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[0010] The bit body and other elements of earth-boring bits are subjected to
many forms of wear as they operate in the harsh down hole environment. Among the
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[0014] Another embodiment of the composition for forming a matrix body
comprises hard particles and a binder, wherein- the binder has a melting point in the
range of 1050°C to 1350°C. The binder may be an alloy comprising at least one of iron,
cobalt, and nickel and may further comprise at least one of a transition metal carbide, a

transition element, carbon, boron, silicon, chromium, manganese, silver, aluminum,
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transition el enent, carbon, boron, silicon, chrom um
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mﬂ)m cr QﬂQlﬂng(Pfs | Hﬁ%fo%léragragﬁ%lécﬁgtemél g szécf 8y nﬂ‘ﬁ’tratmg a

articles bi nder con

EL?é%ﬁ |%{F* |P§”G!esaﬂbbaﬁ kindgy ¢opgsting; espeully ofiagalt end !honos a
BTUZ’QPm cr qug@eM 10fs & dﬁ@fo@rﬁér@ raph Qﬁ%ﬁ%t&&él gﬂ;fdhkécf 8y lrﬂ‘gtratmg a

of hard particles wth a binder con

€?§%H hag Ipfi‘r"ﬁ'lesd’\tﬁbﬂa?l hindgs gonisting: eSF%@B&] offgogalt énqgonoe a
[o3BpN cr aggiarMofs 2 ﬁﬁ@fo‘ﬁ{lér@ raBﬁQﬁLéCﬁ'\gtek?Dél R)fdhl:écf B)tr wﬂ’@cratlng a

a rrasfc,hof hard particles wt bi nder con

BeseAthauf pyrises @@Bgﬂ ttm%ﬁw%ﬁﬁt@ﬁ esm'a[lso@fswpau:a@dm@roasand
[0034] phot arigure O RPA phAbtophidrBLBPA %’f aoh%fgﬂl(éﬁprolaﬁfcedd by infiltrating a

mhl%ratmg{ﬂg ,?S of cast car articles an

RERe Rl St ST Rartifes ANd\g P?i“%ﬂ‘fﬁqi ﬁa@rdeclaﬁm with @gbmder consisting
esseetidilyalf bybaf argicdeadd. and boron. {0035] Figure 14 is a

@?’3& sent i on of . an enbodinent of a bit body of the

nt i %‘H?u%‘ s fOGREFCHALRNY 85 ams%{“chbmef&n@f a5t bedy of the
preagit imfenfRat;at i ng Beam Fati gue Data for conpositions

fd&gé oul q__ be ugg ergz)g |ments of the present
ht i on T9HEEYdPRg t & 9GPk shRekatinatRsey batigue Data for
WhMm%s et deuld(del We‘n ]B'ﬁﬂ)bdlnﬁnté%@f thé\{:lré&nt invention including FL-

%{Rﬁ “Ehg trﬁlgx‘gg‘%ﬁ{ ég 9}@? %gid Qfé Fﬁhavmapproxnmately

30 volume % binder (Figure 15b), and FL-35 having apprommately 35 volume % binder;
and

[0037] Figure 16 is a representation of an embodiment of a roller cone of the
present invention.



[0037] Figure 16 is a representation of an enbodi nent

of a roller cone of the present invention. DESCRI PTI ON
W@RN0FHE 1IBINVENTI ON [ 0038] Enbodi nents of the prBSENS2005/014742
invention relate to a conposition for the formation of

ol ler cones. condie ST Snendlelndbne uri 1o

90@38]and nEmhodiseofs nfakhengreaeﬂﬁl anélﬁﬂ]vi @Qﬂe S"eélcehcompos:l’ﬂon for the
%rhia‘rt‘ibrg?{ bcﬁgblgé %gaelt rPoté'ﬁﬁ Bge ﬁgl?ﬁr§08¥ éesgllgtf r(e)%gcgpngs? kc%nes and
taqth gere sulat Cpm/einlthtms ami’rp’relth?:&isaxbf meriay MR body for such articles.
@'d@ﬁ@ﬁ‘élfynfﬁ%%%t ﬁhg%@ﬁggél@(ﬂ make o%% 8 Igﬁgﬂ?gﬂder zzljlsrr(ueents ofa

bi ndi ng”t oget har ase.
et wpey pt ’ih@r%e%ﬁm@ l%ﬁﬁwd@nmrlse ek lqastatsr&ndhsd:dm&mﬁuSm’ard phase and a

B&HLEEs 'Me?aﬁ%esﬁlmflhpetobéégr W h[ar t@'&lg%ﬁSE%@ﬂ@@entS of the

roll er cones, Insert cones;
5?@a%w8farn6rm@th@d&:@’ﬁ’p©quseohnmonptde iagrdadedesealioe life for the

biPsME bikg %@ﬁéé' QHsérl fr8i1epf o acfr!é@ g F\h ap€ %&%s b'r)rt08ﬁ<feéjr from the

ot her tool. mat er i
EQRROsIigRsand m@ﬁ]opeqndctbﬁr@by (ﬂﬁn@vwfmsejwse ﬂlfaeofdbleeaftlh -boring bit or

dli e i f | [ ]
DgSPSg Il bﬁ'é ‘g)gg@‘?ﬁb(’)cérge? cgntfh?xbétt Bgduy? élle?ecgpehgggﬁ rol’%r (Sope, cone

GRa e P¥erat @’BP%T'GLS tocgssla Fegionof the Biticlebody 10

%ﬁger;h;igf f"ﬁ?ﬁpﬁg?‘g‘% ed in %%g%@;dt@f %Jm%”éa b# ﬁqﬁmb Figure 1.

rfk PRRAYnT01 92Prges tashmant waers ﬂhd@p@ﬁbéiﬁk 9 and blank
hegyioma oA ﬂfcoﬁi?ora&édi Wtiﬁfblﬁb&ﬁl 0. OWhé‘Ishérﬁ%ﬁ% bgéi]ﬁ rgglon 12A, and pin
u
55,685 InPirhislt bo Bafe ot Shvales! Bieelschrabeasbonastispontinuous hard
bmmkarrdegmntni%asrmweb@hasd @ﬁhadetaga%mﬁerglﬁmem% R¥ank 12, and
S n o, brazed
P IEloi {2 Hal pP aiaches e REGRY srgimatl fiches. but not imited
@dk@eza&sthreﬁdﬁﬂue@rﬂﬂcﬂ&ﬁﬂd:ﬁm Ré‘}fh@ﬁ eélﬁ?ﬁefltfsl tljagjheé?\?es diffusion
or 4cheni ¢ onnectj on wever
Nl RS s ool LB Brigd AT Parrce rronchaR. Ciwever, i
¢mbodiatienty efhibe a:i‘remhmhtldmams sl‘m‘}k ’D?smmdi&lgf ﬂh@@t@ﬁhment means

l"ﬁla# gX n%o%q n%m tar'cfi‘/ &% nder d' f f ercgﬁetrf)% %ﬁé % o tﬁéd particles in

parti es In-a
ppindpoas othAs pertiets oftthe btjlblodjooéy sl€h, rifeey bib BodyO 1T iy Gk @Bnstructed

Wﬁd‘@a”&fs‘ PebtorsE %n%néacrﬁr}g%gﬁcrﬂ?g %%Pn%ﬂsém yy d%%{l:régnrt %%E%ntratlon

ferent concentration and “cr
%ﬁm%t@npaﬁﬂl%%é@ wize lof haes patioles e:xdmprlee fonmrr@Id OVithis allows

fafdrrQr tHag pt‘o'ﬁ@ru@& QF?eerelcﬁé r’egloﬁQ &F1thd Grfi c?e?'ag n(?es?rfed tfgg a particular

article as desired for a rticular
RpdFRtionh Asgueh.dhe artigle may @%ée@@m@l ssvdm h@pplﬂl@per tanaosiion of the

Q1RO Tyl &ﬁn?@ abRRty 80hRS %Malm%@&ﬁe ar%g@ﬁs WPl article.

aduaIIy bet ween dlfferen regions
1(%‘}‘?e bt hady Hoal Figareot CPF’@CW%G thregoragionsesar taxemple, the top

egBh OGS . m@boﬁhﬁﬁ@'aedlsbﬁﬂmh&@s haeH PRase3 omng{sﬁiﬁpﬁh(?/& fungsten

di s i nuous hard phase of tungsten an ungst
' g‘?d e Toifcseriien 44 amorprRr g@e%mu%@ Berd phase of coarse cast

tdngg:@ntdamiwqmmr dNQlﬂaﬁlﬂgﬁén CRMiI8E 88Fbr sintered cemented carbide
particles, and the bottom region 15, if present, may comprise a discontinuous hard
phase of fine cast carbide, tungsten carbide, and/or sintered cemented carbide particles.
The bit body 10 also includes pockets 16 along .the bottom of the bit body 10 and into
which cutting inserts may be disposed. The pockets may be incorporated directly in the
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tungsten carbide (WC, WC), tungsten carbide, and/or
sintered cenented carbide particles, and the bottom

WO e@soo1sd, if present, may conprise a di scontPCIIOSE05/014742
hard phase of fine cast carbide, tungsten car bi de,
and/ or sjntered cenepted t%ar bi de
c

. _Th it
Ry LB BOFnEY GRRE MG RB (Lo EoRpaHY IR B ieeta dfr example.
ibdtepdratedbdging16it dody |faiﬁrraawm an asuUinbéerty attachedt sftemethie it body is

di Th ket d ly i

TR By iR ED 553 AP BAREECA DL B LRl v

EfemedaﬂyHIOehbay aiso incliee frsernéidftuiccorangsiseridgesclangs mataeks, junk slots,

uri_n 0 t . :

aé]fdt an 9t %’[Lngb cioﬂ%%rg%%l o} Hp#h cal f%ﬁu#e@sgf naé %r%h@-?)ﬁlgﬁrjg bit body.

Qrbﬁoaemmseniepwdpm% fems@5|nhmdb@pefv@d Hyopretoxmag inserts, such as

l;@e?'tsbht tth gy I%gatg?%t StlJitsa%Iel ;%%ith!)qg oh%f bit %lodf InerIcfj Embodlments of
urses, (? es, lands, nozzles, junk slot and “any

tbe tmesat\bnmamtlommmlucieoblb@pélshlQ@Hipriﬁieam@ﬂ@@taﬁif cghide inserts. In a

{;Jﬂm'RQlf bif go@étﬂa@?\g 8%%I &%@éé’ arel B&RR ih Céoﬁ'%fr&p&' &)%ber base

ures nm or ned I nserts, such
allnsesu@ 23, brmse%u% brm@@ed abodimanish 0B thr it bQﬂé{softhe present

|F\\bl§1tlghtm£§9@¥mpﬁé<éj or %@b@ghéﬁ&t SitRf W BinBERS®Nimport improved wear

I nvention | nc bit bodies co rsing cenment ed
registnee stiesgihtand tpyghgesointesbit B bit body, the hard

[pbagge par tﬁh@'n@éwu?é’c@urm@%gcésg & HERd béﬁﬁcl@é irC&BR8Er t@?@@lly involves
allo such as, brasseés or bronzes. Embodi nents 0

asreolstiga aretelNesighl GOBRET {(YIGHY PopATHEPLE GRTHE 87 Pinglr metal) to

forhl d{?@éreglll&' tHbWARWCEH B BN tpﬂ)demfdsmgmfn%’rﬁ@nmaéhmques may
reS| stance, strengt h and toughness t

{
BeRY SYPLasEIRGRaNEal P h@drﬁw%%%%s"wdp rﬁéﬁ%&ﬂ? V@%@g PR dry-bag
lgoéiiatﬂ:ﬂﬁt’fesélﬁ@' %b'@feérﬂtfﬂétvrﬁéy fensel prdsihieRd or fully smtered to further

NGRS N ATV R T
&Naaisifidatioro6f the QRetS Se greafibilpt ﬁmy\mmsrean‘@red &chlowgt &snperature

hﬁx tlllngl %ﬁ%@&r%cp?d%s .ie”%grgegd" %ber ?InB| éln eg‘lugltc%ﬁep |0%Stion9roduce a
pﬂ’e@&‘c‘drétg b|IIé'ﬂ(ébrgwe etiety). | A etowretyiliet lhes1 rddativplydsw hbinesk ard strength
0% e Bty LR, Bl Tl <Erer G0 AR, Tar o BEABHLY talithe green

|ng resu S n
biets d])urmgtmmufmt@hr@eths |ai't|dmmay> ke amiaohhi@d [para gregn gillete Arown billet,

bi |l et L n t
Bl S YL RRIL PR LR hRUBLAJETRES el g it
etpimtaittlaﬂmeasaerﬂh@“dhb@enazchmaé@iymfé”r&effsl"xbﬁilﬂﬂeéqd qrtigle. olachining a green

Bfllje 811 )bro@HblgifPéQ’nmn%lble d\J'é‘ﬂ{SagESusaﬁf' t‘ﬁ@lﬂdlb} @ch!?é’(f BRSIE difficult to

tren as conpared to the final l'y sintered
maphloe eor wenld geeyiief ising So mieghthe [qqaﬁeql ﬁ[éﬂﬁj}S@@ﬁl final tolerances

Péﬂln%]rechan %chmﬁh ”Bﬁﬂhfeﬁﬁ{e‘éﬁé ﬁglnﬁﬂ'@v@ﬁiabﬁlh@mm)bf BR part may also be

i ned as a reen brown bhille or as

amploye@|s|u@fereédec&ﬂtqnc¢femaqurpin9:@sﬁvs tPrFéOSﬁa@ﬁu R%Qﬁ'tvuftf;}he billet, a

R{E)IC%I gﬁ%ﬁlﬂln@rag}éﬁm@r‘a Bbiyh’@ff 'Fﬁ'laﬂy' Wt@ﬂ'ﬁg af l|q¥uoe|§1’$ds§rtemperature in
e machi nabi | sintere ar ti

RBRMENHPHRY Vém@lr'r@efH”@PP?r é’f aérh'%h Bfeﬁﬁ%reﬁl'f‘l%ts N pbéurnace may be

agviealoagepusbillét rhaebd Ubér)brédsﬂtﬁlﬁdrdm%’tta pr@ssdlré i 300-2000 psi and

fagﬁg?q?@?%p%ﬁf\é\qglﬁ&ﬁg&#m F%ng%"t"f grﬁﬁeélpgt(l?} fhe billet causes

e loﬂ%br@ﬂﬂef oXI@& R&dction, rﬂvneiﬂ%tmap bihd aticostryctwé delielopment.
F,&srsta’ted %bove sugsequent to sintering, the blt body, roller cone, insert roller cone or

cone may be further appropriately machined or grinded to form the final configuration.
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enpl oyed such as addition of machining agents to close
the porosity of the billet, a typical nmachining agent

WO 2008/1paBymer. Finally, sintering at |iquid phB&BEUS2005/014742
tenperature in conventional vacuum fur naces or at high

sures n a Si ter . furna
BRERST | Terhafbsaal ivertidhy aba drifelny srtrbo odhatd a bt booy,
rolffer 300, 20420t rpBdr cdnd oatorse Wigmegloat of elfferfenﬂ.ﬂﬁﬁerlxéé)ﬁf @Bpositions.

T ey
ragidn ot 8 voidtwithit al meldandedespne ntefallAgicet povedbr aibagecond region of the

it éf?ﬁuergﬁglﬁé?n %Orﬁ%e%nb%gméﬁg tpé tmcﬁ? qya%/h éég%ga?@cp%to the two or
raperregivha by fyr erecine edaaing @phmt@dparotldm rsmh aepfpatiar a polymeric
Cgtnf élng ﬁlé {/89 ﬁ%%ﬂ%)ld-wge Cr?c% g{garegm‘ng ml'hé) Pne@ll?fbical powders may
bBonleqsennthpnondel per gcam;ghdatloc@ﬁ@l sihterng, e‘@ﬁ”@ﬁﬂ%edof?afblde materials
!fdh]‘ngetﬁg '&Eg@d%%ﬁ%’h@§ a?ﬁe&?ﬂ@@%?&eonlﬁ an%e?%%galm;ém aortion of

t ho ncl acl n I rst metal i cal
apcmasetha firstometafiyrpical w@eoﬁn@fheaﬁe@@ndjrrwaﬂlwgwa PoHsled agmplaced in

%%F%ﬁﬁ%&%érhwswlth.ﬁ@ﬂw%ml M @as BF OREr Blﬁ@érQﬁac}PBe hé& with the

n sone enbodi nents,

fﬁé@i“éf@@@@wwd%tom%o fort st regions witkejst oise Owhyswa}pamﬂons

gpl e, plnagiiddwin @l'bf%l@tﬁlchﬁﬁé ||ntdr%fértle%t&r&:oﬂﬁ>oﬁﬁ@€ﬁ1ay also be
lymeric material, in the voj f the_npld

fgerp%qgf o sx@mplgyirtasing arfiet W@P&Wlﬁ?b‘?%ﬂer MB‘@PEEQWH;PfBé“O'd A

Q@@ﬁ@?oﬁ@nﬁf% feld Ay ﬂfenm@tilvﬂthté metaN0dical pdveddr@mprising a
carbide material s V|n

t?jp@cbgf {heefgs‘ra@e@élgr(gltqabgw% C%H&%@ﬁurglﬁ%o@%ﬁt The blend

@o@@{reﬁé&ﬂn eh agﬁclé Pa"ﬁlhg Tahl%aét: ot %\rﬂamr@l &eﬂwgercanle qamw;abperty in an
an e second _netall urgica ar.e .

%ﬁﬁé@mewwtﬁsufﬂ 537 EPETgTactalior poEr RiRETaah{l, T process
Rkl @p@ﬁl@ﬂ lmbl]/ thee desied (Wnﬁ[h)sﬁlbe grmilaitlmrcgmmlsltlonal structure is

gq{p\l\@g’rrgzp tlb%mqlcfpla 't %I%% %nim%gﬂﬁg ﬁ%g oérthed molc{ with the

sdvang ﬁiétﬂlumlcmqbbt/vdels Emb@dmpmsudf thmpme;ssahawalb@ bé perethed with

Sly \’/\/gﬁc?qrt PEYS'% &ast};[?% aCIAdgm?)1 dél r%\& Bnmta lﬂeuﬁllgb Who@ﬁg)‘%ﬁtr materials,

secon portlon
nmﬂhobsrmymjheetamegrball nosdienpdt éven avpredbolsly gorrsr afondditrated article.

iﬁ%&rg gth%nbc!eelg Hoaly& rﬁbr'é%dqg%% olﬂ%'%éﬂ? m@@m%@fcm powders

metallurg |ca
teefouh & bntet aTheabitlétdé eumaqumlyatntqere@gt fugher dengipethe pillet and to form

?S SQn 8 nd t\,pge(p,q Pé{gldn‘% an article forned by the

secon neta urg|cal powder independently.
lmﬂ@] pr oce%rs/ biageray bpdatd dsutievioushhéesgared sych as hickel, cobalt,

ﬁgﬁ‘%ﬂﬁ' éllo?@ of rn?dfileﬁ%éb&f SRNRGS| ‘Ad@i’ﬂéﬁall?t fnuéértér € elfbodiments, the

typically would end with .
Pinkibt nepchtar @@rl@aiedhe théDQ‘i'MIfﬂaW\M\f? } irgolingc BoiAt between 1050°C and

5@"0' UAQ'U ?A h&%mj%{e m'éﬂ‘ﬁg%bmﬁei theOheltifd %nﬂfe%iﬁl%sls ﬁﬂ?eysolldus of

ormed wth or w thout physical parti

mdpam@m  Coneogies. ey R TR (e BiniPe papgises an alloy of a

MRSELAE b colC RoRSard dibidl dviBRéin | the! BIdyCids  @vidlteig ;ﬁn’ int of less than
even a previously cop lloy infil trateﬂ_@artl

G0l i o ol s e TP B e DeohaegH mvention, the
ﬁ?@élil&ﬁk@m h&%s”ﬁi ﬂalabt«lbgda Al copanydeitisel t and dbmand a melting point

d@i@'nlgycc;rqggtuﬁhl : pre a Saﬁg%ﬁg%emé Yoort Iarr]é %F\aer%ctteﬁzefouw lHegrh melting
points (approximately 1500°C), and hence the infiltration of beds of hard particles by
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an aut ogenous bond between the regions. [0043] Any

bi nder may be used, as previously described, such as
woe@Rabg18Eobal t, iron and all oys of nickel, cobel/US20851014742

|ron Addltlonally in certain enbodi ments, the binder

ate t h h I
AP e B Sl " ERaHA AR CRITERAT RO R fpaqger wihout
fmaia_ilbn of paiensive porbhkigy omIrtdesvgabIeeMwBat Howeves, arhaloy of at least one
Oiorﬁlggﬁly ?rxreo?]{ S ckghﬁ‘%&tt&egg%@c{: gcp [H%g@éé ggghé‘ %&togr{;'&fnt olf at I?ast one
meimg)bombmwlutmguqoosﬂtu@nd Theckxeltmg wwioant @wqmeccmbtltgynthasy be at

I&%%&E'Jfgat 9891 o oFc‘ne a?%ﬁrbﬁd'éaré ?g'n élé}n%thﬁfn?sten carbon, boron,

e conp05|t|on of the presen
silicomnchromjurn, h@aomr@@m silven alompums eappaer, [teagincome will as other

conéﬁtg that aftf8or i BShbi ﬁ?ﬂbn A Ct%e?'[ﬂeﬁ'nﬁ‘gmgght@ttheﬁ@g&&bﬁﬂe melting

I tuent ure Cco Iron are

mmém%bin@e@swlmt@wm@iat thegpipdsirieay bagpecbsiferiively jo form a bit
b‘lo%?% OGhe s@@&e@%ﬁod he pingEl by Bte@Re9heRRES t@forrhad Bkt body if the

ticles bypure nolten cobal iron, or nickel

hder's UAReTieS, fe csapPles Melting 20}t dpalies iscRgiiynand (ifloRteR distance,

drerdiRhi @8t efe B?Eo&ﬁf‘}' M8y MR esdt twitHdlut léﬂdé&bés’l\hal _nfBS 85 porosity.
However, an all of at | east gne of

PSR 19 RN Beint § Fedueing ifongitiuant & &, Fefe il adimstion meta
&hvias, d @é‘rﬁltldﬁr}ﬂeﬂéﬂt P @ambn M RIS isiligor, Qihﬁdmlhm&liﬁd manganese.

The mel tin nt tit t
15 Feayope aorfa lic? &he UCI 5?%?(&% olI!etRI[e r%ﬁg? %ﬁ'&g pomlS reducing
&Inefifesits tb LWbgsh enbind@r @fwulvé)wronﬁlltrsﬁrigl & OmgssOodfrfend yarticles.  For

I I . .
B  Areh % RERERBS Yy B B oo o
i@doction %ddgﬂodme?;‘ayuthbsaddﬂ% ofetdingsen aneedrtd, fry spdh atcase, the
t nder suf f,i ci
GelCE AR TR h P i Ha0ER, Thifotng po
reeltitingl constihientbenayrbey agdedeio ti sirellay nwnased to forma bit
@gﬂﬁl It Sglr@:jogrmgre% %)ng:]éé r@tsi' dLFc%rg %I’IB s n‘%} t'ie' Edled alone

COSIty i st
arie (smﬂjmettlbatwmh@ihm bln@@d;pnﬁuyerne it aey amppmiotnet @mduces a binder

cgg(rﬁg SRR G RIRIE Y &fo%hﬂ’(?nﬁfg§ 'th)Sod;P r |¢lfa%BI%BILI Mhe BH@ OPF'I'OFGJ M8iting point

reauci ng cons | 'east ‘one
tedaning tcoustiturtamay depdiied such rtfaﬁ’ﬁéhet b@ﬁewétaawtecﬂc or near eutectic

E&"ﬂ%&sﬁt%“ Ca/ o@ﬂﬂ? QOBH’Irder Shi Hb(‘egfé-ctlé:rUroﬁbé’r[BL@élﬁc concentratlon of
e.

re era to conbine two or
m@retdﬁﬁeﬂtfab@ﬁpéewat IhngP mﬁrmﬂl PaYRR I YERr CRRtdg RARINYVE! Ohénay Ctaciliate

E gb Bnd lrmltFkﬁilﬁlj tﬁé bEL b HRd EQﬁlcﬂle i &dridlir é}ﬁb@dmﬁ@ﬁt‘é i©fs preferable
particl es.” For exanple st en and carb

fe terioRion Bt Teng BOIBI@GH@"&G SONTIRIRRES AEPLTSRG BETHpinder in the
FRENmb! Htl'[b@Fbeﬁfe@@é' &86dodn mﬁﬂot@dlﬁih(ﬁérmlgﬁ ttmgtg@t eRy be present

al one_and, such a case, tungsten and carbo

B U85 cPROR 1P 2t OGP er PRl BIAAS IR TR 0 lo TB%, sifcon
W@ytﬁleﬂgeﬂé}lt b tb 2dUs lcgl@n_?_mﬁ&‘rﬁayt beepresertay tbe0sdded niamganese may
simlar manner e one r, n

B e B LR S 306! AT b o BT e o o
GI® infeltinigasbi rebuaidh esnshituedisr to tensresdntémtte bnmdeamly one or more of

no i hat oduce inder c t

ﬂmyogpwwgc\fvﬁlgﬁtap%rlc B%%gms? Gtﬁgq8t%| Un(aﬁ ﬁ/fe ﬁﬂ? t'u?@soen may be
RRdsehNgorp@Ortd 55%, carbon may be present from 1.5 to 4%, boron may be present
from 1 to 10%, silicon may be present from 2 to 20%, chromium may be present from 2

to 20%, and manganese may be present from 10 to 25%. In certain other embodiments
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reduci ng constituents nmay be added such that the
bi nder is a eutectic or near eutectic conposition.
wee@silahiiggy a bi nder with eutectic or near-eut eR€T/US2005/014742

concentratlon of ingredients ensures that the binder
wi |l have

cBins soReposHn ob e Pt aSetRa 1B trelipo LTty BF eptsg@eiymay be
Gy stei cﬂarﬁu_ﬂ‘embsﬁ_ﬁntrsm J0ttoies vpeighteh abindef aartatrh@asting carditions and
qurrﬁe{e' ﬁgﬁclﬁﬁtr{gr%g?rpsgl :%geg r% o\%f %Onélkggtgﬁ %r% ote w{ﬂjar@&r??a‘?éﬂfrom theA
Hiradse dpomnfrédmng a!t(h\}vnlklimmd@ hamkpl‘gh@ Tltna pmtpgatemrcb@wase may be in

%ld?%ﬁ% aHV htan ?fg{%ré}%&?%s rﬂ%%}g i ??ﬁﬁ%n@%gﬂo%gréﬁf no hard

naptidies aze%Spohednmtbﬁnmorbe amee@@h@f thg motsl hafgdphase particles
Hﬁ,@@%ﬂe&%ly'@ym t{ﬁe %% nbr er 3 ?dglo/ o}{rbecﬁfﬁé’d Bs ALAlRten carbide

e pre the one or re
predipitater wln@tcas’elwm ng constituents to be present in

BES bi nderEnLase tObf ﬁgra‘?tlcqgs &R | ngle%%tlwﬁ'n%vmclude 50% or

enta e on t total binder weight: tungsten
gfaycebezolprr@ge@ft haird cRertBtest o B&%% Phagebih Coraj IeEMeriss it may be

gréfépékﬂe Rr iR I‘f‘a(ﬁi pRRERE opﬁé(rd%ag’é %S(S?J‘Mprlgé Qgﬂwlaeh @0%981/080 volume %

I con may pr esent from?2 ch ron1un1na
cyfrtégeaﬁmcl¢ rr@ﬁﬁezpne&rzfej% foaﬁacwﬁ@aﬁ snﬁ\y Iped Fnl@geemay comprise

EdtRB2 L8 by B8 YBIuMR o fF trdi . hes s@ﬁbwﬁeﬁﬁlﬂte‘iﬁﬁodtrﬁ@lts the binder
conposition of the present inven he el ti
n@aa@%¢%§?ﬂ%§éh@n PRyolb@e &Hbtts"ﬁ %%%P@éefaﬁgé’gmee“ 20 and

A1) %Thr%@ ok @f & avakie! h‘ln Yertdiln d@bogiaich®, theCBisddr m@ay comprise between
conditions and binder concentrations, all or a portion

& and 0 Yolugere AT B8AHI%e will precipitate fromthe

foongper ;Jpcﬂﬁratfddﬁﬁéritﬁ Of aecbrasdnt |ﬁv@hmraalb@bdnpﬂ‘rﬁasmt bddkssfor earth-
preci pi tate

0 Ao 28 VG GoRRTTE PaRs TR TG haPaes MRSV e bit boay

d:cfm;?ﬁseb & dol@"aé titacli®@s ofafuegﬁes ﬁafbtdé graateh thanol Sdvaume o.a It is now
secll O th t d ti -
SSSHTh ShabchlBLleEbhul P8 oRRRSPR B b Bel s, ursson

éa?rblﬂediuaSO tHengsthed oﬁ’mehur@henpmemtpntahmﬁlrdaﬂs nfwhich are described

é\&;% Fl%ggtﬁs BEnpnﬁ]s | ncigé 88%?)[&%}% nﬁﬁlgrét {%ZPQ@ fpuﬁgsten carbide

nérdrmﬁdzlersamth g bipgenthahiaradeydriis ©F near Qxéecmammposmon of at least one
|Ct1 lreo;}lt %P&h ggiyarﬁetupés?ér%aqphg ﬁt% Béll&@e&‘ﬂ{a@lblt boc(ijles8 8ompr|smg

to conprise between
vmqenmat%mfofﬁheoramums ehasaﬁwegsﬁﬁrmaém%p&up fo¥5% by Molume may be

g‘a +JTBrT\é%?%tI§)§b§t cﬂ‘QBg ﬂ’%’%ﬁ? mV@ﬁﬁlo‘HQfTH MHeBf Q@rﬁg\@%@ﬁnlsaﬁ)ﬁlt@é@d with a

such, in certai
mdjgrmen@q:tlg or tnear puiggig c@ﬁg@&‘éth@ag,f ”é‘ﬁ%?"' §§rb'd@8§nd[ Bhjgast one of

C?Yto lerHE?n(/i’ ﬁ’it:léél 2% ?:Egﬂréa‘ért t‘:-‘con;\?éntlbrnﬁﬂc iBfi I&B’Jldﬁ Petheas for2ftoducing bit
Y% I Cl e

bABBRFTRINRSY DerHSoH BRIy BPHIFS BETINL AGBRATSD o2Po 72% by

VaLMEBUAGsn EdiBidar tTh@ ivenloPOHAk dﬁf@ﬁdﬂdﬁ!ﬁﬁét&h@f/omme concentration
present 1nvention al so odi es

Db RH0R A B (b dheusrst B RE i FioP LRSS ad e up to 85% if using

bt HIRididPH cIRLEd oCRd ledfé&tld\btﬂﬁ;ﬁjsmohh)étl,bugtteb @dgblde and at least one
conpri ses a vol ract of tug&/ﬁaen ("

GF eeltally Mo ANAZHCKED) DHeSes Iy herp are s SR Hume percentage of

hard phase that may be formed in a bit body due to limitations in the packing density of a
mold with hard particles and the difficulties in infiltrating a densely packed mass of hard

particles. However, precipitating carbide from an infiltrant binder comprising a eutectic
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possible to prepare bit bodies having such a vol une
fraction of, for exanple, tungsten carbide due to the
woredokoeb18d t he present invention, enbodi nents PET/WkI00$1014742
are descrlbed belom1 An enbodlnent of the method
conpri ses g carbi de, hard .
AR ERERsfyiposBh S pse RlodeBtRleRh BR5Rb FE P Hifter n e
et bedyt rrrolct;dh@caasidmmm lefrd gthabe dés forowe yf peoipidditon frororthe molten
and tu n ca el a ;
|Bﬂ{‘1ja ogm e 08 Ig%:;r i '@?eﬁéf%&eo r?c rg%tggtc:oAcen rgtfopw &f lﬁa‘éc%?h%%o% Sformed in
thbag @odwﬂ@stoenlddmanhmwif tlumnlo&elgawwawlaﬂmedﬂyngﬁéen carbide.

@# ?Tqﬁglgenb%nﬁg%rpf ?a?‘\t ggmbgﬁti(ﬂéeﬁigpheérrmg @Et‘egﬂz élfow@ I-h’éh(ér volume

sten1s In tra a nolten eutectic
meaﬂt@ﬂsezfmw Rrep dshit bastiesodnd aibgyaréaesclanm p@@loanld aggilable.

on I t
(OBATL 1 o VERRR] derodl 8Ftundiith BurBiE n tlobidRA) ¥t additionall
ibodbsesst brincorropating Qmscmtqdocaﬁbld@lu&e@ﬂaulmtoﬁb@bwoamﬁﬁg qgmented
IBRXHAYR L s r’#&guﬁe (228 7y Y&hﬂﬁﬁn&éﬂﬁ‘&sﬁﬁ@ oarsBs dgockERefor cutting

i nventors have determ ned that the vol ume
Jemeetat ridopsn lapfist nagde e‘hSF&Qﬁemecﬂ‘éS i WK HdoteaSf aiper Epggraphical

1%9 r{’st Bethedbit b6dyE or GRdtel o r30idd str@et@alaiidports| 'sﬂ‘gwe@§ toughness
trated a eutectic or near eutectic Con'pOSI tio

%tmﬁlgt:h ehwear Issigiansn gt aeletted kacatiis with e bay or h?'?ﬁ’f %‘?dent'ona'

SHrdefla cé’rb%%aﬂéérhé méyﬂ Sérﬁpri’efeefrém rmttatee%mmen%t Jsretuwgzdtmrb.de if
per cent age of hard ase

biatgrou G0 PR FPIDHE EIRCRG BN &Negh Gpmged carbide
%d)e%%éh Bélrlﬁ%em%r i tﬁbﬁﬁt B@di/ tseh (Hsf fDU’C ubt iiraked I, composntes of
iltr mass ardqoartl

SRETRT 5bIRge BT 8L TAU B STy G AR, TR gD tentatum,
&hrﬁﬁh&fm cmmpbcu@urng afd eurigsteni inca bingar obut Eatt ane of cobalt, iron, and

SOIEAA Bher S0 DOETE Sl S R LA GE s o o

h&wd1mhm§adls forned by preC|p|tat|on fromthe nolten

Lnf Lt t_ durj. I f .

[BHebt r atvBiePens RS i uw tEiof Bl Bt BE By g ggmrise ot
tehatnoreohdrd feetiche typev éd sthtet] labovan | the hit biodyl elso Ireaykcomprise various
gqlgi%grcﬁer}%{lgl%g pa rﬁrentg@gg aﬂ?/or 9&% ?Iratﬂ}?\ﬁ o?ﬂardrPartlcles Far éaxample

I ONS a
hit Ibod&s 10igffrégure dl mag cpmpiem edpismosedtian d 5t skearder we@r resistant

? fw %.Esdhg}dh&{as@%étgh%Swlfhhg‘ri‘mg g%ﬂlc@&%é’ afy 3 Jn%bls&:tlon 14 of a

sten carbide in
b:pugh@'odiycqmlyu@@ h@“dmhagﬁamat?nalm e@g@_l@tlvlgv coarse partlcle size. The

bQ@f@E%trlh%% Egrﬂglgg B QAERILER nhdYS&Imh sk ‘Raa%h@n@bérblde nitride,

e cene carbi'de i nsert's may be used fo
porids. ryidentagsh aarbideyicamenigs sesbidgopidires fthgreefy PPP rﬁj’“d solutions

ﬂe@é@ntlﬁ Ceﬁélﬁ%‘?r%odln?é?ﬁe?‘ thd A3l ghade $idyosoRiRRE Sit |dadNéne cemented

ots, or other topographical features of the bit
sadyle epmprsing Bt !Q@SbPB%uoéé'f%WvacF'[ﬁoalu”éd}ﬂ%\"ﬁ Vanadium, niobium,

%dtélﬁrﬂeéﬁomﬁw GhelpsRnut éﬁmﬁuhbste@r TM\@aémérﬁSd sardlies naly have any
sel ected |ocations with the bo

d
otkARpATBFIRIS Ze SRR SHelh 8. dat peidayted ?Myeg&@ﬁpﬁphggca‘ oblate and
foF e GRapes. 99 voI une % of tungsten carbide if prepared

b convent i onal ed carbjde techn

Bl e cbmpaeS rap dsesrabatmi SnaSER R i et Ber have o
Q@ﬁ%er@ﬂ%t@é@tlvb dbmbiatidr @ﬂdt@dgthpfracﬁmmsghhess afd wear resistance.
ﬁg&%q(g}?nsls? [ﬁsa ﬁ?whlicgglru en%lI t grear% allls r C’looung%ss“ is the ability of

a material to absorb energy and deform plastically before fracturing. Toughness is
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chrom um nol ybdenum and tungsten in a binder of at

| east one of cobalt, iron, and nickel. Additional
W@bkdossoa1g3 agent s may be present in the cenment ePICT/US2005/014742

carbi des as are known in the art. [0048] Enbodi nents

pg%p?f@g?%‘?hoqséggé%‘% grﬂﬁf oge%s %i{a?n ?ur‘ilfta QI%%/ tr%sgrgqm to éhe breaking

oy See tEGkRiV-H.0 AYCTENIBY B B CEDMPICIASR TEammlomTaR@gK@‘P]sd 1994).

di. f )/
PR A, RS IREIATLS Ao woor
geagratipripvdhes progessiven lessc bf oaterdl. gfueatoharrgiativeveagtion between a
r?&%h&ta%t @ r°|‘t88t | QHRUS o'i’@[x%st%l%sesé@f\/@"rh%'HA‘NDEBO@DESK EDITION

I'ne parti C e an sectlon

(ZD @@oﬁBQWuo&saQﬁlarﬁdTwﬁéésw thei giticalj stress af @l %fﬂ‘PK/gFP yecessary to

pﬁ?ﬁé’aqrs]a?e Bidk bk &gl i€ @sudl @echlaf'%fc%rﬁgé‘%? tR “drdEsl s‘&@é& irfdrRRy factor
y section nmay conprise at | east one carbid

(Kick-ri de, boride, oxide, cast carbide, cenented

[?956’]' de, FhXiHERGh! fb%bﬁ‘ﬁgss %@%@é?'régstﬁl%ééﬂ é”&émented carbide are

hereof. In certai n eibodi ments, ard phase

relptgst iodlee averpgagrainsiee elhe ﬁtSéarSeghardd&‘aé% ﬁﬁi‘ ths \f?@jﬂ%& (or weight)

AS@sh oPBR Sﬁﬁdér' SIRRE Wikseht T&@@'démeﬂﬁ@ﬁé]ldément&!n@ﬂblu@] Generally
niobium tantalum chrom um _nol ybdenum t ungst

Jhéceeasgrin dhe @gﬁ{ﬁg&e@aﬁﬁ)z% =i g.mgﬁggn s‘iﬁ”? dg) |a88 ﬁérapl lEFrgase in the

VldBe WachbRRE the UshhliBBind&Uvilinebult inTah atkréase Inf f‘r@tguﬂeaﬂbughness
spherical, oblate and Iﬁrol ate sh@\{pe 0049] ne
daveNaacl; BAEEShin PLODRESt eBsiAl e s (eBeEEe in wear

.@s@%&e haws@ oan@amm&raemnaé hetatitigistod ihue challhgeditd develd cemented

sasbien ool B et RERERES 2R on BR%ue ERGBhER g aggmeting o

@és@rﬁgrb&tes foné@bﬂtﬁS@appl&atﬁdm ability of a material to

BRT A0, SO BLRES) k! Biiony s v

t:chﬁ:eﬁﬁraitbﬁs-tﬁtcbaipbsmmsv@‘ dongronetite toprayide tagioti$) eroper’ues to specific

%r&%%ﬂ? ! V%ﬁh%'o%&ﬁ : 0F8ee W%E“ﬁé&?g %H)W%sg%? cofrosion resistance.

Ferséahagies ¢he insett ipeclkebirédions tf1 ia theneren iasgunddhevdilhbit aufting inserts
et r v

SBITHE g 49 34 P B0y SRR L MO i, o

bettrmesf the maoven (145 raayd cempriast addra gvesn résigientgpaterial.  In addition,

%égég’ %%Er 8§$ﬁr eMﬁT%@h E’ﬁ‘g’?%qu%eﬁ% Tlng\l' (e ergglons of high

Is the critical stress at
toughaeste, SUEh aedetheainierna regigpagatiadentds. apdiirmahepgian of a roller

SRl Yea%héﬁ ﬂﬁérﬁéi g%ntﬁf tﬁ@?narﬂ‘(rdrtdlrﬁ%'r a%@@ﬁ%djacent to the shank.
intensity factor 50] The stren ﬁ qQ@rtou ghness

e proesies A AEerast repr e Bt 59 FBeRcelp fgre. or cone

W6 AYERIRIIGEAIB Srbvige &f rdgivh thas Rehesl chsitydmpbisised andorrosion
thé vol ums (or weight) fraction of the binder phase
prsisdaefor exaRie-convent i onal cenent ed car bi de.

ally, E@Eodg%h@gﬁﬁthé Bit bbey, aviesr agee, OnsErnroiéz@nef or cone may
tungSten carbide and/or an increase in the vol une. .
CPRBtIsHNIgYe PF@GE“@&&{‘?" A% 48k b‘?/v?a"'e\feéis[]ﬁon}"?{’%gﬂ%'t bodies, roller
IcPEd < dertirblidh lcanéd) raad tcongh NBarapledofieongrasitivhs suitaber featie present

b@gtpt(l)oungvngr%sgrocli&ce {es{mgy ARS A c%gnp%\éltlgﬂsdgfct?mg%ésq sbl'ﬁples are

shown in Table 1.

Sample Cobal, Nickel, WC,
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resi stance. The cenented carbide netallurgist is thus

chal | enged to devel op cenented carbides with both high
wowr@s/10a83 st ance and high fracture toughness wWET/8S2005/014742

attenpting to desi gn grades for demandi ng

nnli.cati one 0051)}—The bit 14 ; o AN oy
—app+H-cat+-ohsS-

) A Ay | T Juuy L=t l I Uul L e
conpri se sectipns coPPfkfl si ng di fferé’ﬁ concentrati ownfg/g

or ccapzesi tionk of components|to provﬁ)de varl ous  bal.

nronerties to snecifiect-oeat AS—wi—t o ol g o
f Ft+1-eS—t S l;j?ll t+he poty;—S

rl VPV JP\/\J ] U\Jull
as V\é:é'r'?’(}esist ance, tg%ghness or corfosion

resi filagge. Fof exanpbe, the insert paécket r¢g

in-the area—-aroundthe—dri-t+b
T™ L LAYZ

t T H
1Bt \zul.l.lllulllo

AR RS 5 e Sog A eSSy BFIER 1 B romin

cbﬂa’ﬁorﬁayb@lynmatesalsahawn@ tvwaversesruswmnstrmtbrglra?ater [then 300 ksi.

6%‘3)8%' b‘%rg%g%sr%mp%S g gfrp%tgrlﬁg R Bpﬁarerp?a?ﬁéﬂéas, infiltrated

Fave regi tou hness suc
with tbnassi nt ebmazte rd@gnotn hef/e atramsmree 1r41@tur%tr$tr|engtés na2§ high as the

rrﬁ@cﬁi &%o@khreg!réﬁernt FO0&iondt | east an internal region

, Or a region adjacent to the
[0adk . Thélgmreméﬁal b end dibtfase cxi@phsetfi bh reverssdeRpfeting Beam

Pﬁ%gy\ée Egaqjia £& tegp%g‘npléggpﬁé: B&glt!o‘ﬁrsﬁgﬂg f(ra]loémﬁé’cﬂl%em@yof the present

rOVI e a reglon 1S nNore
iegsition llﬁ@dhm nebledr /t\,swarbh@ e et sermples hpve a &yllyypyessed bending

LAzt %’é’ﬁ‘?%ms%t (uBE chhis.body, roller cone,

I nsert one, Or cone may comnm rise unl
[1056BEr t i eSevRe PrRpPTest ofofo oy evaleNalR & S ERtEansnal sarth boring

Roks 2pdines tortﬁg L&{/ICQ R1RE5% tod.NPRdde Jrobertds &@Iﬁtﬁ&;dy&ﬁﬂ‘erlals include,
cones. Sanpl e conmposi tions sui tabl@g for th

puteman nof h@/é'ﬁ*tt%ﬁp videadtpr sidlieey W F E9aSHY. regiience, and fatigue

RREMRL. WH@%U{/ | BIs g, tridert rEIRk cﬁﬂémirﬁtﬁn@rn%yscfmvmlse fmore than
Tabl e 1.[0053] As. can be seen from

eRb ERHGRRACE MR RS SHETeHbotH Feie g%%%%“ isdypjgly measured as
ARbREIMSTupaie Bﬁeﬁgﬂaﬁﬁﬁﬂﬁﬂhé’% tehiie @trén@h r Stigricas gnﬁeq/aieeheasured as

than 300 k t

ﬁ«a\{oglpg §|r§oqsﬂliu%t tgqv Sr(n?ple s éaf 65&){)& meggs fﬁﬁ%{e:sg?ﬂgven%{)ﬁ and prior

Elt‘t%‘éﬁpe?rhbdéé@mﬁﬁrlé& é‘r@tllsiéa\ﬂﬁb 'ITagEIEVABS:a? epteenethe embodiments of

stren $ as

TR efrgﬁwepml%ve,aﬁ?g%}/%geeﬁgga ey 3%525§ pfgg'\e%é?{ealﬁ‘isgrqb%dlments the

chsfruw ye g@aearrsm JRsx leet on@veB@mtaama@ %e0 Kxit Thé e{punggstnodulus of

BB R e i 5, B i 6 o

wpplicat@amplegsirihg\geeater stifingss, eamhosimlertbsa éy igve tar ¥aungst modulus of
Feageret a& bag 1%@ﬁ3|k% eg@h (réla@rzch ?51 0° b0 oG8R {Akhe favorable

ies of t erla regi ons of
R Anddoings T @mbédmntqn@f %‘éerP%Gé"‘ lifviegtiesy additionally

t08191|prls Qr’?ﬁ\%reoc\rs ?’ﬁértdh&?s H b EEmERE Yf ffﬁ@tpﬁ?édeﬂ{ iBvériioh Weks), be tailored
Imted strength, stiffness,

60 haty avitepes! SHeaiE 1R IRA: QU eF TS P B o apg of binder,
BB, kS hé?ﬂl‘i‘ess'dﬂ%Séélfld Shb&im&MB erayle IRABEsSBRY greater than 75
conpri se nore t han

HRA or even greater than 85 HRA in certain embodiments.

[0056] The abrasion resistance, as measured according to ASTM B611, of
embodiments of the body materials of the present invention may be greater than 1.0, or

greater than 1.4. In certain applications or regions of the earth boring tool, embodiments
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one region each conprising different body material s.
Strength is typically neasured as a transverse rupture
w@reoengtiBd or ultimate tensile strength. StiffNECEUNEYS/014742
be neasured as a Young's nDdqus The properties of

odi i.nvention and rro

1 s el e cE SR BvaniGY G e 28 ks g Saipof from 2

tseen, the enbodi ments of the present invention have

[&@S@‘é?ﬁﬁ?g&}oﬁ@ﬂte%%sgﬂ@g p%%s%ér Snv{arét}ont ogﬁrﬁrgia%o%imaéerials that also
||ec\hﬁ1e gorebihetiortshafrprd@dtidss that Firee apoigalje Jomihegbiusodigs, roller cones,
nb%ert rog%gc%tn% Of t&ﬁeg r E?rﬁé}ag{éﬂ% %ﬁ]ﬂogﬂw ‘?qfsgg‘etge ﬁ%sé&qmentron may
aoeqnuusermgo@r eraattmal davihg rmysnsv@rﬁﬁowpf@ﬁtsﬁehﬁy gragter #han 200 ksi

?ém%ér rﬁgé{ey%aﬂf%?grlgs?t\ﬁi{h % éé Hodi& Br%'ate‘?rthﬁy g0 x 10° psi.

ition to
®’raeoeaib>bélm'ER$ ahtﬂ\emas@wtsmmd@n (RAYVRIMRSESS aeh@@dm@éqreb having a
fgf‘r%} sl ﬁ@ NYredtBY %B'ﬁ‘k@@'c&r‘ngfﬁﬁi dry wﬁl@@p‘%lﬁ% Phhodulus greater

reased hardness. Enbodi nents of the present
thaw 80 i 1N psia\Bush cp@brne‘ﬁw qf propgrtiesproviqigidiing giicles that in certain
%Jfo‘ﬁgét% m VB é’r‘gﬁe%erb&fe liRARSH ShvERRNEPdHRGrfdIEON
I nder, or exanpl e, the hardness of specific
enbodi ments may be increased to greater than 75 HRA or
pogreater than 85 HRA in certain enbodi nents.
%56] The abrasi on resistance, as neasured according
¢ompsTisopeaf Mategipl BigRadtig®nt s of the body material s of
t he present |nvent| on may be gr eater thannolAB or Test Method

At Al ot

Bror car (n opEFAUCRa: ColGOR IR ARG

DSy, g of twexrré\rges;emgsr nyent aom rra) have 1as Standard“

Anoo £ £ [i W aVa¥ mler k]

—€ S ance Ot IIUll ~2 I.U .L'-l- [_UUDIJ "
EI’T‘bOdI rrents of t he pr P%Fnt nventi onidonitise hddy e

Watreri al s t hat | al sc2iordél ude| con#hat i gns ”Bf’atﬁr ore’ﬁT'\@@B” -85
rthat—are appligablie Tor. the bt bodr €9, Eol Ier..qones,,

BN I L P 4
*fé%%‘ —Fot-er ““'°3b0 o“sord €S 33‘9“ e a"rldb 5’175 ASTM B 406-96
di ments of | the oresent nvention fay conprige

Bodpressienksial havi 49§ @8%r ansver S8 r upt|ur'd® BFeng h°‘STM E0-89
mﬁﬁamﬁﬁﬂ kW0 K6 18 :mget REr, 069 gr ecI erzsr:orwr 50 :

leo i 5% aag

&)?‘L’HUSWIX* |uu||9 37 Itl | ts” gl C%OCIV t I all2’7|-1.6 % J.LOAM E494 95
8& ne

Nts 0 e _present 1nvendtion nmay. .
conpri seia body mat erial ha ying a fatilgue; resr Stahce
FHCEIES than 30 Kksd tolom HBBNDI Nat7B BRAW t|hi0do YOIRG' |s ASTM 894 02
retttus—greater—than—30—x—106—psT——Suctr combimatrons

of properties provide drilling articles that in

(@583 N appdditmelionserigin lenttodimentgrafather ceepasitioa P filee present
teg/%rr;tro orggﬁ ”6%8:?%' frcgﬁ 'BP %@5 v@iﬁHeQ’J’ % har-g Iage gnd from 5 to 70 volume

roperties ditionally,
&eot bindereptizsdi risvie’@d Geglﬂmfeoﬁﬂilﬁﬁﬁsqub’dﬁabbe M’HB'“pﬁ broggr range of

hﬁ?ﬁggﬂasgg E?éé\ SH%r k) thF f&’é‘nﬁ@e 139 t8§9\(/9iuH{§B’/o%aﬁf phaed This may

ase an to 7 % of bi nder phase.
be ekeareplishedi fornexanipla, g dﬁP@Slb@bﬁrdrP@y“% IRWveriug pgcking densities in

RERAL R caliGRORit®h the mold or by placing cemented carbide inserts in the mold prior
to casting the bit body or other article. Additionally, the bit body may be formed by

casting more than one binder into the mold.
[0059] A difficulty with fabricating a bit body or holder comprising a binder
including at least one of cobalt, iron, and nickel by an infiltration method stems from the
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hard phase concentrations, fromfor exanple, 30 to 99

vol ume % hard phase. This nay be acconplished, for
wez@spb@ass by di sposing hard particles in vari oRGI/US2005/014742

packlng densities in certain |ocations mnthln the nol d

rﬂ? lV % Flgﬁ g\gnqiggﬁ{%t oquogg&ygih?p?@:n Sert f EB? (?tg\g pomt of each of
tsddi fnietmalat Yatmbdphekic tpr&l;ﬁipe I‘Eiﬁpbex”frmtemedl 5b§} Gadhi aﬂij;iltlon since

IR A R e Db RS RS 0ER ten coroe s

d¢ftbdsqntrto prevgnoprematies freexdhaid, fuy eadmple as notiere caifaltaodmsten, or nickel-
iro

k I infi
twggpéétl ae*r&\c/ig Ia?l ﬁ iwétﬁg ﬁ@?r&ﬂﬂ%ﬁ t)og fﬁﬁl%ré% 'EE& %?q%n%g%ﬁscar&(?@g rticles
whieokestingT ae em;htbomgg pibbody. oThleabtncmmertohe's@y lved 40 theaformation of
pﬁ%ﬁ@?? Iﬂte{tte ca&'tlﬁé %V%r? \A}ltﬁ tﬁ’@%@)& %% g.ﬁgscsuhl:? Sﬁ greater than

since iTon, nrck ave
1§@Dt¢b|d1urmgé®mfmtraﬂw nromsd st ate for tungsten car bi de,

[bbadr}; di ffEtn%BPtmetn% Btm;%ﬂtm&t %rfﬂteug;rsséfﬁ%@nﬁ& Aa a‘vercome the

ten cobalt-tungsten ni ckel t ungs
dﬁ&m%ﬂt@eﬁ%bbl@&edmtﬁ @batttlmfmﬂm@cked) lﬁfll’tlfalfetq ¢ast éOfapQﬁéféS &% use of a

p'i’é'é'ﬂgiécg'%oﬁé\f t?:'ng?teﬁac{?%l&é %ﬁte‘éﬂ?%r GRst bR composition gBR to 60%

orin henonmenon may lead to
thrgstent wwd@fanﬁﬂﬁ tp P éscotoﬁlf thyeN%tﬁt i Ry exd@Rlenp cpPqltrlloy having a

égﬁgerﬁlfatlgh gh ab&@ﬁ\’a@ély‘ B8 Sweig ©h o@&nggt%ﬁtc%Fblcﬁé‘ﬁé‘s 4R e point of

uring t [tration pr ocess Enbodi nent s of
etméoﬂfettﬁwoﬂ%lp @h@eﬁrFé@éﬁt JRPthNPbH‘eu'm? RO (OF Hifesyiptic or near-

éyt%c,ftllb%%yt BRivaSS @6hat, #6n ViridmiekeRddng witrothe dRglidible Kr@lezmg range

infiltrated cast conposites use of a p
bl desipe SRR st el "B Rele Ve rebricaton o
SBERASFI Eteﬁrba(@@e b@s&ﬂ&@tn@ﬁ@%tt&i@dié@,r & dell a@d:eﬁh@ntted céffide cones

cobal t . For exa a bal t aI
S0 BHER Aot tEn BFesl PP AR cas g ot uha¥eR baroide,
RitKROEINGBtef AAFDIgH cbaat-ﬁlckmltmng@.@nmartndie afd a@rp}ttmugshafatcetb}de alloys,

3000C. . See F [t
B RS en h81 e TRkl TR R Dbl vt
dontparedvdthnbekse! andloorgzevibatshd tdoenposifisi gt leheivéaleeteabragion/erosion
SRRl 5, SEDER B R et ShoplBo S8’ Hefneae usin
mhajhttoaengB;tgstnolsar bi de based di anond bit bodies, as

@@kbcas ¢ rtntneedm &{ iLAE ?%erﬁetﬁ&gj of l?lellr‘ta\)’enﬁ o (t%rpﬂ)rtsé infiltrating a

tic or ear - eCtIC coba un
massbloﬂebarchpeuklelest\uttgstbgmdm;ahm idea eutectic or near eutectlc composntlon

go%)@’l d’tgnétcf%(a%l[ ottéjpgé&b%ﬂ IF&{ Qh&jﬁlcﬁé]%nhrt%stéﬁ%?&@é‘ and wherein the

can be expecte
eRdirbhas faamentn@n@pmétle@qgm 4R%0 Pougtﬁwé%dlr@y@f‘sa near eutectic

8&46@@&%%%&5?13%&%% cEHMEnPARAZ Bf m@%@‘ao%ﬁ'@lﬂﬁéﬂtﬁéf @& composition

equi val ent abr asi on/ er osi on reS|stance | evel s

gr]e| wiihin d8rweight 3 96 thexprdestie Fopeeiitionic tH%&BP%t't\ﬂng%g%he eutectic
@&ﬂ%ﬁt‘?étlo‘ﬁr@ltur@étén' Qb &M Sobalt %Oﬁik}oﬁﬂétb@l 43 wahadisREsht. S Eutectic

he net hod of the invention ri se filtrati
mgos@fonﬁm kpawe OF Ieas Y, FRRHOABIEA iy orfylflegian e it Casting the

BUE L drneRF e[l@@!' c @dhﬁ&fsﬂtioﬁ rﬁWﬁéﬁdrmﬁd mwr Ivﬁthmg halrd particles in
| east one of cobalt, ap ?q eg

thermelde Howgue K &3y be Qrﬁérable hat upon sohdl icatio composntlon forms a
precipitated hard tungsten carbide phase and a binder phase. The binder may further
comprise alloying agents, such as at least one of boron, silicon, chromium, manganese,

silver, aluminum, copper, tin, and zinc.

-16 -



bi nder has a nelting point |ess than 1350C. As used
herein, a near eutectic concentration neans that the

w@orvsaaiisat i ons of the major constituents of tPEI/US2005/014742

conposition are within 10 weight % of the eutectic
ntrations f t 1e con?,&_lltuents The eutectic
ionc ntration 818 9T g Ppegat inWentign anay Gognprise as one aspect

dep fabxicatidrel of lddtilmlag\ht c@&rscﬁﬁtn ea&&ﬁtdrcn%f&%dn&'&ﬂﬁposmons

killed int
ShpickRNey Of GRS P BRBHE bR Sbtcrr SOt REEYT | o
i8063be performedd wi tdfilteatingi 4 edtorhasask bﬁlhbtopbﬁﬁnclleﬂ doffprising a

f
IR, 7B an rhoie BB e BES 0 Afic it ot B Bty . ana ik
kigr.da t@ﬁ@@t@ncwaldb) d\ahMMeandﬁlmam\lthaieB Pleasetic hidear eutectic

Q(I.)I'ﬂ itidhef afdérrl§ Hﬁﬁn& OTRL: Bfie Bt JJO%%L?%)rﬁa%Pﬁp ﬁ%‘?{s uch as

east one of boron, silicon i ganese,
q6€f]3r al uni ném cd)]jqﬁsatlng tibed oamzhssz bhicar{s@idh 2etal carbide particles

ﬁmﬁ"é%&?eﬂtlﬁﬁl Bntlt Q%}?Fégﬁc g??ﬁ% u?e%t(cgﬁ%n n@ori I%O%?bide and at

one aspect e fabri
l@aﬁfé?ﬂeuofcebamgan angtréelel.c conposi tions enpl oyi ng

ff th
e, 1110 et BT g g o
prIPidp c sEeh @én@'f\‘;l%fﬁﬁ@aéblﬁé xangt et dfast oaasoft cahaltnnba,l and nickel to
ﬁé’tfshﬁ'agcﬁopé'hteélcll\éf-%hﬁﬁ‘éjmatﬁe ko@ﬁxsbtf ?)rbll%geg rBI%’%l)Ee r?,ﬁ‘e

and nickel (i.e., a cenented _ wth a
Pltrant thattis Midng E@’Vd&fed)blnﬁ@feﬂﬂdéﬂf@panhcles together, placing

ﬁ@”ﬁﬁ)&hﬁe'dlﬂrb ﬁfoloa Heed] r%i fe [ﬁﬂ\gie%t tol §?e$ﬁpe9é’tﬁre %regfép‘matn the melting

Infiltrating
BPINt 374Re Pt”idS'h %ﬁétcap"r@atpmaatethsamter@lwtwmﬁom aban earth borlng bit

bodyl, latrbmtcoheaér & Sore. eq’ﬁl@“sblc‘éll&f c‘é@iﬂff RYP&et 'n%thocﬂ may allow the
ion of a carbide and at east one of

ﬁegﬁ bngl S Witk Kgﬁatlvetlb@gg]cagamt@ggrt lpfﬁ’@atgmgnq) Mmees ok h@rgdzarmples since

e bieddr BUMBRUI Wlth?Qﬁ@Otélrd ipaRicRE FHoF abhd@ng AN tR%efore, shorter
a | east one of cobalt, iron,

t bi de,
'Qﬁ'ﬁg rﬁ@g%ﬁ{’qfl %{8{‘*%&62 o fgrmihgariclenet - shape in the
foosm of a bit bhod¥stain ahétBbdL BN Ehe Qfesélﬁtnﬂver{t@QG%Itl‘lmng the hard
tlcles t oget her,

bi.nd h
D RS RS BB iR = s et ey e &1t igtroducing
the thimize frad tiveemgldewitie thet haa ptahleleﬁ\%intil a;ﬁ:oa@umqeoﬁntsﬂl&e The binder
al s I nto e

A ped R0l Prv 884 FuSBRiorisat acTeaprapslonal My camprise o
leasi®ne Bh csbaﬁbwmaldnddwldkebmtdl agpashor mélﬁng ﬁiﬁhh@duémg/constltuent
eSS capaci
BB SR e Ml L Sl S35 G50 ot
¢sistioea eutectic mentbametntechhmn&hae of pideaddt ohe sf gubaf) irdnQ and nlckel and a
H'Q?Jj 'io'hQQe 9&%8054?@ %Ts%? eulse%g )frturlen{olalﬁ,é%? thllaic)]({1 Blgéﬁsét mﬁy precnpltate

are require he ar
frase Hisapixbfre ttmi@rrprtl@%bmi phase nThus methadfrndyt beatsefg forttee formation of

RdoRas biEleh .chﬁ@b,gﬂﬁt loading a funnel with a

bi nder, he bin and i ntroduci ng the binder
0889 t he ﬁmptﬂlewembwhmdh@f thep aresent] iegerdinn ,immptels orzating in place,

hBRichBE 8bbve. ARSxAhPESK this embodiment comprises preparing a mold, adding

a mixture of hard particles and binder to the mold, and heating the mold above the
melting temperature of the binder. This method results in the casting in place of the bit
body, roller cone, and teeth for tri-cone drill bits. This method may be preferable when
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as di scussed above may be a eutectic or near eutectic
conposition or may conprise at |east one of cobalt,

w0 e@s/10a83l ni ckel and at | east one nelting poiPET/US2005/014742
reduci ng constituent. [0068] Another nethod of the

. SXeHp e FEGOre Abe WHeEE el SRR &5 gigenty infitrating
theelat p@ﬁ&le@fcoﬁmémbhallyl ron, and nickel and a hard phase

t h
(GFH8e hay proci B PAECTLR PhEAH Sepdngy CPEPH fae or more of
cfhﬂf cﬂas{J_baE& behdfsl ,reedhottides \andéhe pefdat pliase maebe composed of the
ornation Q t eet j - i
2L 8% ) R AR GPADN.EE00, W AWy ot e
harny @h&seoean rbgoiny e foastmfnlgegtmarplmexedrem prheeidalapoiiees, fibers,
%ﬁk%%(sag%deqetgfprsms ﬁja";gpcq‘g har gﬁﬂ :I@Fec‘rtemg B c!illrx]}gn@ the cobalt,

X es an
itohe and)lrmk;kehakbbylselaﬂelfuigntthle invindom e econtedn Aedlitiyasg such as boron,

c'ﬁ?cm?EFnagMEc% %‘un‘i H&pbbcﬂ%%[) m;—lgj ﬁeé'@top%hérﬁﬁﬁﬂll Fnstoiangﬁnlaﬁnts up to

| er cone
a%mughtf%pfmuw@wﬁ@o@tmupus phase. Th| s met hod may be

[ppf'f]er abl e me’ﬁﬁ&@n&%‘s@@%&geé otd étaFeaéHaBﬁ‘s Qf'tﬁé ANeRs 6f Differential

bi nder is not sufficient for s i Ci ent
ThefmaltArstyisisg(DiTWe oh anpogimernte pidge @tﬁ‘ﬁ@"érﬂf'”éﬁw%ﬂeﬁ%ﬁt ivgotiqsy Figure

The, rb?‘%ﬂw B@"tﬁé tdBifts OF ahﬁicﬂcmﬁﬁ' ATSYNE 000 ﬁﬁ1mtﬁ00£t a rate of
nor e car bi des, oxi des, borides, and nit rlges

temeetsiuie dicreafgsel TRIG/HRUEIREEsEEPD AIMateNYRe O Sﬁ%‘Pl? gpmprising
A6t @’5"7 Run¥sieh Hﬁb@bsandqéﬂ&ﬁy%‘ﬁ%obélt (alIpdtahtdges afBen weight

pqr@qg@@p?ﬁ%g ng@glt%{g%?ﬂ”s%r R H?‘bg]owﬁéb n‘gﬂ“ﬁ@fé)qqm@gglge alloy to be

Mrshasely atel ets, prlsrrs or any ot her useful form
I'n_certain enbadj ments

cob .
BOT8ls us&fawe itnist %géaﬁ'h{?g BROLLHY BPAPR SR o8s200°C (0
ﬁSUDhCQa‘S ablafeos, teMPE MY ﬁr‘hcréadel cﬁfdlﬂ) Cladinute huam acmppempsphere, of a

é%‘?ﬁ%a?wnq Aot E T HSstomet RtB AR AL 2ot 5y g 2% boron.
s f o tshl‘?%\ﬂlwﬁl@@ rri’elﬁr@ Bomr ef dhaphey w beheppresmiatedy dfi51°C.  As
i
?CHEPGH?E ef]hg DT]A %gasvog Sulr% \2/((3’[%,[ @oolgé%ﬂ%'ﬁp%bgﬁ%% o‘?f:obalt with
gorap Redviced e melﬂn@ psinodf the by it i iglee C’pja'lmosf 243€900C t o
E(ﬁ?ggﬂc at ara oe%éﬁsea ﬁto‘fl{h% He{:lg{seo?%qwgfcyérg Btl'g' ﬁlbﬂh%oo Cto

argon at a sa co
4500° C%@Sﬁa@oﬁ:mnmeowurandcrammf ’EEB%nmo@iallm ap @mon atmOSPhere of a

erﬁélg\%ltog%slsmgﬁgothS\w{ugﬁéteP@&‘B%t g§§b AMeE%nd about 2% boron.

he ne poi nt. of the
@hé ayapio shewsiphe orélting ebipt L83 @lloy dcmq apprguimatedy 1989°C.  As

%%8%@8 fio thE s Bt e Qo é/aoft MBureY s e PdhlacdrMeiin 9 QBBSK Wwith nickel

arate of tenpérature increase of 10C/ m nute
reduaed thegoeltieg ﬁ@@kﬂfé‘?@a“%ﬁn Bigg@hrlEcs®HFi si ng about

ﬂ(ﬁﬁw ﬁ]ungst en Cfﬁ ﬁ% is Q*@Péﬂh o'?%/e eela df.a tABEyab @A, B¥m 900°C to
oro The gra ows the nelting point of the allo
t180& apspra@e(p eyatg@mgr@@se 2i510°C/minute in an argon atmosghere, of a

sample comprising about 96.3% nickel and about 3.7% boron. The graph shows the
melting point of the alloy to be approximately 1100°C.
[0075] Figure 6 is a graph of the results of a two cycle DTA, from 900°C to

1300°C at a rate of temperature increase of 10°C/minute in an argon atmosphere, of a
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conpared to the DTA of the alloy of Figure 2, the
repl acenent of about 2% of cobalt with boron reduced

wao b@siedisd ng point of the alloy in Figure 3 al POBUS2005/014742

200C [0073] Figure 4 is a graph of the results of a

ARy B0 OB 00 S 9B, s 0, e o shos
aﬁmgmq:mtef thefallay ®empdmprodnpielysi1sg Gbout b45% t ungst en

pde, ab kel % _bor on.
5’3?3 chows t nd HHP Héf:u%%b%’“%]q?ﬁre?ﬁ% At g9 vge BIA flom 900° to
g@ﬂf &xatreatade pf LOGRGtUrASnoeagEacieth’Conihire iDEA #hort Qﬁ\osphere of a
Sc C@¥ &fmd: Sb(ﬁlﬁ ééa/f?tcroga %ﬁgr‘%?)%gf% Q’Ey‘h 8122% EJW? ngraph shows the
Ff!e{j'l']@@omt 8“‘?@@!'036@0?@ aqpmmtewgoa"ec 5is a graph of
Ed"(ﬁ?! esul ts of g, fyg Ly ﬁ onBf e ik 5@%1(9? %Q\r%{:a:cgd% ﬁq'ghfrom 900°C to

a rate of tenperature ease o
&3YbR %tmn&e@pe@turg inerAgdecofc i miisitadn ab@ugorO&nd¥phere, of a

E‘érﬁﬂf@co%ﬁs;ﬁﬁ%ﬁu@w@% %Bé’lpan&r Eﬁmﬁ ranfy, $he ﬁ‘llﬂelgrdaﬁg shows the

mel ting poin the all oy roxrmel

F‘Gb'?g]Popﬂft glihe alloy te b @P&mm@ﬁlwﬁém%sul ts of a two
RIOVBF DTA, fromRRQCotg 130048 Af[‘bto@r]l&@gl%pﬁé of (materials formed by

nperature increase of 100/ m

ea'?‘%%‘ﬁ'ﬁ@?s@ the meshaslsiof ﬂ'@)ﬁ'ﬁﬁ@@l'ﬁ‘@“ﬁ%Uf'Q@@ gf% aiscimling electron
anfostBpst (SEM)6 Yhstohiit8dtapd N Qfﬁlfénér%\‘&m%%g?[ %%t@%] a binder

oint of the alloy to ppr oxi mat e
fljlf&'gg ?S?@“é”lgf’éﬁrﬁ%?c“?ﬁ@x&'é% af eabaliang baten cybereinng, boron is

ﬁ’é@éﬁt%%oﬂ’m %@Qﬁpaﬁceﬁt sfahe bRliet. em@ng’ﬂtw @oldr@@ ﬁQSQEGQZ is CosB
an ar at mosphere, of a sanple

QBRI PLB " Bspeaniy £o%Ra B sabaliapenan mite was meted

oy legating hoesprokienaa 1 2000° PRiehtali®led féecoﬂl Q¥ th Podf ter?perature and

Brom mately 11000C. [0077] Figure 8 is a graph
?acﬁ ¥Yesults of a two cycl e DTA, from 9000C to 1300C at

@0?&1 e of Rigmperiat ure Iaﬂ@rmepkﬁﬁorﬂfl@@’gfﬂp'héﬂ& Hiffe@Rt Osleces and

SHEE SBRSnSh e Pe OTE S SRt irer v
fmafhed g lpidtraﬁngohartjhmrﬂktlés;wth Qahlbﬁndappmhél Rl &Japticle?OROE. an cast
' 1 t a 0
T e TR T ——
peleseint THermganedade waﬂajlliradaecgby 8 bmdscaﬁm;brrsgwgeé@;m(mately 96 weight
i i.a
6@&%{?58%%&(3?52/%1 i riwgg Pﬁegéeer rggﬁy st "%f gaé'ﬁ)f’l HnRprgpre was
z2ppseiiaatelyc1 486X Cur e of cobal t and bor on wherein the
o0 ' PEFEIS & o ARl DGR byl s o
wagsk et C@%a@ebl@e paitislee s'S@raridak lopmeotsall tarbiddénseobtd t witineh binder
&ﬂé@ﬁr@"’éé@e%flély"@%oﬂﬁ ér‘rz‘odbcg h‘?@%{&%c& %%Q{e?él éFI%(N%llp{ Figure 13,

hen al coo
HPRINQBEY gribifle iNeRIy 631 ﬁla@ﬁf%ﬁn@@yﬂ"iﬂi%ﬁ@esﬁi\ﬂ 5' helght was placed

RS ISRt TRty Bhg M MBEEBE ndth 868ScaMIde particles 130 with a binder
comprising cobalt and boron. As may be seen in Figure 13, the infiltrated binder and the
binder of the cemented carbide blended to form one continuous matrix 132 binding both
the cast carbides and the carbides of the cemented carbide.

[0081] In addition, hard facing may be added to embodiments of the present
invention. Hard facing may be added on bit bodies, roller cones, insert roller cones, and

cones wherever increased wear resistance is desired. For example, roller cone 160, as
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different aspects of the mcrostructure nmade fromthe
sane material. The material was forned by infiltrating

wha0d/1pasiicles with a binder. The hard parti CPEFUSEINE014742
an cast carbi de aggregate (W2C, WC) conprising

O R B vk RS b ST e v

poRPN OXi Tll'ﬂé 8lt Yol forehe Fdllepesreandy alebabmpmujhefkdwmi@qtsuch asina
%ﬁéﬁ’: gl;}} rg\%?pnx}gwgzl%%f hfft@%g\t@]tg EI nE ,rtgé IH@ Egg\@ r‘?ﬁay comprise hard
40 iahe regipna i notzles et gagabanMﬁj woe chskext ponkeats$ 4 Btforaxample.
. d
SRR BRSPS 300005 T i
[eag2int i al It}s tof beco izl stoanitiatbibe @rﬁse?ﬁbdqacomumellqstretes those aspects
?gTel%\fe%tlon Fegé\%rrrltka e%: EIQ%I @d%%’tar@jl em ﬂg I‘E@F\ bb@ﬁﬁllnré V\gé&ts of the
lrp,leatlcadthanwbhkei treoampqwntcbm trtogeuqﬁfordlnafmsklrh@ ’thﬁee%%’fhéf therefore,
\A%%ﬁodn&q‘g&htg?er % bgﬁ\e éj%t) émgléiothé‘"n{\}égﬁorphé%eﬁot been presented in
nprising oron e seen in Figure
oldi%r to hmﬂ“f}ﬁhe preseaiddascrietion. Mhowgﬁveerbtpqmentépf fhgeresent invention
h%ggggéﬁge&?irbga ?(ﬁ'neb(hfed?ﬂﬁ SQI"fIIQEH@ é?f"@nHCQ;%ri CBIRIS iRl f¥regoing

e cas car bi des and the carbi des_ of
@rlmleﬁefﬂcéﬁlmé%tmﬂt deany[ modfigatiphs aBdveriaions phtlee inyenting may be

é@M oﬁ? agfedch Q/aﬁmg' dHRNhSdiféatibRs oP RS ANEnRfidAVERL ih@Aded to be
acin added on bit bodies, roller cones,

r

dorered toyileg ?@g%@@cr@m angiea olipipa GldMs ner eased wear
resistance is desired. For exanple, roller cone 160,
asshown in Figure 16, may conprise a hard facing on
the plurality of teeth 161 , the spear point 162. The
bit body for the roller cone may al so conprise hard
facing, such as in a region surrounding any nozzl es.
Referring to Figure 14, the bit body nay conprise hard
facing in the regions of nozzles 144, gage pad 143,
and insert pockets 141, for exanple. A typical hard
facing material conprises tungsten carbide in an alloy
steel matrix. [0082] It is to be understood that the
present description illustrates those aspects of the
invention relevant to a clear understandi ng of the

i nvention. Certain aspects of the invention that woul d
be apparent to those of ordinary skill in the art and
that, therefore, would not facilitate a better
under st andi ng of the invention have not been presented
in order to sinplify the present description. Al though
enbodi ments of the present invention have been

descri bed, one of ordinary skill in the art will, upon
consi dering the foregoing description, recognize that
many nodi fications and variations of the invention may
be enpl oyed. All such variations and nodifications of
the invention are intended to be covered by the
foregoi ng description and the follow ng cl ai ns. CLAI MV5:
1. ADbit body, roller cone, insert roller cone, or
cone, conprising: a body material, conprising:
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hard particles conprising at | east one of a carbide, a

nitride, a boride, a suicide, an oxide, and solid
wa@elativass t hereof; and a bi nder, wherein the PCTUS2005/014742

conpri ses at | east one netal selected fromcobalt,

ni ck iron and al bys thereof. 2 . The bit body,

GLoi r cone, insert roller cone, or cone of claiml,

fwher @it 3dae, l’@ilétdﬁ)hefihﬁérhmﬂemﬁp,rdr&ese aforrpeiaint: one

mel ting pobné u.an? constituent selected from at

| east one®GP %\mta CHRS CYTBW et al  car bi de, boride, or

sui ci de up to IGhdvgirigihds penpesity, ablebstaos: of @ncarkidel auptride, a

to 5 rcen r percent,

sili 58%]11\6%%% Ilc%%ogr?omdﬁta%d%%lldjgt%lat%n%(?hé’?@uf%}%dp fo 20
wei ght per centg biader, mbmgimthecingsr compasasedt dgast peg gl selected
wher re based on the total

(?rltOH1 #&?hv\ﬁ%&h Oﬂ%ggm%ﬁg(%?)f? body, roller cone,

a, nseﬂ'herbdlbbév, rokRTeoneringssivellestcons.irgone ofgiaime] avhersin the binder
mel t i PRLA n{f%déi(féa@goﬁ@ﬂl%ttlhb g@ﬁ‘ﬁ réo@:m% cbﬁé‘rﬁfen@@&e&éd from at
tungslf en car resent from per cent ,
t ungdaashope efs@trawwhms@l caybigs, t%éidgh‘?r %ﬂ@fd@ém to 60avaighy percent,
pr es%rﬂ'arfsrtgmraqetélgdd)to%o‘"@élgllﬂtpe@?én@ &Jdkon BPTPTD Wéi@ﬁﬁ;ﬁgrcent silicon

per cent licon present fro to

20 V\/@Jpg:mZOp@@lgla;merc%rqmqrulwpég)egﬁ weightpercery, manganese up

We' ghd JBegEght per@@r‘i’t WRBE @R WBIgRS PBlcehttgs8 A b&seddon the total
wei ght percent. The bit body, roller cone, insert
roll Me'@ﬁﬁéthed}‘“%ne of claim1, wherein the hard

Ppar t ithlesit 3oy, aﬁolléﬁ@éﬁe (Mb%rtorfollémdcbné d)uaionéldﬂgilaém 2, wherein the
st al

crystals, as

ol uumaig Paal BRI GuekirTe Sharsteer sLuERRES elids et from

gr gQIOetoFUDaﬁg@ht Bdr8erg] tmhggtem‘i pysanwﬂrm 3000135 weighg @rcent, carbon
i nder, sinter

bit HWeSENt frem ﬁg t‘gérY\ée'g r‘?%;FPP% C1”e°|r e%egﬁﬁromoftoc%o @Sg?t percent,
cl ai ngiliton Wiregeait franhe tvafd wedght i pereesnt, compmiuse pegsehiefigtn 2 to 20
one transition, netal carbid

car b.“éf‘énhta%‘i?ﬁ% G0 LagRaeSe '%%%eg]gﬁéﬁrﬁe@é]‘? gggo ddrk ??'Iggﬂ um

car bi e, bihbddy, wtiec aoi, deserttralier aboen araobé geclaimpl yWwersaigrihe hard

glatr bl]%[e[j'glclgs! %I Iatf ri%a%‘rf‘ Ré glemd@fagaltwé E'%’Qta%agpgg@’cry%"';m Barticles,

Cone nsert
cl ai msZsolWhmlu&thmst he pp‘gbwsiﬁ@npmamclqse@mmrﬁglg two or more phases,

ggplsgj%nt sqrptéred Lﬁr%uéése@cﬁttl;% ﬁﬂ@ aolglnéé*ngﬁt(a?erc‘l g@é‘ﬁ@ééj\ﬁltho#t a binder.

e-ran 60 wei ght
per ceTite biabedy, ovller sene, dnsgrt r@}dﬁrgqq)f\e,cqr qoRe ohriie ., Wherein the hard

The bﬂ)éﬂlagg}ﬂoméﬁéé &t Ie%@pgme 'tr@ﬁﬁtr dn Fietdl %rmgele&éd GRAEL titanium
cl rein bi nder conprises 40 to

50
WEI ghearpide.c shrorgjemt @ﬂ@ﬁieenv%‘éﬁ‘ﬂméaﬁl*ﬁf 4groogiugy carbide, hafnium
wei gh%é?@lﬁ?ef%tamm ardi®aTholRNGN daitfife, Med@htcar@ids] and tungsten

ni cke based on the total wei ght of
carbide.

0. The bit body, roller cone, insert roller cone, or cone of claim 2, wherein the
melting point reducing constituent is at least one of tungsten carbide, boride, and
silicide in the range of 30 to 60 weight percent based on the total weight of the
binder.

7. The bit body, roller cone, insert roller cone, or cone of claim 2, wherein the binder

comprises 40 to 50 weight percent of tungsten carbide and 40 to 60 weight
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the binder. 8 . The bit body, roller cone, insert
roller cone, or cone of claim7, wherein the binder

weowpnodaes 40 to 50 wei ght percent of tungstenPCHURI00®014742

and 40 to 60 wei ght percent of cobalt, all baéed on

the t [ f the binder. 9. T it body, _

For 1 e P2 P Regfons By Siliteans, ekl baseg iomithe ttal weight o
wher ethe ttlrlrtterbl nder further conprises up to 10 wei ght
o2 8 ol s B0 3 PSR e
roll eﬁoromﬁes 4011‘-;1360 weightepercanieof tangsteneamdidechiad @020 60 weight
wher e tituent is

11 octor Rt B0oB% Yy hEME M EAPREEIER, based

8n t héhe bit Bedywerligheonst, inskg rellendene, ol toneTdfeldimts, mamm the binder
roll efurtﬁ@r”@ombﬁ}a%grdp {4 d) We eg%?@%rceﬁtr %fcé)[nlgasqfcincél G B orcm and silicon

wherei n t he bi nder conp 0" wei gh
of tu?@?ﬂé’rﬁ‘t%?%@'d@'%@fﬁ@ hinfle60 wei ght percent of

nockethe %it'bdﬁ@sﬁﬂlepﬁoﬁ@emgéﬂ FliePbAAT o/0F rfeegf plhpder Wherein the

12. The bit body, roller cone, insert ro r cone
cone OF!RY 2P fﬁfuc'\ﬂﬁépﬁtquh@ sicaa &y the gandeeef %@rﬁ@rwaa@ﬁ percent

up tobés@d\mltg@tot@e\yé@mof% biflepn based on the total
13. The bit body, roller cone,

h bi nder .
Wﬁlsgr%h é%(fy EIRECONsy inssR &ollsF ceneaphedne affslaimai7nwherein the binder
bi ndecﬁonmlﬁaélzﬂﬁ‘cb 60 \h@@&tpéf&%fghﬁgs@&f E&BIdeOindlo to 60 weight
| east _of L iron, obal t based on the
t ot al P %?ﬁﬁfn'8 elt?’llebelfﬁﬂ&@rthe tﬂ?' W?W@Bfl the BBES™ rol I er
¢2ne, TthErﬂodV Oihdllen’ cO®) Bnse@ rolé@neoref of |cahénot1%lalrﬂhﬂr @HRrein the
t he rther conprl es. u
Lhe PR L SRR 8T Ui B Rsh b boef freed on the ot
15. Fheghuﬁthmdymeoller cone, insert roller cone, or

ne r t nder furth
T3t of ol S o Pl sl ol St et B 20 BRere i e incer
WEI gmonmrlseh@t lsesidéd weigbt peFbent loif Bt lbashyaf onelof aickepifeh, and cobalt

| nsergasggloheﬁe 595]?%592}*8@8?%@5 claim2, wherein the

bi nder conpri ses ‘wei ght percent of
#-ckelTheahifl bedy.orolier orrieg inseperdemntonef obopmm of alaim bids edherein the

on t h(ﬁnéé?tf@}théf’eécgﬁ&lsgg tﬁbh‘é 2 Wgﬁht Pér%ent-%} ik f‘n b%gg% on the total

roll er cone, Insert er cone,
wher eveightiad th hiadsr. corrprl ses from90 to 99 weight

per cefle git b%@%’afloﬁleraé%el lﬁs%ﬁllgllélieécgﬁt g%&@&%% %@n qg;%erem the

all based total wei ght of
bit BUeHer fhgheregonsises Lipn"@eTQ weight eercedinef, beypn baped of the total

cl ai nvelghtWrefehiRddrhe bi nder

16. The bit body, roller cone, insert roller cone, or cone of claim 2, wherein the binder
comprises from 90 to 99 weight percent of nickel and 1 to 10 weight percent of
boron, all based on the total weight of the binder.

17. The bit body, roller cone, insert roller cone, or cone of claim 2, wherein the binder
comprises from 90 to 99 weight percent of cobalt and 1 to 10 weight percent of
boron, all based on the total weight of the binder.

18.  The bit body, roller cone, insert roller cone, or cone of claim 2, wherein the binder
comprises up to 60 weight percent of the melting point reducing constituent
based on the total weight of the binder.
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conprises up to 60 wei ght percent of the nelting point
reduci ng constituent based on the total weight of the
whrowdana18®. The bit body, roller cone, insert PCI/U82005/014742
cone, or cone of claim18, wherein the melting point
redu0| ng.constituent is a one of a tun S
185 bi e DCRT T BB JREeTt KB oMl RSP SITo . Wiggein the
bi t b@dhhg poiht &éd@:ﬁﬁge cohsti@art isobi dsast ame, of)ra domgstayf carbide,
claim \M}? in tbhe neﬁt.li.n poi nt reduci ng
consf"hrtomé‘ﬁ? L0y FES: BUhYLEEn car bi de, boron, and
291 | | Tha.bitzbddy, rduebicbndao:dyert rallkel epna; cavesone nafeslaim_ 63,1 weirerein the
cone r.cone 0 : i
hardhﬁﬁml elnd Coh%rboﬁgtfntﬁghtps{Hen&tmggtengt%@léécgpwdand silicon.
i t riddeit odyorolie, canes unseitd ellemgonski efe cortdors eni eprth- borlng bit,
sol u%r%nﬁ &Eer eof ; and a binder, wherein the binder
has & MBIt g poi Nt in the range of 10500C to 1350 C.
22. The bhardhwatsles edpmhprisingoaideast pserafl o earbide, @ gitdde, gy boride, a
cone of clgli. %nJOXId@Qﬁ@’s&dts%ﬁmBﬁsrﬂe%fta'n@' es are
present as 1 ndividual single crystals,
pol ycr yst albirndes warein dhekindeidass mé"“@%%‘f‘? Briae ragge of 1050°C to
pol ycryst abdd-pe particles conprising two or nore
phases, or sintered granules (with or vvlthout 5)
s’ aTﬂj\pmmtﬁ)gy,ar@g@ﬂconggns%@Hg qongoqyconp(ﬂ clajm @ ,n\/éherem the hard

I nserbcRls| £E PGt a®indhRiRI gﬁgl@'cﬁﬂysﬁélglas Mﬁj’rﬁtzﬂhr{ehﬁamcles as
car bi de Is at | east one transition neta

sel ecplid spiBERS: iasapRlvArYialing B@'C‘EﬂrCBWPUﬁ{‘%z‘P’%loﬂémre phases, or

vanadid{sres @Femuﬂa% (with bﬁwmhdmh‘eadl@bﬂ@bmbla@ migea car bi de,
t ant al um car bi n ob| m car

Hh gt Bk ApbrEnbp o TR PO, S Ropt BRrL g, erei the

I nserdaridy iseht rageondfratdiivd ®btat lcarleeZéhleoMftEfremntltaﬂnem carbide,
transition net car bi
Fh

t ungs“théQ{n'Hﬁ\' (58 _e,z)sana%wén b?e{rkg]l h%rr(gon téa%lgg Ihgfmum carbide,

ler CO
i nsertantaiahl earbideaclybdentioneariitie, Ghdzutlm Zarbjdewhned mn.sterh earbide.

gjbbae[{h ﬁa%ﬁg@lkrgﬁgr %@%@n%p&tconga8p rﬂaeopglalnﬁ @@ wherein the

l'er con
[ nserttan\smbh ereta @adhideoof tb@hﬁdcpbrt@l&alImuzgstemglbéien t he

Q%rn IE 438y e@ﬁ%@&dn%e%}s% oFFé’]’S(t,onQngr tcBh"’é"%f Haf?ﬁ‘ HelAbrein the

eI ec romtitaniumcarb
car b| biireaderm aballoy commbisioe at @hﬁ@ﬂemﬂf@@r@baléan%PWdenum

é‘r b'ﬂ-nee' bll’?%r 8¥u 5rbb<91%’ ||’?s%ttbrgpercéad'ng' g?coﬁ’é |of %%ﬁn 24, wherein the

ar b éni um car
rol | emnwnfelrtherng@mpnsaﬁl plefeaglopae t@ﬂSl&@héﬂ%ﬁ' E@fa'idﬁw gelgcted from

wher gt e cg\'tﬂ&j@r tgrqggfn' s&sbidd, |Rsbiim 06§rb@fe Sbﬁrbmﬂjm carbide,
a transition car bi de, and bor on. 28

body mpl@;pqi@wrrtoqeébldep ndafon ;caqbfd@l, %aétp@ 5F l%ngllgﬁn carbide, and
cl ai myghehium ¥hr8iagl N the

27. The bit body, roller cone, insert roller cone, or cone of claim 21, wherein the
binder comprises at least one of silicon, a {ransition metal carbide, and boron.

28. The bit body, roller cone, insert roller cone, or cone of claim 21, wherein the
concentration of transition metal carbide in the composition is in the range of 30%
to 99% by volume.

29. The bit body, roller cone, insert roller cone, or cone of claim 21, wherein the
concentration of transition metal carbide in the composition is in the range of 45%

to 85% by volume.
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concentration of transition nmetal carbide in the
conposition is in the range of 30%to 99% by vol une.
wQ@205Thashit body, roller cone, insert roller PONES2005/014742
cone of claim21, wherein the concentration of
transition nmetal carbide in the conposition is in the
range of 45%to 85% by vol une. 30. The bit body, roller
cone, insert roller cone, or cone of claim20, further
conprising: at |least one cenented carbide insert. 3 1

30. Thanhbi bit Bedy, rdilet |@heCaizer follseicbnd,0bt &bné& AFeclaidl 20, further
cone of c¢l.aim 30, wherein the cenented carbide insert

i ncl GA8B"HYY| east one cutter pocket. 32. The bit body,

rol | er coaeast ba€témentet earbiienigseror cone of claim 21,
rise at | east ,qne

t.h ti f .
Hnor ShP S e SR ot ST e ol sect: @ Sigagenherein the
car bicetagnted shididedndarpinsludéscat lemat ahe cuted lpdeket cr ushed

Proed 1€ PBIRLF elEheond TuseltareleSer. (P88 ¥" ol & el the hara
har d ppidicies cdoeroriae eat deast anenoir maofociystatigel @ngsters apdds, eutectic

pr ol bl a n h 34. A | t bod roller
Cone?JnigStegr?a b‘éﬁ g}nq% t%nsﬁ%ln gtal e hu& é% a?ratered metal
part catbiele. of a transiti on rret aI car bi de and a bi nder

f
SOTPILEURH, P P8 oS o 6 BB S20ake o e
bi t bewiylss are ¢r@rorcmre of mregehatly sltdpledr protates oblate, @od ephdrical.
I
o Reboap A g skt @6 cbh O KBRS colBHRpES, | o, ™
car b! de, l@aTdoaﬂlQleb‘@éa riadsitiorvmptaticarbidezarsi de, zi r coni um
car bi de, bPE&rﬁ&f %ldjgr le’g%g&n%' StHIGR! k?r'oﬂe &Q@dﬁﬁuﬁgvmg a

car bi de, n| o Ium car tungsten car Biaé
The meﬁlnbmgﬂileﬁ@tha@rwéaﬁé, insert roller cone, or cone

f chad ' dey i
B LBy AP Y 8L LU0 TSl A4S0 e tr
i nsefrensitisn metat sa®Idenis aloastotnectransiiopametah seleriedtfram titanium
bi ndgsrbids, Hhrdhi lJt?ly c‘éﬂﬂﬁr | o R dagﬁéé 2 nfim | ERBide, hafnium

cobalt, and ni ckel The bit body, er cone,

[ nsePQrb\d@l ta@paltg@rq:@r b'dﬁ reqlyhdegtmctashine, WOb'Mme‘%%b'ﬁe,tﬁ@ tungsten
bi ndggrpigdr t her conprises at | east one of a transition

met al carbide, tungsten, carbon, boron, silicon,

36hr oIt hedkgeaiies Eones jinsagk rollel eRRen 9mcops [ efaimt 35 wherein the
and ghiGionm&aCARG8d s'tahdsh ddgbie.r educes the melting

ol n'tl'heofblttbhco(:"iy,alt'olllere ggge olr?s(:)ertolfoIIQrI gé(n?el or cone of claim 34, wherein the
binder is an alloy comprising at least one of iron, cobalt, and nickel.

38. The bit body, roller cone, insert roller cone, or cone of claim 37, wherein the
binder further comprises at least one of a transition metal carbide, tungsten,
carbon, boron, silicon, chromium, manganese, silver, aluminum, copper, tin, and
zinc in a concentration that reduces the melting point of the at least one of nickel,
jron, and cobalt.

39. The bit body, roller cone, insert roller cone, or cone of claim 38, wherein the
binder comprises at least one of tungsten carbide, boron, silicon, chromium, and
manganese.

40.  The bit body, roller cone, insert roller cone, or cone of claim 1, wherein the binder

comprises greater than 20 volume percent of the composition.



iron, and cobalt. 39. The bit body, roller cone,

insert roller cone, or cone of claim 38, wherein the
whrevdaec18dnpri ses at | east one of tungsten carPCTES$2005/014742

boron, silicon, chrom um and manganese. 40. The bit

body, roller cone, insert roller cone, or cone of

claim1l, wherein the binder conprises greater than 20

vol une percent of the conposition.41l. The bit body,

roller cone, insert roller cone or cone, of claim 40,

4her gihe ﬂlthﬁodyi melker o@ﬁé‘plhb@'ﬁfﬁolbetcmﬁ@@r %Gny,odiﬂéﬂﬁ_?ﬁﬁo,gﬁﬁérein the

and 60 vol une .per of,, t osition. . e bit

pody PEST IBBe g BeireR 20" FTie, etenk. ndy o Ghumty pefcent of the

cl ai modPositidrer ei n t he bi nder conprises bet ween 20

ol u reent 0. volu ercent of t . .
A mp o e 600} 5185 e, e T B BT ey Yol sl 9. wherein the
r ol | dindepwrempuseschoatecef 20| mlmmdcper@\im@raadrﬁa Relulmenpkeartent of the

conpr, et ween 25 vol une percent and 40 vol une
perce%®3§$ﬁﬁhe conposition. 44. The bit body, roller
430ne The ritelpadyr odllee congnisserbrollen renaforcdamienoflglaimh 4, ewinerein the

the Plnggrero grq}é"s ?r zlﬁ%? téISe\?o% & :]r%rc%fnt %n[‘i rrﬂﬁ%lg}n?‘, O;lg]ercent of the

net al” car on car bon

si | i gompositanom um nanganese, silver, alum num _
491°pp?5e b 'dey, r&%? 'cB'r'fQ n{slé{'tr}glr%r lég?'ae,%?gogré chclai#uST WLE?eiP lthte binder
body ["'er’’cone, ert rollér’'cone, Or coneé o

cl ai ﬁ@rmprlsmeat ¢eiagt @m-:eofm inehsitiooangiel casydata Tramition@emeit, carbon,

cobahbrgANndiigbef: Khkomitif, Qﬁ;an de, RN, hih&h, GOKer, tin, rhenium,
| A o

insert roller cone o eréin the har
par t liheniure.ansrzinee cr yst aI s conprising tungsten

4@ar birde it 8H&, toiRr @%rﬂéj ﬁ{seﬁ‘?mf' bS5 of B8 &t cidlh- 1, SvhBldin the binder

body conprisi'ng terial, conprising hard
par t Femersesqah eash Qﬂ&q{@ohai?@%@ﬁ cles conprise at

deeastrn®Be behly, dolftcBhél %se‘?t R A8 of RiaBRMI %ere?x the hard particles
sui ci de, an oxi de, and solid solutions there a

bi ndERMPRGSIHS FPRPIRINETUPIYeNBRDiSes and thechinder samptses cobalt.

4¢0bajthit H&Hﬁk,&ln nénﬁAan and al |l oys thereof; and an all oy
steel shan g bit body, roller cone, insert

rol ler cohd®odymaieral, copRfNinG At Partiplssly whareky fhig hard particles

havi B prisaNsvE4st dnk W taUERbias F £ ndfidy, @F SaHder atsh@raeSQF? oxide, and
ksi. 49. The bit body, rol I er cone, insert roller

coneSoligisoliars heredf.ai m 48, conpri si ng:
~a binder, wherein the binder comprises at least one of cobalt, nickel, iron,

and alioys thereof; and
an alloy steel shank.
48, A bit body, roller cone, insert roller cone, or cone, comprising:
a body material having transverse rupture strength greater than 300 ksi.
49.  The bit body, roller cone, insert roller cone, or cone of claim 48, comprising:
hard particles comprising at ieast one of a carbide, a nitride, a boride, a silicide,
an oxide, and solid solutions thereof; and
a binder, wherein the binder comprises at least one metal selected from
cobalt, nickel, iron and alloys thereof.
50.  Abit body, roller cone, insert roller cone, or cone, comprising:
a body material having a transverse rupture strength greater than 280 ksi and a
Young's modulus greater than 55 (10)6 psi.

51.  The bit body, roller cone, insert roller cone, or cone of claim 50, comprising:



hard particles conprising at | east one of a carbide, a

nitride, a boride, a suicide, an oxide, and solid
w@oloatvass t hereof; and a binder, wherein the PCHUS2005/014742

conprises at | east one netal selected fromcobalt,

ni ckel, iron and alloys thereof. 50. A bit body,

roller cone, insert roller cone, or cone, conprising:

a body material having a transverse rupture strength

greater than 280 ksi and a Young' s nodul us greater

t harm£Hé péﬂu@)eﬁ dBmiprisihg bt Iehbeorks bf dHeshpider alritdde,coberjde, a silicide,

i nsert . e .of claimb50,

conptl %’f"?ofg aﬁaﬁa“dg%ﬂ“{fif’e? g?r%og (f5| ng at |east one of a

car ba gipde whistdin ¢e, bladéTCtrolntbsﬂseaaswiasﬂ ohes matal eafedted fiandcobalt,
solid sglut ons th eof and a bi nder, wherein the

b| nd’@?ke A" ggoy ‘Frggst one netal selected from
5Z.0badlHe bitbazlyetoller donn, iasett milbogomet bresopefof Bl2im Fhecobiprising:

gloglym r50|fa| t?o&igcrgge} ?@al Ihn\§ ﬁ%g ?fu? &h o%%nglgr%!terctﬂgﬁ 68 §<1O6 psi.
5 0unTHesbifvisutiy| mﬂergmaat insert foller @Dexmnpyf cIaE'BBSZ , dosnpiising:
body, r OIhlaE R‘%’? ngs cbﬂ]lﬁﬁglﬁ% 5P iea?{ on’l;’eggﬁé g%{)briqcegiréﬁrgﬂfgte, a boride, a

cl aim52
I ea&tilimﬂeeanbxnde,candtaoﬁcé$0IatICmStth$r& ef; apd bori de, a

sui ci de, ngé" %ﬁﬁreﬂgguezrﬂh& ﬂﬁl’i&%@ Bfieh 5rréofr18’ha"flegle§ted from

bi nder, wherern east
met mobaélm@@eaoﬁﬁodamy@amereoml ckel , i ron and al | oys

51 her&gt bgély r&epbéneb%grt rcgl%lr l:@ﬁe gP@She ICQI%EIIrglnd ol I er

material having a 5
f at | gue raemds(trmtewl@ﬁéag erfanmwesstancsq greptepthanfesi @ 10 x 10
cycl&% 55. The bit body, roller cone, insert roller
cone, or cone of claim 54, conprising: hard particles
55 onpTheshitippdyt rollesseone dngerbloliar eaneheicrone of Al gﬁéontpnsmg'

bori de, ‘E!'na?degr‘ngI@s eﬁlpﬁéﬁhéj%t léé@fjoﬁ'é)l)f g camidd, i=0Rride, a boride, a
t her eof ; g wherei n the bi nder conprises at

I eas%lllmaﬁ@tﬂdﬁ aEi”@ll S@b@ gelutionsrthersebrtd ni ckel , iron and

al I oys thepir@ér, Rerchh et blmyoon{dﬁ'gé§ét e85€ond MeRl kelected from
roll er cone, or cone congﬁfl si ng body materi al

havi $apak, fiekel. dae ape gllayss é°fgr eat er than 50 ksi and a
5@/bduA Wit bB&E FSIRE c&rt@fhséﬁ réIEP EEndd B corconfgiRingt t body,

|l er cone, insert roller cone, or cone of clﬁ %
corrprl si rigbodia atesiat P?EP%@ fadiape iretisigneR orealRsihghe ofsi and a
a caybisles g,@a@w{ahqgg (1@)6§§,r| de, a suicide, an oxide,
and solid Solutions thereof; and
© 57.  The bit body, roller cone, insert roller cone, or cone of claim 56, comprising:
hard particles comprising at least one of a carbide, a nitride, a boride, a
silicide, an oxide, and solid solutions thereof; and
a binder, wherein the binder comprises at least one metal selected from
cobalt, nickel, iron and alloys thereof
58. The bit body, roller cone, insert roller cone or cone of claim 1, comprising at least
two regions with different compositions.
59, The bit body, roller cone, insert roller cone or cone of claim 58, wherein one
region has higher toughness than at least one other region.
60. The bit body, rolier cone, insert roller cone or cone of claim 59, wherein the
region having increased toughness is at least one of internal region of a blade, an
internal region of a roller cone, a portion of the shank, and a region surrounding a

shank.



a binder, wherein the binder conprises at |east one
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