] éills%gl?)}ltlgfl viglire elgtt%orl & logarithmic

stale)) Fessxahipid)d6ita aiedn Mﬁet@ﬂiﬁ SR 6 ShadrBn e &hndard deviation
ged corners and ed In addition, the conposite

fjﬁe@ré/ﬁrakﬁ 2H of thejogdared 1a59011f50 £5tor9eP 0 wickense Hascopirasi, §r a mean
%Ja nggﬁee § hﬁ@roﬂé $hd ét alrc? HF\HE@S}; fo? %I)mpeﬁmggzﬁ crystals is about

ona 'te na
2 to 3 microns.

A composite material of the present invention that incorporates crystals 21
has significantly improved performance over conventional materials. For example, the
composite material is both harder (e.g., wear resistance) and tougher than prior art
materials. As shown in Figure 6, plot 31 for the composite material of the present
invention depicts a greater hardness for a given toughness, and vice versa, compared to
plot 33 for conventional composite materials. In one embodiment, the composite

material of the present invention has 70% more wear resistance for an equivalent
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Figure 12. Thus, conposite material 22 is nuch nore
uniformin size than conventional conposite materi al

wQ@30078s483hown in Figure 5, a plot of a typical PCT/US2006/039984

di stribution 25 of crystals 2 1 may be characterized

as _a relatively narrpw Gaussi an di i buti.on er gas
(GBS o o EY L e TR GRALS GRS Yo RS SRS BiBhess for an
eﬁgf;(/ﬁnfgfljt lgz?rﬂﬁé/ss BE cGRRhAGTEEABRE ndferiddg- normal (i.e., a

stribution when plotted on a |ogarithmc )
scal e) .THeoe amxmapy epplicotions feedhe praseuitingerdion, sicheofoWhish may

FhERE PR OB Doshotd oo e ErBhL: flghic el Wit b

JoWerPstdTRAS it aal(PADYichtted Fiethal incofPogdtes sulishate 83 formed from
st'andard devi ation for conventional crystals is about

the peevaousi s Aesssbedrceropqsis imaserialtal ithe present; iguensjopsuth a diamond
i nvention in oy L

PR3 oBlnt Phodhy FOUR LR RAEOANE & T Rmple 5 i b body
TGt @iguat 31) FDtheakidingit €11, t Alternativedp ot &1 cenlsinatiin, s REPHrill bit

harder (e.g., wear resistance) .and tougher than prior .
Hlt mfgt argomrasate athes AYMRPH maée%@ %, i B’_EeS%ntlme_sﬁﬁ% gs either
%9&@38?1?“@3 Pk i 81 Rfas HREmRIcEseRed ith Y6 ool BE 6% freentire bit

greate ardness for a given toughness, and vice )
welysld 5, swhpesrtbel cutting sioect®@8s.f br anpbler atteineteatmbastimpersi (Fegure 14),
mat.eri al s, one_ .enbodi men he caoppaosite i

Rt ettt R oRHEF oot 1o e BB Geaf T B hrare the
&Rkt ¥akanl bptg hRReS iffentiovent i onal carbi de

materials, and 50% nore fracture toughness_f

equi val brtillenothes smbedimenh Fegie 8 Alkpstigiss 5 ral l?i%?ﬁﬂﬁv&pg a matrix
TP, 0 ORI S TSy MABES DB 1
deias a.rofop cexadrlléit FlgmeerpBratiepitiod sorapabite [nhatéridl of the present
|y talljne di d (PCD t hat .
et laging, A5G Pt bl Talm B Bring Sty @2
%ﬁ?ﬁsr ia&ﬁd oft WP et HitBIE 1| 0:08utlife s @R indliN@td.@Nthe cone

iamond [ayer 85°fornmed thereon. Cutters 8 1
stppotid O8pumtas dhe material ussdaapfben partims [of opithe ¢ndiag bit body 105 or

Fi.gure 11 Jthe,dridl bit 111 Alter vel.y Of i
ol R, i Bt iy ol fiq SUBIC Gl presen
HRERQSH. t BoBitiiplal sudh applecafo@seny indvrpothiediardfaceel tebhr bit body
hardf aci ng 113 on bit 111, or as the material used to

pertiang or cpopiste bit dody Reuawes fabnisated prly thegmpegiiqymaterial of the
é%geng%\}einp&a-st ructures. In another alternate
0

i nen Figure 14), portions or all of the cutting
st r uct undaslelthd ifwentjon hieledeh shoones destribed imagly some of its forms,

L TR e TG
kd VAtRUE Bhfbe@ withbht deBhrting frbnl e isB&heto MRS fav¥ntion.



head 93 that incorporates the conposite material of
the present invention. Figure 10 depicts a rolling
wa@emeg/ogesil | bit 101 incorporating the conposi t BCT/US2006/039984
material of the present invention as hardfacing 103 on
eenians of the bit body 105 or cutting structure
e.g., inserts 106), on the entire bit body 105 or
uttin ructure (including, e.g., the cone support
iog),A%¥ﬁg@Efﬂgﬂﬁﬁ rial used to formportions of or
t he ent,i. .q#} ody 105 or cutting structure. Bits
with ?Tflpflg?& d¥bRving @ cyitivg cemperenteandnpl i cati ons for
the present invention. For exanple, such applications
may | Hcl6shGrrardom af Hreabribit damied fivm ahedypgsie miaterial comprising
I j - 811 LC f.abricated wth the :
oyt Rdent Bt e b Wi B2 R e B bferattg pberoidal
shapeand osizb distritation siovwcharacteised b e Gaubsiandi¥tr®aisn. of
its forns, it should be apparent to those skilled in

he ajt it ligited, but i sept | bl
bo° Lo 0. B e tatope g b
& bemp oI lolf MardPhéth driit o ising: o
ari bt body hav.éjﬁél]{{aleéaﬁgt?l%gan?o%%ocﬁgér@? b9 gl grain size

1apgasef hopbP.Hite maitronke drill bit formed froma
conposite material conprising crystals of tungsten

bi ' : t al i Ly, .
o her sarbte Rochidto clalf SR MelHAR% RafSPE lopbinder, o
trdmaitmotobmhane Birdler, ana wsbdledllos cohpiiisigiaBBut 4 G dobhlt.

bit according to Caim1, wherein said at |east a
orti f.the drill hit is conponent of hardfacing _
13 gt oiording e T {herein o spBpositgamgiergal gpmprises bi-
180, GiR0RE sPherdfalbelRtsFhitQn&rPoiafcCRS: lvb ldiffdrbnt si
accordi ng tsg eCI ai rr??[ V\,h_erreli rﬁﬂat’ he bi #ggel‘ga@s&gﬂgé déﬁér%% sizes of
the Iciptaly, faé ithe swe dififerentistnes of dneertystolsrithee,a sindratio of about 7:1,

rishng.about 6%t o.8% cobal t... 4. A
PR Pt los AR R QSRS iR SR BRE ob s e w lareer
st efith@trysialsiifas a @sealisiR Ak, 8 midpéR! Bl S BEN&G s#R!of the crystals has
i ncorporate an aggregate of two different

4ggllets t{g?
SHSIEH o aheuLt {d¢taNs, and the two different sizes of
the crystals have a size ratio of about 7:1, provide

3.he CORBAMiL focBRlifE tAC1aMh U whetdi{ R ' ises tri-
of about 85@6 a_fa%geraSizé ofﬁ#ﬂgﬁe$@§%§ﬁgh%%gﬁggﬁgﬁémmtn
18¢ded siritered §pherotdehpelletmitiatinsompbiate ars hggregdie bhthree different sizes

I h si.ze of .about icron. 5. Adrill
qg it]%(es (térg‘%:tglrsﬂﬁl% écﬁ&eg%%?eg‘e% siges %@Féﬁﬁstiﬁﬁ gla%fﬁ%g fatio of about 35:7:1,
proviés kel canpasite Sestefidli il alcarbide content of greater than 90%, a largest
size of the crystals has a mean size of < 8 microns, an intermediate size of the crystals
has a mean size of about 1 micron, and a smallest size of the crystals has a mean size of

about 0.03 microns.

6. A drill bit according to Claim 1, wherein the cutting component comprises
polycrystalline diamond (PCD) cutters having substrates with diamond layers formed
thereon, and said at least a portion of the drill bit comprises one of the substrates, a
component of hardfacing on the drill bit, and a material used to form at least a portion
of the drill bit.
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sintered spheroidal pellets that incorporate an
aggregate of three different sizes of the crystals,

wo b@7imsee di fferent sizes of the crystal s haveCHUS102€039984

rati o of about 35:7:1, provide t he conposite nateriw
with a carpide content of ter than . 90% a | argest
i ze Brdrfht ef%i?lagéo (4 m, Dy areies (hE A Rt gorapriien Agatrix head

%?mbﬂ&t%é@ fr§1'nztﬁe eémﬁ&%e?ﬁax&iﬂl s has a nean size

about 1 cr and a snallest size of the crystals
has a nean size qf about 0.03 mcrons. 6. Adrill bit
&ccordidgl bip acionding 19 Ghior bi wherpia thedrillriyt ewnprases atrolling cone

Lise talli ne anp P t '
0B SEE SRR bR LR TR SRbrSHL A 5t R 3bhBlent of
Baificiak dnt@stdrill vio Ibbdp,nanafa tlaeeridl bddd 1 for GPEAsE & ool of the
of the substrates, a conponent of hardfacing on the

@ilibit. bit., and a naterial used to format |east a
portion of the drill bit.7. Adrill bit according to

gor nen}aldnlm‘?{ £iddrdifl % 8 rdll%llm hi twlfé?ém thé %ﬁttﬁignaﬁﬁlbdﬁeﬂte 8prises

l'east 1n part fromthe conposite materi al
Milled teeth) dndbratd @tdesst dipngion®f Cheadmil bit coimpriedsronelvd achoiripionent of

I t.conpriges rollin one i1l .bit, d said at .
R E B e e erhobepm obite valpit Wil g gpliial used to
FRARANRBE a RirtibRbAhRENDbion the drill bit body, and a
mat eri al used to format |least a portion of the dril

bit. 9. Adrill bit according to Claim1, wherein the

it t | Adirdvib sABIRTIS@BIpri ses milled teeth, and said at

| east a portion of the drill bit conprises one of a
conpomdritl bigfbodmhayiag arvyttimg copponsnt] ad t eet h, portions

of the drill bit body, and a material used to form at

| east a chapdfatingnorofthe Hieilld bitl ¢om11'>risingl(a cgnpledite| migferial comprising

| ‘ién@‘%gso{%h %fgr\f Hif ?ﬁdggll% 5nt g%&}"j‘f, %%%/1%15 N generally spheroidal

SIUPBS d bR oRit P g& of HRIuE 0I5 CRAMRENsS hitda GisyFihaios o@fwhlch is
tungsten carbide and a binder, the crystals havi ng

gleanesterized byph &asbdan diskrEweon haagrn gpadasd sﬁewtlpla@geth@forder of
Qt?o%% Stgotﬁd_ﬁlgmn%r ons, and a distribution of which is

aracteriZed by a Gaussian distribution having a
standard devi ation on the order of about 0.25 to 0.50
irl.cr oAsdrill Bit adcodding lto ﬁ]la‘imalc{)r; Mdfeﬂtgthemoﬁlmisim m@terial comprises bi-

wherein th onposi t teria ri ses bi nmpdal ,. .

S10H e Bt S OPOTIrL Pt ot eieatecs T OFSR B Gy different sizes of
BRI SG A Carff thEWoddiffEI%ﬁ?ﬁEesséfztﬁé cBfstals have a size ratio of about 7:1,
provide the composite material with a tungsten carbide content of about 88%, a larger
size of the crystals has a mean size of < 8 microns, and a smaller size of the crystals has

a mean size of about 1 micron.

12. A drill bit according to Claim 10, wherein the composite material comprises tri-
modal, sintered spheroidal pellets that incorporate an aggregate of three different sizes
of the crystals, the three different sizes of the crystals have a size ratio of about 35:7:1,
provide the composite material with a carbide content of greater than 90%, a largest
size of the crystals has a mean size of < 8 microns, an intermediate size of the crystals
has a mean size of about 1 micron, and a smallest size of the crystals has a mean size of

about 0.03 microns.
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the crystals, and the two different sizes of the
crystals have a size ratio of about 7:1, provide the

W@ owposisre naterial with a tungsten carbi de coPtENE2008/039984

about 88% a |arger size of the crystals has a mean

$3.2¢€ fdrfl}] %1tnlc%51%m to glzah%]f @E\g %rglils £5 gtﬁlgt %gnp%ent comprises

crystal s has a nea

mlyeﬂystbnme aiﬁ:amclinii avg:m)ocﬁeas Havif smﬁa@g m1M&aﬁﬁm9§y&§fomed
teri nprises trinpdal, sintered spheroidal

T908¢ etsvbétraﬁeﬁ compHsiag thegompggiiematesabf t hr ee

different sizes of the crystals, the three different

§4 zes Aofrilt bie a&on@ihQ ko> CRLANE) (2 whefdn ﬁf?:tffrﬁl Q{t &%Bﬂges a Igatrlx head

:7:1, provide theé conposife materia
mmmreqmg be cgmpam@rmathmi afPthe hirder pesk ofian alloy biﬂder a transition

l.s, has ze of . s rons,

Shiuleliad SRR o orihriacaEES W bebal 2o of
about 1 mcron, and a smallest size of the crystals
s aAnkanbis a@rdiﬁg abolHim0L.0) ¥ hetedd DR drilBbit éoﬁf)hie!s a¥olling cone

rdi to Claim 10, wherein the cuttin onent

%@ﬁ%ﬁ %’gg he\eAmyRasifte matariah forens ahlsast 3 mRCN ¢ @én bifavi ng
substrates with dianond | ayers forned thereon t he

bst enC me
BT I AR LR B Rle"ts e ATRRRE 8 LA copttineft pqmprises
wiledripeth davinghe hardfacing, a:tuhﬂnmcsmpgsﬁdmatenabfwmts at least a portion
‘?ﬁgeélﬁlbg and the binder is one of an alloy binder, a

n i"oh

el ement binder, and a cobalt all oy
conprising about 6%to 8%cobalt. 15. Adrill bit

HE: cor icogpbsiteGhabhallommiigi n the drill bit conprises
arolling cone drill bit, and the conposite materi al

f or meergitalk €a¥S tun@stBR' dat81fle Ghd !t HigHek! thePblystald hatingrd |
bi t acgir di ng t% Cam 1% V\,herél n thee cl}}tstalisﬁgaéng d glenerally

%}éﬁ@&@é ﬁhap@o«"nmea@ eximbize sahgeadrhowtdl/s by8 mhierons, and a distribution

%@F s cl ?e?%e& §§ C(?'Egs?l?n Eh%tfﬂ;a hﬁ)ﬁgé ?trsga}snﬁ%{de(iqvg%on on the

cﬁdamfabomgl.zmy)sj(}ain&r@;ﬁs,tungsten car bi de and a bi nder,
the crystals having a generally spheroidal shape, a
an gral n size range of about m crons, and a

‘st ri5SQEPgHtoReifHAL pecording ig gé*’t"é‘r 17zé’ﬂh°6§lna*h®l¥§5§¥ none of an
dlostindyta eihsitid iet9néht BB ahd aqsﬂélﬁéllog/nc (ﬂgarfsn% folEE% to 8%
18. A conposite

of “about’ 0.25 to 0.50 m crons.
qeReléri al according to Caim 17, wherein the binder is
one of an alloy binder, a transition el enent binder,

RNd 3 chﬁﬁbgiteaxlnla%alc gg{:%{rdusll b Czilaqgluh 6VOV/ ér81n8t %Cc%%posﬁe material
comprises bi-modal, sintered spheroidal pellets that incorporate an aggregate of two
different sizes of the crystals, and the two different sizes of the crystals have a size ratio
of about 7:1, provide the composite material with a tungsten carbide content of about
88%, a lérger size of the crystals has a mean size of < 8 microns, and a smaller size of

the crystals has a mean size of about 1 micron.

20. A composite material according to Claim 17, wherein the composite material
comprises tri-modal, sintered spheroidal pellets that incorporate an aggregate of three
different sizes of the crystals, the three different sizes of the crystals have a size ratio of

about 35:7:1, provide the composite material with a carbide content of greater than

10
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19. A conposite material according to Caim17,
wherein the conposite material conprises bi-nodal,

waowesesdl spheroi dal pellets that incorporate BOT/US2006/039984

aggregate of two different sizes of the crystals, and

different sizes,of the crysta have a size .. .
00, 4 W8aSL efbP e cPVEIS b e S e it ap pigprmediate size
o th8 coystald g8 tagheasiR cFRabeaNt aiéroR] andlodmalB8%izc20 tBE B8/ktals has
size of the crystals has a nean size of < 8 mcrons,

apwan sizaaf shopt 303 migonghe crystal s has a nean size of
about 1 mcron. 20. A conposite material according to

S i e SO, B AP

tne. cPeacabel SRBRHRERIT pbAhfr o, 4 B el e hara phase

arysdnehts compeisiag stysealy of fudgsitn akbilde 238 abidderPihe \ck¥keals having a
t he ?ongjpgsi te material with a carbide content of

grellyr SPhegiighshars, » MregBAraig size gt RE abouf & 2t Smisteps, and a
aRbuibR Bf Uhich & BhfhAlSzed®By WEEEIRM! ALk 48ink "W standard
crystals has a nmean size of about m cron, and a
devadtioman th¢ grlendf dboet @2§ $4 AI5O nnamna. mean si ze of about

0.03 mcrons. 2 1. A hardfacing material for drill

jts, \the Jhardfacing. materi.al conprising: hard phase
‘%‘:)idrrpo‘ﬁ‘enf’I sdrf‘ar?él}gd W%@gﬂlhéﬁoﬁ g f?e@?l iYY,ﬂe’ieH’e tﬂ%rlbard phase
QMEReARNRANERE it AeEPons| ScAHE Yorigdteh SdrbidbNAat &mented tungsten
carhide_and a binder, the crystals having a generally

Pide BF¥AY- shape, a mean grain size range of about 0.5
to 8 microns, and a distribution of which is

ghar agt erlERthoDnaferF URShAh L1151 ELBHT 5 ONyRaY) i
standard devi §t %{lgn on thgﬂghr%é[? % Hgb%gt Wg%g{]?%@dp%t@l matrix
eaneprenes one2of iroh dndmidkati ng materi al according to daim

21, wherein the hard phase conponents conprise at

ast ,aqne.of. cast tungsten carhi de,.and, cenent ed .
Hingst RFuGonF BRtostal PeeGha 30 s 2B SLFRE thacgpdes s one of an
ARWindedt fransfonidlentdnt bMIRE,Qinf alddBallBILR} cdmyrising about 6% to 8%
conErlses one of iron and nickel. 24. hardf aci ng

rial according to Caim2l, wherein the binder is
one of an alloy binder, a transition el enent binder,

291d  aa CQRF kit aRYial Q00 diRkL Y r(%QiﬂPQI,GO Rir8 ic%gﬁjotsite material

25. A conposite material according to alm
whnepresies) bi-hedalp mipbsed ephrmoidal pélletothat irsespdpate mndadgregate of two

At ered spheroi dal llets that incor ate a . .
518157 18 GG bR e pifBens et BE B S fnava aize ratio
(thfb_oh’d\mzlgpfcfvﬁkQHé cSinp8sitedhaleR8l with Bt BhsstdA¥Ebide TodRnt of about
ratio '

88%, a larger size of the crystals has a mean size of < 8 microns, and a smaller size of

the crystals has a mean size of about 1 micron.

26. A composite material according to Claim 21, wherein the composite material
comprises tri-modal, sintered spheroidal pellets that incorporate an aggregate of three
different sizes of the crystals, the three different sizes of the crystals have a size ratio of
about 35:7:1, provide the composite material with a carbide content of greater than
90%, a largest size of the crystals has a mean size of < 8 microns, an intermediate size
of the crystals has a mean size of about 1 micron, and a smallest size of the crystals has

a mean size of about 0.03 microns.
11
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of about 7:1, provide the conposite material with a
tungsten carbi de content of about 88% a |arger size

w@boowloesscr yst al s has a nmean size of < 8 m cr onBCT/ARIIOG039984

smal l er size of the crystals has a nean size of about
osite terug# accordlng to Caim

31 oA b S sHE

tri- al, sintered spheroidal pellets that

i nco F&S r at Box l%ﬁfb’ét@ﬁtoé toesten @gdide #W-%ﬁfme@n £gain gize range of
N %.?%aksmlctr&% thaagislidohebe 'u'hléﬁ qgsc?%facfeﬁ%d by a Gaussian
crystals have a size ratio of about -1, provi
disribotioposi te material with a carbi de content of

greater than 90% a largest size of the crystals has a

mean @)ze €frminga balkcompositdviithe erysmliizate hdee, of t he
crystals has a nean size of about 1 mcron, and a

snall@gt skiaRriaf thdwule eyspadi®; has a nmean size of about

0.03 mcrons.27. A nethod of fornlng a conposite

mater (@l . eQERLY Sth@ Gl BbrdPosivd ¥ Gk " YadiRl Spficles having non-
tungsten carbi dé having a nean grain size range of

wisem, dregulay sBapesicandns, a distribution of which is
characterized by a Gaussian distribution; (b) form ng

a bul ke)conpating theatushbe pentighss by sizarfar wsebn selested fuplications.
sintering the bul k conposite; (d) crushing the bulk

formc ed icles having non . .
B T orreibd agtrdbe ko EREE P2 Set M REorRe foriogadilet of
ﬂ@niyﬁgggmpMnaaze for use in selected applications.
28. A nethod according to Caim 27, wherein step (b)
conprises faormng a billet of the ¢crystals and bind

39, AnavHod seeeBin iy GlomcAi Whsiin biver ) roseisey pglecting the
| t [

AT ERE0RELESH 8, R Rl AR Ondl, B4 Beobal aloy

edrhpiysicg alpnit §Vatg 8&boekaltc % t o 8% cobalt. 30. A nethod

according to Caim 27, wherein step (a) conprises

rmul,at i bi nodal elets hat, .. .
Beor Aol bRt o e B yiRATE Plsp T BERDES sbriitating bi-
floysl, sinferecdplefoitil hkletslitiat ﬁfc@ﬂbrzﬁé #e8g d@éga‘té’lﬁf toydiFratesit sizes of
have a size ratio of about 7: prOV| e the conposite

ther ey stals, aid the dwe igeeaisizer of e i AV SEBGUHO gBghout 7:1,
?rll'olvﬂegtﬁé cglln mf%fm{ltplﬁalcx{lﬂsfl?%ghﬁ stk?xhca?bﬁ@ @%ht?ﬂt%ﬁ a%r)ut<88%A), a larger

crons a S
size ef thie cﬂ;ksm]ﬂ hdk anmeantsize of < § microns, and a smaller size of the crystals has

a mean size of about 1 micron.

31. A method according to Claim 27, wherein step (a) comprises formulating tri-
modal, sintered spheroidal pellets that incorporate an aggregate of three different sizes
of the crystals, the three different sizes of the crystals have a size ratio of about 35:7:1,
provide the composite material with a carbide content of greater than 90%, a largest
size of the crystals has a mean size of < 8 microns, an intermediate size of the crystals
has a mean size of about 1 micron, and a smallest size of the crystals has a mean size of

about 0.03 microns.

12



10

15

20

25

31. A nethod according to Caim?27, wherein step (a)
conprises fornulating trinodal, sintered spheroidal

w@elorei47t hat i ncorporate an aggregate of threrCT/US2006/039984

different sizes of the crystals, the three different
sizes of the crystals have a size ratio of about

35: 7: A, mphod bfimaking acivitids icomptisihgr i al with a carbi de
content of greater than 90% a |argest size of the

cryst@)s hasvalifaysiisaf tiigsten&aftli€é BiVGng @fhean grain size range of
internedi ate size of the crystals has a nean size of

0.9 tei 8rwirronsnck disgikutioasel syhieh df chpacieriget Hysa Gaussian
&g@bﬁﬁgﬁﬁan size of about 0.03 microns.32. A nethod of
making & drill bit, conprising: (a) providing crystals

of tupgstepn carbi havi ng, a /)iean _grain.size range of

about (8. 5 Ry Bl P8RS s TR St B ala i wffickn s
characterized .b ssian distribution; (b) fqrmng.

Ut conpisriny B THE SoRPebis 50 R i rtiles ahng non-
G, D¥edull® sRMck; composite to form crushed particles

havi ng non uni form irregular shapes; (d) sorting a

parti gyl ar (St Of 4 ' g e:10
define’a C(S)(ﬁr%ggiat %aﬁr%a&?glf Ffailé rkﬁ((jtg)gaéfrg%h%? g%tlr@%%ss gf S()rdlel fo define a
tomposgadnatérjalf ormi ng at | east a portion of the drill

bit fromthe conposite material. 33. A nethod

accor (ing fabriChtrign @2 bishexlei n step (b) conprises

formng a billet of the crystals and binder, and

furthey corgmiisd ftdedst HpetioN OF tHeadrl] bit Gbm tBé corfperifehiaerial.
according to Claim 32, wherein step (f) conprising

formng a hardfacing gn.the drill bit conprising the _.
&onpos pEthad pEOFdINE 16 2i1m e PHERTEHED icw@mflaesé%amg a billet of

, %yygaq hdbi A gj‘gé)rxﬁ | bi nder
fhr%gr onge%%?blgﬁ&g?l oyrt%i n eﬁ?@ﬁ%ﬁ%@gkﬁlﬁ’emm
bi nder, and a cobalt alloy conprising about 6%to 8%
3dbal A nBthodAaenerding tacClrdi 31y wher€inaistep 32) commprising forming a

BufPet® T 8P R obPE el SpRulRe Rkt s Gi 7 er ent

sizes of the crystals, and the two different sizes of
Bhe caysictlod hrurlimg $o TdaikABRO whkretboteh (B) lonpitioss eelecting the

he c osite_material, wth a tungsten carbide content
. detp g gaypf émazl.rogirmi%rzé ESHNE PN BdHadnG aneoRalt alloy
ééxﬁﬁiﬁﬁg%c%é@%%%%co@am a smal ler size of the

crystals

36. A method according to Claim 32, wherein step (a) comprises formulating bi-
modal, spheroidal pellets that incorporate an aggregate of two different sizes of the
crystals, and the two different sizes of the crystals have a size ratio of about 7:1,
provide the composite material with a tungsten carbide content of about 88%, a larger
size of the crystals has a mean size of < 8 microns, and a smaller size of the crystals has

a mean size of about 1 micron.

37. A method according to Claim 32, wherein step (a) comprises formuiating tri-
modal, spheroidal pellets that incorporate an aggregate of three different sizes of the
crystals, the three different sizes of the crystals have a size ratio of about 35:7:1,
provide the composite material with a carbide content of greater than 90%, a largest

size of the crystals has a mean size of < 8 microns, an intermediate size of the crystals
13
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a nmean size of about 1 micron. 37. A nethod according
to Caim32, wherein step (a) conprises formulating

wo poomodal’y spheroi dal pellets that incorporat ePemnus2006/039984

aggregate of three different sizes of the crystals,

he three different sizes of t .ystal s have a size

%3 HoYt SiapBLEDoRE I migronggndia o %f‘oﬂtﬁtbg PPl piragan size of
¥Whduh 0d3GAIRIMEe content of greater than 90% a |argest

size of the crystals has a nean size of < 8 microns,

an internedi ate size of the crystal shas a nean size of
about Aimgthed eacording te Chaiil 32e sthexsiity steps (o) hied ) pyemptise fabricating

"
B339MAR, G I SBP Ml BR AL SLBMA o Pg, AFp Wers oo
thergon] sel foxtiing aiid MOthp Qhlystrapes | zabd)mp@n@it afmhadfadchgdn the drill bit,
cutters having substrates wth di appnd | ayers forne

b Buerial rged t frmapt derst apotties of the dpHitakbody from e composite
gampanpent of hardfacing on the drill bit, and a

material used to format |east a portion of the dril

bit body fromthe conposite material. 39. A nethod

3% cor 4i mgthod a@bcaﬂinngIaim@Qe mhersiregispy @) amh(f) (:tbf,nprise fabricating

' f.ab t [l bit w.th t
R AE W AT ERK hoHLbRSed ittt a1 Rashisbi B Chlbashe BfiRérial
40. A nethod according to Claim 32, wherein steps (f)

and (8) mahyd IeS:@@rdfn@b 0 CClhinf B2, hﬁ’hdlfeiﬂ |stdphs t (fRSand (g) comprises
rolling cone drill and sajd at |east a portio

fqb@cama fhe lS]i“tu RibAp? r@h&g gone Gl hltc@ﬁlp%ﬁ’eﬁtle@r a portion o the drill
PR lpanpot eofipbid Bt il SRR b, 40P e

nmihodomwtdaahtagpottm)n(dfzehetﬂrﬂﬁbm/\her ein steps (f) and
(g) conpri se f'abri cati ng the drill bit with m I I ed

portion of [ P
45 naBlingd Bef e IS Timaal RhbteDs B cl Fosf tgh cymlfiSe fabricating
tHel drigihit @@thinille@kdettRBsd 6fid bhiadd igoktidt &f thOEMIl ba@niprises one of
material used to format |east a portion of the drill

bicompapent ofnkardiseing fonnir itagled tenth porlipes of Biepinilk bigpody, and a
r f a binder and

e R B R MR L o, Mean ar s n o1 ze

range of about 0.5 to 8 mcrons, a distribution of

#hi chA membdpﬁmakinigMiltj;jt,aoﬁpdsis'gan di stribution; (b)

fabricating a drill bit; and (c) formng at |east a

porti @) of ptdvédidgid torhpdsitk rrmatetilleof anfpiadért sndreiyetaisabf tungsten

43 nmet hod according to Claim42, wherein ste
cHR }gqv};,{@ gépqﬁnn%a%l s%ze range olf about 0.5 to 8 Imlcrons pa Ehs)mbutlon of

which is characterized by a Gaussian distribution;
(b) fabricating a drill bit; and

(¢)  forming at least a portion of the drill bit from the composite material.

43. A method according to Claim 42, wherein step (c¢) comprising forming a

hardfacing on the drill bit comprising the composite material.

44, A method according to Claim 42, wherein step (a) comprises selecting the
binder from one of an alloy binder, a transition element binder, and a cobalt alloy

comprising about 6% to 8% cobalt.
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hardfacing on the drill bit conprising the conposite
material. 44. A nethod according to Claim42, wherein

W@ t@p/0§4ay1 conpri ses sel ecting the binder from peEUSI006089984

all oy binder, a transition elenent binder, and a

balt all oy conprising about 6%to 8% cobalt.45. A ) i
e hoft %@@ﬁoﬁcﬁgp‘#@ @ Glatn 42; WhsErRsiePsEe gopgyises formulating bi-
FRARN sifRSed Pt @llipREetd HIPHRbrposh b hES e SROBT Qi@ terent sizes of
pellets that I ncorporate an aggregate of two different
thezargstalf, artethertyot diffsrentisidest dfethe woystils heveeatsizsiraég obhbout 7:1,

the.crystals have a .size ratio, of abqut 7:1, QV]

bIRidEEHR sBrpetalria) i ptbasich cpRidh ce: oioRsl 8y toveer
6ize BPQlerReds has 4 AkaLsizS6Ze8 Aiclohs, i VsnddlRr 538 ofthdRARtals has
size of < 8 mcrons, and a smaller size of the

& imesp 5128 of geow 1iBiwFos| ze of about 1 micron. 46. A
nmet hod according to Claim42, wherein step (a)

ggmpr i&sﬁl%#oﬁra{&!)ﬁﬁﬂg‘@) (tlfa.irHQ@?lwherceiirpgl%ﬁ E?g) éﬁﬂgﬁgs cj?@llmulating tri-
pel l ets that I ncorporate an aggregate of three
dioflfle siatdred spesoidél peliets dhat Stalrsqratehan dgprepatedoff theseatifferent sizes

sj.zes of th rystals have i ze ratio of .about

35 etath g i HE o Res Shabnibebiptna sinba bt 35711,
pRATRNhe VonPosid BlatdrdRKiB0) LarBidedodRBt of igf&tfthid190%, a largest
crystals has a nmean size of < 8 mcrons, an

sige of thedirpstels diay @ mesfantsize of y& magrenh ag intermediatgisize abfthe crystals

bout 1 mcr d.. | est .size of-the c al s .
Gt BkELP e 7 Tl R S5t bt b Eofalghl anean izeof
aesr0di3ngictensCl ai m 42, wherein steps (b) and (c)
conprise fabricating polycrystalline dianond (PCD)

cutters having sybstrates with dianond |ayers forned. . .
frer cormelig a?wﬁﬁﬂagé d¥ thregwgasr%b 4 (¢} comprise fabricating
991?91‘3'%[1&60&21113613&13?@1)5‘ Quts hixng kibdiralistwitl? @fnfond Ia¥ers formed
maf eri al I 111

used to format |east a portion of the dr
Hiereonpand farpnmg hee obiipoubstatasns eomponent 8f hardfasitgooh the drill bit,

e R L

fomgatl at least in part fromthe conposite material.
49. A nethod according to Caim42, wherein steps (b)

and (c) cg}ﬁn‘prises_fabriqating the drill _bit as a . o
A8l | | Agmethad aasardingfe Clamy 9, hpigimstepsdhy and (¢ spmpese fbricating

LB . .
HRFPLE e R TPl T e PR M Qhnngpic pariel

to format least a portion of the drill bit. 50. A _
A8t hod audbedliargotdingCiiai Glait?, 4ahwheriem stepps(b) bdndarfe) comprises

. CONPLi SE. ricati.ng the drill bit.with mlled .
bR s Gl B0 SRR AR bl Sl e of the i
BRMRHIpERSs O oPh component of hardfacing on the drill bit body, and a material

used to form at least a portion of the drill bit.

50. A method according to Claim 42, wherein steps (b) and (c) comprise fabricating
the drill bit with milled teeth, and said at least a portion of the drill bit comprises one of
a component of hardfacing on the milled teeth, portions of the drill bit body, and a

material used to form at least a portion of the drill bit.
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a conmponent of hardfacing on the mlled teeth,
portions of the drill bit body, and a material used to

wo coomoats71 east a portion of the drill bit.51. BCTEs1006/039984

of formng a conposite material, conprising: (a)
roviding crystals of tungsten carbide having a nean
ék-ai nAdnetbod ahigemats atsmnosite Batepial cpinprising; a
di stribution of which is characterized by a Gaussi an
di st r(@ut i proyidamgicrykiplsfof twigsign petbidd Isavig & hesat Ryl 8ilz6 range of

A 88 008 i, 5, TR SPED00 4 RuShEHTLY iy s

disigibafio@anadl | oy binder, a transition el ement binder,
and a cobalt alloy conprising about 6%to 8% cobalt.

53. Apyet h@)ﬁnaf%ﬁ%eiswéﬁeocr%@g WPl pingderei n step (a)

conpri ses formuilati.ng bino sintered spheroi dal
ellets that incorporate an aggregate of two different
-zesAonethpe acegrding to, Claiar § hewheweindstep b mbmprizassseddcting the

. tals Lze ratio.of about 7.1 provide

Yiffer 1088 e o BBy T, R iR, SR BitenCinibp ot altoy

@inmizoigtabd38L6%ao B8y gdaltsi ze of the crystals has a nean

size of < 8 mcrons, and a snaller size of the

%yst | s Ea a mean Si(ﬁe' of about 1 mcron. 54. A o
t hdd TBEe0T 4F905018 oG 81, Whgelnettep §Degpnirises formulating bi-

Iﬁ@dlﬁ]?,rdiﬁt@l%dfs?ﬁéﬂﬁd@f bRt thatTRARporad! aﬂtag%ﬁ%am&fg \dfBlrent sizes of

0 hr ee

tEe‘l l'ets that incorporate an aggregat
¢ ferystadm tand ithe two diffdrent sizes ofiltlss crybielstimveer dié faioesttabout 7:1,

| Z: of the crystals have a size i o of ahout
GRA08 1R cltie F el st Pt bR onfion Sh o 5% a arger
stadfeld cr9btaraat eicahRaR 09 Q% merdR SRP4 sRhi& o g crystals has
crystals has a nean size of < 8 mcrons, an

3 MEFY Fespfabeuk) micteR. the crystals has a nean size of
about 1 micron, and a snallest size of the crystals

13s  a\ FRAfoP hé&Brdthe 3 @imOs E?\Vﬂgr&hos?&) (a) comprises formulating tri-
modal, sintered spheroidal pellets that incorporate an aggregate of three different sizes
of the crystals, the three different sizes of the crystals have a size ratio of about 35:7:1,
provide the composite material with a carbide content of greater than 90%, a largest
size of the crystals has a mean size of < 8 microns, an intermediate size of the crystals
has a mean size of about 1 micron, and a smallest size of the crystals has a mean size of

about 0.03 microns.
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