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Rotary drill bits are conmonly use?ﬁ@%lﬁ?iqﬁ‘@% borehol es, or well bores,

in earth formati onphis Byfli@ftionddilk tHeiHefefitRgUseted Siates Prdvigisnal Baaiti gur at i ons.
One configuration is the roller cone bit, which conventionally includes
three rol | er &pplivgtion Serial No. 61/391,344, filed October 8, 2010, and entitled “COMPOSITE
MATERIALS INCLUDING NANOPARTICLES, EARTH-BORING TOOLS AND
10 COMPONENTS INCLUDING SUCH COMPOSITE MATERIALS,
POLYCRYSTALLINE MATERIALS INCLUDING NANOPARTICLES, AND

RELATED METHODS.”

TECHNICAL FIELD

15 Embodiments of the present disclosure generally relate to earth-boring tools
and to methods of manufacturing such earth-boring tools. More particularly, the
present disclosure generally relates to composite materials and polycrystalline materials
employing nanoparticles and which may be used for forming at least a portion of an
earth-boring tool, and to methods of manufacturing such earth-boring tools.

20

BACKGROUND
Rotary drill bits are commonly used for drilling boreholes, or well bores, in

earth formations. Rotary drill bits include two primary configurations. One
configuration is the roller cone bit, which conventionally includes three roller cones

25  mounted on support legs that extend from a bit body. Each roller cone is configured to
spin or rotate on a support leg. Teeth are provided on the outer surfaces of each roller
cone for cutting rock and other earth formations. The teeth often are coated with an
abrasive, hard (“hardfacing”) material. Such materials often include tungsten carbide
particles dispersed throughout a metal alloy matrix material. Alternatively, receptacles

30  are provided on the outer surfaces of each roller cone into which hard metal inserts are
secured to form the cutting elements. In some instances, these inserts comprise a
superabrasive material formed on and bonded to a metallic substrate. The roller cone

drill bit may be placed in a borehole such that the roller cones abut against the earth’s
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The bit body of a rotary drill bit of either primary configuration may be
secured, as is conventional, to a hardened steel shank having an American Petroleum
20 Institute (APJ) threaded pin 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 a rotary table or top

drive may be used for rotating the drill string and the drill bit within the borehole.

Alternatively, the shank of the drill bit may be coupled directly to the drive shaft of a
25  down-hole motor, which then may be used to rotate the drill bit.

The bit body of a rotary drill bit may be formed from steel. Alternatively, the
bit body may be formed from a particle-matrix composite material. Such
particle-matrix composite materials conventionally include hard tungsten carbide
particles randomly dispersed throughout a copper or copper-based alloy matrix

30  material (often referred to as a “binder” material). Such bit bodies conventionally are

formed by embedding a steel blank in tungsten carbide particulate material within a

mold, and infiltrating the particulate tungsten carbide material with molten copper or
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materials may exhibit increased erosion and wear resistance, but |ower
strength and toughness, relative to drill bits having steel bit bodies. As
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Another embodiment comprises a cutting element for use on an earth-boring

15 drill bit, comprising a member including a segment-retaining portion and a drill bit
attachment portion attachable to a drill bit, and a segment secured to the
segment-retaining portion of the member and comprising a plurality of hard particles
and a plurality of nanoparticles dispersed within a matrix material.

Yet another embodiment comprises an earth-boring tool for drilling

20  subterranean formations, the earth-boring tool comprising a bit body including a crown
region comprising a particle-matrix composite material, the particle-matrix composite
material comprising hard particles and nanoparticles dispersed within a matrix
material, wherein the nanoparticles comprise a different material from the hard
particles, and at least one cutting structure disposed on the bit body.

25 A further embodiment comprises a polycrystalline compact cutting element for
use in an earth-boring tool, the polycrystalline compact comprising a region of
polycrystalline material comprising nanoparticles in interstitial spaces between
inter-bonded crystals in the region of the polycrystalline material, wherein the
nanoparticles comprise a catalyst material.

30 A still further embodiment comprises a method of forming a composite

material, the method comprising melting a matrix material to form a molten matrix

material, adding nanoparticles to the molten matrix material to form a molten matrix
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20  under high-pressure, high-temperature conditions.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
While the specification concludes with claims particularly pointing out and
distinctly claiming what are regarded as embodiments of the present disclosure,

25  advantages of the disclosure may be more readily ascertained from the description of
some embodiments provided below, when read in conjunction with the accompanying
drawings, in which:

FIG. 1 is an illustration representing one example of how a microstructure of a
particle-matrix composite material of the present disclosure may appear under

30  magnification;

FIG. 2 is a partial cross-sectional side view of an earth-boring rotary drill bit

including the particle-matrix composite material of the present disclosure; and
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appear inlun
nanoparticles 54 dispersed therein. In other words, the particle-matrix composite
material 15 may include a plurality of discontinuous phase regions dispersed
throughout a continuous metal or metal alloy phase, the metal or metal alloy phase
including a plurality of nanoparticles 54. In some embodiments, the hard particles 50
20  may comprise a material selected from diamond, boron carbide, boron nitride, silicon
nitride, aluminum nitride, and carbides or borides of the group consisting of W, Ti, Mo,
Nb, V, Hf, Zr, Si, Ta, and Cr. The matrix material 52 may be selected from the group
consisting of copper-based alloys, iron-based alloys, nickel-based alloys, cobalt-based
alloys, titanium-based alloys, aluminum-based alloys, iron- and nickel-based alloys,
25  iron- and cobalt-based alloys, and nickel- and cobalt-based alloys. As used herein, the
term “[metal]-based alloy” (where [metal] is any metal) means commercially pure
[metal] in addition to metal alloys wherein the weight percentage of [metal] in the alloy
is greater than or equal to the weight percentage of all other components of the alloy
individually. In some embodiments, the matrix material 52 comprises cobalt. In some

30 embodiments, each of the hard particles 50, the matrix material 52, and the

nanoparticles 54 comprise a different material.



magni fi cation acquired using, for exanple, an optical mcroscope, a
scanni ng el ectron m croscope (SEM, or other instrunment capable of

acqui ri ngwonropaasrati ng a nmagni fied i mage of the parti clPeTRsROl1050960MPOSi t €
material 15. As shown in FIG 1, the particle-matrix conposite material 15
may include a plurality of hard particles 50 15di spersed within a matrix
material 52. The matrix material 52 conpr§ses a plurality of nanoparticles
54 dispersed therein. In other words, the particle-matrix conposite
material 15 may ml%lpweomﬂml@ﬂ%ﬂ heyhaye aauage,r@gﬂpamtu&@@a@ﬁ@s@f 3be fbes

di spersed throu ut a a e netal or
nmetal all oy p agg%ﬁﬁglﬁégE 5dwmﬁﬁra %tbog nbparH%?él %%%m &E

enmbodi ment s, #dhepdiacies Pemby BA\%& cﬁﬁnet&QemNarﬁ‘éﬁbBWdrﬁeluﬁdrﬂdihﬁfoh&teﬁﬁIOGCt ed
fron1d|annnd boron carbide, boron nitride, silicon nitride, alum num

nitri de and Wk Byway o cxgmplerad net limgtiogy e pasEhERSHANY 183Y SRMPTSE b, Nb,
v, H, 5. Sl beth8n BOG 092: T:Qﬁ (g@‘g (1 %)y{slptrw%ﬁgaﬁ i%ec%m/? ) 5§ Wefth d fromthe

group conS|st|ng of coppe Pase oys; nic - based
al  oys, cobal tanbpsedesdd.oys, titani um based alloys, alunlnun}based al | oys,

i ron- and ni ckel - based allog 25i ron- and cobpal based aI 2 nd ni ckel -
and cobal t - based af‘f b dharvieEagR PaiFls sizg P epﬁgﬂﬁﬁrfﬁé &Gt # oy

(where [metal %&éstﬁ%ré?ﬁﬁﬂe)dé?@%% %@ﬁﬁ%éﬁﬁn@b’ﬂ‘tﬁe fgbatknkduRRA tion to

nmetal all oys erein the "‘wel ght perc ntage netal] in the alloy is
great er than megmeficaibnt Bort dxemplkei gmanmegcknurcagmlomcﬁscapd (SEdhex fiddepassent s of

th | d dual | | 1
e o oA SO SRR At L TR T, (e
magr ix materi ﬁlay Jéguse@%ivk%r %ggho?{utrﬂaﬁé 85 B d9MRI(FRE 23 (& f 4 SyiRAdd dmat er i al .

The” nanoparticl es have an aver age partlcle di anet er of
about five huetdreddurfageotiedrisbqdsd) @mﬁ)Suciﬂblly@S@areliéﬁc'i@nézﬁﬁleéurf&% 18 thee

enbodi nents, the ticles .5 ave a. di ane ess n one
hundr ed nanon%?%Pg% ?gﬁfﬁﬁfw“@y“@b (5m3%bﬁ'yavalnof”$ml$%w F8ﬁ99
mat ri x materi galyag saﬂvoa&qmsﬁ@@séd taah mnn@bﬁwpyams pad aesd Vlél?b%ysit@nsabout

twenty-five percent (25% by weight nanoparticles 54. As known in the
art, the lai/er%rg@améletqféme@smngéhwvemé PRl FEet sprepanigleswithing o
nlcrostructur determ ned by neasuring grains of the mcrostructure

under nagnlflcatlon Ehr exanpl e, a scanning el ectron mcroscope (SEM, a
field em ssion 10 “Smmaueng A ltteatanopurticley Bisaapiee {eREGEN immbvaa desandm ssi on
el ectron nlcroscog i i

be used_to view or i mage. rface of a bit
body 12 (FI G “gyac eélStjC e parioREET g EPLReE b MEavaht ol bit body 12)
or a suitabl ynﬂoﬁﬁﬁ&l@%@ﬁ%& bQEElégteétB%n?fb% 3€8ask Bnd BHEARKM! yibRGOIEM as
known in the art. Commercial avail | e vision systems of Inmage anal ysis
sof tware 2re dddtiéity, uspeeadt wmgthsmdmbmsmfa@cf teymatop sferiah2l. t Aeg ronviimitiong
igigggﬁt Il g?;g )ga%{) bl esoP%ge St yrgénqg tﬁehr?angf)/aertqggs pr?lg}g cl:o(%rll;?nscse Ia%ard%}c material
(e.g., as determined by a Vickers hardness test) than the matrix material 52. By
selecting the nanoparticles 54 to comprise a harder material than the matrix
material 52, at least one of the hardness, abrasion resistance, and strength of bit
25  body 12 (FIG. 2) may be improved. Similarly, the material of the nanoparticles 54
may be selected to have a higher strength, yield, ductility, impact strength, or abrasivity
than the matrix material 52 to improve the those characteristics of the matrix
material 52.
The nanoparticles 54 may comprise, for example, at least one of borides,
30  nitrides, oxides, carbides, and refractory metals. In some embodiments, the
nanoparticles 54 may comprise, for example, at least one of diamond, polycrystalline

cubic boron nitride, silicon nitride, silicon carbide, titanium carbide, tungsten carbide,



m crostructure. The material of the nanoparticles 54 may be sel ected
to inprove a desired characteristic of the matrix material 52. For exanple,
t he mat erweal20f048¢26 nanoparticles 54 nmay be sel ect ed t oPCEAISoMe/ 081960 east
one of the strength, yield point, 20ductility, inpact strength, and
abrasivity of the matrix material 52. As non-limting exanple, in sone
enbodi nents, the nanoparticles 54 may co'n%ri se a harder material (e.g., as
determ ned by a Vickers hardness test) than the matrix material 52. By

sel ecting t hetantahopeartifle s endler hardonatprials dhansnaperaelenat Bay aet hedarl t he
matrix material .52.. at | east..on t he n i | ce, and
strength of ﬁ@l‘g%gﬁgavniﬁmﬁﬂl eg‘ﬁ;81?%@?Sﬁg)@]ﬁrgbrﬁgl\s/eé(égg]éfa%eﬁgﬂpgﬁlct gﬂmateri al
of the nanopamnby edriisise énéBYmbR oFeh®idesbetamiliauades, igmellrt robygt h, yiel d,
ductility, inpact strength, or abrasivity than the matrix materjal 52 to

i nprove t he tmuselsBlpsgsctanetal sensgiucpisevarauy foxmpak @riog) sush as qgrgon
nanoparti ¢l es ri t f i ,
30nitri de?, oxi §teu§8§’/ (@%@%‘P‘gééégm%%ngz{r}egf rac @P?/géﬁgét)rg?% Fﬁﬁﬁ%rglr?{eé?g{n%g%is ment s,

t hle nanopalr It i @hleslirhéntsale reaopriides 54 may eotapse @ cabbn hiketsipe anémay havesamond,

pol ycrystalline cubic boron nitride, silicon nitride, silicon carbide,
titani um car YGRS BERsETEEM 0ahont e hundreg to Ortea(ﬁ{)(ginﬁﬁ? B ®T'or anot her
hard materi al ﬂﬁ” Q]@{ ' RN AL Sniufh Sone
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conpri se one dborde e of carbi des, ceram cs, oxides, internetallics, clays,
m neral s, gl asses,_ elepental constjtuents, . various forns of carbon..such as
carbon 5nahot ubes, Infflﬂ’ftﬂeg reB‘_%Sglfneé‘IfaWﬁ Hf‘%‘f?é‘gl,cyeﬁ o SEPEST Y)aélﬁfgimélt C@the
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to one (100: 1yistorguisbaige fiom thematisrmetata §2 atinsthe ppréicleandpa eeRIsEs 54 nay
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their original structure and integrity and be distinguishable within the matrix

15  material 52. For example, the nanoparticles 54 may partially or fully melt and/or
dissolve within the matrix material 52 during formation of the composite
particle-matrix composite material 15. Such melting may result in alloying of the
material of the nanoparticles 54 with the matrix material 52. In some embodiments, the
material of the nanoparticles 54 may become evenly dispersed throughout the matrix

20 material 52. In other embodiments, the matrix material 52 may be interspersed with
areas of greater concentration of the material of the nanoparticles 54 where the
nanoparticles 54 melted or dissolved. In some embodiments, the nanoparticles 54 may
comprise a material that reacts with the matrix material 52. The entire thickness of
each nanoparticle of the plurality of nanoparticles 54 may react with the matrix

25  material 52 or, alternatively, only an outer portion of each of the plurality of
nanoparticles 54 may react with the matrix material 52 and an inner portion of each of
the plurality of nanoparticles 54 may remain unreacted. In further embodiments, the
plurality of nanoparticles 54 may help to create a spinodal decomposition of the matrix
material 52.

30 In some embodiments of the present disclosure, the nanoparticles 54 may be
coated, metallized, functionalized, or derivatized to include functional groups.

Derivatizing the nanoparticles 54 may increase the stability of the nanoparticles 54 in



or titaniumdi boride. In sone enbodi nents, the nanoparticles 54 may not be
di stingui shable fromthe matrix material 52 within the particle-matrix
conposi t evorb Y4825 whil e i n ot her enbodi ments, the naneparuscalioss9sel nay
maintain all or sone of their original structure and integrity and be

di stingui shable within the matrix 15materjal 52. For exanple, the
nanoparticles 54 may partially or fully 1t and/or dissolve within the
matrix material 52 during formation of the conposite particle-matrix
conposi t e natlauidbastd prasessmgrsteps,iwhgchmyy hedp ta hindley oapteggritngelomerakien pht er i al

of the nanoparticles 54 with the natrix terial.52. In some. odi gent s,
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nanoparti cl eserBapdiments, dheeqoaling may heingeor resiskat Ordisplvas vaHED Bi§ MaAer porti on

of each of th Al 1@ il G 4 . jn acted. In
further enbo i?r@r}!fﬂss,% t%hélpg%aﬁ&%ﬁ?l?%%éfgﬁ hzoﬁggea?tl a[r{el(éqg?%f Ir?abgyz} elp to create a
spi nodal decognesiimes thd cdatigg omthe nandpattizids 3k nd.codPlise somrerieldoatguredt s of
the present disclosure, the_nangparticles 54 ma% be coated, get&l i zed,
funct i onald ze@ enbancy dre weltabJibrok the panopgrdieles ohia e mafxgraed S2BRYPY %t i zi ng
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it terial .15. h nmethods of forming derivatized ticl
are Qescr i bed bIE OB R TBH P RPN £ L1 OH N 1B B A | e
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From Derivati zed Nanodi anond. As previously discussed, the nanoparticles 54
may conprise amewds ofinyleatrons ofigilvenigolfi awhindiunt ey, opaerialy, heapclpdediingr  or

mteor ty of PREIHERAsei e ads e TRy ATRER Al lerR ARB BN 00" e
nanoparti cl esphdpiraylesoapri se a material configured 10t o enhance the
vettability of t eT}rlle(:’jl Sa? igg-trrila(t:rlixecsorr?;ﬁ)s{tg m%tré?ialn%tigliclﬁdirrlggh%rniagcl)pa?tizcléasnS%/o(%rthJ ©
present disclosure may be used to form at least one component of an earth-boring tool.
20  For example, an embodiment of an earth-boring rotary drill bit 10 of the present
disclosure is shown in FIG. 2. The drill bit 10 includes a bit body 12 comprising the
particle-matrix composite material 15 that includes the plurality of hard particles 50
dispersed throughout the matrix material 52 comprising the plurality of
nanoparticles 54 (FIG. 1) therein. By way of example and not limitation, the bit
25  body 12 may include a crown region 14 and a metal blank 16. The crown region 14
may be predominantly comprised of the particle-matrix composite material 15, as
shown in FIG. 2. The metal blank 16 may comprise a metal or metal alloy, and may be
configured for securing the crown region 14 of the bit body 12 to a metal shank 20 that
is configured for securing the drill bit 10 to a drill string (not shown). The metal
30  blank 16 may be secured to the crown region 14 during fabrication of the crown

region 14, as discussed in further detail below. In additional embodiments, however,

the drill bit 10 may not include a metal blank 16.



prevent any detrinental chem cal reaction fromoccurring between the
nanoparticles 54 and the surrounding matrix material 52. By way of exanple
and not |W@i20e4d48025 each nanoparticle of the nanoparti clP€3/US401mmy496@NPri se
a coating of at |east one of tin oxide (Sn02), tungsten, nickel, and
titanium Furthernore, in sonme enbodi ments, trace 15anounts of at |east one
of silver, gold, and indium nmay, opti onalﬂy, be included in the matrix
material 52 to enhance the wettability of the matrix nmaterial relative to

t he nanoparti cl es Beferring again ThElGpar the bit dodmt 2 ingy be ssorsidite themnasglishankiX)

i ncl udi ng th nanoparticles 54 of .the pr scl e used to
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is showmn in FIG 2. The drill bit 10 includes a bit body 12 conprising the
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limtation, tﬂaeaﬂmchmgfthémﬂyblftm t@&iydﬂllrﬂtﬂmgd((ﬁoﬁsh@bvﬁ)’\ﬂ region 14 and a net al
bl ank 16. The crown reg| on 14 may be predom nantly conprised of the

particle-matrix cofipshavindn iiftel ﬂ?ﬂbltﬂ?))d}’é% mygdnriuggwmeepr Padeydd thabatgl bl ank

16 may conpri or n ring
the ot onn T egBael s oAy, Bk S 53" i R PARGHE M iy oRERH
configured foetwesithé R@e tHef te bit Iboby 12 érﬁl 4 longitudirial bors #0] wigicl{ eaendshown) . The
metal 30 blank 16 nmay be secured to cro regi on Oﬂgﬁ%WE- fabrication

of the cridn t,hggngﬁhels,geel shany2Q é‘%fis%té‘?fsf I?iiﬁﬁ%]ryt Qpeybe it °HCaddi t i onal
embodi ment s, HOMENGEnts Iaﬁzlgfn'sér{s épbttsh&\gﬂm% ?@% robfa€d bdfe Acd®s 8f thbbank 16. -

9 - Referri ng aga ody 12 may be secured to the
met al shank Zlﬁbdyy12vmy}nmﬂ1,e1ﬂtmnah‘i<tadrpassagea/ayh429aded connection 22 and a weld

24 that extends ar e it 1 n ap exterior surf r eof
al ong an int erface ‘?"\‘/}L hl(?WéyHiC udsad’@"%?yaﬂaﬂﬁ%stﬂ% Soélﬁg%ﬁlc%gg The
metal shank 218y Be g&f@amﬁare%u%ﬂ%ta@ada gﬁyah@w stullidyy Baded pin 28

conformng to Anerican PetroleumlInstitute standards for attaching
the drilll1%i tcon@pacb(PP@rcutté¢rs 34 mapye pmyudegmj\mgh of the blades 30, as shown in

FIG. 2. Each of the PDC cutters 34 may comprise a diamond table 35 as described in
greater detail below. 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 integrally formed with the crown region 14 of the bit

20 body12.

The steel blank 16 shown in FIG. 2 may be generally cylindrically tubular. In
additional embodiments, the steel blank 16 may have a fairly complex configuration
and may include external protrusions corresponding to blades 30 or other features
extending on the face 18 of the bit body 12.

25 The rotary drill bit 10 shown in FIG. 2 may be fabricated by separately forming
the bit body 12 and the shank 20, and then attaching the shank 20 and the bit body 12
together. The bit body 12 may be formed by a variety of techniques, some of which
are described in further detail below.

In some embodiments, the bit body 12 may be formed using so-called

30  “suspension” or “dispersion” casting techniques. For example, a mold (not shown)
may be provided that includes a mold cavity having a size and shape corresponding to

the size and shape of the bit body 12. The mold may be formed from, for example,



As shown in FIG 2, the bit body 12 may include wings or blades 30 that are
separated fromone another by junk slots 32. Internal fluid passageways 42
may ext ermiokzet2gen?st he face 18 of the bit body 12 and aPCoruseends4yad bore
40, which extends 10 through the steel shank 20 and at |east partially

t hrough the bit body 12. In sonme enbodi ments, nozzle inserts (not shown)
may be provided at the face 18 of the brtobody 12 within the internal fluid
passageways 42. The drill bit 10 may include a plurality of cutting
struct ures ongraphatefcacry dBer igh-tenfperaye veliacoty ewienpl suchrag aggrmid. fiheat i on, a

plurality of polycrystalline dianond.15 conpact (PDC) cutters.34 may be
provi ded on e§8iﬁl 08¥1¥3f %@h%wgﬁde‘?a ?mg@lgﬁ%ﬂ?giaﬁvﬁ a° %ﬁC%Elaeé%OIOF "he PDC
cutters 34 mapga@RRPEdyIR adddd BMmNcvitabf @ 3bl@ssitieis@diHR0bS. gugiabed cist ai |
bel ow. The PDC cutters 34 may be provided al ong the blades 30 within

pockets 36 f owamkaljormayHee rrawited 1@ obfpinttheadsired rpfion ghwnedgaties efihpor t ed

from behi A t.re ) i [ I i.th the crown
regi on 14%gf bl%{lhgo i1t2' %ﬁ%%ggcei%@’ ggfme}ﬁgeﬂstgérg(g&@%%}r{?ﬁg@é@ om?gli n FIG 2
may be gener aldnypriy kéragiid @alpoyerits) ptdphite cdmipaa@alis} draesil-ceandiadhdresmysact t he
steel blank 16 may have a fairly cor{gil ex configuration and maélﬁi,ncl ude

external pr ot SARROBAS)IIBHY RepsHignedvithinghreaeld capitpindgsadio defing (heddemgk endi ng
on the face i 8 j | ' own in FIG
2 may be fab}‘fﬁa gatgg%’gﬁy@é%%gg %(lg%jg/n té?l%ﬂ%gd,%sétfi%g%@%%r %1(% tlhe shank 20,
and then att aohogrgptibteatinani tikbidhdytile bit body 12 together. The bit body
12 may be fornmed by_a variety of techniques, sone of i.ch are described in
further dkt ai | bel%ﬁﬁr ﬁfl’ﬁmé‘_g 18?1190%1?‘}?% 1 N, emr?pab@%ati%l%aﬁgmﬁgy ni ed
usi ng so- cal | g6 R0pfHIRENSIRANhe AnopsHiSBEs SR "nd@wtmlaqn&%mﬁutﬁyes- For

exanpl e, a nold (not shown) may be provided that includes a nold cavity
havi ng a si zematedalsRapEG.dor Megpomdicrigl Ydaving asomposifich shiepaibed heeim hat  body
12. The nold formed fro f or, exanpl .- 10 - graphite_or any other
hi gh- t enper at E?pﬂe/ea%gft‘_? Q&W%a%r@éﬁﬁi%?fﬂ ot tgésmg‘_t%rg?%%eg’. fg’%_iﬁlgg A% Ravity of
the nold nmay heuixaedibmed2 ¥siddedcdhy®Ritinl MRS thofloltenagixl eat ures nmay
be added to the cavity of the nold using hand-held tools. Additional clay

wor k al sol raymbieriplequifdesired somippsition, hard naeilesSd adptnoyaitisles shmsy bsome
features of the 5 .hbi r . f or

di spl acenent ssﬁﬁngﬁgr%@g%é%éﬁr&e& 8@}@%&&%?%@%%@%&3&51&}2 g{))ﬁ%gﬁ?:orrponent S,
or resin-coatadpaaivd. ecPPatdusBanRndasd, ) somyenigodiasits, itlenesopirtidiesv4 ey nol d
cavity and used to define the infernal passa%?vvays 4}2, ﬁctgtti ng el ement
pockets 36, jbhKoatadgyith amategalrogligEpd anarrsthe WHERHRLAL e PAOPESEs B ¢ he

bit body 12. e molten matrix material 52, to prevent any detrimental chemical reaction from
20  occurring between the nanoparticles 54 and the molten matrix material 52, or both.
Optionally, a metal blank 16 (FIG. 2) may be at least partially positioned within
the mold such that the suspension may be cast around the metal blank 16 within the
mold.
The suspension comprising the hard particles 50, the nanoparticles 54, and
25  molten matrix material 52 may be poured into the mold cavity of the mold. As the
molten matrix material 52 (e.g., the metal alloy materials) may be susceptible to
oxidation, the infiltration process may be carried out under vacuum. In additional
embodiments, the molten matrix material 52 may be substantially flooded with an inert
gas or a reductant gas to prevent oxidation of the molten matrix material 52. In some
30  embodiments, pressure may be applied to the suspension during casting to facilitate the

casting process and to substantially prevent formation of voids within the bit body 12.



10After formng the nold, a suspension may be prepared that includes a
plurality of hard particles 50 and the nanoparticles 54 suspended w thin
nol ten nmewoizrizEs@si al 52 (FIG 1). Matrix material 52 ra¥iusgo1a/0s496posi ti on
as described herein may be heated to a tenperature sufficient to cause the
m xture to nelt, formng a nolten matrix naterial 52 of desired
conposition. After formng the nolten matllix 15material 52 of desired
conposi tion, hard particles 50 and nanoparticles 54 may be suspended and

di spersed thr oughofgftertqaétmgdm anpenaion withimthe madd, tipmekerf ipatix mpgcrghigbensi on.
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chem cal reaction from 20occurring between the nanoparticles 54 and the

nol t en nat ri xParédlesi0al 52, or both. ptionally, a netal blank 16
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vacuum I n addition enbodinments, "the nolten matrix nateri al
substanti al | yhlghmnrtmhtwetréﬁaamry natmagamhcus aa:elraeducﬂwrmlga;swt}mfphmekdt
oxi dation of the nolten matrix. materi pressure
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process and t&vﬁ&'@?ﬁq@%dl@hédg RARVRNM tobRr maiti%ﬂal(&ay\b%rg%sw&aﬁ'b@ réieBtd body
12. After casting the suspension within the nold e nolten matrix

material 52 ndyalb@l%deslmnﬁgur@w ofzsathededtirgs ofithe bl@bﬂd}’rﬂg? tWhers ob¢edsamat r i x

mat erial 52 of art% 21 n%Qr X C{)riﬁqrg %e Cgnat er |Cgrl 1050(; ncol gql ng the
nanopar ti cl esprg r SRS RERECGOELR TR EEaB 6 TS SO SSE N ent s, the
bit body 12 ngyphie beiposshtd)si REinS@aeakikittormipaét dotpahdnd) ma§ds ibsigoned

techni ques. For exanple, a mold (not shown) may be provided that includes a

nol d cavity hwhln@heamghdzrévwdslﬁacb@ debipe tpoisapirRpssagey i 43 sBtingRlenseiipe of
the bit body ézr%ketl?g IR o {s@é A%J&%'%@%mea{ t8ﬂés%§;ﬂ{%cf‘e>éﬁ%§'o?the%%w§ or any

ot her hi gh-tenpera ractory nmateria as a ceramc e nold
cavity of the nol daftér fhﬁymgehermclk’l; apldralisy ofthaed partidessd FIGHIQ miaydet ool . Fi ne

features may be ed. to the cavjt f the Id usi.n and- heldtools
Addi tional cl %59"@6?9 Rithindhe mgld ity équmlé&% BiRet sha ﬁ@ah@éﬁsw ds to at

configurati on.gf tt?e%xfl ﬁ%ﬁdﬁrﬁsof%e Blhﬁodg' 1. B ddmbIBESRs MRCESsary, preform
el ements or displacenent whi ch may conprise ceram c components, graphite
conponentX) onanlopmlcieszﬁ)éhmeyl be prodided wpthot the orobderity S&)lthrth@/hzbép@’bslm pdned
The nanoparticles 54 may be arranged within the mold such that the concentration of
nanoparticles 54 is increased at areas of greater expected wear. Optionally, a metal
blank 16 (FIG. 2) may be at least partially embedded within the hard particles 50 such
that at least one surface of the metal blank 16 is exposed to allow subsequent
25  machining of the surface of the metal blank 16 (if necessary) and subsequent
attachment to the shank 20.
Molten matrix material 52 having a composition as previously described herein
then may be prepared by heating the matrix material 52 to a temperature sufficient to
cause the matrix material 52 to melt, thereby forming a molten matrix material 52. In
30  some embodiments, the nanoparticles 54 may be added to the molten matrix

material 52, in addition to or in lieu of nanoparticles 54 previously placed within the

mold cavity. The molten matrix material 52 including, optionally, the nanoparticles 54



15within the nold cavity and used to define the internal passageways 42,
cutting el enent pockets 36, junk slots 32, and ot her external topographic

f eat ur es Wb 20te4ki25 body 12. After founing the nolPdl/ts2@hosebe ty of
hard particles 50 (FIG 1) may be provided within the nold cavity to forma
body having a shape that corresponds to | east the crown region 14 of the
bit body 12. In sone enbodi nents, the 20nanoparticles 54 may be provi ded
within the nold cavity with the hard particles 50. The nanoparticles 54 may
be arranged vihehinay bhallaveiddr saesad thiafiltefrthe speeshebugendle kprd pafielsa? and es 54
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such that at dppasd toGR€msHed mewixahatédue SPes Atilibkank inkflrithnexqesed to al | ow
subsequent 25machi ning of the surface of the netal blank 16 (if necessary)
and subsequemeca%sma@ﬁgewd-t s theemalfpairatompls may be suggrnible tagxidationsticeri al 52

having a GOMPQRI LM, AScRLAVANSILIREGIAPSiE 8l IS dodiEapy GRAT ed by

heating the matriXx enperature sufficient to cause the
mat ri x mat er i ablté@Zniteridtenhy bé besayalfyoitouidad with anideetrpasrat 4 reducraitens @l 52, I n

30 sone enbodi nents, the nanoparticles 54 may be_ added to the nolten matrix
material 52, WMAVGAHEFiditoR of fregpolfen mateiplorinigie SRbPTIEICRSS, BAsSRedydifs| v

placed wi t hi {‘aﬁ%h@d ohdmBaM &me}lﬁﬁ?ﬁmigé,%%cﬂﬁérﬁ&és SRLE] hbpaacledéd tdi ng,

optionally, nanoparticles 5 en nmay be allowed or caused to
infiltrate thiaciipacts ilfdtrateapredess dndrtd syataniidlygse &t thadoroptipootdigs, t he

nanoparticles b4, within t mold cavity. Optionally, pressure may be
appl i ed t'§ th\@lﬂi’fﬁlﬂi‘eet?'\ﬁ?fgzlt}'rligj’e‘r’?ﬁtfm t 52 to facilitate the infiltration

process as necessagjehe Qﬁé?ﬁﬁ@esé@aﬁch@an@?&ﬁi@l@s sRhAkibabSiniRtdasvistieept i bl e
to oxidation, the 5infiltration process nmay be carried out under vacuum 1In

addi ti onal enbolié¢nmmeaitis matérial A themolien moatiia neateriay Shmay b glewrd talcpgl ahfl ooded
with an inert a reductant. gas t reyent oxidat.ion of .the nolten
materials. | nsoggﬁi@%%{)‘%?rsr%h @:“tﬂﬁg@%‘%‘lﬂ?gg ﬂgée%ﬂlﬁ%ﬁpaﬁ% PBPYRE ol t en

mat ri x mat eri@hteBa,15hard particles 50, and nanoparticles 54 to facilitate

the infiltration process and to substantially prevent the formation_ of
voi ds 10 Mi t hi n t hia seme egbedinientsydiery body hdaiay be formed using so-called particle

compaction and sintering techniques such as, for example, those disclosed in
Application Serial No. 11/271,153, filed November 10, 2005, now U.S. Patent
7,802,495, issued September 28, 2010, and in Application Serial No. 11/272,439, filed
November 10, 2005, now U.S. Patent 7,776,256, issued August 17, 2010, each

20  assigned to the Assignee of the present disclosure. Briefly, a powder mixture may be
pressed to form a green bit body or billet, which then may be sintered one or more
times to form a bit body 12 having a desired final density.

The powder mixture may include a plurality of hard particles 52, a plurality of

nanoparticles 54, and a plurality of particles comprising a matrix material 50, as

25  previously described herein. Optionally, the powder mixture may further include
additives commonly used when pressing powder mixtures such as, for example,
binders for providing lubrication during pressing and for providing structural strength
to the pressed powder component, plasticizers for making the binder more pliable, and
lubricants or compaction aids for reducing inter-particle friction. Furthermore, the

30  powder mixture may be milled, which may result in the hard particles 52 being at least

partially coated with the matrix material 50 and nanoparticles 54.



After the hard particles 50 and nanoparticles 54 have been infiltrated with
the nolten matrix material 52, the nolten matrix material 52 may be all owed
to cool awo2enli4826y, formng a solid matrix material 5PC®USREI/054960
particle-matrix conposite material 15. 151 n some enbodi nents, the bit body
12 may be forned using so-called parti C|? conpaction and sintering

techni ques such as, for exanple, those di dclosed in Application Serial No.
11/ 271, 153, filed November 10, 2005, now U.S. Patent 7,802,495, issued

Sept enber 28, 2010Tth€hHlAﬁWI€IWhemﬁeSS?§Heﬂ: axiglly withprpmaer dig, ped
Novenber 10, 2 7 0, each
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density. The Podgewrses st lopgiuding baess, Cé}tt}ﬂgLﬁleélei“f POKESHAF-dPAMR i cl es 52, a
plurality cof rdi I i g a
i x macer i ACRRE ngiE SBliinRRR foBlelh B blely (uRA BN SRad AR 2
powder m Xt urige Iﬁmwallfymmt&ed tol fbﬁhu(ﬂﬁ)vadbit b(bdyeSnd:thﬁhmmwoluXﬁgimdyém pressi ng
powder m xtures such as, for exanple, binders for providing |ubrjcati
during pressimgchamd o QFheﬁ’i”éW}&P?fbtosf?%e?fiﬁré’floréts‘ﬂ ﬁ%tﬂre'? 8“?%8 S’Eilfeélélgg%? powder

conmponent, pl@z%%vh%tzo%ﬁ tJé)&es{T@é(ﬁHzﬂ dtheybi nder nore pliable, and |ubricants
or conpaction ai for” reduci ng |nter-garti cle friction. Furthernore, the
30 povvder m xt ur e Tiysiiterimg pme@sesudmyahcln@cme&uionalis'mt¢rhg iharvdoyarticl es 52

bei ng at | eas artjally coated wt mat er
nanopart i 9 esﬁ@% d‘e §afeung in a Vacg efmi1 %@Uaecoﬂﬁ?l ‘883819&5?8%%}10( e.g.,
axially w thi ﬁe%lrr{;l})érgce% afll ﬁnteﬁﬁ% %419@&1%@]%‘ Blldwed b%ﬂ§(§s?éti‘c§)@éshﬁﬂg‘é€ thin a nold

or container) to forma green b he green bit body may be machi ned
or otherw se @h@pedlr@&:neﬁﬂnﬁ Smmaﬁmw (eféenbefgted to 4| ginterébbrses,

internal |ong i na ore cutting elene kets, etc of,

sei ntertng. DErSSHASSBE ST RERESoorE rElR e PSR o snieRhbTnstfer

machi ni ng) neyokie, tﬁéﬁlhieﬁh%ﬁro%bd@éﬁﬁ%dbé @nti@dtéd at t@mﬂiﬁrﬁmﬂ:s bidxirbaeo blﬂnd the
brown bit body may be nachined or otherw se shaped to form one or, npre such

features i opelew th}ﬁ liguidus fige phibe phasgdiagram s dye iy mpgsiak diprexaapledbaisity.
The sinteri ngsﬂtre&?g ér%géss&%és&ﬂ)%h Hgl%l Cr? l?éﬂ'éo'ngx?&%q 1§sl1wr%[ daer% dner 'opd@fef/eﬁf; uum

10f ur nace, the si vacuum nace y a conventional hot
isostatic methods known to one of ordinary skill in the art, such as the Rapid Omnidirectional

Compaction (ROC) process, the CERACON® process, hot isostatic pressing (HIP), or
adaptations of such processes.

20 When the bit body 12 is formed by particle compaction and sintering
techniques, the bit body 12 may not include a metal blank 16 and may be secured to the
shank 20 by, for example, one or more of brazing, welding, and mechanical
interlocking.

The particle-matrix composite material 15 (FIG. 1) of the present disclosure

25  may also be used to form a hardfacing material (not shown) for use on an earth-boring
tool. Hardfacing materials may be added on bit bodies and roller cones wherever
increased wear resistance is desired. For example, in one embodiment, the
particle-matn'x composite material 15 may comprise a hardfacing material comprising
a cemented carbide material. For example, the hard particles 50 may comprise

30 tungsten carbide, and the matrix material 52 comprises cobalt having a plurality of

nanoparticles 54 dispersed therein.



pressing process, and sintering imediately followed by isostatic pressing
at tenperatures near the sintering tenperature (often referred to as

"si nt er - AvD"2p12/(H826her nore, the sintering processes mayPCmalSeaa/os4960 i qui dus
phase sintering. In other words, the sintering processes nmay be conducted
at tenperatures proximte to but 15bel ow the |iquidus |line of the phase
diagram for the matrix material. For exanple, the sintering processes
descri bed herein may be conducted using a nunber of different nethods known
to one of ordi nar ylhskiarticle-matrbrecomppsitesaipriald S (. Rhpiay aleprhe Biedde farenal
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the hard particles may conprise 30tungsten carbide, and the matrix
mat eri al 52 carepcliazesibbobaling Baodkngpr Drpl Bitadrid il Bith laebpiugtSapleewhish

di spersed therein.. - 14 - article-matri.x.c I rial 15
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tools and conpaREBtRLdR I USHINGirs, B BioMsselnBlibsacli@ing Bemiaamatiedyli ts, hot
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for roller coReatki Methodalided Apais26f 30105 perslingy i edldions tha nafiflselbent s such
as polycrystalline, d
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1
iX CO e eria as Known i n the

art. For exanplgegnafed bRand desbribetad ddt] BANBOBtER Nvabeni abe6, thtithey be i ncl uded
i n rubbing bl ocks and bearing bl ocks as described in detail in U S. Patent

No. 7, 814L5097Reisftqer btrshistlaptasanige Abriasdary iy LiloRissneladinpdere. VBt and
B BB S, LS U 528 PRI B ot o
Impregnated Cutting Structures for Drill Bits, which issued June 1, 2004.

In further embodiments, the nanoparticles 54 may also be used to form a

polycrystalline diamond table 35 such as in the polycrystalline diamond compact

20  (PDC) cutters 34 of the drill bit 10 of FIG. 2. FIG. 3 is an enlarged view illustrating
how a microstructure of the diamond table 35 of the PDC cutters 34 may appear under
magnification. As shown in FIG. 3, the diamond table 35 includes diamond crystals 56
that are bonded together by inter-granular diamond-to-diamond bonds. A catalyst
material 58 used to catalyze the formation of the inter-granular diamond-to-diamond

25  bonds is disposed in interstitial regions or spaces between the diamond crystals 56.
The catalyst material 58 includes a plurality of nanoparticles 54, as previously
described herein, dispersed therethrough. The nanoparticles 54 may comprise, for
example, less than about ten percent (10%) by volume of the catalyst material 58. The
catalyst material 58 may comprise any material that is capable of substantially

30  catalyzing the formation of inter-granular bonds between grains of hard material during
a high-temperature/high-pressure ( HTHP) process, as known to those of ordinary skill

in the art. For example, catalyst materials for diamond include cobalt, iron, nickel,



Bearing Blocks for Drill Bits, Drill Bit Assenblies Including Bearing

Bl ocks and Rel ated Methods, filed April 26, 2010, pending. In addition, the
parti cl e-watznixv4s@@aposite material 15 nay be included i rCrrgse@gatoed bits
and segnments for such inpregnated bits as described in detail in U S
Patent No. 6,241,036, entitled 15 Reinforced Abrasive-Inpregnated Cutting
El emrents, Drill Bits Including Sane, Wm’&%'i ssued June 5, 2001, and U. S
Pat ent No. 6,742,611 entitled Lam nated and Conposite |npregnated Cutting
Structures forthayeiament;fram GpinchlliAsefitbel parindéc tablepbthe elamentsypndrdloys

enbodi nent s, ' 4 . f. .

pol ycrystal l ithggﬁgﬁgﬁ%&%dﬁbgﬁgg%o C IC%%?HB rlfg§§g?t§/(gtro>}§#’gqvlgiaﬁigm{ﬁdamnd

conpact 20( PDRXbhracttibtey o tiidcabdlyst hateginl 39. Thiohe d@bodimkht(ihe 2andplafficles niay an
enlarged view illustrating how a mcrostructure of the dianond table 35 of

the PDC cut t ef0§psige figinon seaied Wi a Fatahye matertaktfios gxample. diRgRopatigese4 3, t he
di anond t apl i / i . et her by
inter-gr a%ul ZIP%gklléellﬁanl - '(t? ?)\ieg})g%lﬁg Oﬁgﬁ st.gIl %ag‘g?tnt atfb?g% %ﬁgte %ﬁ?gﬁgg}gﬁgsed to
cat al yze t he drgstatmbé,an tiefnahbyeartiaised-myayalrelp strendthamtirdatatysdnatenal $82&tbaids i s

di sposed in interstitial regions or spaces between the dianon rystal s 56.
The catal yst HapRFidFs %smf% qln&b@e%ﬁnbﬁﬁﬁrﬁaf@w@ﬁe Hﬁ%gamar@%% ‘glﬁl}[’gas
previously degafidPsbrRhe! M addiiSRAEALe bPRE Gl Q4 faddBe\GRPar ti cl es 54
may conprise, for exanple, |ess than about ten percent (10% by vol unme of

t he catal yst mmavpariices 58 a lobher comdeatrstsn afthesqatadyst Hi8tentals Sooaplrd wsed &nfprm

material that_.is. ca I staptially 30 .cat Zi the formation of
inter-gr adul dfe a‘&mggg@&\giﬁé@%% y’(ﬁe ?%‘PB“H@F%% %‘Fy glg? Wge%&easm 0

hi gh-t enper atg5@/thé etalpt ssdHae5€ old bl dARGRISEble 35, ik@wad.t o t hose of
ordinary skill in the art. For exanple, catalyst materials for dianond

i ncl ude cobal t, i rgnincipereéing nanopasicles ithdie peitistemesixiphain cGeaupOsiE] | A of
the periodic r%atgr'i%gﬂebéeo%gp&%féeeg% g;[ri?ls m%”xp%e"%‘Ado?é’dstate%ﬁggfdgﬁéﬁ%h{f}g@?@%ﬁ%ﬁ of the

nanoparticl es C 0 I'nprove a desi arac I'c of the

cat al yst nat eFdrakarafle, the c@fiposahReinabnty ettt AtingRevddibatdsssn@yarconpri se

di anond coated with a catalyst material. For exanple, the nangparticles 54
5 may hellp t oreFipiaResv@Osion msisfapee, SRCturpdesisitnsge. Hicasi Wrldpepg<upditidBmasthe

di anond cryst 6 - [We ] r t he

cat al yst ot eeap ey PR RRcc Ry P SHEFRELATD,

degr adat i on oifngrénenientseWhije antwahinp cnloksbadmd bp gnylpartiCularghapg rias balesed | n

addi ti on, because of the ;.erﬁcreased. Isurface area of the nanopartjcles 54, a
| ower concent 3t PHREEICE AEE JRaPgLic eﬁﬁtaé!rs?%{Ft(S%e%%ra’é‘jmﬂg %t &% or m 10t he

di anond t abl egi3gcatDdinithO8@hpokite HAgriRANOparticles 54 may al so make it
easier to leach the catalyst material 58 out of the dianond table 35, if
desired. 20 While the present disclosure is described herein in relation to embodiments of
concentric earth-boring rotary drill bits that include fixed-cutters and to embodiments
of methods for forming such drill bits and cutters, the present disclosure also
encompasses other types of earth-boring tools such as, for example, core bits, eccentric
bits, bicenter bits, reamers, mills, roller cone bits and hybrid bits employing both fixed
25  and movable cutting structures, as well as methods for forming such tools. Thus, as
employed herein, the term “bit body” includes and encompasses bodies of all of the
foregoing structures, as well as components and subcomponents of such structures.
While the present disclosure has been described herein with respect to certain
embodiments, those of ordinary skill in the art will recognize and appreciate that it is
30  not so limited. Rather, many additions, deletions and modifications to the

embodiments described and illustrated herein may be made without departing from the

scope of the invention as hereinafter claimed, including legal equivalents. In addition,



By incorporating nanoparticles into the particle-matrix phase of conposite
materials, the conposite materials may be tailored to exhibit a desired
char act erwetnr/048@@s exanpl e, the composite material mayPexhiskii/ossveé npr oved
hardness, wear 15resistance, erosion resistance, fracture resistance,
strength, yield point, ductility, inpact gtrength, abrasivity, inproved
magneti c susceptibility, anmongst other défirabl e i nprovenents. Wil e not

wi shing to be bound by any particular theory, it is believed that the
presence of tfetureafiopnomne asmhodimeny meg by sombingd with geagiras of apelipcrRmbadineid

di sl ocations [in,the.co i te materi.al. Wi - : i reis
descri bed her‘t’%‘%ﬁ}]e Sltlﬁl breéq%‘ge?)?%rﬁg%saedeﬁ%%glkhﬁes %&pse dgl ft ﬁec%ﬂ%gﬁ{l I’SIE g&téear 1%8{)@? ?lr? g
rotary drill favésorkhBlrthenaheid@edtioneds Gility & Srilabits 4nd cordimd hawng sartfus met hods
for formng such drill bits and cutters, the present disclosure also
enconpasses ofiFeient Bibrrefiles, as grallis pareusgiffaentsudeidyreas, for exanple, core
bits, eccentric bits, bicenter bits, reaners, mlls, roller cone bits and
hybrid bit's enploying both fixed 25 and novabl e cutting structures, as well
as nethods for formng such tools. Thus, as enployed herein, the term"bit
body" includes and enconpasses bodies of all of the foregoing structures,
as well as conponents and subconponents of such structures. Wil e the
present disclosure has been described herein with respect to certain

enbodi nents, those of ordinary skill in the art will recognize and
appreciate that it is 30not so limted. Rather, many additions, deletions
and nodifications to the enbodi nents described and illustrated herein may
be nmade without departing fromthe scope of the invention as hereinafter
clainmed, including |legal equivalents. In addition, - 16 - features from
one enbodi nent may be conbined with features of another enbodi ment while
still being enconpassed within the scope of the invention as contenpl at ed
by the inventors. Further, the invention has utility in drill bits and core
bits having various different bit profiles, as well as various different
cutter types. WD 2012/ 048025PCT/ US2011/ 054960 - 17 - CLAIMS What is
clainmed is: 51. A conposite material conpri sing:



a matrix material; hard particles dispersed within the matrix material; and
nanoparticles dispersed within the matrix nmaterial between and conprising a
di f f er entwoebEvG48025t han a material of the hard particl epCTAB2011/054962. The
conposite material of claim1l1, wherein the nanoparticles conprise a harder
material than the matrix material. é. The conposite material of claim
1, wherein the nanoparticles exhibit at “18reast oneof a hi gher strength,
yield point, ductility, inpact strength, or abrasivity than the matrix

material . 4. The conposite mater C&AIMS claim 1, wherein the
nanoparticles conprise at | east one of vanadi um carbi de and titani um

di boride. 20 5. The conposite material of claiml1l, wherein the
nanoparti cl eswtanptiaigedascoat i ng t hereon. 6. The conposite materi al

of claimb5, wherein the coating is fornulated to 25increase the wettability
of the nanoparticles by the matrix material. 7. The conposite
material of claim§p, whgrej . I o rises at |east one of tin

oxi de (Sngb) tunggten;gﬁﬁc e g%g% t%@ggﬁu - - 18 - 9. A cutting
el ement for usmaoixmater@dyth-boring drill bit, the cutting el ement

conpri si ng: mber including a segnent-retaining portion and a drill bit
att achnent pg@$$BWUQF§%%m%ﬁﬁéggﬁngmg?ﬁ$¥nﬁFT$L§W£
nanoparticles dispersed within the matrix material between and comprising a different
material than a material of the hard particles.
10

2. The composite material of claim 1, wherein the nanoparticles comprise

a harder material than the matrix material.

3. The composite material of claim 1, wherein the nanoparticles exhibit at
15  least one of a higher strength, yield point, ductility, impact strength, or abrasivity than

the matrix material.

4. The composite material of claim 1, wherein the nanoparticles comprise
at least one of vanadium carbide and titanium diboride.
20
5. The composite material of claim 1, wherein the nanoparticles comprise

a coating thereon.

6. The composite material of claim 5, wherein the coating is formulated to

25  increase the wettability of the nanoparticles by the matrix material.

7. The composite material of claim 6, wherein the coating comprises at

least one of tin oxide (SnO,), tungsten, nickel, and titanium.

30 8. The composite material of claim 1, comprising a hard facing material.



a segnent secured to the segnent-retaining portion of the nenber and
conprising a plurality of hard particles and a plurality of nanoparticles
di sper sedwai2otyoas@smat ri x materi al . 10. An eart hPboniseg 10680k f or
drilling subterranean formations, the 1lOearth-boring tool conprising: a bit
body i ncluding a crown regi on conpri si ngrlrg particle-matri x conposite
material, the particle-matrix conposite niterial conprising hard particles
and nanoparticles dispersed within a matrix material, wherein the
nanoparticles conptise A cHitingelement ivavseranan cerbrhpipedHbpil Gegiing es: and
15at | east onegerﬁg&ttcgr@lg .Ssnté%uc_ture di sposed on the bit body. 11 A
pol ycrystal | i he ¢conpa t tting elenment for use in an earth-boring tool,
the cutting el membéri6eoging ssegnant-teghiap poftiopahy e dyl bitlatthohencrapetiomal
conprising nanoparticles in interstjtial spaces between inter-bonded
crystals in the redjieghblrtoackdibyiemydkt al |ine material, wherein the

nanoparti gl es, %e%ﬁ%é\i s%&%r e&%g%ﬁenﬂ%&ﬁﬂih?hoﬂion of the miembef afiddiRfisil of ONNi ng

a conposite na conprisrng: nelting a matrix material to
forma nolten nat rplyraiigtefhiaal particles anddgiurglitp afinp@apiriicleedispavsedhvattamb t en
matrix material to forma nolten matrix material 25m xture; infiltrating
hard particles comPPF&iPacldi fferent material than the nanoparticles with
the nolten matrix material mxture; and cooling the nolten matrix materi al
m xture to fonn a conposite material conprising the matrix material, the
hard particl es andlhanopaetitcbamng tnoltfhediitng subtamanesn; fatmB0Ons tlke sper sed

bet ween rd particles. . - 19 .- 13. A nethod of form ng an earth-boring
t ool , thg%ney%'@gﬁﬁmoéf?fﬁﬁ’m&%yi ding hard particles and nanoparticles
within a cavifyBbdyBndMiidg a\ | rﬁﬂegiohfa@mpﬁﬁﬁg)agémgbeﬁatﬁfamﬁp&ﬁe sathiribf er ent

material fromthe hard particles, the cavity having a shape corresponding
to at |east a portihepanitleansiix corgsitemaggriabeqnprisi dpprtided andor drilling

subterranean formations;. jinfiltrati. t he, har riicl.
nanoparticles wit hnaélomlflg%glﬁ%etrsrelgf I%a aemagix?rnga{ﬁxgﬂt%%ﬁ%lﬁzhetq%goé%ﬁ?lgsn mat ri x
material to form acs@irise ametdrint nivbdriail fram tbelidro padicleg ahie hard particles and

the nanoparticles. 1014. A nethod of form ng a conponent of an earth-boring
t ool , t hel3ret#depst one cutting structure disposed on the bit body.

11. A polycrystalline compact cutting element for use in an earth-boring
tool, the cutting element comprising a region of polycrystalline material comprising
nanoparticles in interstitial spaces between inter-bonded crystals in the region of

20  polycrystalline material, wherein the nanoparticles comprise a catalyst material.

12. A method of forming a composite material, the method comprising:

melting a matrix material to form a molten matrix material;

adding nanoparticles to the molten matrix material to form a molten matrix material

25 mixture;

infiltrating hard particles comprising a different material than the nanoparticles with the
molten matrix material mixture; and

cooling the molten matrix material mixture to form a composite material comprising
the matrix material, the hard particles and nanoparticles in the matrix material

30 interspersed between hard particles.



conprising: mxing hard particles, nanoparticles conprising a materi al
different froma material of the hard particles, and particles conprising a
nmetal matwoxormensal to forma powder mixture; 15 presscmgiseéna/oposnier
mxture to forma green body; and sintering the green body to a desired
final density. 15. A nmet hod of for1 I ng a polycrystalline conpact
cutting elenent for an earth-boring tool,””the method conpri sing:
20sintering a mass of hard particles interspersed with nanoparticles
conprising a catal &t nAmesthad of dprang i epathgrosiog ted, theyingthod sprparisegir e
condi ti ons. 16, The -net ?od of .claim.15 ner el ' | a mass of
hard parti cl e%roglgﬁﬁ&ﬁagde%méﬁlﬁstaél inﬁ%OpgﬂH%ess g lglfn %Fa\ly& ﬁgag“é’?‘ﬁ’ {&%:q%ééér?&%
nanoparticles comprise a different material from the hard particles, the cavity
having a shape corresponding to at least a portion of a bit body of an
5 earth-boring tool for drilling subterranean formations;
infiltrating the hard particles and the nanoparticles with a molten matrix material; and
cooling the molten matrix material to form a solid matrix material surrounding the hard

particles and the nanoparticles.

10 14. A method of forming a component of an earth-boring tool, the method
comprising;:
mixing hard particles, nanoparticles comprising a material different from a material
of the hard particles, and particles comprising a metal matrix material to
form a powder mixture;
15  pressing the powder mixture to form a green body; and

sintering the green body to a desired final density.

15. A method of forming a polycrystalline compact cutting element for an
earth-boring tool, the method comprising:
20  sintering a mass of hard particles interspersed with nanoparticles comprising a catalyst

material under high pressure, high temperature conditions.

16.  The method of claim 15, wherein sintering a mass of hard particles
comprises sintering a mass of diamond particles.

25



