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super-abrasive material, such as mutuvally bound particles of po]ycrystalline diamond, may

be provided on a substantially circular end surface of each cutting element. Such cutting
elements are often referred to as “polycrystalline diamond compact” (PDC) cutters.

25  Typically, the cutting elements are fabricated separately from the bit body and secured
within pockets formed in the outer surface-of the bit body. A bonding material such as an
adhesive or, more tyi)ically, abraze alloy may be used to secure the cutting elements to the

bit body. The fixed-cutter drill bit may be placed in a bore hole such fhat the cutting
elements are adjacent the earth formation to be drilled. As the drill bit is rotated, the

30  cutting elements scrape across and shearlaway the surface of the underlying formation. :
" The bit body of a rotary drill bit typically is secured to a hardened steel shank

having an American Petroleum Institute (AP]) thread connection for attaching the drill bit

to a drill string. The drill string includes tubular pipe and equipment segments coupled end

to end between the drill bit and other drilling equipment at the surface. Equipment such as
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30 integralr%/[) P@&ﬁwﬂhthe crown 14 of the bit body 12. The
st eel bl ank ES in FIG 1 is generally cylindrically tubul ar.

Al ternatively, thesteay 1biRigesWingByr 11816836 wWhldh drd/sep@atel ¥ junk slots 32.

configuration and may include external
Internal fluid passageways 42 extend between the face 18 of the bit body 12 and a
longitudinal bore 40, which extends through the steel shank 20 and partially through the bit

25  body 12. Nozzle inserts (not shown) may be provided at face 18 of the bit body 12 within

the internal fluid passageways 42.
A plurality of PDC cutters 34 is provided on the face 18 of the bit body 12. The
PDC cutters 34 may be provided along the blades 30 within pockets 36 formed in the face
18 of the bit body 12, and may be supported from behind by buttresses 38, which may be
30 integrally formed with the crown 14 of the bit body 12.
The steel blank 16 shown in FIG. 1 is generally cylindrically tubular. Altematively,
the steel blank 16 may have a fairly complex configuration and may include external
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amount of space between adjacent particles of the particulate carbide material. A matrix

25  material, such as a copper-based alloy, may be melted, and the particulate carbide material

may be infiltrated with the molten matrix material. ‘The mold and bit body 12 are allowed

“to cool to solidify the maﬁix material. The steel blank 16 is bonde& to the particle-matrix

composite material forming the crown 14 upon cooling of the bit body 12 and solidification

of the matrix material. Once the bit body 12 has cooled, the bit body 12 is removed from

30  the mold and any displacements are removed from the bit body 12. Destruction of the
graphite mold typically is required to remove the bit body 12.

As previously described, destruction of the graphite mold typically is required to

remove the bit body 12. After the bit body 12 has been removed from the mold, the bit
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25  intermediate product (the mold) before the end product (the bit body) can be cast.

Moreover, the blanks, molds, and any preforms employed must be individually designed
and fabricated. While bit bodies that include particle-matrix composite materials may offer
significant advantages over prior art steel body bits in terms of abrasion and
erosion-resistance, the lower strength and tonghness of such bit bodies prohibit their use in

30  certain applications.
| Therefore, it would be desirable to provide a method of manufacturing a bit body
that includes a particle-matrix composite material that eliminates the need of amold, and

that provides a bit body that can be easily attached to a shank or other component of a drill
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Mechanical interference between the shank, the retaining member, and the feature in the
25  surface of the bit body prevents separation of the bit body from the shank. The bit bodyis

provided by pressing a powder mixture that includes a plurality of particles and a binder
material to form a green powder component, which is then sintered to a final density.

In yet another aspect, the present invention includes an earth-boring rotary drill bit

that includes a bit body and a shank attached to the bit body. The shank includes an outer

30  wall enclosing a longitudinal bore. A retaining member extends through at least a portion

of the outer wall of the shank and abuts against at least one surface of the bit body.

Mechanical interference between the shank, the retaining member, and the bit body at least

partially secures the shank to the bit body. The bit body includes a particle-matrix
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teachi ngs of the present BAWINGZt r at e a net hod

of formng the bighifady g Ceéaﬁéaﬁox?%ﬁéiud%%hf&g cfa%ﬂ@gnﬂpla{;dv Piding didking] ¥ b

FIG 2; | ustrate anot her
body of t hedlétaliqﬂbrﬂt?@nmgh&t ohinhyis reginided &5 the preosan mvnntﬁincthe zdvaﬁta@es ﬁ‘ tius

c e ekt R o PR AREPR
thereinl5  wherefl infconfunatidy Wisisthe @cdonpanying Hek&ings emwafchanot her bit
body that enbodi I?I%} t1 ?saacpg;’t?a? grogstsetctglcﬁm{) su? Sxﬁgx}v olf s? c\:/o%\r}ér:nonal rotary drill bit that has
a bit body that includes a particle-matrix composite material;
FIG. 2 is a partial cross-sectional side view of a rotary drill bit that embodies
teachings of the present invention;
20 FIGS. 3A-3J illustrate a method of forming the b1t body of the earth-boring rotary
drill bit shown in FIG. 2;
FIGS. 4A-4C illustrate another method of forming the bit body of the earth-boring
rotary drill bit shown in FIG. 2; |
FIG. 5 is a side view of a shank shown in FIG. 2;
25 FIG. 6 is a cross-sectional view of the shank shown in FIG. 5 taken along section
line 6-6 shown therein; '
FIG. 71s a cross-sectional side view of another bit body that embodies teachings of
the present invention; |
| FIG. 8 is a cross-sectional view of the bit body shown in FIG. 7 taken along section
30  line 8-8 shown therein; and
FIG. 9 is a cross-sectional side view of yet another bit ‘oody that embodies teachings

of the present invention.



FIG 8 is a cross-sectional view of the bit body shown in FIG 7

t aken al ong section 30 line 8-8 shown therein; and FIG 9is a
Cross-sectjon S| vi ew of yet another bit body that i
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Addi tionally, el ements common between 5 figures may retain the same
numeri cal dEeietjplatnparatusTsstere prmethed bntaremeglyddedisedrepresptations which are

| " g bit body" d_her e
ansi nt or od_ SEPGER PGSR 08 pREM UlenlF Aot EFL SRBEES SafFREbefiten

( crete particles
hel d t og®t hgurbymay tetia ée samb @tunatical 8d3fenstigrict ure having a size and
shape allowing the formatign of a bit body suitable for use in an
eart h-boring dri F1e teen pgreey 14 psqdhsreln mgansymenisteds uhs equent
manuf act uring progasseSerbdMitidiP s ubbitheR mbdrdlah Gbidiced SRERIUoRPriGRg
densification. The term "brown"" as used herein nmeans partially
sintered. aplurafifieof disqrete ipamtinies beld tdgethet by bindeiniterial; the stewotwe having a
partially sji.nter,ed structur QNpriskn | ural i of. particles
east “some. Sfe TRl Eigse PR S S o shidhis it w R BffarhibeBhget
| east paotibit foRd stgcied arbsegtindmenifadaiid EbRsses indtRdls] Big hetlienited to,
having a size _and shape allowing the formation of a bit body suitable
for use in ’QHC}%‘&F‘gﬁudo‘g‘ﬂS@aW-l | bit fromthe structure by subsequent

manuf act uri ng pregEsSSEShbRG .s@@Ber tmdand Argmfﬁﬁeﬁe&’ machi ni ng and
o

further densification. Brown bit les may be“formed by, for
exanpl e, partialThe tsimtérawigbiabeds€en ubéd hiyeidyneads atpertially sintged stardturg "
as used her%ﬂpm@%%%%l&%ﬁ%'o%ﬁ%&lég Qtlggsts% e%rf%vlhfcﬂlh%;[lg pa%t?a yogrr]oev{rﬁtogetherto

15  provide at least partial bonding between adjacent particles, the structure having a size and

shape allowing the formation of a bit body suitable for use in an earth-boring drill bit from
the structore by subsequent manufacturing processes including, but not limited to,
machining and further densification. Brown bit bodies may be formed by, for example, _
partially sintering a green bit body.

20 The term “sintering” as used herein means densification of a particulate component
involving removal of at least a portion of the pores between the starting particles
{accompanied by shrinkage) combined with coalescence and bonding between adjacent
particles.

As used herein, the term “[métal]—based alloy” (where [metal] is any metal) means

25 commercially pure [metal] in addition to metal alloys wherein the weight percentage of

. [metal] in the alloy is greater than the weight percentage of any other component of the
alloy.

As used herein, the term “material composition” means the chemical composition

and microstructure of a material. In other words, materials having the same chemical

30  composition but a different microstructure are considered to have different material
compositions.

As used herein, the term “tungsten carbide” means any material composition that

contains chemical compounds of tungsten and carbon, such as, for example, WC, W,C,



i nvol ving renoval of at |east a portion of the pores between the
starting particles (acconpani ed by shrinkage) conbined with

The torm~ FOCOPRBIRCCA ol oy (mhero [meral] is anymetiy OGSy

commercially pure [netal] in additionto netal alloys wherein the

wei ght perc Qgﬁ.f- | he alloy is.greater.than the weight
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m crostructure of a material. In_other words, nmaterials having the

same chenical 30ABEMHRIHNEsAiRArillbitfOthat erhedies teachings oEtheprssent imvention
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t hat conf ai pempdsdeinetekiak GFhpclnitidst sOfmapsgsitcdodendanla? batrchaito hetst bodgr
exanmpl e, WC.,W2C, WD 2007/058905PCT/ US2006/ 043670 8 and conbi nati ons
of WC and V\i%: Tungst en carbi de includes, for exanple, cast tungsten

car bi de, si nt er ethd SARESI03ACIGEsRIgeRralBR; 2 -@iblsaﬁfeyﬁ&aﬁdviﬂg%bﬂteﬂs%}ﬁ& and

car bi de. An earth-boring rotary dri it 50 that enbodi es

t eachi ngs of® {Her speacent Theputer wgH afsthe isbank 70 erlozes 2t ledseamortanyof a
drill bit 5{Q.bass | | l.cl e- | %D
composi ¢ marerure Bk BB reds bl PR S RN THLE S ot g onter

at t achetl t owalhef the shapb @) nfg be configuid dorsactimét®of the Ehak 90 fo Pebrbady 3.

cylindrical ~puter Il having an outer,surface and _an inner surface.

The outer V\Zﬁel ‘&18?1( %@%IS%W% Kac egﬂalil%grefgmglﬁ ‘aﬁjgggfa d Gennection Rertion 28 for
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one surface of t outer 10 wall of the shank 70 may configure

for attachnesendghrougl theipstae wadl af she shankp7q. Blasdg ampturcFiaee désanitied 10 geehten
may i ncl udeggy; or female APl threaded connection portion 28 for
attaching the drill bit 50 to a drill string (not shown). One or nore

aperturbs 72 nmaynexheemdbddimentglihd Hitbody52of theddtarpdrill bie 56 hayibe sGBstantialty
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subst ant i al ¢omposition of the particle-matrix composite material may be selectively varied within the
bit body 52 to provide various regions within the bit body that have different, custom
tailored physical properties or characteristics.

20 By way of example and not limitation, the bit body 52 may include a first region 54
having a first material composition and a second region 56 having a second, different
material composition. The first region 54 may include the longi:tudinally lower and
laterally outward regions of the bit body 52, which are commonly referred to as the
“crown” of the bit body 52. The first region 54 may include the face 68 of the bit body 52,

25  which may be configured to carry a plurality of cutting elements, such as PDC cutters 34.

| For example, a plurality of pockets 36 and buttresses 38 may be provided in or on the face
68 of the bit body 52 for carrying and supporting the PDC cutters 34. Furthermore, a
plurality of blades 30 and junk slots 32 may be provided in the first region 54 of the bit
body 52. The second region 56 may include the longitudinally upper and laterally inward

30  regions of the bit body 52, The longitudinal bore 66 may extend at least partially through
the second region 56 of the bit body 52.

The second region 56 may include at least one surface 58 that is configured for
attachment of the bit body 52 to the shank 70. By way of example and not limitation, at



formed fromand conposed of a particle-matrix conposite materi al .
Furthernore, the conposition of the particle-matrix conposite

mat eri al b |l ectively varied wwthin the bit body 5 vi de
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first region 54 of the bit body 52. The second region 56 may include
the | ongi t ubft ARTSI3HvE iplbe skasli 7Dat eral Iy i nward 30 regi ons of the bit

body 52. The | ongi i . . .partiall .

t hrough the secg%(ifl %J%g@rk{n‘g%%%%&f erﬁ g}f ?’%%%gﬂggpﬁ%ﬁ%b 11%1;‘%&3%?\3%#? g
regi OR Bb nmfymbﬁmlsa_deBsaW? e’?s:tanqﬂe awn?]talﬁﬁitggmt gea:h rbﬁhﬁ:%ﬁxb@lﬂérfﬁb fnajé
attachment o e hit 52. 1 e sha . ,By way of ex e an
ot - 1 t at PO S lorgastd i Bisaot Bt UGBS SE el B s A h IR0 and &
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prevent rot@aidéR (9.001 feh)int aBSEY 50 2nigkesto.6od iﬁ&% intdyHeRbvided terda R4
the rotary drill bit 50 relative to the shank 70. I'n the enbodi nent

shown in FIank70 apbthedithody i whenfhe reginingenerafess 8Gharerdispased wighin Ghe
menbers 80. lf%’l%@ BXR j.m | ach retaining
menber 80 ay chﬁutgées an g%@g@?%ﬁ%syéqlgﬁe?%gﬁ osg'that ext ends
t hr ougi20an aper tAibmzing matariab 82sich 26, fanekamply, @ Giteer®@sddair mixttel- thsed metal
surface 58 qf the bit hqdy. 52. - The chanical interference
bet weon ¢ heISHATY PRErOVEY 1o Pl AN BRTOBOR i SRt Henb ddpnd she
may al SO prsomMhéls 58 iSHhe SRR teaion\s6WTHcViBoRY 88T ARGE aAIRMARE tPGENRE ¥ T
15 surface of the shank 70 and the surfaces 58 in the second region

56 of the idditigndnbrazing, pyveldds rady bepsonided asovad therrotatydrillhit Wron an exterior

subst anti al Mg f ahout.. 50.n.ecro 002 i
and about 150 ¢ %@%@1@%@@%%%?‘3 rr%?/l b"ﬁ% B% f%gt\i/)fngd% 8“@21{3 %/{e% glns%ﬂ%% %ﬁk
70 and 25he vixild 24 entl/th® Brawing matdiial §2tay bé agd e fbhesseSite dleahaikSTas @ bit
i t hi h res, i he sh 0 dth 60 iin the bit
\gloéyl gzt € b% ? r5£ .ufnetﬁls Icgnﬁtgu?an%n,aig Ele Erazglr,c]g mater?al g.’.g icl)lo g ésub stantliarllly unifomll gap
between the shank 70 and the surfaces 58 in the second region 56 of the bitbody 52 and the

weld 24 should fail while the drill bit 50 is located at the bottom of a well bore-hole during

a drilling operation, the retaining members 80 may prevent longitudinal separation of the

30  bit body 52 from the shank 70, thereby preventing loss of the bit body 52 in the well
bore-hole.

As previously stated, the first region 54 of the bit body 52 may have a first material

composition and the second region 56 of the bit body 52 may have a second, different



20A brazing material 82 such as, for exanple, a silver-based or
ni ckel -based netal alloy may be provided in the substantially uniform

gap betweep t S k 70 and the surfaces 58 in the sec i Q 6
of the bi t&gozggw%g@g% an alternati ve,fo brazi ng, or iﬁ%ﬁ%@ﬁyff’g
brazing, a weld 24 may be provided around the rotary drill bit 50 on
an exterior rf-ace thereof..al gng _an interface hetween.the bit bod
52 and t he TR EOindqbtel, TR.B5E rfion, b fhey R b dkicams eppaieite
may be usedmémerihllrTheesconefagion Sbhethzhbanody 52 nay ildRidbh nek®d¥ndeal allbfl or a
this configuration, if the brazing material 82 in the substantially

uni f or m gapPButGEMY FENRIsERReatrdalarfty Vacoktemaleandsgt linititing, deawmieral
region 56 Oéonﬁﬂ?J@itth ofbglgyﬁétzﬁeg{b%ow ?mé&ﬂag as@lé%t?:{i' Q%l?rgléifbﬁgl}d%ﬂ%' drSsibil gnd

drill bit 50 1's located at t ttomo uring
drillind opeeairesisiancethar ti anatérial) compdsition 8Dthewycond evgion 56.0 Mk ineiériahl|

separation of the 30.bit body 52 fromth hank 70, ther.eb
pr gvent: ng TOWSOS@PHPE@%B‘?CPH%WI}%H}&H Fﬁege?iﬁﬁf’ %ﬂ}ft%t?‘ W&%&mﬂ ofthe gecond
previously gbidhesd, Thembides in #AithQhe Bhysidal biPedic g%?% tRiforBRY ﬂgﬂigat@

first material conposition and the second region i ody

of the bit
52 may havenachiipg pfithe geqopd reginn Soumpionat/lesBpaiBlydepsgionsy fiksszdod of
material coppgsil : i |.Qn. kNG .

particl e- WQ%IEI X C %tolg?;{%“fﬁéa{ ?Pf éﬁ%.g{p?%éééiécongh ?Oe%%ﬁﬁle% Sg?oﬁdﬁ%gi%]? ?6
body 52l0hayusingoioudentionaistiaing, milliet, ahd alilliay techiiqaespibe hiatdial ¢oaipokition of

conposite terial.. B y of ex l.Le and_nat limtation, the .

mat eri al pgtﬁﬁ(ﬁ%clof‘fi 5ﬁg%‘? \g?ﬁ‘éayfqer %efggggdp &ﬁﬂéﬁqﬂ’ﬁﬁr @éé@é"r &y @Qg‘?‘dﬂ““tﬂlt}’-
exhi bi t hi gRREmANRE, Bt i88kired WEALChIRIhSIRMFreLBAB6 L1l MRt Ahachining
conposition of the second region 56. The material conposition of the

second r egi6fmBBepyineh mey iselpdathe yse efaitrasonicalyiadicedvibptions delizersé tromd
regi on 56. e d | j i es. .

ol ored t oPanr o EiAdh el thobl e 8 Lo R o R e

| east plar t i zadayoviedectdint Inedmée drabadixh s tlefmaaiahtonpogitivhefthe stcdnd réifon
used. For g le, if it ig.desired to nmachine the second region 56
10 usi ng coﬁﬁ%{ l?ét)sr? oted fo Wa’htﬁfh‘ﬁl?elr PRY g i t]t“m themaleralfogesition pE
material Canp@sdt kéHoh 4. Tt 58EPBHLERBERS, BE riFYiabEordflsBioh e thdsecond
exhi bit | ower hardness and higher ductility. Alternatively, if it iIs

desi red t o RRieRiSAan®hie sdectdoreabibirplysicalsiraperiinst thatsaya itailordctioi facilitpte

t echni ques, i 1.Ocd e icallwy |. ed . .

vi brati ons v&%é@?e Ste(h)('[’]{al;i I!té gPtset W@#&%ﬁaﬁpﬁ%ﬁﬁoﬁﬁlgﬁ?@@%n Irnéﬁgelr%ln
56 nmay 20e sempotition bbHthexdviohd tegmntficghsr bdweiedted 3s fatHitae drekiidgnflie second
ductility. In s odj S he erjal conposition of the
second regir%O%ggﬁgsggﬁ%zﬁgiFé‘aéﬁrﬁogﬁﬁ ?Vﬂog‘g%glopﬁ 8%@& i DOy PG s
than the maags indlerieDémRRbkibA thstfard fectdd ttailRQ BRxBibit ahPadkfbd PhBENIar
enbodi ments, the material conposition of the second region 56 may be

sel ect ed t ®hsipal Brapepy guthewctepstipand the presens invantiontigndt dindtgd taselecting or
facilitate i . I . . f .ex | e and..not
|t at on, AERES: el (b RGHL AR A0 AB el M R RIS BB
be sel &6t edrtharfaenistict ddseritweheiieing of t he second region 56 to the
shank 70. It is understood that. the various regjons of the bit baqdy
52 may have mat gg&ﬁ&\n Ig’é]ﬁ"ﬁgﬂ‘meﬁ% a{n!-l] sharagteristigy ‘é’l& BUPRAPIE Bl AL guetoas
exhi bi t  anyafi@edsh ahy R defisdd lﬁﬁlg%%bfb?g%@%@%??ﬂxtﬁfes,%% ﬁit'?%ﬁinsthé Ecuﬁ.e

and the present invention is not limft to selecting or I ng
mat eri al céHperghysion prapirtich end chgiagissistias of » lkpibpesite netqimt Wy bé determined

physi cal pr. ies 250r charagteristics described her.ein

Certain phyotutes g Ik miE SRR, Sich PRy & Floerifs TGRS frgxample,
mat eri 30 ( susonamdhdadRessycemy be defined using an appropriate rule
of mxtures, as_is known in the art. O her physical properties and
char act eri sti cs Tof Patiglgrpntax eannesttemptgrial pfthe Hest reaion Shmar mclyde apfurality

ofhard particles dispersed randomly throughout a matrix material. The hard particlesmay

comprise diamond or ceramic materials such as carbides, nitrides, oxides, and borides



30 erosion and wear resistance. The particle-matrix conposite
material of the first region 54 may include a plurality of hard
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austenitic manganese steel (Fe with approximately 12% Mn by weight and 1.1% C by
Welght)

30 The material composition of the second region 56 of the bit body may include, for
example, any of the previously described matrix materials of the particle-matrix composite
material used for the first region 54 of the bit body 52. Alternatively, the material
composition of the second region 56 of the bit body 52 may include a particle-matrix



conposition of the second region 56 of the bit body 52 may include a
particle-matrix WO 2007/ 058905PCT/ US2006/ 043670 12 conposite
material in which hard particles are randonmly dispersed r Qut a
mat ri x nat&’ﬂ%&l’?"b B hard particles apd the nmatrix nat &éﬂp%ﬁﬁﬁvsﬁgg
sel ected fromthose previously described in relation to the first

region 54 of the.bit bo 52. The terial c si,tion.of the second
Fegi on 56 oeoTHE BRI Bich TR Ien i TS Leepd dsoughout s matx
facilitate rRgéial NCheOhard RARERZONA 1he FhPhx IRatetBld thaG OB SiMcke@NBbm those
machi ni ng techni ques. Such conventi onal machining techni ques ma

i ncl ude, f orPrewusyl describgd dn Friation tp thaGist reaienddi aflthebit bednii. gThesmaterial

which may b o) fl . . i f t I

52 for i t asRARGr o Y skl Fedie sE5F AL KR YA HEvSrer iy Bt Sl @%8o
grooves 60 rfaylithie mehininpest the saord tagioAtiteusiig doavaniond mdchinigy wetdguds.
region 56 of, the bit, bod 2.to 10 configure the second region 56 of
the bit body82cqugFatiop @ﬁiﬂ!ﬁgﬁc_ Hes TaRHElude, for e%amp?%m&ig& milling, and
enbodi ment  Ghilli3SeRhigi& MHvhicR B bk Bikd td Sk Hle SL&BH i 69k tht B b&iyls2
parti ol e made stacenost the Srenled aFor cRhmbisafeiiat-uniars fhe sompo80 sy be
parti cl e- matieq ery.ara a : _

o el i ofe RLURR iefla e SRR BB Wity
her ei n, 10he cbhfigubs s econd £ AN MRSt vk 52 gbestacliibai fo athianki7es t hat
pass through an ASTM %.9_400 ¥%h screen as defined in

ASTM
specification E ?31913 b et 8¢ prgecat ngﬁ@é*i@f*@éw%m%ﬁﬁ\ﬁeﬂét@dﬁ?ﬁ
and Sieves fn?iyb-gﬁr?&staﬂﬁal%ﬁlﬁ&ﬁﬁom M&n&ggmﬁrﬁa&mé@m%x%gﬁbb&dte%ﬁtm

have a nmaxi num dl_arreter_ of ess than a ut 38 "m crons. e matri x
mat eri al mayhe patiddenayrix ghepasitbmetedalmestyanchadel apjurelifnof 4105 GV american

t han about % t .. i .Jhe.20 tungst.en carhi de, particles
oy commr 1 s SOREBIRET R AR e HAGRHER, SR PRER KGR e
parti cl d5snmatphiaxe ‘ca0PASTVEmBH Afticdds?” mane phitieledak pass thadiphian ASTRYNo. 400
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the present HSRASMS-BRUTGOIPosimateridh andothe sratey matraial may SRR 4eBYRCBn
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of a particle-matrix conposité materi
particularly, the tungsten carbide particles may comprise between about 75% and about

85% by weight of the particle-matrix composite material, and the matrix material may
25  comprise between about 15% and about 25% by weight of the particle-matrix composite
material. )

The second region 5‘6 of the bit body 52 may be substantially formed from and
composged of the same material used as matrix material in the particle-matrix composite
material of the first region 54.

30 In another embodiment of the present invention, both the first region 54 and the
second region 56 of the bit body 52 may be substantially formed from and composed of a

particle-matrix composite material.
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i dent i cal ta@d bt U89 by XvelSht 6f thebar@biclR@riPadhi sl emaRtibi of tRORROSEDE 54,
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regi on 56 I f . 1) ' rial.of ar.ticle-mtrj X
Conpos o nauaphied b AR B dibiactonlcl, R fipfpiRide
parti ckes mastictss npy hse dedximen didioettr s thiad arduo 20 mIG8asD Foriagiple, efe

the particle-mptrix conposite material of the second region 56, and
the matri x PRECETEX %B&%Wts%fhw&tﬁ%w%ﬁﬁwn@mwc (B PIBYERE
30 wei ght  @dngkff cBitk patiBled Wit GARRASA 4 Gn PRl Rhk; SGf

regi on 56. & ,(Iél GS.bBA- gJ iI.Ig)tilstrate a rre%%d o@é%&%hﬁgo?%g%%to
body 52. Géhewtal0 picranpe The tmajt ynaperiabpf thessceandaegion 56 thasbbe subGtantiaflybe
formed by 1 Q- first. reqgion 54 and th cand .
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brown bit bod and sjnterj the unitary brown bit body to a desired
final dlans'rs‘f }4& region ?é may dff&g from thlé nllatrix ymaterial of th(la particleymah'ix composlite

O

material of the first region 54. The tungsten carbide particles may comprise between about
65% and about 70% by weight of the particle-matrix composite material of the second
region 56, and the mafrix material may comprise between about 30% and about 35% by

30  weight of the particle-matrix composite material of the second region 56.
FIGS. 3A-3] illustrate a method of forming the bit body 52. Generally, the bit
body 52 of the rotary drill bit 50 may be formed by separately forming the first region 54

and the second region 56 as brown structures, assembling the brown structures together to
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The first green powder component 90 shown in FIG. 3B may include a plurality of
particles (hard particles and particles of matrix material) held together by a binder material
provided in the powder mixture 89 (FIG. 3A), as previously described. Certain structural
features may be machined in the green powder component 90 using conventional

30  machining techniques including, for example, turning techniques, milling techniques, and
drilling techniques. Hand held tools also may be used to manually form or shape features
in or on the green powder component 90. By way of example and not limitation, junk slots

32 (FIG. 2) may be machined or otherwise formed in the green powder component 90. -
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features of the second region 5 .the bit body 52 as neces
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may be pressed w substantially isostatic pressures Insi
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the art.  jubricants or compaction aids for reducing inter-particle friction.

25 The die 96 may include an inner cavity having surfaces shaped and configured to
form at least some surfaces of the second region 56 of the bit body 52. The plunger 98 may
also have surfaces configured to form or shape at Jeast some of the surfaces of the second
region 56 of the bit body 52. One or more inserts or displacements 97 may be positioned
within the die 96 and used to define the internal fluid passageways 42. Additional

30 displacements 97 (not shown) may be used to define other topographic features of the
second region 56 of the bit body 52 as necessary.

The plunger 98 may be advanced into the die 96 at high force using mechanical or

hydraulic equipment or machines to compact the second powder mixture 99 within the die
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desired final density to provide the previously described bit body 52 shown in FIG. 2. As

w4

sintering involves densification and removal of porosity within a structure, the structure
being sintered will shrink during the sintering process. A structure may experience linear
30  shrinkage of between 10% and 20% during sintering. As a result, dimensional shrinkage
must be considered and accounted for when designing tooling (molds, dies, etc.) or

machining features in structures that are less than fully sintered.



10 the first powder mxture 89 shown in FIG 3A) and the materi al
conposition of the second region 56 (and therefore, the conposition

of the secgpd t mxture 99 shown in FIG 3E) may bes%fc ed to
exhi bi t sug&zgﬁﬁg’gﬁf’y simlar shri nkagye during the si nt%‘ﬁfﬁ (3"65043670
processes. The sintering processes described herein may include

conventional sinteri L.a a cuum furnace, sin i in yaguum
furnace fol |l owed aﬁaggg%%%%t?%dégr}egﬁﬁflpfj g%rtcgppgne&% g@ﬁ?’ﬁ‘dnb‘?@& may
and sinteri bginsensadntatop hisermblet OMCthOYrebs St B bSmPInRESI0 Mowh in FIG. 3B to
tenperatures near the sintering tenperature (often referred to as

si nt er - H P) OB aFeaoHbpdy. Thsgren pitbpdyijenmachermeckingd svrachsarynad sntared
S tTet B
may I nclu etosé@siréﬂjﬁxfi}'&en%%ﬁﬁ.ﬁ%h@&faée@oﬂﬁ?&eﬁg@f e g:(c}:ﬁotneentt%) and,

sintering processes nmay be conduc at "t enperatur
bel ow t he | thgugreanspar@let icomparfent hO0 pieystke fisalgoraborided tddatherrdtuin sintering

material. FQr examle h interi.n rocesses .descri bed herein na
be conducte Oﬁ%‘q’ls?ﬁgg%te%ﬁ%e@’%befgﬁﬁnfqlgqﬁgﬁfnaﬁéf:H%gﬁ’ﬁﬁﬁmgfo&%ﬂ@ngﬁbo Y.
ordi nary skghdpirighnt hfickibing peieBsses mili Be Fétintle CBMInE b hiPhialy

Conpacti on (R&:) pr.ocess, g?he Oerlélcgn?trr) p?ocess, hot ILi sostag??cgssary’

pressi ng ( HH9the genlgug broynibirhedy fheamay hesiteedion depirekiinay densitd by way
of exanple only,msd J : in he 25 ROC
process invol vesT%'Jrrggstﬁldtl g‘%}l‘ﬁogsg%oﬁl:&}gr& ceﬂggﬁ%%%g?&g%%i}g rg’at[w Pl osition of
rel ati vel y thefirst porpder atixtne 89 chomh in FIGsIA fand ttemtatetiag c@gpdsiiod @9 ke 6@ond

sufficient stre h.t.0 rmt handling _.qQf the powder conpact. The
resul ting b?e%ggk@&iqeﬂ%ei © GRS LPT, a’gsml@g?‘gger JyEMre Sg?‘é{’_bﬁji RIg.
foi | to seadEY hay beOslecl b Céxibe sub@niAIBPARM D EIRMEasd GGG R iftering
placed in a container, whichis filled with particles of a ceramuc,
pol ymer, orPgF&s%E. materi al having a 30 substantially |ower nelting

poi nt than that E’%"%ﬁ’ j - i . cture, .The
container is heaﬁieeg to gédggsg %rraéesgﬁgé%inl%egér}? %{éﬁﬁe% %‘%\éggﬁhergg?na&j e A
above tMe nelctimdurhawpsntatiog m ofacthive fipanded foll@sedify Acan@emiving], hop oytard ,
or glass material but@{aehgw.the Iid%@ﬁ te{%erat ure of the matrix
material i P EHESHISG TOPITIRedmmefi BHCLHERTatE prefihgatiqgperayses
2007/ 058905RGheE3RA/Y RAEraRird GRERIMEAILIGS AAME-HIPY! BiFBlerm &k, 19 88iSring
material (and the brown structure imrersed therein) is placed in a

nmechani cal R5Pcassed dessribed hisrein snay dnpdudesgubliquidsis phasg siptasing, In pther werds il
to apply pr : 1 ial . .

| Soet at ] o pf aeatiro@eied Rap; LRGB! AR PluREb iR B b e iguicos
mat er i &0 f diniel ofttbe phasodisgiaindfat thenmairid nsdteriak Hon gxatplé, ke binfyiNg Processes

structure aj the.elevated tenperatures within the container. The

nol ten cer a‘iﬁ’%‘%eﬁﬁ?f?ﬁé?%ﬂﬁ ngﬁﬁge WReame erért}flﬁef%ltmeg}‘?QWQW one of

pressure angdinegiskilln ﬁhb@rtEucﬂa\é@ﬂﬁu{ayfa@mﬁidirédﬁohﬁi@dﬁ&%rmowngge&h;w
I um

ceramc, polyner, or glass acts as a pressure transm ssion
t hr ough whi©$4259Re sBQPES, ISt ispynticarressingt(HEP)serradeptations @fisuchgragessesr i ng.

Subsequent to t g&ﬂﬁ, r olin t he _sintered.
structure is th?ﬁ%@ﬁove ‘%yo%e?%éﬂggr msq%tfé&%f%on r(r’ggi?r%?f’npﬁftélgglgthe
materi &5. AROOrmoctst aivobds eredictadig die gleed PowBECcqRRE IS aafthtivelyt B €
equi pnent ftor thepfgr arﬁti C t.he;deof i S pir ovided by U S Pat. Nos.
4,094, 709, 'FrpEFUIEIponlYa syycieRflegpe loxivelapsutlicisutstrangin topergiphapgiing of
4,596, 694, tHe pO¥def Fmplot 6PRs AQRItfe ThdwD dducaid i§w?a§§g(§%ga I Jg ia] such as

Ceracon(tm process, which is sinmlar to the afor ntione
process, nejarh8e fiktp spal thedpown stroeturgs Ehé wrapped provgestnchmy enplaced iha

full i nt ) . 2 fipal d ity. | he Cer, t
rocess, 1 RERGRE b SRH 8 b WS ERe Polbion B meleHg BH s
al um nap zistswaiitidlly Dxieteltiap poibt CHAR e ofifie MABEMatsHilih e brb Sructure.

generally inert, prot gcti ve, renpvabl e coatings may al so be used. The
coat ed br owkesprigietjs geqted tothe desiigd sisicriag temperpfure, driehistbpyrthametigs t

temperature of the particles of a ceramic, polymer, or glass material, but below the liduidus

temperature of the matrix material in the brown structure. The heated container with the



20 structure using ceramc particles instead of a fluid nedia as in
the ROC process. A nore detail ed explanation of the Ceracon(tm
process is_provjded by U S. Pat. No. 4,499, 048. As i OUS
descri bed,“ﬁ?@wﬁ@gg’ﬁ al conposition o{ t he second regi O]Fl&fg@% ?Gﬂlﬁ%{’ﬁo
bit body 52 may be selected to facilitate the nmachi ning operations
perform ng ond. region 56, ev i he fully sinter st.ate.
After sint e%glg%ﬁ]?%%%%h?cﬁg}l?’ %%%%}epa%%fég%ﬂgﬁ%mmﬂfrﬁgﬁ%e@ ¥o
the desi r edplhécaih adaediatiyval of Bydrailit fres] sick s mgﬁg gmﬁj,f‘thzﬁ%luéeﬂ tb Beply
fully sintered structure to provide the bit body , Which is_ shown

separat e f r BESUHd dhemrltepseamicyr polymer mpategdal. Jgostatip preasusappyithin thg molten
surfaces 58;QfmiNEol O : | : TBY

machi ned toc provi g%%&g%g%agg%@ﬂ%?glgﬁaﬁpgg grgblgdtatgglgﬁ?dﬁémtc &P Eﬁtelllr?lgm%n
(FI G 2)5 t ostrugturgittthdrelated2emByatway withindkeeoptainea the nafiteh cerbmas palpmer,
two grooves 6Q_may_be.machined in.a 30 surface 58 of the second )
region 56 ol ‘%ﬁsé; %?tf’nﬂcﬁﬁ%q%éfan 9@?0?/%“?‘?? @gée%tf’.tgﬁawngﬁt’alﬁ%&é@t%y
have, for emaifet,ahe Solteiterfinict bbldhe bR BRSSRL dsUpredsiife! thRAAREBN nRARN
groove 60 may extend radial|y around a portion of the second region
56 of the biFOUsB ¥hicippresmyrg isjaprliedde dep strnctradudig sintaringsi Subsequent to the

configurati : I bit body. 52
wthin vo 358 CRsRai eRisbd e S5E9 A I or sy ol de RO
shape clihpridymer, anglassguateial. dembicalataiiéd exphatatibmbf thoR QCrodss aisieditable
herein, the term"torpid" means a..surf rat by a closed curve
(such as a E'HFRE %qfc}ff)‘%?]iaﬁtbcegig‘?fﬁ?aﬁls B{ﬂ“%rc?gtbg'ﬁ'ﬂge?%gg?ﬁ- A§98,709; 4,233,720,
cont ai ni Ng, 4,341 $64i, 3,506 3R ASA7 387,31, 5628096, 4,509, 69404 k9 e50, 4k8c 003 9@4,843
curve. Alternatively, the surface of the second region 56 of the bit
body 5 52 viudi%4326%%€h groove 60 may have a shape that substantially
fornms a parti al | ™ . g | on '
substantial ly opr%%sqe?%géi gg&% (%Eés)sgﬁég%&gglgg?%%&%émg\gﬁt&ﬁgPB(?CF Ssb%%%/
52, as hovalsd re ddhfBed &3 use in the presadeswentivado fidlysimer brdven fthucaires to gifival

54 and the secon egion 5 of th i1l bit 52 may be separately
Pormed 1 n tESH BufiedieRfian ariossst i patm cBhcds CRRpritng Boaaoryos o
brown st r UGl 8 alMRiehzifRinh®Rdd) 8r Stirbie bede ! Ohd: Si8fk] Bd fzg'eﬁalany inert,

density. In alternative methods of formng the bit body 57, the first

regi on 54 rEAYeHEef BERAYALIByPORings Siavplew e veod. Bamenstednbrewn stuetreds dully
to forma fdoﬁscbtlidgﬂ’eg%g.ﬁ@ﬂﬁﬂg{ng%?@&@%éﬁ@)gicsgﬁgﬁ pp%\%\sé%% %Vé‘%gt%d\}/)\{%vm n

m xture to the sanme die and pressin er mxture
t he di €0t ogéubiere wsittgretdnde particles instantbef acivrig ardiatas af the RO prosdss.regiogs

povclor i e mipiapaLEn B B8 Dok FREeeRTa IRy e BY b Y- D04,

single die and sAdpibiiaRBR1SnbediRSEREHD Sofiisiod of BE Qlcbid eSioN s G ¥l
body. The nonolithic green bit body then may be machi ned as necessary

and si nt er &\9dy §2 maybs seleated to fagilitafe g machinipg eperations/parforminigen the second
nmonol i t hi ¢ .g¢: i . i y:Sihtered.to.a br i

body. Shapirﬁ%&gﬁ%%h’%%ﬁﬁﬁ?%y %lrn %geedgsza{et% %hﬁ%/r Be” :leg’r%%?mne b&ﬂwflﬁﬁlggg%m
bit bod® ashoecizsd6r JH tfe destred fieal desity,tcengn Bsaoines nitiybe hraehinédie ey

b i nt d.t desired final: it The | l'ithi bit bod

may b f or MASPRSEHEEI i BoUe e SRY v T BRI fPEisdian e gbicd

t he pl ungerrFRE 25HAUG. 310 Fbi &2ampd, B8 Sirfbss 5 dfﬂ%%éco‘ﬂ@ rekgﬁ‘c’j% df{he'ﬁlt@odss?ﬂ%
vide ary

Furthernore, additional powder m xtures may be pro as neces
to provi de maypedeashinedtonmeride eleenteayifentaresdor tanhing thelshank 6 (§ICE 2) to the

havi ng a L& | ifion.. 25FI GS. .4A-4C il lustrate another .
mot hod of | PS> TREREFof esifele AT aEhimiRhi g o ebVesd as g s tine e
rotary 30r i Ishrfidets3o0theaycoh@rdednPeds thy b begss52) §s $h6fn R BIG. 9L Havh eroove 60
described first powder m xture 89 (FIG 3A) and the previously

descri bed SRIRYCHBUEKMDIS, 2 Semieciylar pogs segfyn. Forthesmaren caphrmoak|6) may
extend radially around a portion of the second region 56 of the bit body 52, as illustrated in

FIG. 3J. Inthis configuration, the surface of the second region 56 of the bit body 52 within



30 green bit body 110 may be forned by isostatically pressing the
first powder mxture 89 and the second powder m xture 99 together in

a pressure_ch e By way of exanple and not Iim i t he
first pomg’?}zﬂﬁ(@g@g 89 and the secong9 powder m xture 9%@2%%6@43670
provided within a container. The contdl ner may include a WD

2007/ 058905 ek sHZRR96/4 3670 o3l b0 RSB TSRS ol

as, for exanple, a substanti al conprisirn
def or mabl e peskdyheesin, the tarndftoroiifiensmont aunfiee gemdrsted bha ddses tupe\@eh as a

m xture 89 and.the.secon er, mxture 99 contained,.therein) maybe
vt e i ERe R TR R RS elPectRBbF creing i e diROSecR e tha
wat er, oil, inefudgstte (I5skditun®e, AlltemaSvelHeQurfaieof BE s&oﬁﬂ&%ﬁ%@%ﬁﬁwt%ﬂy
punped into_the pressure chamber using a punp. The high pressure of

the fluid catwEbineach sxpovedOamaythaes arbrpn thatisiistantinliofornoa pretia) cylindzh dhe
pressure na%vcpﬁ'g%‘\reg 38 %aﬁ%@%c%{éﬁﬁh g%g\ﬁéfgbh?ﬁ og»n {)gi rsg%'x oﬁiﬁg Eeg:?)%i{éergfotg 56 of

powder m xture and the secon ure
within the thebigdode5 hastvern tWFIGNY. i sostatic pressing may be greater

t han about 35 negapascal about 5, 0Q0 unds per square_inch). Nbore
10 particul arl y_,‘g*E ‘ﬁeéc’ﬁ'?eé@éﬁ‘%%ﬁﬁr i ﬁgl?fhg‘g daassrndargian 6 olghe %‘beﬂ 52
i sostati C Pme§Bbé Bepatidly BEniH QR HRY brbA BaRlRM tasskAth 1 APEBRAS G8 Sim( %gm@a‘??

pounds Eoer square inch). 1n alternative nmethods, a vacuum may
provi de#0 wi WA siireture Athighnean. ther be sipteesdstoraedagived fioal density. aboaltentitive

megapascal kb -Rer : j.nch may,be a ied to the
ex'? elroi or su’&1 aé)%gsmé 1 n%&%%ﬁﬁ%%é%%@{sﬂrp Br ﬁgﬁg}%lbgforpﬁ:glbgp%%%ﬁg
to conpact pdvelef mixttrepoadierto farmtalfirst gB3n bbwadtdoinpenche aditg P QBRI powder
m xture 99. | osiqaﬁ]iacagrﬁssi H% of, the fi rét p8wde,r m xt ure. 89 and the
second pO\AdI@?X%?’FF 89188 S AROPETHPE HiE S PAVASE T fure withindhe die together
nonol i thi ¢ @iieRe flit boR@HorhpOhen NG St rEliba 54%%0%&191911&&&0 of GERYEA

fromthe pressure chanber after pressing. he genera%%y
cyl i ndrl%al Frhesmprens &rsypewderimixtuppand aiseend powder mixfirGmag be nmyided in a

machi ned org f | e t eys

T tat i on, ERE AudmPERES T heasB o Elpo SRR kR RAWRR) Fypmonotiti
cyl i ndri cal greawiid bodbitteengnaaére nrichinbdaynetdsSarirayd siftereddel 6 @ekired fih@raandifye
shaped nonoljthigc lg'rtien bi bod%/ %1% hown in FILG  4B. For exanple,
the gener al M RAVERY F’%ﬂoh@&ﬂ’ it bogy manbaRartialy ginterediopdyovaebit badyed
on a | athe $HapingaAd hﬁ%ﬁﬁ%@%eﬂ@ﬂﬁﬁjﬁé}ieﬁoﬂﬁ% thé broRAt bbltg as necessary
Addi ti onal machining or s ag_l ng of the %gneral ly cylindri 'caia ’

monol i tH) ¢ e demreguifing deppvm bip bady thee masbecintered tsa desired Sl dapsity2 5The
desired. Al | , Ly. cykindr.ical i thi
bi ¢ body 1 b0l Kellbit U S RE R net il G OB il ape:

green bit bodye dliger 83 shiwat iafGa3A ynddib phdgdrodishovt BORIG. BEARGHRENéRE
outer diamet ﬁr. of andend, t her eof or of herw se changing the shape of
the nonol i MR BRI RXBERRmAbe Proviied stnepeserrismervidaany depiredmngher of

body 112 shembns wittlth e Wb 1IRYg BSaRAtal dlokigdh. Sintered to
provide a brown bit body 11 shovvngi n Fl G 4é 1'Fhe brown bit body 114

then med be machlGRd adCilbeststsanytherandtondmf forating fhe bit bodyutds tGrnerally, the
I denti cal e btolaﬁ 5B %?Ml'e?&%:!jydﬂll bit 50 may be formed by pressing the previously described
- firstpowder mixture 89 (FIG. 3A) and the previously described second powder mixture 99

=t

(FIG. 3E) to form a generally cylindrical monolithic green bit body 110 or billet, as shown
in FIG. 4A. By way of example and not limitation, the generally cylindrical monolithic -
30  greenbit body 110 may be formed by isostatically pressing the first powder mixture 89 and
the second powder mixture 99 together in a pressure chamber.
By way of example and not Iimjtatibn, the first powder mixture 89 and the second

powder mixture 99 may be provided within a container. The container may include a



descri bed shaped unitary brown bit body 106 shown in FIG 3H By way
of exanple and not limtation, the |longitudinal bore 66 and internal

fluid passageways 42 (FIG 3H may be WO
2007/ 05890%%6??%5%66/ 043670 21 formeg%i n the brown bi t PHEYSP0U3670
(FIG 4C) by, for exanple, using a machining process. A plurality of

ockets 36 for, P cutters 34 .al so e machi ned .in the bro it

body 114 ( FR&d- .ZG%HPE%HS PR S BF BREDeys F’é@?&“&‘%ﬁ?( Wlémﬁgﬂaag
that is contomg dsforaiab nfherfal eTHRIch i PARder FeMulee
machi ned in th%ﬁ%?hown (l)ait %?c?ﬁgh (FIG 534%)@9@5/(‘,}1 tﬁéﬁsir thg br own

bit body 1189 abipsecondnogdenminiue 9serainedhrriatmaxbemsrvided vathinmemessere
substanti al denti It ar i 1 .

Shown 1 Fi R M ER, &t bE o ARRBH, Waleh B o U Wl aly B0 BonEieir g
final dehsi nifrogen) megrbeaumpedithid thepadssifre elfatbesnsitpya henyrelivy Hgdpressuteud

fully sintered,structure as necessar 0 prqovide 10 the bit body 52,
as previ oush?%?éi 8?‘%8%’5? wa?ls 0?%%%3?%3@6 Ig ik detpyngs © PIHETS H&M.lbe
70 may be athRGlied substhdiRIY uhifany 0ake B}t Rl Mixigte 89 Qﬁ@ﬁb@&oﬁ@?%&@l

82 such as, for exarﬁlée, a silver-based or nickel-based netal afloy
t

in the gap BetwESs. PERSIR Withirathe prasere chambeedrlg isestatiogpressiog nay be
region 56 o .t 5 r |ve to brazing,.of, i
addition t oérg%tglg it%, aﬁ%ﬂg\é Fd@ﬁﬁﬁsa%eéhﬁé‘%vﬂgéedd P ?%nd(e%r%eﬁ nsélufl%emf@t al%ore
drill bid SPartieulaty, éhetymedsore withih alepiedsareahimbdraluging Asostatie pieasifis may be
bet ween the bit glody Sztbléei’%d t he st ?g E&mk 70. The brazjng_materi al
82 and the WSRO FRY- Bepbarsls POl PR ipanriu 6k e Biemaiyay
52. | Prelbl$ b daulitEndBicpRe dedShiftiethl bGiftaifdr ah@ApMERTe drbAlr g&ggﬂdﬂe

mechani cal interference may be used in addition to, ~or instea
t he brazi ngOA#tegrnasseal @Powtd prends reasquareduob) neybh eppled shtia kxigortsorfades

bit body 52 f achi,n shank 70 t
the bt bods! BoeFEATRIS: Ry cRHidle i Rhditeld) Rk BEN R i B
5- 6. Ret®r r amighd ecdtld@owder thintura PR.IT50sta6s préssingmy the Sirgpp Gvded adxthii30 dadthe
t he shank 70, reviously described inrelation to FI.G . 2. Each
aperture 725 H?g‘(}ig“éPW§9M R e 2o ygqyﬁlg&qai)mpg@gbwg%g:n bit body
retaining Menb@bwdh Fid. @A, %ﬁ&%ﬁ%&&mﬁ!dﬂ@%tﬂégﬁé&ﬁfgﬂhinﬁ fA3Phressing.

limtation, each aperture 25 72 may have a substantially cylindric
cross section andesggeralit ehinddent mogelithicgreshbitkodsol 181showp B lGx4 A miay be

as shown i 3 46 1l ocat i n Lentation of each .aperture 72
in the shakg‘l}]@eﬁa‘i}' %g& sd u%h%ch%%yga%%%f iosr% eﬁafﬁp iaélg I}ngilgn%fgg?fetﬂ? Ryer
i s subs2@nt diatbtyr pParperdofitthe gendrailyt Sinbdep roudlithi! green it b6® Df0 dkebe
drill bit 50, b oes npt i.ntersect the. longitudinal _axis L50 of the
drill bit 5@@“§ghﬁgﬂnieﬁgﬁl%§f‘m%§ﬁﬁ%ﬁa‘éqﬂ 0 Bguizﬁ%‘é’l’lil&fl@fﬁ%@@h@‘éﬁml@a
aperture 72hekedehlythRdtticdlnatlithic green bit body 110 may be turned on a lathe to form

' the shaped monolithic green bit body 112. Additional machining or shaping of the

generally cylindrical monolithic green bit body 110 may be performed as necessary or
25  desired. Alternatively, the generally cylindrical monolithic green bit body 110 may be
turned on a lathe to ensure that the monolithic green bit body 110 is substantially .
cylindrical without reducing the outer diameter of an end thereof or otherwise changing the
shape of the monolithic green bit body 110,
The shaped monolithic green bit body 112 shown in FIG. 4B then may be partially
30  sintered fo provide a brown bit body 114 shown in FIG. 4C. The brown bit body 114 then
may be machined as necessary to form a structure substantially identical to the previously
described shaped unitary brown bit body 106 shown in FIG. 3H. By way of example and
not limitation, the longitudinal bore 66 and internal fluid passageways 42 (FIG. 3H) maybe



a groove 60, the retaining nenber 80 may abut agai nst a surface of
t he second regi on 56 of the bit body 52 within the groove 60 al ong a
| ine of contact t he groove 60 has a shape conpri si n%lj(an an

section of 5’28217/%%?? toroid, as shovvn ]|6n FIGS. 31 and T’W“%ﬁ‘é“%o
2007/ 058905PCTM52006/ 043670 22 groove 60 has a shape that

subst ant i al rt al I er er, .the retai nenmber
50 s mbat T e Bre et oy T GG o RO B E it S e i B
the bit body phe a.mgt&fp&k%ﬁ@ﬁ%rqi}y@c&%rs3%%@?‘9&%3{&613%1%0@

retaining nenbe be secured to the shank 70. 5

exanpl e andl%(Flﬁr AL a P@hﬁmpﬂe, alglenst oae awﬁaon@Sr@Iﬁ)e}H)abZﬁlﬁ@guﬁm@fw
| t ed, d
e ongar e, gy gl on g SLBYA o S BB P LR

bet ween ihe4@):d of each retai ning menber 80 and the shank 70. In

ot her enbodi nent a.brazin r.soldering material (not shown) nay be
provi ded bet ween’ fiffelg BERFLpIt ga@hl]‘def}ai"‘f‘l’i ’Hflﬁeﬁ%éﬁas g@?“a?ﬁﬁcw tg ek 2

70. In stilimpRhhe %uﬂs@anﬁﬂlhpﬂieﬂﬁ’m o B %rd%{)ﬁit%g Q6 HBown in

exterior surface of each’end of each re a|n|n nber and cooper ati ng
threads nayFlise 3pk dhe sherttush nmrrbﬂaﬁle@eloﬁmtetﬁ ts'hadwr?d) fimak tlemslty had certam

apertures 7 e brazi n r| al
such as, fo%ddg%(oe?al 5&88 Pver AJ%(’:I% Iieagt c@"d SSW %Vohlgfl
be pr ovl(bledthbrmttbbéysmhspmiouﬂyﬂyscﬂbecf.orm gap 15 between the shank 70

and the surfaces_58 in the secondé{le%itag{{g 56 of the bit body 52. The
wel d 24 may be pREVFHEASHRIRUAI1hdbs ShagkyOdnam he astachedgo dhe Bik bad &% byr

surface theggof aq,tfl&n?gr}nég%ﬁeg E% @9:% ea@ GhMEERpleh Skl b#@&jé{r zﬁ&ce?g&be& BRetal

steel shank 70. brazing materia e use
to further &loyimiheghebotieanitherdanio7 dvd ty wrfaesd 98 Bixhe Senond'negon 56 of the bit

configurati f terial n the.subst

uni f or m gap 9@&%@%@%@% %bg% %"“ﬁ&g?zﬂ ntgf?Fq,zgl(ge%w @%Hmé’lﬁépr&a‘é‘%d

regi on 86 ofrotiddethidtarh GdY b 30 andn etieriovetdaci4hsdidulods hinter®bé bawbdifhe
he bottom of a well bore-hole during a

drill bi Qjs | d
drilli nlgt o%?%‘tsqyéﬁcai&ﬁesat@ﬁﬂ?% Hherhmaring meyeral §2 grdihe weld g browseda
separation tgfseg,ﬁ@thlglsﬁanmq@%ﬁ%gur%@},gﬁe shank 70, thereby preventing

| oss of the bit body 52 in the bore-hole. , In alternative
met hods of at t adhialigmative nedithndg, shocinres phisatyias ﬂb@p&pvﬁﬁmeghﬂmcabmterﬁﬁence

Lo ot tach URDNE ustbindiafibh fy MAANAAG (EhEHRE RAGHRIBIGHE welh I srctRe
a threaxed shmmmtdthmbmmdyma mxaﬁp&daeﬁa@aﬂeth&mofa&@@mﬁgdmm ’éﬁh@f
52 and the._s the mat eri al osi tion of the

he bi b h
tsegon::lt r eg%hb%i@ S8 1s fﬁq%elbaﬁﬁelswvﬂsrf Hengpe %FI&P@%E@ m§ & Referring o IG.
machi ni ng t9e8eh e@fanmﬂl%hepwl&aatﬁf %&&1&%&5@@ ?gééﬁ%gﬁ%ééq din

preci se 30 di nensions may be iachi ned oR the second
bit body 52elatipn tdBiG 2o t’iabh erebionl Hemay havelresizaand shaeaohBpwed v tebwve a

I R Y R LA T ——
shank 73 artd thi}chabé & subedytifiR.cylindrical cross section and may extend through the shank 70
" along an axis Ly, as shown in FIG. 6. The location and orientation of each aperture 72 in
the shank 70 may be such that each axis L, lies in a plane that is substantially
perpendicular to the longitudinal axis Lsp of the drill bit 50, but does not intersect the |
longitudinal axis Lsp of the drill bit 50.
30 ‘When a retaining member 80 is inserted through an aperture 72 of the shank 70 and
a groove 60, the retaining member 80 may abut against a surface of the second region 56 of
the bit body 52 within the groove 60 along a line of contact if the groove 60 has a shape
comprising an angular section of a partial toroid, as shown in FIGS. 3] and 3J. If the



WD 2007/ 058905PCT1US20061043670 23 In the enbodi mrent shown in
FIG 2, the bit body 52 includes two distinct regions having materi al
conpositio i identifiable boundary or interface ebet ween.
In al ternaﬁ%i@@gi ments, the mater&zal conposition ofPéﬂﬁé’zﬁ?(’?Mﬁﬁgﬁy
52 maybe continuously varied between fegions within the bit body 52
such that n ie I f s.5 between reaions are readi.l.
i dentifi abl %‘9%&2%"t@Sﬁéwstgsﬁg%ﬁl%%eﬁ%foﬁsﬁﬁ\éﬁﬁ?Pyl’&gﬁ"y ﬂ%‘ﬁe"r‘?&ﬁ? Wg?ﬁ%é
nore than tmembedioansy dbaigaigstsn keh o theGoTRRIF tHe@Bnd Sdatbnl Is0r #RA:H kY

| ocation of _the various regions having material conpositions within
the bit bo HEOVRALY ed. FIG 7 illustrates an additional

bit body 150 thay s&%eﬁbm&a&%ﬁ&%&%ﬁ&%@%g@&ﬁh&%ﬁég%a{é-fg@&/gé

bit body 150 includes a first region and a regi on
best 10 eehy way efexamplssind seidinithan, ifdaehretfiningmeinber 80dnkudes an slongdted, n

FIG 8, the_i.nter e het wee e.first .regiqon 152 and e seco
eg on 154 T R BEWSR I e eidbiss bR rebess By Gwelded to
surface of thbehdnkI7talé0he hidifle bEiReee HREAH OF chdhGefalMif FaGBer Y and the
include a plurality of Iongltudlnally extendi ng ridges 156 and

depr essi onsShaEg 7o i et eabadiments, araazing g soldming maateriah knaf shewn)3pay hat
may be prowvi ! i QF I 450,

15| ston a0 EacPernh D ohdiirEith T Rinebbm B B0 Bhg S le (AT B
susceptllb| enttwdiments, threadshepbeprovidedien drsexégpipl suefict of eachobhd bf eablh tetaining
conprising the bit.bod 50,dur.in drilling operatjon. FIG.9
T T st r at adhSHEReR SR PTRTFHTE iy R Be DiRidet A Stirees Qi ferlg 20 Bithin e

present i nvugeiiren72. The bit body 160 al so includes a first region 162

and a second region 164. The 20 first region 162 nmay include a
| ongi tudinally | g AgrIBrio fIG: Re thy bragingymateaal &hanchhas, fercexmbple, a

regi on 164 A R i i J A L

160, _Furt i e (R OBRBE IR0 ok bl RRGHe SO RSlonhal R B
second lSegibstweb6 shahgnk Tirdnddie: sirfpbas58lin thy safond segioal 36\of ehetbitbddng2. The
ridges and d SsSi ons ot sho. whi. ch | make the bit body 160

| ess susceﬂf‘ﬁ%ézgmtaﬁg??rggﬁﬁéEéw‘&?d\c,iﬁ%mf"}%d?lﬂ}t”g?a%@ RFFERT ?’%ﬁ?g‘ﬁ’é’of onBg;
appl i ed t o aa isteifhde &Meeﬁ%ﬂ&ﬁ?m bl Oitbel BRAY 7H6 AnEWEIID 284 e trdzid
operation. The net hods, of formng earth-boring rotary drill bits

descri bed MeH@Hah Semabe o5t Welfvrthormeecing ibe shankyad todihe bit tridysS2hal his
bit bodies cBHﬁéurht%l,Hﬁfeb?% n%t&iaﬁrgﬁ Htﬁe&lﬁgﬁ’rﬁﬁh& Lemim %Bﬁ]%lt@e#lr ! ank

exhi bit superior erosion and wear-resistance, streng and actore
t oughné@¥s 178l 2ad ithessutfacds 38 \mthp aedoing regiomeli6rd Hthedsititpely iS5 andl thelweld24 should

Furt hernore,.,t t .. described 3 erein_ all for the attachnent
of a shank%?%wgﬁﬁige ‘gﬁgéﬁSﬁéﬁ {of’%egﬁtb@{: Eﬂ??rﬁlolfﬁ thplesfurige a dnlling
parti cl e- mpedators @SSt ridHhiesd U Vet BB&rihal SR

liquid rra?lrblpxai ?lfi ltration. The rrer?%r(}gg al | o%iv for a %}ﬁﬁgﬂ{%&?s%

shank to t Aombibe shsdOnfherebp prsperting losy Afitebithedy Ebimdbawell prehole. -
provided therebgf % gitg}gﬁglg%z&%ﬁagﬁéé: ﬁ{ebs%gnll"% % ﬂleablii Qc‘;"c’ly éﬁ? only one

2007/ 058905PCT/ US
25  retaining member 80 or more than two retaining members 80 may be used to attach the

shank 70 to the bit body 52. In yet other embodiments, a threaded connection may be
provided between the second region 56 of the bit body 52 and the shank 70. As the
material composition of the second region 56 of the bit body 52 may be selected to
facilitate machining thereof even in the fully sintered state, threads having precise

30  dimensions may be machined on the second region 56 of the bit body 52. In additional
embodiments, the interface between the shank 70 and the bit body 52 may be substantially
tapered, Furthermore, a shrink fitora press fit may be provided between the shank 70 and
the bit body 52.



for inproved attachnment of a shank to a bit body having at |east a
crown region that includes a particle-matrix conposite material b

y
reci sion chining_at |east a surface of the bit body, fac
Eei ng confﬁ@&?%ﬂ:’g%P attachment of thg3 bit body to the %‘%{Qﬁ%ﬁbj&m%@
the present invention has been described herg! n vmthk_rleisp_ectttho t
certain 5 prefer Shq'! i f .or.di ¥ | e ar
will recoggi ze a%ggea%%?em gjﬁgﬂﬁ%???é?%’gh%{b%%as{zll?ﬁi?‘{?ﬁwqgﬁtﬁg TogIeRAY
addi ti ons, limgtrhatersal aoulposiiin withah ﬂi&ﬁﬁﬁ&lélﬁﬁna&?iﬁﬁﬁl&%ﬂc&ﬂ&%’étﬁ@é}{ §n

b d i thout departing fromthe scope of the invention as
nor ei naf ¢ er P GRS B BHAA EarmpRsEsnof Gipbuiheds Mo rsnatmmmysipe
Ol el Sakicl ebHf to@bus BthiGhe SR T Mck B S0 o BN
enconpassed within the Scope of t?le 1 nvention as con_aélr'rf) :

t he i nvent drekweengegipnsrare rendily idensifiblonntveigitiohill einfby dintenely ihe bitbbdEspagy

[ ' ' d ' Qi t fil s well as cutter
Cvpes | 55 bS5 Be R ot At Bl comBions SR B mpaiatostgion ofthe y

drill bit, vatieusregioashoonginkteiiilGombasisvns Hifhth teBittholP 9y mEPHPIRIN:

providing a fir p. i\é\fer m xture having a first conposition including

a plurality of g:iﬂ}tf ugigates g aﬁdIBPWH@FbQﬁé[tléﬂﬂmt@mbtrth@stem@ngmmepr&tent
owder m xtj 1) I8t nent: ,an .

EOsi nt eri néﬂfeﬁgéfi?%{%%@r} Sggl%/%jredgéa%gﬁgo erlilltI%?gR ‘g.aF FoRnd reﬁ‘é’ﬁ_&ﬁfﬁs best

provi dilfg &eaniafie cdsaisestionalondw ofithedsit Hody 150 ShaeIE PIG. Bphaintiiacs between

bor ¢ and atq BadreisRas L SonlitEim ey oagiy oot Bpos@piu:of e
fixedly at teaetongrabeofihafis fegioh 152, Fot chitle, ¥id iffer Sbdth&/ hQ8ad ifuliifySt
green powd %Kf 10%21%&) i a?l?r%Q%en}iigg ?id;els r11216I ancciledg;rlegs):{énsc.;lgggorrlr;iagj%:ing to the blades 30
and junk slots 32 that may be provided on and in the exterior surface of the bit body 150.
15 In such a configuration, blades 30 on the bit body 150 may be less susceptible to fracture
when a torque is applied to a drill bit comprising the bit body 150 during a drilling
operation. ‘
" FIG. 9 illustrates yet another bit body 160 that embodies teachings of the present -
invention. The bit body 160 also includes a first region 162 and a second region 164. The
20 first region 162 may include a longitudinally lower region of the bit body 160, and the
second region 164 may include a longitudinally upper region of the bit body 160.
'Furthermore, the interface between the first region 162 and the second region 164 may _
include a plurality of radially extending ridges and depressions (not shdwn), which may
make the bit body 160 less susceptible to fracture along the interface when a torque is
25 applied to a drill bit comprising the bit body 160 during a drilling operation.
The methods of forming earth-boring rotary drill bits described herein may allow
the formation of novel drill bits having bit bodies that include particle-matrix composite
- materials that exhibit superior erosion and wear-resistance, strength, and fracture toughness
relative to known particle-matrix composite drill bits. Furthermore, the methods described
30 herein allow for the attachment of a shank to a bit body that is substantially composed of a
particle-matrix composite material and formed by methods other than liquid matrix
infiltration. The methods allow for attachment of the shank to the bit body with proper
~ alignment and concentricity provided therebetween. The methods described ilerein allow



positioning at | east a portion of the outer wall of the shank
circunferentially about a portion of the bit body; aligning the at

| east one L..extending through the outer wall of L th
RO LS POREIEM

at | east oneezfroe ure in the surface of, the bit body; an
a retaining nenber through the at | east one aperture extending

1" ou 1 i e i S Gt RERLRL SR 00 fPhs

of the bit mechani ca rence Ween
retai ni ng mércheles a particle neatit cdnameite maeriildtpdcidn midithitgatiaee ffaéd T

bit bod At | t f the_ hit bady f 25t he shank. 2.
The et hou G iytar 35 Stfier briRE BRnitgiert Aty SogeRcob o6 ikpe ho shank.
conprises: provi Wihig thé pte8dd linRnA&E AR AR MRS bEY KL ewztg‘cég%gct% $644Rd

conposition differing fromthe first conposition, I’téﬁie
conposi t? onPEéed sagodimes s theselof pulinarkd hintheyt willl recogeizt aml appretiate thitt

body f or ned..*t. .SeC [0 xture.. pressing.the second

poudler i xt LG 50 RS AU L MR badBions eRioRY B R fealions § e freferec
assenbl i ng ehbodimestt ngryebe npdedwithond epdand ot bhd Bdps &STOMRE iB¥eRBOn as
powder conppnent_to rocgi de a unitary green structure. 3. The
met hod of cREifipgfier labras i 18 addisiondiestgres Tem ong smpodimankhmey o apmbisedkwith

Sprovi di ng RbtutRaTtansth L&A RNl Hil{ being ABhRgsd WAL FBIEs4 @b
10  invention as contemplated by the inventors. Further, the invention has utility in drill bits

and core bits having different and various bit profiles as well as cutter types.



conposition differing fromthe first conposition; and pressing the
first powder m xture and the second powder m xture substantially
sinmul taneously to formthe first green powder conponent, the first
green powder component having a first region conprising the first

mat eri al 10conposition and a second region conprising the second

mat eri al conposition. 4. The nmethdd of any one of clains 1
through 3, wherein the plurality of particles of the first _
conposition conprises: 15a plurality ofLA#vVISi cl es conprising a matri x
material, the matrix material selected fromthe group consisting of
cobal t - based al |l oys, iron-based alloys, nickel-based alloys, cobalt

and ni ckel -based al | oy, mkthedoffehing an eaﬂh Eﬂrﬁlﬁ%tal@@ﬁmllakﬂe%éhod ron
and cobal t-based al | oys, al um num based al | oys, copper-based all oys,

magnesi um bas®dPaFNgys, and tltanlun}based 90al | oys; and a plurality
of hard particles ggﬂ i-Si sel ected from di anond, boron
car bi de, g%ron nIP? Eé§F§%$§dh] gde and car bi des or borldes of
t he group consisting oﬁardﬂldlﬂ'gaﬁi\i{bpow&&r mkture-hbding £ ffirst a0 SsitiondRtudiiea
nmet hod of any one of clainms .1 through 3, wherein the plurality of

"particles of the first conpﬁ@raﬂlfyo?fpéﬁﬁﬁﬁ?%‘%%bmﬁefp?%%ﬁld ty of
particles conprising a ﬂ@éﬁ %eggﬁg?wﬁﬁﬂnﬁggv ojéi%gﬁgéﬁli whel ected

fromthe group con5|st ng o ase ased
all oys, and ni ckel and cobatdmpeasedaral | oys, the plurality of

particles, .conprising a 30matrix. materi al risin t ween, about 5%
and abouﬁ025@6by melghﬁmﬁ¥m$H@ﬁkﬁﬁan@8W$ﬁ§g%P@ﬁmt Inal density;

providing a shank that is configured for attachment to a drill string, the shank
including an outer wall enclosing a longitudinal bore and at least one
aperture extending through the outer wall; and
fixedly attaching the shank to the bit body after sintering the first green powder
15 component to a final density, comprising:
positioning at {east a portion of the outer wall of the shank
circumferentially about a portion of the bit body;
aligning the at least one aperture extending through the outer wall of the |
shank with at Jeast one feature in the surface of the bit body; and
20 inserting a retaining member through the at least one aperture extending
* through the outer wall of the shank and through at least one
feature of the bit body, mechanical interference between the |
shank, the retaining member, and the at least one feature in the
surface of the bit body preventing separation of the bit body from.
25 the shank. '

2. The method of claim 1, wherein providing a bit body further comprises:
providing at least a second powder mixture having a second composition
differing from the first composition, the second composition selected to
30 _ ~ facilitate machining of a region of the bit body formed from the second
‘ powder mixture;
pressing the second powder mixture to form a second green powder component,

and



27 a plurality of -400 ASTM nesh tungsten carbi de particles, the
plurality of tungsten carbide particles conprising between about 75%
and about 95% by weight of the first conposition. 56. The nmet hod of
claim?2 or claim3, wherein the second conposition conprises a
plurality of particles conprising a material selected fromthe group
consi sting of nickel-based alloys, cobal?tbased alloys, and nicke
and cobal t-based all oys. 107. The nethod of claim2 or claim3,

wher ei n t he secongssenbipastht liohgrempridse somponpbtuvigd the yecohd praen poldes
conprising a matrix material, the matrix material selected fromthe
group consisting of ni CHCNEHLSROKIF 3yrailar giseR FTYSHERG al | oys,

and ni ckel and cobalt-based alloys, the plurality of particles
conprising a 15matrix material conprising between about 30% and about

35% by wei ght of 3:he sBeonethebeisdaimtli, shereamovddips abiibiody fusther ADPrnGTM
reoh, Longst en oo B B SR OB e R SRR L, e
second conposi tion. 20:omposition differing from the first composition; and
pressing the first powder mixture and the second powder mixture substantially
simultaneously to form the first green powder component, the first green
powder component having a first region comprising the first material
10 composition and a second region comprising the second material

composition.

4, The method of any one of claims 1 through 3, wherein the plurality of
particles of the first composition comprises:
15 a plurality 0f" particles comprising a matrix material, the matrix material selected
| from the group consisting of cobalt-based alloys, iron-based alloys,
nickel-based alloys, cobalt and nickel-based alloys, iron and
nickel-based alloys, iron and cobalt-based alloys, aluminum-based
alloys, copper-based alloys, magnesium-based alloys, and titanium-based
20 alloys; and
a -plurality of hard particles comprising a material selected from diamond, boron
carbide, boron nitride, aluminum nitride, and carbides or borides of the

group consisting of W, Ti, Mo, Nb, V, Hf, Zr, and Cr.

25 5. The method of any one of claims 1 throﬁgh 3, wherein the plurality of
particles of the first composition comprises:
a plurality of particles comprising a matrix material, the matrix material selected
from the group consisting of nickel-based alloys, cobalt-based alloys,
and nickel and cobalt-based alloys, the plurality of particles comprising a
30 matrix material comprising between about 5% and about 25% by weight

of the first composition; and



8. The method of any one of clains 1 through 7, wherein sintering the
first green powder conponent to a final density conprises: partially
sintering the first green powder conponent to forma brown structure,
machi ning at | east one feature in the brown structure; and :
95sintering the brown structure to a final density. 9. The

nmet hod of any one of claims 1 through 8,2further conprising machining
the first green powder conponent prior to sintering the first green
powder conponent . ajturality of -408 ASTMhmestetuhgtenahrbidegiartic2es, i @hueality of -
sintering the first greep_powder conponent to final, d i, t
conprises: partially sﬁﬁ?%&?% g ey ?ﬁ%??”ﬁ?%@ﬂ“@??ﬂ%?ﬁ? Af%d?%¥%1a
brown structure; 28 maghibpivegshabf hedst cagvsitieat ure in the brown
structure; and sintering the brown structure to a final density.

11. The method of -claim 2 or claim 10, finther conprising machining
the Sunitgry greep str F Ot hnLer | fir [ een.
powder coﬁponent.@' w&%§ﬁﬁ%ﬁéfﬂépﬁggﬁ%¥ﬁgwg@%$&ﬂﬁaﬁgpéé% d%%g@ﬁing
t he shank t ocbingrides b phoality bfipdriides cwenppsing e snatdril sefpctdddroneihaighiupg

menber at | east. art'alhﬁ mﬁthhn at Iﬁgﬁt one portion_ of the at |east

one apert ur e ONHGPRABPERGbrd @lpysnepbriidased ehoxs #y niesshad cobalt-based
alloys.
10 7. The method of claim 2 or claim 3, wherein the second composition
comprises: l

a plurality of particles comprising a matrix material, the matrix material selected
from the group consisting of nickel-based alloys, cobalt-based alloys,
and nickel and cobalt-based alloys, the plurality of particles comprising a

15 matrix maierial comprising between about 30% and about 35% by

weight of the second composition; and

a plurality of -400 ASTM mesh tungsten carbide particles, the plurality of
tungsten carbide particles comprising between about 65% and about

‘ 70% by weight of the second composition.
20 ‘
8. The method of any one of claims | through 7, wherein sintering the first
green powder component to a final density comprises: _
partially sintering the first green powder component to form a brown structure;
machining at least one feature in the brown structure; and

25 sintering the brown structure to a final density.

9. The method of any one of claims 1 through 8, further comprising
machining the first green powder component prior to sintering the first green powder
component.

30

10.  The method of claim 2, wherein sintering the first green powder

component 1o a finaf density comprises:

partially sintering the unitary green structure to form a brown structure;



10 conprises providing a substantially uniformgap of between about
50 mcrons (0.002 inch) and about 150 microns (0.006 inch) between at
| east one surface of the shank and at |east one surface of the bit
body. - 13. The nmethod of claim 12, wherein fixing the retaining
menber at |east 15partially within at | east one portion of the at

| east one aperture further conprises fix?hg the retaining member
substantially within at |east one portion of the at |east one
aperture by a met Kedhisingpt lesitpge Retureiaghe woen eftuciure; gadovi di ng a
brazing alloy in th st.antially unifor ap between the at | east
one surface of thtémseﬁlégk A %&ucélreﬁ’eaatg?awg%éﬁ%urface of the bit
body; and 20wel ding an interface between the shank and the bit body.
14. An earth-boring rotary drill bit conprising: a bit body
conmprising a parti gl e- HEt PEtod philuBs 2 @ a0 Arther dempyiaing intsckiningtthg x
conpositesm ial, Sk al i f_ bhar rticles dispersed
250 hr oughaut "o araerer s TR Et Pl Rtk el r AR fos oy o
conprising a material selected from di anond, boron carbi de, boron
nitride, alum num#itr' de, n({ipfc rbi des or borides of the group
consisting of W Tr, wbleRFhodelqlgim bywhergpatieshing the shapk e thebiibogy a
sel ected fromdBEcaRRIBs SRS lh%%té‘iﬂin%fmérﬁ&?aﬂ%?ﬁrﬁélw&in 0 gkgbadased
al l oys, cobalt-based alloys, 30titani umbased alloys; iron and

ni ckel - basedpeitipny§theiat lsast apdlapsubiel endoslsecin aistrtiys theaetdinhigokehbeand

cobal t -based all oys: - a shank. fixedly att ed tq the bit b

Che shangt corframeS roviinds SRERRihY S0 Fbiol PIGER MgvbmmiR D,
an outer wal incRn@idesbmnd 58 ntiengd ﬁtommﬁih) batveerdl teadit onk 8AFice QN EheIPAIKIARE ©
extending through the outer wall, at |least a portion of the outer

wal | of the anstkors suelass ittt badyy positi oned about a

13, The method of claim 12, wherein fixing the retaining member at least
15 partially within at least one portion of the at least one aperture further comprises fixing
the retaining member substantially within at least one portion of the at least one
aperture by a method comprising at least one of:
providing a brazing alloy in the substantially uniform gap between the at least -
one surface of the shank and the at least one surface of the bit body; and

20 welding an interface between the shank and the bit body.

14.  An earth-boring rotary drill bit comprising:
a bit body comprising a particle-matrix composite material, the particle-matrix
composite material comprising a plurality of hard particles dispersed
25 “throughout a matrix material, the plurality of hard particles comprising a
material selected from diamond, boron carbide, boron nitride, aluminum
nitride, and carbides or borides of the group consisting of W, Ti, Mo,
Nb, V, Hf, Zr, and Cr, the matrix material selected from the group
consisting of iron-based alloys, nickel-based alloys, cobalt-based alloys,
30 " titanium-based alloys; iron and nicke[-based alloys, iron and '

cobalt-based alloys, and nickel and cobalt-based alloys;



Dportion of the bit body; and a retaining nenber extending through
the at | east one aperture extending through the outer wall of the
shank and through at |east one feature in a surface of the bit body,
mechani cal interference between the shank, the retaining nenber, arid
the at |east one feature in the surface of the bit 10body preventing
separation of the it body fromthe shank?? 15. The rotary drill bit
of claim 14, wherein the bit body conprises: a first region having a
first material corpbsiktfixedlytahathedichthdbit body, fhersbankhranfigesdior atimhmaite a
of the first region being configured. to carr urality .of .cuttin
Tsel onent s f o - engagi nf LATaRrrhRF Gimkdr SR YnBeR ShBaiaaBigrhior
having a second mat eri af le£08RAPkihe BxtbRhy BXRIgRHeoufer SRUONDeRL S18SS
that is less than the first hardness, the shank being attached to the
second regi on. 16f thypetey welhefitheshapk cispumfernigallaipesitisnedrabprtifer
conprising an identifi e . ween the first region and the
second regi on. B‘%&}b%gﬁtgﬁcﬁ?gﬁ%” Il bit of claim16, wherein

the interface betweasiningendnbestxtérRi@ganroapkltiihelcse onfther@@ dxfendihg
substantially planar and oriented substantially 25perpendi cul ar .
relative to a | ongi t udii¥Hehabs eutgallios thesnak ang thrppehytdeast one featyrgina

The rotary drill bit 0§u1pd@yoﬂﬂ§bﬂﬁo | AlefBnikd 'g{%gf%gﬂ% QEYWTeM§J %;@ﬂdﬂ%e

bit body further conprises: a face region; an ural it
cutting el ements secur ethitiog hembéraael thegleast Hierfeamgay iegudag of titeting

an earth Ilbor mation. body preventing separation of the it body from the shank.

[5.  The rotary drill bit of claim 14, wherein the bit body comprises:
a first region having a first material composition that exhibits a first hardness, a
surface of the first region being configured to carry a plurality of cutting
15 elements for engaging an earth formation; and
a second region having a second material composition that exhibits a second |
hardness that is less than the first hardness, the shank being attached to

the second region.

20 | 16.  The rotary drill bit of claim 15, further comprising an identifiable

interface between the first region and the second region.

17. . The rotary drill bit of claim 16, wherein the interface between the first
region and the second region is substantially planar and oriented substantially

perpendicular relative to a longitudinal axis of the rotary drill bit.

25
18. The rotary drill bit of any one of claims 14 through 17, wherein the bit
body further comprises:
~ aface region; and
30 a plurality of cutting elements secured to the face region for engaging and cutfing

an earth formation.



30 19.The rotary drill bit of any one of clains 14 through 18,
wherein the bit body conprises a plurality of regions, each region
conprising a particle-matrix conposite material having a materi al.
conposition differing fromother regions of the bit body.

30
19.  The rotary drill bit of any one of claims 14 through18, wherein the bit
body comprises a plurality of regions, each region comprising a particle-matrix
composite material having a material composition differing from other regions of the

bit body.



