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TECHNICAL FIELD
The invention generally relates to particle-matrix composite drill bits and other
tools that may be used in drilling subterranean formations, and to abrasive, wear-resistant
hardfacing materials that may be used on surfaces of such particie-matrix composite drill
20  bits and tools. The invention also relates to methods for applying abrasive, wear-resistant
hardfacing to surfaces of particle-matrix composite drill bits and tools.
BACKGROUND
A conventional fixed-cutter, or “drag,” rotary drill bit for drilling subterranean
formations includes a bit body having a face region thereon carrying cutting elements for
25  cufting into an earth formation. The bit body may be secured to a hardened steel shank
having a threaded pin connection, such as an API threaded pin, for attaching the drill bit to
a drill string that includes tubular pipe segments coupled end-to-end between the drill bit
and other drilling equipment. Equipment such as a rotary table or top drive may be used
for rotating the tubular pipe and drill bit. Aitemative]y, the shank may be coupled to the
30  dnve shaft of a down hole motor to rotate the drill bit independently of, or in conjunction
with, a rotary table or top drive.
Typically, the bit body of a dnill bit is formed from steel or a combination of a
steel blank embedded in a particle-matrix composite material that includes hard particulate

material, such as tungsten carbide, infiltrated with a molten binder material such as a
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drilling operations. Cutting elements 22 (typically polycrystalline diamond compact

(PDC) cutting elements) generally are bonded to the face 20 of the bit body 12 by methods

such as brazing, adhesive bonding, or mechanical affixation.
A drill bit 10 may be used numerous times to perform successive drilling
30  operations during which the surfaces of the bit body 12 and cutting elements 22 may be
subjected to extreme forces and stresses as the cutting elements 22 of the drill bit 10 shear
away the underlying earth formation. These extreme forces and stresses cause the cutting

elements 22 and the surfaces of the bit body 12 to wear. Eventually, the surfaces of the bit
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25 bit 10 for conmunicating drilling fluid to a face 20 of the drill
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bit 10 and of Cutting elenents . During
24 due to wear. Sohds-laden dnllmg fluids and formahon debris generated during the

drilling process may further erode, abrade and enlarge the small vugs and voids in the
bonding material 24. The entire cutting element 22 may separate from the drill bit body
12 during a drilling operation if enough bonding material 24 is removed. Loss of a cutting
20 element 22 during a drilling operation can lead to rapid wear of other cutting elements and
catastrophic failure of the entire drill bit 10. Therefore, there is also a need in the art for an
effective method for enhancing the wear-resistance of the bonding material to help prevent

the loss of cutting elements during drilling operations.
Ideally, the materials of a rotary drill bit must be extremely hard to withstand
25  abrasion and erosion attendant to drilling earth formations without excessive wear. Due to
the extreme forces and stresses to which drill bits are subjected during drilling operations,
the materials of an ideal drill bit must simultaneously exhibit high fracture toughness. In
practicality, however, ﬁlaterials that exhibit extremely high hardness tend to be relatively
brittle and do not exhibit high fracture toughness, while materials exhibiting high fracture
30  toughness tend to be relatively soﬁ and do not exhibit high hardness. As a result, a
compromise must be made between hardness and fracture toughness when selecting

materials for use in drill bits.



15 vugs, voids and other defects nmay be formed in exposed surfaces of
t he bonding material 24 due to wear. Solids-laden drilling fluids and
f or mat i on VM@B¥BE4Ggther ated during the drilling process PREVYSEUTAHET
erode, abrade and enlarge the small vugs and voids in the bonding
material 24. The laenieffert dasimulaneeysbnmprov2 dothehe bagressednd ffactorn totghness of

mat v al 24 1y Al il opfeté ple AR RS b b BT B B A g et e

drilling opesjdeea t§ attrdnfeadeat.0 TH&P icOmPp@ae oPhar pirEtle GrttdriaRthrebRdBRiesred
and catastrophic fajlure of the entire drill bit 10. Therefore, there

is al so a netds; hargiaeing patedals ad turisallydnclude ghlepss ang phasedthat enbibitgrelapieely
1 S0 ¢ ; et _ f
wear - r esi ft a&%ﬁg&gmﬁsg&ob%@ﬁ'e ﬁg@tﬁ%rekﬁbustr@la&@éii’hlglﬁ Fg&fﬂ%t ds@Ss 0

cutting el ene uring operations. Ide , the“nmaterials
of a rotary dril|FI§. 8 isamsprebmtatzn oEnpojonkienograploofa golishted rackd &bhed surface of

abrasion and erosion atfendant to drilli.ng earth formations w thout .
excessive \/\/e.%lr‘.x’n 3101[1;8 E‘ﬂg%gﬁ%rrgﬁtﬁn?]o?@égg a‘fP&nsF‘Feg%%‘tlatt%WcﬁmHP?sft?
bits are subjmaetigidad Mefitiohed didve| dMObiOBETYAL THRNardfhdiey ABleRAl iAdSdel furfBien
ideal drill bit nust sinultaneously exhibit hi %E fracture toughness.

i (0]

I n practical fafide ptidoetO subgiertially randomlyt disperses fhrowshovteanaap-heseghmatrix of
har dness ¢t en - el at i wel it aaﬁ;ﬂti x]ﬁ?&?i ks I

fracture 1% oug a%gsrgiﬂeé\ﬁi@é Fl:r}get %Pé%géflséa}ebg%l I t(iq%g{tﬁ% g re%@%ﬂ?gﬂ@ohardness,
t oughness t entlil¢ the batrixahateiial b yxislfstrelamdiydognbdches toughiresshi gh

hardness. As a result, a conmprom se_nust, he de between hardness and
fracture toughnes.“%ﬁf&ﬂ Cgrgidﬁéﬂ?%s %Bflﬁﬁdl 183@‘1?%1‘“&}3@3’? WRY FPmpiseLne or
In an ef fortmofe wifMibst aRRBIEA! darkidd RAMRIBO kihtdrdie thRknesshidd aftichE! Uhe
toughness of rotary drill bits, conposite material's have been ap 1ied
to the surfad@gogstalling fungstens carbide partigles y e dingsfen garbide sgviem vigchydes two

These conposj r hel qmc} ry e of ferred .
"har df ac Fﬁg kth%?@heg?s g"a’ﬁ@“ﬁ%i g’a I ygi ﬁ%ﬁd@&ata Ioélg{s}l%] Bl%nga{né a%fte?rpg‘g{es
exhi bi t s r el therebetivgerb hCgh tungstemestsdapaiticdesodehenllpinalede & leatbctexhixhird sf the

relatively hi f re toughness. Fl 3 l.s a representati

of & phot o SogrbBRC PR St netr s dedngple atvel smaler
convent i onal p&acled GWIDhoRBdEd petther @galnila@ik HBRAal! TRbARkId GBAIBAIRYSBedén
conposite material, as nentioned above, of a bit body. The hardfacing

mat eri al i ncPifdas Magigeaenale by vntersd puesten caskideparieless t Sirfered yungsten carbide
R adn ' = pot . o
et o DRSE chPLOURRY by A DR SRRl lay Wl o

mat eri al 46. e tungsten carbi
hi gh har dnes smalighhingstérhearbide partcleseing nisedond Soveden iHat insludesl cabaltdrtycldsi Jhe

fracture toughness.. . Tupgst.en carbi particles 40 used jn,

nar df aci ng nEVRE QU RS BRGSO POL e WHae Sntered a
car bi de part hGBSeratsre et 8¢ rhdlitSteRPeramfdbdfic RaBAI Fdr@des BEm a matrix of
macrocrystal line tungsten carbide particles. The tungsten carbide

syst em i ncl ugdgltimgerab sureynding she fungeten: sarpide aicley ppElesypf yintgred
conti nuoys rap Lartthixt : i .
particles gene § yaﬂlsnri]éél%&5@@&@%@&&@1@@%{%@?@ tiﬁek&ggg%rég (Xg%nmt of
conpounds. SkinglecedtalswhiysE.en carbi de particles include relatively

STl oL e e RO O NSl o b R
tungsten car bidieasphittrefre®ated Sh IFIG! Bdo bUAEdEST L£afilPbAe A welding rod may be
configured as a hollow, cylindrical tube formed from the matrix material of the hardfacing

30  material that is filled with tungsten carbide particles. At least one end of the hollow,

cylindrical tube may be sealed. The sealed end of the tube then may be melted or welded

onto the desired surface on the drill bit. As the tube melts, the tungsten carbide particles

within the hollow, cylindrical tube mix with and are suspended in the molten matrix
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48. In addition, at least some atoms originally contained in the matrix material 46 (iron,

for example) may be found in a peripheral or outer region 41 of the tungsten carbide
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wear-resistant material, which may be characterized as a “hardfacing” material, for
enhancing the wear-resistance of surfaces of the drill bit.

30 In embodiments of the invention, a rotary drill bit includes a bit body substantially
formed of a particle-matrix composite material and having an exterior surface and an
abrasive wear-resistant material disposed on the exterior surface of the bit body being

substantially formed of a particle-matrix composite material.
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30l n enbodi nents of the invention, a rotary drill bit includes a bit

body substantially formed of a particle-matrix conposite material and
havi ng an WR2ems0¢32%5ur f ace and an abrasi ve wear -r esi st ZRT/USR0FPIIATL

di sposed on the exterior surface of the bit body being substantially

fornmed of a parti Meﬁwdmfuriaptplpingrpms&ra@vmtmésatant material to a Matfdeedfa il bit

appl ying an abrasi.ve we |stan mat er i al a syrface of a drill
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i n which: 'S a perspective view of a convenfional rotary
drill bit thatay|h¢dn@rdesaddmtas¢engxned &nwnthe following deseription of sheamvenion vged
onal drill bit showm in FIG

e e NN
conventional abraBl@qg is a perspective view of a conventional rotary drill bit that includes cutting
elements;
FIG. 2 is an enlarged view of a cutting element of the conventional drill bit shown
inFIG. 1;

15 FIG. 3 s a representation of a photomicrograph of a conventional abrasive
wear-resistant material that includes tungsten carbide particles substantially randomly
dispersed throughout a matrix material;

FIG. 4 is an enla:fged view of a conventional tungsten carbide particle shown in
FIG. 3;

20 FIG. 5 is a side view of a fixed-cutter rotary drill bit illustrating generally
longitudinally extending recesses formed in a blade of the drill bit for receiving abrasive
wear-resistant hardfacing material thereon;

FIG. 6 is a partial side view of one blade of the fixed-cutter rotary drill bit shown
in FIG. 5 illustrating the various portions thereof;

25 FIG. 7A is a cross-sectional view of a blade of the fixed-cutter rotary drill bit
illustrated in FIG. 5, taken generally perpendicular to the longitudinal axis of the drill bit,
further illustrating the recesses formed in the blade for receiving abrasive wear-resistant
hardfacing material therein;

FIG. 7B is a cross-sectional view of the blade of the fixed-cutter rotary drill bit

30 illustrated in FIG. 5 similar to that shown in FIG. 7A, and further illustrating abrasive
wear-resistant hardfacing material disposed in the recesses previously provided in the
blade;



wear -resi stant material that includes tungsten carbide particles
substantially randomy dispersed throughout a matrix material; FIG 4
i s an enl &¥QausN428% of a conventional tungsten carbi dePEUSRET/ER1€HOWN
in FIG 3; 20FIG 5 is a side view of a fixed-cutter rotary drill bit
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illustrating the various portions thereof; 7TA1s a '
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ongtui aa ol Rpies, § AEEE AREEHR ol BRERRD el Bulbfine rossseand

formed int hgerﬁrz&%cﬁonfnféraﬁﬁilyieﬂ@n@bg asdeyses \israied rlﬂsa $tadartof hR¢ dfincHinor
material therein, FIG. 7B is a cross-sectional view of the bl ade of
the fixed- cuftEMnssPERsiye weantesigipnt hasgfacipg matsrialtbergini n FIG 5 simil ar
to that shown in F& 10782 GB4- sfeéifohhaflewlsju’dgz{rrt@ttﬁdﬁg sBRIAR MRS, 7A and 7B,
wear -resi stant hardfacing nmaterial disposed in the recesses
previously prlbwiraieg feqessése fdmnedl generally aromndaa Beripbery of dewedraewistdnt insert
anot her fjixed-cu tary drill bit [ n FI.G
O st s PG h A Bt thiaeing ooty vite of Bty SRHR &0 rriiug
in a bl ade ofabiakie déarlrbsdmrit hzfr&faczhgﬁﬁtebihlrt&:r&b’f asive wear-resistant

hardf acing material therein
g FIG. 11 is a perspective view of a cutting element secured to a blade of a rotary

dnll bit, and illustrating recesses formed generally around a periphery of the cutting
element for receiving abrasive wear-resistant hardfacing material therein;

15 FIG. 12 is a cross-sectional view of a portion of the cutting element and blade
shown in FIG. 11, taken generally perpendicular to the longitudinal axis of the cutting
element, further illustrating the recesses formed generally around the periphery of the
cutting element;

FIG. 13 is another cross-sectional view of a portion of the cutting element and

20  blade shown in FIG. 11, taken generally parallel to the longitudinal axis of the cutting
element, further illustrating the recesses formed generally around the periphery of the
cutting element;

FIG. 14 is a perspective view of the cutting element and blade shown in FIG. 11,
further illustrating abrasive wear-resistant hardfacing material disposed in the recesses

25  provided around the periphery of the cutting element;

FIG. 15 is a cross-sectional view of the cutting element and blade like that shown
in FIG. 12, further illustrating the abrasive wear-resistant hardfacing material provided in
the recesses around the periphery of the cutting element;

FIG. 16 is a cross-sectional view of the cutting element and blade like that shown

30 in FIG. 13, further éllustrating the abrasive wear-resistant hardfacing material provided in
the recesses formed around the periphery of the cutting element;

FIG. 17 is a perspective view of a cutting element and blade like that shown in

FIG. 11 and further embodies teachings of the invention;



FIG 9 is a side view of yet another fixed-cutter rotary drill bit,
simlar to those 5 showmnm in FIGS. 5 and 8, illustrating both
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anot her GLoss: ctional.vi ew,of ort n of the cutting el enment and
20 bl ade €ho elﬁ %%a“t'fﬁyraf’g%]ﬁ’ ﬁré? S AMA ¢ ot he

| ongi t udi nal axi SFm. 20 ieanGlatdcd giedl m&mgsteﬁ U&biﬂ@?mﬁ&kb‘%ﬁrﬁh'ﬁ@ Aihe
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and bl ade sh

wear - r esi st an 3%%}’ Réd%r?ga{eerhls’%g cf &s]%g@ee n%ﬁ]gﬁg g%’eu}ségsegu ngsen carbide
provi ded ar omar@lcllehwbﬁteﬂtlaﬂhmnstomfy dudpersmdjtﬂuuug@mhma&m and FIG 15 is

hown 111G 12, PO L e 2 e ERR gReRRT i B et e Bt e o

har df aci ng Mphicicahatif @npdsit mﬁteﬂiah' ﬁlefdﬁf' ; 6RERS ARSIl SMEbLIPGIWRREEIG. 2.
the cutting el enent; IS a cross-sectional view of the

cutting el ement and bl aW@E@éFQR&A%ESWW’E RHEDEVENEION ur t her
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in the recesses formed aroun e peri phe el enen
particular drill bit, cutting element, hardfacing matenal or other feature of a drill bit, but

20  are merely idealized representations which are employed to describe the present invention.
Additionally, like elements and features among the various drawing figures are identified
for convenience with the same or similar reference numerals.

Embodiments of the invention may be used to enhance the wear resistance of
rotary drill bits, particularly rotary drill bits having a particle-matrix composite material

25  composition with an abrasive wear-resistant hardfacing material applied to surface
portions thereof. A rotary drill bit 140 in accordance with an embodiment of the invention
is shown in FIG. 5. The drill bit 140 includes a bit body 112 that has generally radially
projecting and longitudinally extending wings or blades 114, which are separated by junk
slots 116. As shown in FIG. 6, each of the blades 114 may include a cone region 150, a

30  nose region 152, a flank region 154, a shoulder region 156, and a gage region 158 (the
flank region 154 and the shoulder region 156 may be collectively referred to in the art as
either the “flank” or the “shoulder” of the blade). In some embodiments, the blades 114

may not include a cone region 150. Each of these regions includes an outermost surface
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FIG 17 is a perspective view of a cutting el enment and bl ade |ike
that shown in FIG 11 and further enbodi es teachings of the

I nventi on;w02008/042329-1 G 18 is a |l ateral cross-secti onaPCVitgWoge2ziete
cutting el ement shown in FIG 17 taken along section line 18-18

t herein; that Bl @nfig@red 40 angagadhd sibtemaheaprfossatioe ciromdingvd ewll dord hale

cutting elenmgnt shown in FIG 17 ken al on ecton line 19-19 '
Cher el b 51 Enggire, 1hg faneyrady LY §ibe St e e Nbaeei L Bhort eneyred
drill bit il dsiiohdiio SRERE Bl A6 R S aSes £ HFRttbh of 88 SveAMdraRNEand to
regions of blades of the drill bit for receiving abrasive

wear - r esi st aftPPRE i BaioRty ahthersonlledysyqight-on-bit” (WOB)mppliedthrqugh ghe drill
representati f 1. C r . O ' -1@S] toietes
oot al Thatt SRboql Rt FaRsrenact Bpic, 3F MOLATY BIHERG B RURE gy
t ungst en car podkets 12papdn fatesd 28 ubtht hhatiésal 14 orr antthg ok yershisgavayahe underlying
t hroughout a_matrix; FI.G 22 is an. enlarged vjew of ungst e

car bi e par ¢ FETEYE i aoipiag estel Bote T hetlobtaon 356 38T oGmhgured and
phot omi cr ogr apdisoned tPhHEER HRSkAMSIHYE BEwEGSIS balim BAhe kR ivbe: KoM Sldi tid wall
t hat enbodi es teachings of the invention and that includes tungsten

car bi de par t fereet and, st zeae regiony 1 Haiscronfigurer] ansepasisioned: rooenghgruthe dormation
matrix; qu g’é@cg%ﬂtﬁé@ﬁﬁfgﬂwm%ﬁ rghnoggt hod of formng the bit

body having a partic X conposite erial therein, simlar to
the rotary drill Abthesthowationsengasing siffacelVoiDhé SiriduORLARRY tHG14de 1 (HHfide

| NVENTI ON and scrape against the formation during application of WOB and rotation to drill a
formation, the material of the blades 114 at the formation-engaging surfaces thereof has a
tendency to wear away. This wearing away of the material of the blades 114 at the

15  formation-engaging surfaces may lead to loss of cutting elements and/or bit instability
(e.g., bit whirl), which may further lead to catastrophic failure of the drill bit 140.

In an effort to reduce the wearing away of the material of the blades 114 at the
formation-engaging surfaces, various wear-resistant structures and materials have been
placed on and/or in these surfaces of the blades 114. For example, inserts such as bricks,

20  studs, and wear knots formed from an abrasive wear-resistant material, such as, for
example, tungsten carbide, have been inset in formation-engaging surfaces of blades 114.

As shown in FIG. 5, a plurality of wear-resistant inserts 126 (each of which may
comprise, for example, a tungsten carbide brick) may be inset within the blade 114 at the
formation-engaging surface 121 of the blade 114 in the gage region 158 thereof. In

25  additional embodiments, the blades 114 may include wear-resistant structures on or in
formation-engaging surfaces of other regions of the blades 114, including the cone region
150, nose region 152, flank region 154, and shoulder region 156 as described with respect
to FIG. 6. For example, abrasive wear-resistant inserts may be provided on or in the
formation-engaging surfaces of the cone region 150 and/or nose region 152 of the
30  blades 114 rotationally behind one or more cutting elements 118.

Abrasive wear-resistant hardfacing material (i.e., hardfacing material) also may be

applied at selected locations on the formation-engaging surfaces of the blades 114. For

example, a torch for applying an oxygen-acetylene weld (OAW) or an arc welder, for
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The illustrations presented herein are, in sone instances, not actual
views of any particular drill bit, cutting elenent, hardfacing

mat eri al ovoewhes238%ature of a drill bit, but 20 are BWETAB07/021071
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the drill 5 strin
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114 for cuttlsét@io@nmécAam ﬁﬁma;vm&eﬁlh%tﬁmd@ﬁhwm 70 tiePdebARes A2 trhe have a
bottom of the wel]l bore. The shoulder region 156 is and configured

and posi t i onégnardlypiemiriisulan eropsrsgetiqnal B1apGh e Theientior ih aett Wnlirpited; hewever,
wel | bore hoI

configured an %dﬁ&%ﬁ‘é&ﬂ-lb?gﬁ%ﬁ%iﬂé@e &ﬁ% s?%@rragl oné %gg‘ogér1 %@%s?! %’r?p% gt is
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surfaces qf the vagfious re n t he des 114 sl i

agai nst tzlale forrraﬁl%n aaﬁerﬂ‘ i zlptﬁl ESET6h %f T EEMEA 97 P GQ’(‘F%WOPI(?G e
a formation, blddes NMetradyi @bermfonttmabﬁﬂmnﬂﬂlﬁclamebtaeesflqnmiaw ¥6n ﬁﬁlﬁa@l g
surfaces t her eof has a_tendency wear away.. This wearing away of

the material SMRlRd! e bipdes 1111‘400511)%%@“@5&(1 P@TP%PF OheTRREE- watrwpmae%@

may |ead to |n9§e§1a9fas Q%Eﬁﬁéa%eﬁkxﬁ%%c%sﬁgwmaﬂéfohﬂ&ﬁﬁkﬂ‘lé Blﬁdés?iatiﬂsmg, for
bit whirl), which nmay further lead to catastrophic failure of the
drill bit 14@xample, aqonvmormi frolling machiecerasher h@vvma:rnalrrgacamg tofl (inckuding
mat eri al Qf the .114 a on-en

vari ous vxgar =T edsﬁes} "“P% tooﬁsl.)xr IE)Em ?Bﬁ] &P gﬁ% %’kf)eeperw1 dZ%‘e%e Blgdes
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as bricks, which the recesses 142 are formed in the blades 114 of the bit body 112 of the drill bit
140, however, and any method that can be used to form the recesses 142 in a particular

drill bit 140 may be used to provide drill bits that embody teachings of the invention.
30 As shown in FIG. 7B, abrasive wear-resistant hardfacing material 160 may be

provided in the recesses 142. In some embodiments, the exposed exterior surfaces of the
abrasive wear-resistant hardfacing material 160 provided in the recesses 142 may be

substantially coextensive with the adjacent exposed exterior surface of the blade 114. In
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20 studs, and wear knots fornmed from an abrasi ve wear-resistant
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i ntersection t ween or mat i on- engagi ng surface 1 e
rotational | y fermatidn hfgn§ dmﬂealc eltetBoraf byt trafiplragethe tipbsedOmaeranr sonfaces of the

th 42 t the blade 114 adjacent
oy oot ab et at BhORRL RaRh i e ' BUHBGED oblR G TBbR:
a bl ade 114 sheetér supfabdsGof et ikds 1akoReosar bhem fhinfigg O ?eﬁeﬁéwm these

therein. As shown in FIG 7A, the recesses 142 rrgqu have aolgenera |y
semi ci rcul ar 1oFgsed loealizedorieesses gy de Teruced retintiemied, avhishrmayolepd chieé’&ased

however, and&&&@%&&%M&m&rmm{m recesses 142 may have a

cross- sect i onal shape that 1s generally triangular, generally
rectangul ar (e.g. It isersagrajed inothenymbediments hfhe. in@eTore hadfacimg taterieh imaly

the rec ES3es oi!iﬁ]'(%'xaﬁ{/ fe gp%iig@ %re%{ly %ttﬂg fa‘c’:\'é: P50 R I:i)igl?oc(jiyi 112 Ewti]tﬁout creating recesses

142 while still enhancing the wear-resistance of the surfaces of the bit body.

FIG. 8 illustrates another rotary drill bit 170 according to an embodiment of the
invention. The drill bit 170 is generally similar to the drill bit 140 previously described
with reference to FIG. 5, and includes a plurality of blades 114 separated by junk

30  slots 116, A plurality of wear-resistant inserts 126 are inset within the formation-engaging
surface 121 of each blade 114 in the gage region 158 of the bit body 112. The drill bit 170
further includes a plurality of recesses 172 formed adjacent the region of each blade 114

comprising the plurality of wear-resistant inserts 126. The recesses 172 may be generally
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bl ades 114 may depend on the material fromwhich the blades 114 have
been fornmed. For exanple, if the blades 114 conprise cenented carbi de
or ot her puotesioezsmatri x conposite material, as descri peausalonoziotihe
recesses 142 nay be fornmed in the blades 114 using, for exanple, a

convent i onal similat fondje raeesatsni2 revidulBTdesw@ibed hirkiariatelaioa hd BIGR) 5t 6014, and
(including 2 hand- hel d machi ni ng, t ool s). tionally, the recesses

142 may be p?ﬁvi 3@6 TF‘??SSFFIeWgI‘H@l@g t&aﬁ%i?%? flbs Bt hBWCSH NRdpeagely
114. The i nvepbitrehthil) Afovhd M & By 11018 JBRBSN deletl) fRalld® HEQRERBH
142 are for meg epmally Arophd fie dih Y1700 26 boc‘i‘yéﬁ%\ﬂ% el fERREYS:
140, however of mtatiomnftherdtilhbiti 1 Thdiring dnillibg. used to formthe recesses

142 in a particul rdll bit 14 A d t rovide dri.ll .bits

t hat enbogy teach%glgl‘fSh?tﬁ%y‘;itﬁ@ %ﬁﬁngﬁégéﬁﬂe qu@m\{qaﬂnpgsafm?gpvennon.
abrasi ve wearrhe §sédsdudBr rothdy GHIPBit NZD WREk4IB sirdif? taBY dHE bRN 9V hidedle Bl bit
the recesses 142. | n sone enbodi nents, the exposed exterior surfaces

of the abr asilV® af@acludesy pluety ofdiagen d 4 gpnketols | 141 andeweasresistagusary 126
t he recesses; : g bs i i : i t

exposed ext e oo pomfint ikl qii£OTHI AU Badt 1) h e gk AgRALse
abr asi ve weatheraefi Sthartrillhbit df@chavgvemntimhidas bathOzenerglhn ingitudigadiy textending

significagntly fro surface .of .t.he, bl ades 114..1n. thi . .
conti gur ab1 ofeceRb i BisS HesRof o enilSis i eebiie St Cemially catraging
114 after filkdceigs 11 lik€ €SS DT tHed drilMtlith]10N€ e i @ SbiVIRruYMEBH, - £aCR iphlr@RY of
hardf aci ng material 160 may be substantially simlar to the

t opogr aphy ofvesr-iesjgtantinsefts ¢26 may ba sebsntigllydepphaly sparaunsied by recssses 142,
formng the g e t t qt.f: HTCIN Y doTe)

surfaces of tlﬁ%qg r%g?@%dmggt?-%g%sl}(}gt gﬁ%ﬁ%ﬁ%‘é@ﬂ%&ﬁt erl afqg%o(ﬂr%is)
be subst ant i gedepallyewelto the ekpassh extarioh surffeee sofr thacdadet tlHe Blyasibstidtally
adj acent the wear-resjstant hardfaci ng materi 1 in a.directiaqn
Gener al | S pesHERHEE S PRIPTERACT BT REBE o Hae Bladd LA sinBigng- Sore i of
wear - r esi st apfeai@tisthaGhags Mas,eléating 10y oBYheSmBSEANSIRE bMddRi Nhdhdeh e
the 10 original topography of the exterior surfaces of the bl ades

114, the for &bualibppl Veas-resestang inserss E26i oy kauieiuged o1 giminpled, pyhidhemay prevent
may be nore i i { ] 4. in a manner

i nt ended by ﬁég %e%ggéfégﬁﬁfg?aﬁgégﬁE%%&Sq\%\ﬁ%ﬁﬁgégl gls ve

wear - r esi st ant haindthacmbgdimenteshowh il 0G.(#, dhearegisnd ofcthe bladeseltawimprising a
surfaces of the.blades 114 s th ormat| o ngages .t hese

oo ect i s Siorat 8Fas bupthet S0 e TSP R AR L S Fondigtpy rpspsses
i ncreased | oqald,i Zedh&tmasbe slenwitd ebekiop vwiat-Rbistabterdthasiematkdd 160 (Fite
areas proxi mate the projections of abrasive wear-resistant hardfacing

materi al 160./BFn& 35Nt FRbodimenie s Grapere Yearerigay ipssayoky s Rib saypg
be general |y ;bs: i t he: di i j i .
oxt ond 1 rom ¢ R ARRlly, AR ayfy PR Ao Sreba [l PEld Mfasive
t he for mati onvebeieristanthipidifasihg riterabf ore, by configuring the exposed

exterior .surfaces he 20 abrasive wear-tesi.stant har df.aci )
mat o a1 360 to shRrlit SordRelEh RNt a bR AT BinaltRE TR Pl rubogies
the bl ades 1ldchiggauret im@tion. OTHE s bétBiofi ORASE Simlldrko R RSe-sboliehil @Red
| ocal i zed stresses maésbe reduced or elimnated, which nay lead to

decr eased wedPOVhdn ifAEP e 44 selhfi bladg 1id shewe Ha HE 110, l?P%l"e"l%OincluE‘eﬁ 8

recogni zed i i 4 e i i !
ray 95 opt i ouariey a A TR A HdiialY Sbd e Dohanl daffiiatd 8
body 112 wi t hesgsset d & thiahgrer fdled swidls atrasivenwpdrgessstant hawdfiemgohaterial HE0. The
wear -resigta f . . i A 4F|

T Ust r atls Aol 7 Beg B SaRRRAl dRfugo me 8wty ssoil S 1417
of the inventFlds. 5,Thamdd) ahd mby be All& wish geasbreatdayresistand lardficing heterh it 66.
bit 140 previ ou%y described with reference to_FIG .5, and i&clu es,. a
plurality of Ilbl o £On raé@ﬁarﬂ}ﬁ @&pw j%?{lor surfaces of the nsert 126, abrasive

wear-resistant hardfacing material 160, and regions of the blade 114 adjacent the abrasive
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30 slots 116. A plurality of wear-resistant inserts 126 are inset
within the formation-engagi ng surface 121 of each blade 114 in the
gage regi w0 1®80eB294 he bit body 112. The drill bit 170PCUUSHE7/021071
includes a plurality of recesses 172 forned adjacent the region of
each bl ade 13jAdarGedRirt hbidehcingenddrial 840 ddy B gen@ally ERRiehdivind PRy oSeduce
126. The recesses 172 may be generally simlar to the recesses 142
previ ously dé%@#*ﬂw H@rﬂélfﬁ BiFESP eogednBatiano cws@ bys anys abmaive gyyearTesistant

Th '
general 1y oi PRAGelE odlid 160 LRAEAAE Bl i dt s QOBRATIon K € Wmprion

general | y pabeihg éiilldgdo t he direction of rotation of the drill bit 170
during drilling Fl 9 illu trates et anot her ill bit 180
enbodi es 1t eachi ng]g itjopal ¢y H’P‘?“Bsn rec%‘ﬁ‘és Fx a-p(‘,?}f“iegrar?‘ﬁ’fia 08§ ?rf‘ents

bit 180 is gepgnali yp@spaﬁ@rwé\@ome cttihg bledbrde 11&4&‘:@«@9 withi dckét 1@2 bna
nd

170, and incl udes afp urality of blades 114, junk slots 11 a

wear - r esi st ablad¢ hidepfragdriibigt ﬁﬂﬁét'tftto wiahiof thet mieviguslyrdesqribed éﬂ’éh@ﬁ ndys shown in
f 121 |
surtace 8JchecﬁcﬁG§ f‘fjl?sﬁ (];“F"ﬁééggg 1% e}?]a?ratﬂaefokﬁ%\ ﬁ)rpl‘.l%ﬁng?c% rzletﬂ{at] s-m?tannally

drill bit 180, however genera i na
ext endi ng 10peripheraliy srobd theickiting tlementd18.t Aestdvinlih FINS 1248), tbmxécesses 190

generally circunferentially, extendi recesses 172 t hgse of,  the
QP TTT bt o § b vt B o sedion s Stap At S5 Generaly GGt thouh, in 2dditional

wear - r esi st aghbbdimefhtt, $helrBestBY 90 &ha§ Bave ﬁﬂtdﬂﬁ% kiapR eThOARER éléinent 118 may
surrounded bg recesses 142, 172 that are'filled with abrasive
€

wear - resi st a Smredfva&urn@emad@t 123 usirgpa bend@mg mBymt“l]é%sla:hlay, fapexampldien
exposed exte Aace bst.ant i

urroundi ng. HESES pfs S/ 08 B AEERld e BB RN R it gt
a plurality dfecmgeremnsltlammehﬁeﬂm 126, wearing away of the
material of the b e 114 adjacent, the pluraljt f wear-resista
inserts 126 may béﬂ:&c}éé@dmﬁrs fanfipitya sagiar Wn#h?yr}gﬂg’pfeéml’e}'o@%r}%her
one or nore QfuskiE e k&S r&!BAL hdrdR&hE Satthll lggﬂlsﬂ&eﬁj%t\ﬂn'tﬂgrecésgestle
enbodi nent shown in FIG 9, the regions of the blades 114 conprising

a 20 pl ur al proyidsd agguad theemiting fiement 5 t Brelexgosad extenidysuepges af thg abrasive
h [ t f I
Dbr ot e wea SR e RERRES i éﬁ%gﬁ( of Y e 14 Bffacth

addi ti onal enlradierewés-restumt Ofiardiacing vwaauendles 68t may barsgentllpf caexnsild,

—n

bit may be individually substantjall eraII suryounde

recesses 2P | FUSHRPT, SRS WRaT-heighant FiA AFAEHH BE Hav Gpted o as no
25FI G 10 i S ReGEmSteySREhE @ayaéenvs&wc&fof%eb&@&enué r&QfucAHOd G haté Idchﬁzed
bit that enbodi es teachings of the invention. The cross-sectional
viewis sim p!at?sstqgn@qﬁgatgqnogzgw@cb@y i ma#brwwe@-rmant rhapifedg Toeteral 160
The bl ade 11 C esi st ant
insert 126 t hat &lﬁ}s{@?b IVI d<'§13Ijil(i,4 ar&%tlo&q%r%{lgﬁ}qggﬁq]}e;? surrounded

by recesses 182 t Additiamadlyf iih| &nis mohﬁgmzhma;slthee abeRiver egarstdstint hardfacmg

har df aci t.' 160 Th 182 bst ant.i
il ar 08 RESERCURTINR S HsH Aro o Bebe 2gdon Rbihe Porniepeiic 2 alogia

9) and may b@eohté 1he Guttink klealhas1 & SithiBahe hEkies | BN bl fh2 plobgt fﬁatt%aag
160. In this conflguratl on, the exposed exterior surfaces of the

insert 126, aieEsl V3¢ fiewr veassiugestilingr dhappisgtingathe boading g@terightp4 from
regions of t %axbhﬁ'rﬂ% Hﬂnﬁqhéﬁﬁﬂaﬁlvé %aral%:ﬁ%tvlﬁrdfacmg material 160 may help to

prevent separation of the cutting element 118 from the blade 114, damage to the bit body,

30  and catastrophic failure of the drill bit.
FIGS. 17-19 are substantially similar to FIGS. 11-13, respectively, but further
illustrate abrasive wear-resistant hardfacing material 160 disposed upon the bonding

material 124 securing the cufting element 118 to the rotary drill bit 140. The rotary drill
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wear -resi stant hardfacing material 160 nay be generally coextensive
and planar to reduce or elimnate |ocalized stress concentration
caused by vemyooabsmm ve wear-resi stant hardfaci ng mat er iral/ud&@7/021071
projecting fromthe blade 114 generally towards a fornmation being

drilled. 51 nbAddoti aasturdlyedilaas tife rofef 8515 0f 10BhoRR P FRY. Hedd acidesla
cutting elenments. FIG 11 is a perspective view of one cuttln

el enent 118 sbwalifeef Gting gieraeniso 1|8eﬁ°81112128d<mdéew%@ﬂmmo@iets;apr@wﬂqdl orpfhe
|
Simvar Lo S6i At PHENQUTLY MORREURER A0 ) bl S NN oy

subst anti al | e penredhtertizd biy bedy I iQueltthe kel it 14D rag)nglaermﬂetfac’hltﬂeremsdnovm
in FIGS. 12-

) the re es. 19 y haye.a cross ction sha
Lhat i s gfnePSidE R JaF SIeh 501 TohGABAE R R el W R Py ded
the recesses aiflPintEcdMitis@ty seuheind SHARRachiQ@ingHdneno] &16 'EH%'Ult blaafﬂz 12.
may be secured within the pocket 122 using a bonding naterial

such as, for Texberding mafpriah dRbmiay Be sps igsistpntiig weny thgn watﬁ@abroémedetcboéy

to the bl ade L HERREEUGRANT 5P Bes TRHAEdekid (¥ iy B IR Hiphftine
11- 13, respediazmoed y{)mjmmt tabler 128 eattaghledl asd seatued axba asftiug elmmnt- Bodgios kabstrate

har df aci ng nﬁ#f“ al fﬁgdl sposed within the recesses 190 provi ded
around tHE cdff #IPRE WBRERAS 118. The exposed exterior surfaces of the

abrasi ve wear - r esirpd aftdry HRNHiOAN@HR LIS k68876 vidleretigghioAsell 160
t he bl ade 114 adj acent the abrasive wear-resistant hardfacing

mat eri al 160 difpgsedan @@ﬁéﬂcapf the drlbRit &Hks iNereoveg remienstad thesbrasive breargesisant

wear - r esi st ag—}at%ﬁf f%fgﬁlgd tc éd% gx%@e?t ({%&e@? rga%ggl&lfiﬁl{l?o%dﬁg nfperiaPlo4l ©

extend beyon ace 0 reduce or
elimnate |ocal i zEH:. st8r ssnslacma‘lm rsedtions waus;édhdoyutﬁmg/elaﬁemsllﬁeshown in

wear - resi sta rdf aci.ng mater| ctl fromt ade 114
gener al | al tO\%L(P D? tﬁkefno?lﬂ%t FGHCT ?fhéglggt elr% tf"%"fﬁla’inl é}% q fqyiguous
confi gur at i opertibACofakE ATAHR WiBAfesiE@H redt@i 1&1:%9} BebdNdeBotiRE aexreglah 011&9
may cover and protect at |east a portion of the bonding materi al

used to secuPuter fefaeqeltthabjt badyrid A end a Riergl stiifase of the guitke elempat 1 I&Aamttﬂch

o et e« ARGBARIRRRNTRL KA o0 & LEOIRIR! ofht ol fboay

abr asi ve weaniz ﬁmithd‘,hm:t'alblﬂeaiffalmmglngﬂleﬁfentaﬂ18160 may help to prevent

separatiqon of the t.t.i.ng. el en”en 118 fromthe ade 11
the bit B8dy, 30aRl 02058 OP%‘B%’F@ ¢S SEfion "*‘E%BP %F Fytfingy Fmentq?ﬁgehown in

FIGS. 17-19 g1@ sUbalanlidnp! depticl Thd 39-10 GndbiesS. AaLrlas%atea%nq@;t Imewomer
but further illustrate abrasive wear-resistant hardfacing material

160 di sposed CoBtHOYsHOtw ] thgyalires ver Wear-repipnt metgriplnkpOrmay eubandedboth to a
el ement 118 tréﬁ[c}nr@ tﬁ@éﬂr%ugz{c'clolf tfp.'btit b%&)Q i 12T£]1% d lglte?a'i ¥urﬁi¥:n’—: H the cutting element

118 and may extend over at least a portion of the interface between the bit body 112 and

25  the longitudinal end surface of the cutting element [18 opposite the a polycrystalline

diamond compact table 128. Yet another continuous portion of the abrasive weal;-resistant

material 160 may be bonded both to a region of the outer surface of the bit body 112 and a

portion of the exposed surface of the polycrystalline diamond compact table 128. The

continuous portion of the abrasive wear-resistant material 160 may extend over at least a

30  portion of the interface between the bit body 112 and the face of the polycrystalline
diamond compact table 128.

In this configuration, the continuous portions of the abrasive wear-resistant

material 160 may cover and protect at least a portion of the bonding material 124 disposed
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bit 140 is structurally simlar to the rotary drill bit 10 shown in
FIG 1, and includes a plurality of cutting elenents 118 positioned
and secur ado moshizzzopocket s provi ded on the outer surfateTob20a7/6R1671
body 112. As illustrated in FIG 17, each cutting elenent 118 nay be
secured to tbewhbdrt tliaodmiﬁlglﬂiemkntt i cnd Ithe bitt bdd401 B doop svear ddrerf ddling

t herebetween. A 5 bondin 124 s , for a .oan .
hheatve o Bpaisn By poikelE b bk mattd 127 Biom Yo Shpas e phetions.
to secure angheabla@chweAGHsictatt h{a{&iaﬁi ORI tol f8vdn® sdphRitit 6f tﬁ@@liftuﬂg]e?ement

The bonding material 124 ma | ess resistant to wear

materi al s of 1ih&omwithe bﬁ(ﬁ’?dﬂillz? duréng: dridling eneratigns devrage: o th@Bl.t bE@)Chlfl and
cutting eg J%&Sﬁre}(;ﬁc ﬁgg{e ol?&elﬂ%g?radnﬂ%h Gpyst all'ine di anond conpact
0

tabl e 128 at secure cut ing el enent body or substrate
10123 al ong an i nTle doatiguous portionslofehe dbteivy v&&i—iebistbﬂxthnaiéirﬁl fa0rthiteover and
i ncl udes an abr asi ve ar- resis aE ter| aI 0 di S‘-ﬁos on a

surface of t QW FARosgs; qurfpors of g mpleliloled may rgdiay @ bead or

vear - r esi st apadiaf @Erbﬁire J«@Q—r&"i’s)(an@%a@é?ﬁf l&ﬁ'ﬁr%@d&@al@ﬁ?&&?&ve?moe?ﬁé& of the
surfaces of the bonding material 124. is a lateral cross

sectional vi sverfaping rrerfaess of tbe bit hodwtl 12 128d shewptting eliemem GS 1 The akwagive

al ong section line.l 18thr IIustrtedl FIG
conti nuoaé por?rlr(%s‘séangf " eelagbféggl?fgw\c}\%sar-resﬁlasfvgntmeth erf|°‘é| ér’f%tﬁ:mrga the

be bonded botRartresigtarice goPdmheotbohdigg atiterial $24 frackel®fpreveat bhd 16%e dyf ]:ﬂ.tﬂng
and a | ateral surface of the cutting el ement 118 and each conti nuous
portion may &kmenylHRnngdnilisgeperatiqhs ¢ on of the interface between

the bit body 112 pyd 2bhiear @l §fed ofsy'efjﬁx%tlﬁiro'ﬁéi'ﬁdﬂyl‘mtt b A 8RN BEB20, in

20FIG 19 is a Iomgltudl nal cross “sectional Vview of the cutting
el enent 118 squ milmm@s of the dnention, aergssee 202 mrryl benproyided detwieen shiting

o T ustuan LA TG o5, ROLNG CA0L it BTl AL
outer surfac @b(ﬁlft allfigithdihal bed o f ﬂlb%ata(lﬁdt sholva} Ed’cﬁéensduftﬁlg@:&rrﬁﬁtstlhg posmoned

cutting elenment 118 and ngy end ver at least a portiqgn of th
interface befWEEFophEeknt! Séo@f% 10) 2 ﬁaﬂ?ansﬁéegr% 2 G permore, as

surface of t%vﬁ%"?l@%@k@% erdboRiREIROSH thSink &fiod, r@@s%@zﬁﬂr@& %b BFowded
di amond conpact table 128. Yet another continuous portion of

abr asi ve wearotatmalbt behindrenting glemeds W8y Fos dyxempledthsortesies 264 rregueestend

of the o c bo 112 .an on, of the expased
surface :)ﬁ]b e f)% y@fl%}[u(dl a a'lon i a%aﬁl @gn{gaagton{f bfwehlr%zgl?e of Jnoré 'eutting

conti nuous peletriens 103 pcbﬁtﬁ)nad)frlahet dohe\Wgdn I OSFEG. &) indi®rttRe naak rek@ 1FRYFIG.
extend over at a 30 orti o&ﬁof the interface between the hit

body 112 and ihélea?@eene}femh?ﬁl%rsy Jegeser 2HE may 2pbRticlensHrd And fugy have a

128. | Beddls oMbl G @héally rebRfnlRRhAPRUQUSHh REEsEds Q05 nfay bk ?gsmoned
abrasive wear-resistant material” 160 may cover and protect at [ east

portion of tdEeqlyrigatignaiytkehing| ong2ay mp@p@%“m elements 118, or rotationally behind

25  adjacent cutting elements 118, but at a radial position (measured from the longitudinal
axis of the drill bit 200) between the adjacent cutting elements 118. The abrasive
wear-resistant material may be applied in the recesses 202, 204 or may be applied upon
other surfaces of the rotary drill bit in order to help reduce wear.

The abrasive wear-resistant hardfacing materials described herein may comprise,

30  for example, a ceramic-metal composite material (i.e., a “cermet” material) comprising a
plurality of hard ceramic phase regions or particles dispersed throughout a metal matrix
material. The hard ceramic phase regions or particles may comprise carbides, nitrides,

oxides, and borides (including boron carbide (B4C)). More specifically, the hard ceramic
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between the cutting elenent 118 and the bit body 112 from wear during
drilling operations. By protecting the bonding material 124 from wear
during driwoeosgioazpEr ati ons, the abrasive wear-resi st anPCiasEoT/ed107160
hel ps to prevent separation of the cutting elenent 118 fromthe bit

body 112 durpHage @gibhd dripgrtiR[ee il comprisedamRige aidboiities hide fRat¥ertdnds suahes
Scatastrophic failure of the rotary drill bit 140. The
conti nuous p®hsfli.dve, Wb, YhRE disr §5i4reAhetad Si.e Bysvayme! examplejagd noblimitation,

cover and prLeghi PSS UG RrA L AANIpDG FBASH! G pafdes iyl

configured as a beads asi ve wear-resistant terral 1
provi ded al omggstendcobide, tifasumdgebidof(TiQ)e tantehen fadideg (Balh)f dtemmoflibohide

bit body 112 he cutting el.ement .118. The abrasive,l . .
enr r ol AT s, G R TAC LR A PO s A, aluminium
enhanci ng t hguR AN shddiRite adidel(BR)D AR inftehl FRH! takridl o4 tHeQehfliPmetal
prevent the loss of cutting elenents 118 during drilling operatiagns
FIG 20 is a¢pmnesits,maigrigk maxtinelvdsy ety exagples ywobplt-hasedyiifondngepd, pickelthasgd,

in FIG 20, 5 SQ8h:RaRad ”&;’BP{% b n}cﬂ%ﬂgg%e bd-QRa cgbag.%ﬁst%ﬁ;saﬁ%ﬂ%éa?

provi ded between cutting 15 el enents or exanpl e recesses
202 may ext emgpegensedainagnesiuncbiasbd r axdt itarbhny-based LHllogs. | Bhe intatrti materigxngy

of the bit ot . shoqwn etween cuti{ing elenents 118 jtioned in the
Sone T eoitbn A5 bF ARt Fo PSRl Aec FRTRoRol 35 P agtim, Cbpbd

Fur t her nor e, magneSia@MtahiOmirén, adPnickdl some enbodi ments of the
i nvention, recesses 204 may be provided rotationally behind cutting

el ements 118. Forlneudhegimentsiad she invengen shoguasingweak resisgntiprdfesing matesals

I i tudinal . ' l. ' .
cut i ng- o ety St Fgied o2 Bhodsiés 8 FAANR BT AR DR LD EEE L Bow. As
and/ or the nusé hesfn, dire kh2 “biFl Heiudys ndtronhdebinéminad] deittitdd] e rilss, cotenbits,

recesses 204, may not be el Qngat ed and may, .have. a general ly circul ar

or a genétal P‘ﬁ?‘%@?’ﬂ%ﬁ@iﬁ‘ﬁf%étg t."“éﬁ’@ﬂ“?’%‘c‘@??_@%Qgﬁwﬁlgs"rﬁ'e posi ti oned
directly rotationpld. 10@hesfsON BolRhed TREE etehdt duPfdceCbCAE MrisivelWear Qésistant
rotationally behind 25 adjacent cutting elenments 118, but at a radial

posi tion (nmetgigrialdS4 rasearding tp origemberliment efkfhe igventine, parigylarly; suitablg) for
bet ween the adj i ‘ S 8, 4 [RYA-TSRR :
wear -t osi ot antP g B pEatl B BuQBRIL Syt gofl e BRRY pisipmangy gomposic
may be appl i edterplonFEihe3Asadf 285 sreodchiah phatah@&rographs lof aljiolistied and disthed
to hel p reduce.wear. The. abrasive ar-resi stant hardf.acin terials
descri bed he BT e TERHENEa TSNP EEL AP B SAPRTITEIRA B inventior
conposi te naRefelrdly O FES..212 the 6ra®ve’ weBldital ) mfaMMprissinBide P pltiaity oy
of hard ceranic phase regions or particles dispersed throughout a

metal matri xsifigredrippgstenabidearediels Op antl @ nhwaliy of et GssteR cpbide Erpulss 58
T o e SBH  he  R d kd is
carbide pellet 56 may have a generally spherical pellet configuration. The term “pellet” as
25 used herein means any particle having a generally spherical shape. Pellets are not true
spheres, but lack the comers, sharp edges, and angular projections commonly found in
crushed and other non spherical fungsten carbide particles. In some embodiments of the
invention, the cast tungsten carbide granules may be or include cast tungsten carbide
pellets, as shown in FIG. 23B. In still other embodiments of the invention, the cast
30  tungsten carbide granules may be or include crushed cast tungsten carbide or crushed
sintered tungsten carbide, as shown in FIG. 23A.

Corners, sharp edges, and angular projections may produce residual stresses,

which may cause tungsten carbide material in the regions of the particles proximate the
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phase regions or particles nmay conprise carbides and bori des nade
fromel enents such as W Ti, M, Nb, V, H, Ta, C, Zr, A, and Si.
By way of veaamphbesznd not limtation, materials that magTiezwedotio
form hard ceram c phase regions or particles include tungsten

carbi de, tit aqiduih it ke fufit Gt , lowain tahperangad Mude (ayﬁﬁ)anoﬁ ioff aRé Whtrasive
di boride 5 (TiB2), chromum_carbides, titaniumnitride (TiN)

al uni ni um oxMge-Tesistantanaterial it ipTaGerafiadnll - N)l\’lelﬁf#ﬁ:lm'qufil@dﬁel%% o the
(SiQ). The gﬁngétem?%k?é RRLAL @L}nn%f C%Jgeerﬁ%ﬁfﬁ&} 5T dlgﬁfsﬂe?igl?'ﬁe?ween the

mat eri al for exa t base iron-
ni ckel - based tungstemecarbidel parhdkmndtths swlroundib@ htamxamateniazilc I@fsl prbmimmty disoussed

and cobal t-based, i n bas c.op mbas
titani um basdgc% ﬁhwg‘tm‘fﬁ%{v tﬁ? ?aWﬁPgﬁ?‘?ﬂéF&ﬁﬁ@ t}fb“ %erb“é"febé‘?:ec %@j}ets
f rom comer cisglahy cAatiufgRinCARIMSeratEd BnAORstrte Mk ﬂfﬁtﬁ)&lﬁh’seﬁﬂm% reglons
magnesi um titanium iron, and nicke|. I n enbodi nents of

i nvention, t FaTpriagithectupesin. sahidaspelists Harnd sast fpeHer exbide @TWVS l§§ and
liedt t b
SILRERE M AT IR Ry S

drill bits, lmntena] &Xis gon basbd.t Suchli&bmlmmﬂmasy deigtade themmall physidal propeatied of
tool s enploy n drilling of a

pol i shed '3nd @F@He&ﬁa’f’ axg)tfmgﬁnaég ag[lﬁ\?iélsﬁégf‘intfe@glt?f?ééf‘rc(ﬂa‘&rdgfﬂ%ﬁ?ts ég

accordi ng to(ag, (ﬂﬂ?’@ﬁﬁly”@ﬁﬁtuﬁ’ést&@ﬁtbld& Mdid SE)uns’Eb%ﬂbf Edﬂvé{ﬂo}ialstm%@m:ﬁblde
for applying the material as a "hardfacing” upon a drill bit having a

particl e- mat PPWCB%M%@@CW@FS, sharp redess, apd Angiiy reiEctinne mast tediice such

phot oni crogr aphs,#f, F'ra% ibe i g;lhgg& gfoggsags 68 g{sakgg&ﬁgﬁal% MRS LN Ered

wear - r esi stant nat ef nbodi nmen i nventi on.
Ref erri ng t Ottﬁllgﬁ'ﬁen 2drbide pelletsbf@tind,coptieaailyr s icsdt auntgstem earbidalpeBets 58) during

i ncl udes plurality intered tungsten ¢ ' ellets 56 and a
bl ur a1y of hrtamnt de Bt E M G e e, S5tod s SFHe R AR) binsrig
di sper sed th&&mghout a matrix material 60. Each sintered tungsten

carbide pellet 56 may have a generally spherlcal pel | et
confi guration. Thé&he &afrx peteriet 60 gay zompdedbataeen; sbonediie @ﬁwbplﬁrft(i%: e

having a gen%e?éé‘; Xfﬁggﬁrﬁéngg{ggeﬁ“qan anguk‘gltja' H1bire chfaﬁ tﬁ@ﬂﬁ 111%

| ack the corne arp e ar projections ommn
in crushed and méheompase beitveen albdut tajefgshderabc;ﬂr bi%eb;p&reighcloﬁsthelabraswe

sonme enbaodi nents af the invent t tu gsten carpi de granul es
may be or'i nc‘,"leﬁrd@S‘Etﬁ%ttm?tﬁWé# %E%P{B‘f"’g IS’F‘E’f ngsten, GAfpide rPegqtsGéJmay
23B. In stil lopiRroeaid2ndbs®dos: afd idwat lss%eu}t \bvélﬂht dhBe GBGLive Qear-resistant

tungsten car bi de gsranul es may be or include crushed cast tungsten
car bi de or cdgi@ ﬁw@equ, thegdurdHy ebgasl targsteafyarbm\wws@@ay p@pprise

Corners, s haﬁég%%ﬂ&eﬁbou@%fya@ggst EntPEPLRCIRNY. B QM Giak g sdaua'MorF

stresses, which may cause tu materi a e regions o
t he part i ¢l epapicdzilyrehe pluradity of sist amigster cabﬂegr&rmleaﬂStmay cdampvme between

e T R R A O e T e

of the tungstginglar tledafiit Slaefihl @0 g baPEdut 0VP By TRKihA G | the adbfasive
di ssol uti on between the tun%sten carbide partjcles and the
surroundi ng MEATTeRstAR Bt S4athe plusglity 0§ Isvteﬂ?ds@ﬂé%@dcafblde pellets 56 may be

about 48% by weight of the abrasive wear-resistant material 54, and the plurality of cast
tungsten carbide granules 58 may be about 12% by weight of the abrasive wear-resistant

30  material 54.
The sintered tungsten carbide pellets 56 may be larger in size than the cast
tungsten carbide granules 58. Furthermore, the number of cast tungsten carbide granules

58 per unit volume of the abrasive wear-resistant material 54 may be higher than the
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5 herein, dissolution between the matrix material 60 and the sintered
tungsten carbide pellets 56 and cast tungsten carbi de granul es 58 may
enbrittl e wheomsmizex material 60 in regions surroundi ngcrivszdrwogstien
carbide pellets 56, and cast tungsten carbide granules 58 and may

reduce the t augbsess soferddh unparédfcamideg pethtse 56 aper Maf toRmleabl theVBRisive
the matrix material 60 is jron based. Such dissolution may degrade

the overal | PEysragant gatspak¥ es of 10 the abrasive wear-resi stant

material 54. The - [ d r i | ghs ( .
optionally, cast ?ﬁ‘ﬁé’g{eé% @g’g%@déé’%@?ﬁ’t&ﬁ@s gg) Pl?ﬂ‘s??og.gfg gp %%meW?ﬁa
t ungst en car Bodey parTestidgomdtMateridls) ohashl peltets: Ny ssed hbeinpthedhezse “-A0ASTM

angul ar oj ect.i ons, yay redyce such di ssol.ution, preseryj h
physi cal | broBEt PSS ORERTsel it HRlaifStRaPIEt PE T oL B A N B e 10 US A
tungsten car bhsRrd @stift sielrd 6a8d sinRRid ANty carbile eSS nlayNASE SR average

carbide pellets 58) during 15 agpl_i cation of the abrasive
wear - r esi st afittmgigr ek less| thapyabort k68E migrpnsa cEhe aypragh dipmetr efghesintersd fangsten

t | s. i i i s . o 0
about 509 by “ugeE pedisqTRaf b Beuldth Wk 6ATBAL Y IBLICAT AR Milayd B ARE
particul arl yaverdge diabeterxofnthe ensdt alings@n reaspideogrmilGseS8beTheest angitén 3hbide

S She s Bh S el oS BTSSP AT Pl B B 16
conpri se bet wegw AbMiradQis aﬂgysa%@utes Haler0 Y apBiedTpaking tEu S ™ME No.

wear-resi stant material 54. Furthernore, the plurality of cast
tungst en car b HeS-§r dandnddestigg pigye. ddensmiariculady sha dairurdstsn cadBipaetapules 58

wei ght of th .V ol S ' 24. ar r
e bl ural i  gregieAle RCRER S Hriles " HkPlerdi nd Bliel Aol A ey
bet ween 25 apautles’Gitann draallesithat3ms/cdpablemif ghdsingfthroligh @bASEMVEo. 100 U.S.A.

wear - r esi_st ant erial 54. For exanple, the matri terial 60 may
o about 13005 B GHIE HFV6 hSUCib o6 MRS SFOIE GERIENOL PRl 8| ancaretoge
t he pluralit ¥izgktesbfMEtRMSR abst IS RELr&Ar bi de pell ets 56 may be about
48% by wei ght of the abrasive wear-resistant material 54, and the

plurality of castAs@agsamplechetiinered tunesicr sabdlenpajlelscSoatay inchgiy, BY/+30
wei ght of th Y ar. - i i : . i
sintered t ung\sﬁ’i¥ g;lﬁ%ghr g?ﬂgfeé’ %)nec{ ﬁgtcgégl%}%%g%ﬁ{eag %“élr%}isr% Eas) ]ﬁlﬁ%nwto ﬁ—ezm
cast tungst eASTM imeshegrgndesu | Assus&Bheréiny th ehrasr €20/t 3(eA R TMheeshglell@'Sheans
tungsten car bi ranul es.5 er upit .vol rasive . .
wear - r es izgt aﬁflgﬁéﬁ% 2f eaﬁap%lle B tﬁ‘iﬂb%?n #ﬁﬁﬂ(ﬁ‘h 28 %ﬁbﬁ?ﬂdﬁq“ tesAg P
tungsten car bidfcapable 6f ashifig BRbughtint AYDNIUIE 30fU EPE sRBIAS kééBhng sieve. Such
wear-resistant material 54 The sintered tungsten carbid

. e
pel | ets 56 nétereddmnggen caidagriaty Xmey bavs agaverage ditroetermfdess thyn ahent 840
Mat eri al s i se. " ‘
bl | et o+ hreanatoB gk dter fin A sOFhrchs, FHBEE e prrdtt SREN QT
No. 10 U. S. Ameslt gragaesd’ asaised hegpig ineass gréudds capablearfedsstngnigst gnancaS TV dhe.

pellets y h ve e dianmeter of |ess than ahbout 1680 m cro
el oL TRY GV 0 BuGARC.tl UEL ST, o s, Ao, ahol LB 005,
be between abrBIA. Stafdakd MREnABIEvADGUEh 24t tinghien GaBAfeCraful@sd By have an
average di aneter of the cast tungsten carbide granules 58. The cast
tungst en car BYGEREe diameter in a range from approximately 50 microns to about 150 microns.
As another example, the plurality of sintered tungsten carbide pellets 56 may
include a plurality of -60/+80 ASTM mesh sintered tungsten carbide pellets and a plurality
30 of -120/+270 ASTM mesh sintered tungsten carbide pellets. The plurality of -60/+80
ASTM mesh sintered tungsten carbide pellets may comprise between about 30% and
about 40% by weight of the abrasive wear-resistant material 54, and the plurality of

-120/+270 ASTM mesh sintered tungsten carbide pellets may comprise between about
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10 granul es 58 may include -16 ASTM nesh granul es. As used herein,
the phrase "-16 ASTM nesh granul es” nmeans granul es that are capable
of passi ngvd booeghoan ASTM No. 16 U. S. A standard test pogusievez1oiyor e
particularly, the cast tungsten carbide granules 58 may include -100

ASTM n‘esh or 5 aRSaboif299% ﬁﬁ weh€bffthe AR RS RsistadiQRatéal MA."BS Bsed herein
granul es” neans granul es t are capabl e of passing through an ASTM

No. 100 U.S. the phmset-aHHa2 W &%EM esh Pelsie m@u@neibas:@pablm@fsxa@qmg:mmen

granules 58 e

O Sones °° TR0 SRR Bhe o hSAT ELABBB R s
56 may i i ncl ude. 27201830 stﬁﬁlEM Ry sied.| ﬁicﬁ,Sm&ﬁdl ttpRtesi agrbide pélw.%ﬁnay have
car bi de granules 58 may include -100/+270 ASTM nesh granul es. used
herein, the Ph¥'aE8e dLafer B rA@ﬁ\ﬁ%%f‘ﬁ‘é‘Pﬁ@b’éy TR pPhéF BiThat
are capable of pagshig phOEQUIBARLASTVACTor Qe & oS LARA ik ABhling
si eve, but incapable of passing through an

st andar d t eswrargesstay enateiat hd snmle(ﬂedt ghanigdt’e hy ceeighit d@trpeinhbtld @6 2wy

have an aver d an_ab at
than about - sagemvaRIs ZoedoAE it pRaR shneseRefi B 35 ARl
granul es, " aby usight ne0/eBI5 ANERINAes casn tingsters aplbiti gamileso,%ss«xmed héreingthe
an ASTM No 25 100 U.S. A _standard testing sieve, but incapable of
passi ng thr oBAsear2IRSAVMRIGM mes peliets Foeass pEfels et are aapeblg ok pasyiag theygh an
cast tungsteRs¢Rf RbiH O Wrskdarafes Slg@cvguﬁﬂca 41 @@gghgmu% ah ASTM

range from approxinately 50 mcrons 1o about 150 m crons
anot her exanploe30 tth®Aplstanddrd testing sisvnt Smatirlyuthiggthense C'etBi+d2s MTMmsh

56 may i ncl ud »pLurali f M e si.nt er g
car bt e pol | Bl B oelels o 3snetie SYRMHTE SoRar (SN SRRTAF s A
tungsten car bhstRrdedstigt sievel it theapatlé bf pasingbBiotgh aﬁSZ(MNENB spates.ad

tungsten carbl de (gel lets ma é conpr.i se bet ween abouyt 30% and ahout 40%

by wei ght'” of SPRErLISHG Yeyeudr mabdr ariHe! GPemer ingludsa nickelpapefealloy, which
plurality of ma}%&vrhtgmhﬁ%%r&%@h&&@&%ﬂabxﬂaﬁ%@a gsarfa'ann '&ﬁ&rﬁm
may conprise between about 15% and about 5% By wei ght of
abrasi ve weabomasindtsilivon. rrﬁﬂlemnaémx Bmtenﬂsﬁmslsdmhbhe\rem mhmgnﬁhmaséiess than

"4201+270 AS el l.ets IIet ca ugh
an  ASTM No. T3 b and iy xRt s e GREE e £ oR B Aoyl S 20
passi ng t hr oughabaiot ASIMhbIRocRWE U S‘Balés Hsi@&ﬂar&ﬁei Igéih BE rSpredéhted DR Edtual
sintered tungsten carbide pellets 56 y have 5 an average di aneter

in arand® fPbrPRISHE B38| GricEardngss offéermgalpnsyt Mogs pastichiarhy . the matrix

In one parti guln GRaAEI ha?cﬁlfessfo@'ia&tfazea%b%mkz@%né@bd%@m fre RoPGvell C
abrasive wear-resistant material 54 may i1 nclude about 40% by wei ght

mat ri x mat er Sedle.660r exaowpte, 48unYix westegiat 60 AEY -£3WbING THerdmesshpfsboutetlem the
t ungst en cargl e‘?ﬁ";k %es 56, and about 12% by wei ght -140/+325 ASTM
rresh cast tungs en ctarbide granules 58. As used herein, the to phrase
- 20/ +30 ASTM nes ﬁa@@’ﬂh&kﬁﬂﬂ&’mﬁﬂﬁd petletseif sarbidad otﬁdfreh@a@%bﬂeﬁi czﬁbldaalsvs tiag
t hrough an A standard testin i apabl e

TM SI
of passi g tﬁ? dﬁ% t%lr?r%‘gdﬁ\/la SIVe (Ve ’§Slﬁfantsf“§?‘?g§ ‘Ete"s’f‘}?oﬁé S of the

Simlarly, thfeRthaSRich - ladidesARIINIEERR d?@lﬂogtlfrmteﬁ"e@n%hﬁﬁhlhxﬁt &arbide,
that are capabl e of passing through an ASTM S.A. standard

testing si evawlihdeninheapide néobim pabige.r glff&lml@&@lﬁeatﬁ&mmwe @@5vanadium
U S A

carbide.
The matrix material 60 may comprise a metal alloy material having a melting
30  point that is less than about 1460°C. More particularly, the matrix material 60 may
comprise a metal alloy material having a melting point that is less than about 1100°C.
Furthermore, each sintered tungsten carbide pellet 56 of the plurality of sintered tungsten
carbide pellets 56 may comprise a plurality of tungsten carbide particles bonded together
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15 standard testing sieve. The matrix material 60 may include a
ni ckel - based al |l oy, which may further include one or nore additional

el enent s, vgoGds@msdf or exanpl e, chrom um boron, and sipbirg@io7/d671
matrix material 60 also nay have a nelting point of |ess than about

1100C, and mgym@pdel d110d hﬁgﬁ%gﬁ%g}ox@ﬁgﬁfgeﬁ%}r@ a%zthQO?J@ F%gSMﬁJlé,

B Scal e and about 60 on"t ness val ues herein
ar e repr esenthedinler aidyusdy @pase g cobaktbased nietal dliesmatatial oo haicielemsed alloy

determ nations, Mire. particul arl the matri Jal 60 may exhi bit
2 har dness. oftHsael S et nulsdud Hababea Tof Crn it et be
For exanpl e, naff @itdriaX 608heY bl subQart@My Q?fé]ieﬂ’iduﬁﬁ% hapRaess A2 thabdikive
40 on the Rockwel|l C Scale. Cast granules and sintered pellets of

car bi des &t h¥eannsgpfant nafeta wic lr bisedac| ¢or fallingsoplesugh ead a drilhrtuty without
ook e . . : )
abrasi ve weagy sﬁ%ftlﬂlérar%ltlg%tﬂgag&a@! ﬁmé%%; f:ﬁ%fﬁ?%yanﬁﬁggég'({}gﬁe %In&%{'%l}oy or the

i nventi on. Suc r ca S I nc are no imte
chrom um car bingsgen nabiib gericles ofithei sitecred hmgstermcabidipelésts 5@nTails eakbles the

carbide, titanium carbide, and.vanadium catbide._. Th rix terial
50  may. conpr ARBSYE HET AT BYeHA AP SF THAIGH e S eR e 19 (PR ek Aty
is less thanlcﬂmufem%&ﬁﬁﬁs YD freniMdet Hissohdioh Yoeth @ HRL §iﬁt>éxeﬂaﬁaﬁ%§te'i‘al chBide
may conprise a netal alloy material having a nelting point that is

| ess t han? ab8tiets15pood, thematrixanaipriad 60 and hetyieen the east thingsisn exrbida inglss 58

pel l et 56 of ;i g HlaH{ﬂhétEH gh sintered tungsten carbide pellets 56
may conprise a pFura ity oﬁl t'ungsten carbi de particles bonded

together w th a Kb mpdeiouslyldspudsed herginamimirhizinggtqmic diffilsivatbetviceq tieahatix

t han about 1200C. r .exanpl e, the binder all conpri se.a

cobal t - based "f?gﬁﬂai A:Og"ﬂdéf}% fred funesten Caﬁ”% Eﬂilétls %é%n‘zé“taw N fgRbKle; gggnules

having a mel 53 nelRab ieséb@thelchethiRiRonipbaforeBRUbe HRRRE pr IIFbrt’iég'ol? tthedma‘trix
y nelte

configuration, the matrix nmaterial 60 may be substianti al _

during appl i sxtarieholpthersinerefdiprgstopsahidgmeliety Hs nast the cashimngstanaarbiie granutes
surface of acdrll] . [ ' 8 t ., substantd all
melting the égé’{“l“k%%glsl%‘”‘gﬁﬁ 82@%%&?&6%%'%5? tagg%’at\ggrlatlg g\go%lieﬁu arcesa?fllatai)—'lg} %trs
t he tungst enaondhothérdeolparti cl es of the sintered tungsten carbide

pellets 56. This abl es the abrasive wear-resistant material 54 to
e appli od to b suP ATl 17) 43 Mg oo rARED BTy g of oher
t enper at ur es elefhefis, Bubh ecatiofi StdhibANsiR@I SR, 1lE, sHiE fldekckel HSh&thore,

carbide 10 pellets 56 and the matrix material 60 and between the
cast tund8t efiecHAEXJuatgial A9 dio B8y dpriudene ik tmatstiahgeclr sadili@manganese, an

As previousl k LebNp: M 040121 ] i i bet ween
the matrix né%lgb%#éé%qgngaghlgblgﬁh@gg ekﬁhc{lgﬂf;&é%&éig@%{rg%é%& | ets 56
and cast tungst enFEarddi dengniangddedes®f ahwdtgrsd hogpee sebide pelle hewivaah

conposi tion Ekg h h]Xs'caI operti of the .matrix_15 material 60,

he ot nt e o Toridar B Haptel bER e Bifer i e peled oo e, tlancal

carbi de gr angbessteaBihebbighf\d tiaRiellétC abi exBmefe, thb SinfRidasigéRn WRBIde helf: 56 ARy
material 54 to the surfaces of drill _bits and other tools.

25 include a peripheral or outer region 57 of the sintered tungsten carbide pellet 56. The

outer region 57 may roughly include the region of the sintered tungsten carbide pellet 56

outside the phantom line 64. The outer region 61 roughly includes the region of the

matrix matenal 60 enclosed within the phantom line 66. The sintered tungsten carbide

pellet 56 may exhibit a first average hardness in the central region of the pellet enclosed

30 by the phantom line 64, and a second average hardness at locations within the peripheral

region 57 of the pellet outside the phantom line 64. The second average hardness of the

sintered tungsten carbide pellet 56 may be greater than about 99% of the first average

hardness of the sintered tungsten carbide pellet 56. As an example, the first average
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The matrix material 60 also may include relatively small amounts of
ot her el ements, such as carbon, chrom um silicon, boron, iron,
silver, angdonémkelszo Furthernore, 20 the matrix materi acTe820t/800MRY
include a flux material such as siliconanganese, an alloying el enent

such as ni obipgRhed Ry Be MREST oSt RoBSV REMEBAI ﬁﬁtsgc.rohélwera ehardng‘;hﬁi
22 is an enlarged view of a sintered tungsten car bi de pell gt vv%

in FIG 21. PrebdvaPlneds RifckwhibAsialedprainickel jaseamitamisicdel qnélrrlaetbefabout

may be subst S t

The o ntored 3 snald KokQUE w8 B ol I HONSME mhOF nRiref 1 78 e SRRyt
or outer r eglpﬁﬂr ﬁy?appfy;ﬁgmxeslanifz&ir%dmhmilgs‘iﬁe thecﬁxﬂthiedieuﬂgedeh ehrbﬂe peffé1§ may
outer region rou e region of the sinter

|
tungsten éar t??dHBlt quéﬁaﬁg@/dﬁl 5 f(u)ego‘ﬂthgs P& Beskmel A @&aiefﬁéb%tgéron the
region 61 roygRkwell N(Slcélg%eﬁ %td’uﬁg Q&WQén doB: 1884 Eb Yo MBRLEAY, o, g]?egtlvely

encl osed within the phantom|ine The sintered tungsten car
pel | et 56 mayhlsnkHielsintered fungsen @ﬂnd%}@@eihmfdd‘@s&an averdge hadntss ah theagigsrof

of the pelle c ed3 b hant om |.i.ne 6

aver age har dtrflgggg : ﬁf qﬁwgﬁs‘&\?\%ae wg?rhgom%l?’inﬁhaépgﬁ Etg’egf"on&%nfr%lp’ {usine
pel | et outsi dppltch@oﬂlkfam kenilfading nmiatbrial T hiek s ©eRd naAbe ERgd st 2116%s the
the sintered tungsten carbide pellet 56 may be greater than about 99%

of the filPst SHieEyaJuessy dReude @fiﬂ%éo sjubstasrisHy (mspeine thesrapiigind paripess.
56. As an exaghhk&s, 1BRbidkl Shady %%meP%aﬁr“ﬁ%ﬁ WisQve BRUSintBrbd %n%%ﬁ

Rockwel | A Scale, and the secon aver age may be about
t he Rockwel | cm'b&avbl@tsmmr&emedgealwlbdsaayMww the aﬁetrapplwhtlmtdtrdm;s Hyaeveral

about 86 on cale for..a on-based matrix naterial .

It is to be ﬁ&%ﬁ%ﬁ@%ﬁ%&?ﬁbpwﬁppqcﬁl ‘iﬂeﬁsg t he hardfacing materi al
56, the sintered THOGHI@E! Gaigies Ccaftfdd QEIfetTBY Bap Xav®irkladvely Vahakhcture
har dness of ab%E‘t1 85 on the Rockwell A _Scale to about 92 on the

Rockwel | 1A SceHeBnszRmEslative i the pashiyngansadiflegsaies S8oplols thecastinngsten garbisle
respectivel Y gr t

average har dne@gﬁggg %ﬂﬁg hr%‘é%%tg’?‘y mﬁgg&%sf ﬂ%ﬁ%gﬁﬁ?ﬁ% %1%1%% SQ%%R%@
cont ai ni ng atpellgts @A)B)ousmsen@namagcndla 0 ngdfapﬁieddlammmecffacmremughness of the

the 10 o1 nt oPREEE el S TS TRId e nERTRE AT il Rl oo

their origi na rhar Kﬁlﬁ'%wemﬂﬂ%rasﬂvé RabRSSent Rdtér X 5¢ QIRQSIPpRELIR YT the
partially dissolve the sintered tungsten carbide pellets near their
edges, whlch aﬁfé@ﬂ’? kv resigfantamatgyial %ﬁrq 8 il it 195 raira <diilling toel, epreyiding an

Rockwel | poi pjssbe Ww-ﬂegxﬁaﬁrrﬁata@ﬂlﬁc’cﬁ&t i %Pﬁ@?{'?ﬂ ve -It_{f%blsdkr% gfe%%esmtant

tungsten carbi de lets 56 may have rel at racture
t oughness r elnzatdria hngwnheth@att t ungst en car bi de granul es 58 whi | e

t he cast tungsten r bi de ul.es 1iv

har dness rel ati veﬁi%gasivﬁe § n?lg}a%tgwttenﬁis af%ﬁgig%gjb “ﬁ’é’a ef’?é% Ig’emﬁﬂ}" such
usi ng matri x aseEicetbiraive vedr- wmdﬁﬁmﬁtmb:ﬂcﬁcih&ﬁﬁla&d if fﬂ‘ﬁﬂ rECIN iy the UGHINESS
of the si ntered t%ﬂg@toggaﬁgﬂgglg e pel | iats 56 _and t he hardness of the

cast tungSt erfCleds Bt (hcbs theagtapynihat Hbshaun jeFIG.
wear - resi st an? B cudr B sttérac&amaﬂplrbfeﬁéd N aO¥rolidieofS? dzﬁpﬁﬁsg' MR other

wear-resistant matérial 54 to dril bit or other drillin
provi di ng an dabingsealethafear sybissted tameamatch as Bﬂmmhliel‘lhﬂhngstowlmmmdable

relative to q‘?a&r?e? ' DiGeean ~Lép 'afvf)ﬁgthseg&c{n%r '0@1&% é(g' ﬁ)g n{i:orxllll}apseed as previously
indicated, within the term “drill bit.”

30 Certain locations on a surface of a drill bit may require relatively higher hardness,
while other locations on the surface of the drill bit may require relatively higher fracture
toughness. The relative weight percentages of the matrix material 60, the plurality of
sintered tungsten carbide pellets 56, and the plurality of cast tungsten carbide granules 58
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Abr asi ve wear-resistant materials according to enbodi nents of the
i nvention, such as the abrasive wear-resistant material 54

I 11 ustrat egobsnshl6d. 21-22, may be applied to 25 sel egtedisspeasoan
surfaces of rotary drill bits (such as the rotary drill bit 10 shown

in FIG 1), gl @Qe&l%lsﬁrangf fo' profllid gn ﬁl‘frﬁw&ﬁ réRERF FRRrhI0sPBat exhibits
"roller cone"” drill bit3), and other drilling tools that are

subj ect ed t ophisigal, prmrﬁs &glored dorn phutitwarded! ok torrgpartinulas avgmdn exrpﬁmdaiﬂ tgol.

reaner bl ade S rat t hers n

previously i EOI g)laafné’ae (iﬁe %ﬁxf?ﬁ $0¥ Rm%}qge iql;l'l gbr?]?% %&%Pfgq?ﬁlsgﬁ ay B
| ocati ons Onsﬁja‘sttﬁft(atbﬁttlﬂély dighriinbdct Rirdes irpydditRe to frittisral-glk Werhyivdirgheding
har dness, whil e other | ocations on the surface of the drill bit m

requi re rel afares) yTiereforer abrasivg Wre-rﬁ%%}@ﬁ raderial fieanpliediiq the swefepstof the
percent ages Qﬁﬁlﬁé@etﬁ%a{y' ¥cli® £hil Ewg%erﬁéé\;!rog fsfnte)‘edottm%teﬂtc‘ﬁfb?d% pellets

tungsten carbide pellets 56, an the ralit cast tungsten
car bi de gran66 @eorés to mar;easbehesfmcem iouéhysaﬁdﬂle@brasiae preovedsar mateoiplal e

Lo a part] cardrenngtes s ot RapE Pt sPukoh B BERREb: G lopt e

For exanpl e, rdidtieelyuhighC @&sctiohalaipiet |aBﬂlSik!ee§m @ﬂdmgr rdeks NO - THEHIEE - tayRSive
drill bit nmay be subjected to relatively % act_ forces in )
addi tionfo Perroesiduymatsish hamlied tpeth@gagjrsrl #eng sdrﬂr Bit &gy include a higher

Therefore, ablAasi yece 86 of c%?t'r@r%g@h cgﬁfd@graﬁbleiﬁl ARPddr RfinlrRast AR hardness of

surfaces of the cutting teet i nclu I gher wei ght percentage
of sintered thmg@meﬂwcafrbﬂisimtpmtme]tfsi 56 in order to |ncrease t he

fracture toughnes f.th bra5| si st ant 4, -
Cont det | ononne s by ST Bah Rt B Fel Hd® B0 borBReces i 9isiond Poting
little i npactodsonae aRububj@tedt iov e, ramegBbraﬁves:we@mbxsthmpﬂaebﬂmtmlﬁg to
grindi ng forces. Therefore abrasi ve towear-resi stant materi al

appl i ed t'd t F® @da@ente af thedmentien gaybe rlredbqotprq»fﬁf;ﬁ Srfmfrlrald@afareﬁ g ﬁefenafs of
wei ght percep
ight p ﬁar g s Al S(ﬁ'fﬂ?r; tBUlQ § 63 r@lgﬁ% |16 yen Iﬂcﬁdﬁxgﬁﬁ%%faﬂlples

i ncrease the rasr ve Sl stant materl
presented above.,

The abrasive wear-resistant material 54 may be used to cover and protect
interfaces between any two structures or features of a drill bit or other drilling tool. For
20 example, the interface between a bit body and a periphery of wear knots or any type of
insert in the bit body may be covered and protected by abrasive wear-resistant material 54.
In addition, the abrasive wear-resistant material 54 is not limited to use at interfaces
between structures or features and may be used at any location on any surface of a drill bit

or drilling tool that is subjected to wear.
25 Abrasive wear-resistant materials according to embodiments of the invention, such
as the abrasive wear-resistant material 54, may be applied to the selected surfaces of a drill
bit or drilling tool using variations of techniques known in the art. For example, a
pre-application abrasive wear-resistant material according to embodiments of the
invention may be provided in the form of a welding rod. The welding rod may comprise a
30 solid, cast or extruded rod consisting of the abrasive wear-resistant material 54.
Alternatively, the welding rod may comprise a hollow cylindrical tube formed from the
matrix material 60 and filled with a plurality of sintered tungsten carbide pellets 56 and a
plurality of cast tungsten carbide granules 58. An OAW torch or any other type of gas
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In addition to being applied to selected areas on surfaces of drill
bits and drilling tools that are subjected to wear, the abrasive
wear - resi syandosnetzeri al s according to 15 enbodi nents etrtakso7oe21071
invention may be used to protect structural features or materials of

drill bits ametl eié hiyiee dse@lohehtt@leadtlaGoftRInd it]ié@lré!’diﬂ%foﬂ t b Rehetafurd Bve
i ncludi ng the exanpl es presented above. The abrasi ve

wear - r esi st affte meltieg paint gfitheaatie masaigl 6@ dbisanayamininizstthe extent of atomic
interfaces b : ur es. t Ak ' hi .
other dri 111 oo, RBjrhieSichl e b bR o0 47 B httd oeghd oBbigs
and a peri pheeljetsof6 andaast kimgiten @arbidegraduygpeé8of insert in the bit body
may be covered an rotect.ed hy abrasiye wear-resistant, npterial 54.
In addition, the A0tk Glchcioluitn Sxch i Eifes Bie e imalesal ) s pgred
to use at inhepiaeeabletpsRaNsE bidledt hBBstal cdrifial Yratsle®BY i{TRYIehe ph&%i@ﬂ'y a
at any location on ang/ surface of a drrll bit or drilling tool "that

i s subj ect ed fungtigie af .the Exiperadiry at whinh- dissslusiparnccyrat cFlicagxsent of alissplugjon,
to enbodi nen t he_.i;nv. i c r.asive wear-resi.stant
mator i 5, egorge A PRERbEN, 5 RT3 bR AP RS L Y i fen
or drilling beaks asl the tiverfbawhieh dissdlutichcb allgueistokseown Thardidre, tB¢ bxtedt @t
exanpl e, a pre- |i cation abrasive wear-resjstant material according
Lo enbodilfientEsRian RECimpE RETSH Higym#fEx ;wa&nahé%a{l theniintergd ngpten carbide
wel di ng rod. pJiRgs yedndithOcabiQthdIRY cABIIP bladBle@sBRay 5OLdntoll GRS i

ext ruded rodpconsi sting c?f th%ﬁaﬁr asi \l’% wgar-rg)éi stgn? mat eerni&bgﬁyn}agzlg.md
Al t er nat i vel featmaaagesiedi gogtrelod nmay conprise a hol |l ow cylindrical tube

formed fromthe | Lal,6 i1 l.ed wit. lurality of
Sintered tungst en  RaCAREREL Y pE eeBNE chheif pielitl B BBl Rissveat
car bi de gr andR@eC53t man bebkleficialto stiphtBnelotHeatrfice € a@killgstsor cfrlllgig tool to
torch may be ysed to heat at |east a portjon of the welding rod to a
tenperat dfe gg’b‘g‘eth? Alrashs WF?‘T‘QIG%‘?%P?WE‘{% IS, ARP RAG BT PRIOT Eoappiigsthe
may nini m ze ablagveweatksifnt alaRiaCsHiof i firRte. OPSG W ithPie, tRE MR NorkR fray be
matrix material 60 and the sintered tungsten carbide pellets 56 and
cast tungst ehrghtsn gosgpranimitydo sgurfagpia drall bit of drilingstopliani oseddo beat té thg
bet ween t he ' | Sl Nk: d_tungsten.,carbi de

el lets 56 andrickde TR iy Bl NiEHBLabl BEMPC TR 0o, The
partially a faehitigod cohpfishes freapsication ecaptesishintiatetis SO mal @R be brought in
occurs. The extent of dissolution, therefore, is at |east partially a
function?8f ﬁfﬁ’ﬁ%?’foﬁgmfyeﬁ‘?ﬂg? strice aad t&%i"étﬁ“‘ii‘i bebentheoiordicandrtae Hislingred
time for whiedhydieSAflstel t@Reat 8t Rhst @WBHioh Of BCkdingd REY B 0ESperhiif HEIEME
of 10 dissol Ufyl_ on occurring between the matrix nateri al EO and the
si ntered tungwlitg pony bf de mpain meteriad 60 tvatelt the s matgnia) $0e Ahe aolieromatrix

granul es 58 nmy. HEs & AWebR khiftdofte ﬁ%}eﬁ%&gteg 288iab Sgﬁetsr%? AUEIBIt some of

control.

the cast tungsten carbide granules 58 may be applied to the surface of a drill bit, and the

25  molten matrix material 60 may be solidified by controlled cooling. The rate of cooling

may be controlled to control the microstructure and physical properties of the abrasive
wear-resistant material 54.

Altematively, the abrasive wear-resistant material 54 may be applied to a surface

of a drill bit or drilling tool using an arc welding technique, such as a plasma-transferred

30  arc welding technique. For example, the matrix material 60 may be provided in the form

of a powder (small particles of matrix material 60). A plurality of sintered tungsten

carbide pellets 56 and a plurality of cast tungsten carbide granules 58 may be mixed with

the powdered matrix material 60 to provide a pre-application wear-resistant material in the

24



The OAWtorch may be capable of heating materials to tenperatures in
excess of 1200C. It may be beneficial to slightly nelt the surface of
a drill biwoodosdsasid ing tool to 15 which the abrasivepggas00e8i16iant
material 54 is to be applied just prior to applying the abrasive

wear - r esi st aidrm ik @bivadr mittuld AlfMRmaHh&ESed ﬁ@ﬁelﬁﬁ@mgﬁinf: lﬁfég IlrtQ%‘gJ\f: LQIGH

may be brought in close proximty to a surface of "a dri
drilling tooheaspideasseporiion plthe pre@pplivetianuwdantesistaot matsndl fto g tegpetaturhibyive

compr i g pl Bt it B Rl RlEFRion s ot AR 108G Wi Phan i

brought in 2thathals®. proximty to the surface, and the distance
between the torch_and the wel ding rod may be adjusted to heat at

| east a portion oPtheh¥eldimedeshniareysich ag methinert £ MM IQBS weldne tadriduesy
poi nt of theyBlit heABhEMIE) arf YeldingdTBlinidudE ARk | i
molten matri x rrat_erie[g? 6{), Lt I(aeasté@orreci;uo% ﬂe%gﬁ%%m@&{g@tﬂ@ﬁg@m
car bi de pel | knewic®, thead and maydstusegbiveapply thhebresive wearrrgsstan nodarial Geto a
granul es 58 a l.ed t.g.the,surface of a drill bit, and the 25
nolten matri %mr{?ﬁ g@%%ﬁf% Orr%)ﬁmﬁém%‘ol idified by controlled cooling.

The rate of cool i Mg BEysiReweaRtsistnt athtdral, ¢onthadactnge isnduahes ForlgiliéaBon
and physical properties of the abrasive wear-resistant nmateri al

54.
Al ter nat il¢el P0o 181 9% Sade Tpnparidemariintompgeits materig origycalied Zsprented
to a surfacecghide ditetidl. Bhé pBficllidabdd Rehph QR miaD F)é.%%iﬁfoﬁy r]éﬁ'llogvj L}ggse gcri ‘

techni que, such as a plasma-transferred 30 arc welding tec
exanpl e, t hetogether withwertératinod@ynafactitatenr propatedddrstanding of dreimeshtion.
powder (snall parH&cI es.of nmatrix.material 60 plurality of

sintered tungsten eei[r@%rilo%eeﬁlela}sglfe?hgﬁemaﬁﬁmgtﬁf%%ﬁéity of cast tungsten

carbi de granul es T m@n Bged BRObOMy"Nad RSedPRMEIA! @sbafBlah | dnsiRE&T k@GO
to provide a pre-application wear-resistant nmaterial in the form of

a powder 'fri xFeRRIIsing amiuraligy of digrigte opifiglgs kel togethen iy bidshmaterielniia srepjure
D28, g s DA PR S s oo
the matrix nhodng &ill BOframdht stasturd by seisepent 180D G ctuingphdcedsbeinntmding Xbut
material 60. not limited to, machining and densification.

The term “brown,” as used herein, means partially sintered.

20 The term “brown bit body,” as used herein, means a partially sintered structure
comprising a plurality of particles, at least some of which have partially grown together to
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 structure by subsequent manufacturing processes including, but not limited to,

25  machining and further densification. Brown bit bodies may be formed by, for example,
partially sintering a green bit body. -

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

30  adjacent particles.

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
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5 her wel di ng techni ques, such as netal inert gas (MG arc welding
techni ques, tungsten inert gas (TIG arc welding techniques, and

fl ame sprayowskding techni ques are known in the art angcragdogorisad
to apply the abrasive wear-resistant material 54 to a surface of a

drill bit or gethll i 08 allopls grddd@ (R RS WEhBREentaRs b8 hidnbthéroBipbidnt of the

I.e, hardfacing, is suitable for application 10 "upon a bit body nade
fromparticl @iesatrix conposite material or so called "cenented

. | ' f. bi t.
acy 15 now pr eoch? BRI Gl EhEL SOTBRAHS PRl Benl ofulfign

proper under ahc&ﬁﬂntrmjrucifurd btea inavesial. | Bmth&hxeofdg rmtérgﬂﬁﬁmd the satf€dhemical
herein, means unsintered. .The term "green bit bod use her ei n,

means an tnsCPPRISEPNSRYE 7 diffegeny gnicro IS j3fg CePsie atPaIE e shifterend cpaserial
particles helgnpaphfier by a binder material, the structure havi ng a
size and shape allowi ng the formation of a bi t body suitable for use
in an earth borinésaped hel’fm,tthﬁe tunsst@mad:ud rn@eapg/axgamgtgr@ﬁlgnmposmon that

Gansi f1 cat | N RESrR BPrtiior ot bifeatBh bl Sh b o e W5 K

sintered. 20%he ch@bitatids MW tnd OWYC." '&&gﬁﬁ@daﬁﬁfeﬁnﬂlndﬁ?@'ﬂseﬁmple cast
partially sintered structure corrFrl sing a plurality of particles, at

| east sonll‘él ofUngHER frrbids, sinteaed thagsten cerbiigrang gpstogmstallige B%“éwrt@ﬂ&@e | east
partial bonding b%&‘ﬁﬁﬂy%ﬁll%ﬁqab d%%ﬁ&\bﬁ?i 6 5hﬁ%§%¢@qqzwoa hm&%&aﬁmny

si ze and shape allow ng the formation o suita or use
in an earth bermeddroordndicompesed pﬁmparh@e-mammompesuwnesmhkeﬁwahﬂl bit 140 also

and-further - ERaRTRERona oSl iarethn Bbe oot Bewarpe o B

exanpl e, par doal oy irelude @TsteBltblankdihReMRIID fdrme® eherewith, as colib@mbledlzmreqmred for
"sinteri n as used herein, nmeans densification of a particul ate

conponent!Si nidiltelPridemainixpatgsialy %%@qscré’eﬂéb?‘{eof?réfta% thpbibhody 112 to

bet ween the gtahkiing particles (acconpanied by shrinkage) conbined

wi th coal escence and bondi ng bet ween
The particle-matrix composite material of the bit body 112 may include a plurality

of hard particles randomly dispersed throughout a matrix material. The hard particles may
comprise diamond or ceramic materials such as carbides, nitrides, oxides, and borides
20  (including boron carbide (B4C)). More specifically, the hard particles may comprise
carbides and borides made from elements such as W, Ti, Mo, Nb, V, Hf, Ta, Cr, Zr, Al,
and Si. By way of example and not limitation, materials that may be used to form hard
particles include tungsten carbide, titanium carbide (TiC), tantalum carbide (TaC),
titanium diboride (TiB,), chromium carbides, titanium nitride (TiN), aluminium oxide
25  (Al;O3), aluminium nitride (AIN), and silicon carbide (SiC). Furthermore, combinations of
different hard particles may be used to tailor the physical properties and characteristics of
the particle-matrix composite material. The hard particles may be formed using
techniques known to those of ordinary skill in the art, Most suitable materials for hard
particles are commercially available and the formation of the remainder is within the

30  ability of one of ordinary skill in the art.
The matrix material 60 of the particle-matrix composite material may include, for
example, cobalt-based, iron-based, nickel-based, iron- and nickel-based, cobalt- and

nickel-based, iron- and cobalt-based, aluminum-based, copper-based, magnesium-based,
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30adj acent particles. As used herein, the term"[netal]-based
all oy" (where [netal] is any netal) neans commercially pure [netal]

I n addi ti enobmspoesal all oys wherein the wei ght percent agewetoor/hret:al |
in the alloy is greater than the wei ght percentage of any other

conponent  of aid@a@hi®Msed alloys. THE mbe@OmBRKAI ay 418FLd fidted TR EdrRhercially
conposi tion” nmeans the chem cal conposition and m crostructure of a

material . | nPYEEtements sueh a&@b@lhla&m@nwa,wongert megnsaiie, Hlaviving ibn,5ind nickel.
conposi t1on g:“fa oflla)ta!r}x{gﬁ n'IS} ﬁrﬁﬁ:ﬁfoﬁ%& ﬁéﬁlx%g rﬁ?ﬂl%? ﬂ'l%{ut%g & E%r?srqhé/ei alloy

different ma i ons. ere _
"tungst en castbeldsth nlmamelatwl setle Hadficld omgpgadictd srdel] hidkel o nobBalhSuperalloy

chem cal ounds tun n and carbon, .suc for exanple, WC,
W2C, and Eogg'ia??ggl B‘Féloé}‘ft ﬁH’W@’ “‘?ﬁ'n‘@fs”t@?‘? g"’é?‘ﬁﬁlﬁé’s iSHE @%@{Aﬁt@rm
exanpl e, cassedHewigshe '?erﬁla*slﬁgéilﬁloys'r@t%ﬁrt@dant 1W5ﬁ%lc%&ft) t~tﬁ§% allogs

macrocrystal I'i ne tungsten car he rotary dri 140
shown in FI Ghaving 4t r*mllstddéﬂscmommm hods gl 2ddupst taqatrnpbb bi/alfows thetin'&)r Toamsed

and conposed_o I X2 QResh L
140 al so rrayasi 1%\% u%laaliena gﬁ ust equ tlc g Wﬁ,)mc g gﬂﬁ %}]p{:lgﬂft})ﬁ e‘su?h EES I%Iglég\h&@
112. However 623iNier [Rche D@,Clyxdmﬁd@w&lloysrmm@& évefficant obih@ﬁh’al expansion
|ntegrallé fﬁaned therewith, as conventignally required. for

d

infiltrat } elogtle mrateies hatefeihp P partieles Bradpieqthg prsttonlar @ﬁmcle-matnx
attaching t h@orﬂb&sﬂ@ﬂ@ﬁén&ilglo}é)d&s@% rﬁaﬂ@di‘llfg the coefﬁcu:ﬂﬂ of ﬁ)@ﬁ'tfa'l e anstrf@r{ (E#r?fatnx

conposite material of the bit bo 112 may i1 nclude a p _
hard parti cl é@terialnwamtbatd)fstb%rhslédpm@ugﬂfmmad‘amtaaesr $uch matreducalg. prablems

hard particl GO am)n r.ani ¢ er| al uch .
car bi des, % %ﬁgd WoxI gi;aei sk aesbor | %lg(m %ogﬁ Sﬂléq%_gelrﬁ%mx
(340)). Nbr enarmll fsi cHhdfjeld hmnhﬁrxdmfgaﬁdse @ieelsaaawtrpﬁpwmme@amm aas by
and borides made from el ebment s such as W Ti, M, Nb, V, H, Ta, C,

zr, A, ahd geighind ey b e and not linitation, materials that
T T O | T L che U MM i
chr om um car biclids a plurekiyiaf A0 ASTHE (AMemdan Sekiety for TTastingiadé Materials) mesh
tungsten carbide particles. As used herein, the phrase “-400 ASTM mesh particles” means
particles that pass through an ASTM No. 400 mesh screen as defined in ASTM
20  specification E11 04 entitled Standard Specification for Wire Cloth and Sieves for Testing

Purposes. Such tungsten carbide particles may have a diameter of less than about 38
microns. A matrix material may include a metal alloy comprising about 50% cobalt by
weight and about 50% nickel by weight. The tungsten carbide particles may comprise
between about 60% and about 95% by weight of the particle-matrix composite material,

25  and the matrix material may comprise between about 5% and about 40% by weight of the
particle-matrix composite material. More particularly, the tungsten carbide particles may
comprise between about 70% and about 80% by weight of the particle-matrix composite
material, and the mafrix material may comprise between about 20% and about 30% by
weight of the particle-matrix composite material.

30 In another embodiment of the invention, the particle-matrix composite material
may include a plurality of -635 ASTM mesh tungsten carbide particles. As used herein,
the phrase “~635 ASTM mesh particles” means particles that pass through an ASTM No.
635 mesh screen as defined in ASTM specification E11 04 entitled Standard Specification
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25 (Al 203), alumniumnitride (AIN), and silicon carbide (SiC).
Furthernore, conbinations of different hard particles nmay be used to
tail or thevpbysigaby properties and characteristics of th®us2007/021071
particle-matrix conposite material. The hard particles nay be forned
usi ng techni gueirkORW antl SidveoBETakin@PepoRs.ySwkitkdgstefcdrbige particledVbst have
suitable materials for hard particles are commercially avail abl e and
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cl osely matchi ng RefrimpabfRIGI 244, opovwdee mimtureeimag be presfedrmitlt substantially
material with that of the hard rticles g& S ad{iﬁantaﬁql such
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particl e-matrj g&:‘ﬂ{EPﬁélu Ea ‘% E&lnn% Qv}féggl['egsxpéfgyxﬁd 1tn¥x Exsu@l{l)gs for

ASTM (Aneri can-Socl e | ng an teri ungs
car bi de part IeE:h'ﬁlsie lﬂsdeussﬁad pkcemchmgllubhbﬂmpmuasgptessﬁ@azﬁﬁﬁmpmﬁmg structural

particles" nmean artlcles hat .pass throu a 0
screen as?® defSF i heSHIEESS pgyggr F‘?WF‘Bnganﬂzeff4P—°éﬁP[\$‘t“??eg‘ Sgg%dd?“ﬂre

Speci fi cati onyifig, a)»an&Hn%td@c@}ﬂ chbiPX@Siof Q:Buél'@g%teﬂﬂnﬁ!lrzfﬁ%@&ﬁﬁ Such
tungsten carbide particles may have a di aneter of |ess than about 38

m crons. A matrix Tharentdiair Stugayiindudscethid-tightalefammpldy meopr $2 i ey cxasenle.
50% cobalt b [N
car bt de par ¢ 135 S8 Bt RrRRY e il e oW cyiblifcd ”%‘?9“@9‘5‘“% i

wei ght of th eiefwmtble: bdymart materia.o nﬂusczmmmmﬂé miag|furttied irmhade tarsealmgtpiate( 84,

mat eri al may ris t ween about... 5% and out .40 t
Tartl or o tmay iR fe RS R oA Re ietnvar 1 ey BE et St 1
carbi de part leﬁhxﬁﬁlerf&ﬁ( mmatsmbaismﬂerab@wrenw%ma& aliopdly@effadey The
WEIght of the particle-matrix conposite materjial, and the matri X

material nay detnRpile BepBeRRdnaysdilied 20t theepvilsh Mixtao U8 19y Vibragstto grovide
the particle- ”I%{c])hﬁ dﬁﬂmﬁﬁﬁﬂe 5{%@5&&&%@@#@%&9@@@%@ HERber @D, At

the i nvention e partic I X conposite materi a
least one displacement or insert 86 may be provided within the deformable member 82 for

30  defining features of the bit body, such as, for example, the longitudinal bore 15 (FIG. 6).
Alternatively, the insert 86 may not be used and the longitudinal bore 15 may be formed

using a conventional machining process during subsequent processes. The sealing plate
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may include a plurality of -635 ASTM nesh tungsten carbi de particles.
As used herein, the phrase "-635 ASTM nesh particl es" neans particles
t hat pass vwdemsighsan ASTM No. 635 nmesh screen as def i nedrius2odGizvi7
specification El 1 04 entitled Standard Specification for Wre Coth
and Si eves f@ith?ﬁ*%ia?r% afththB® SESond & htht HEBSEBIE Hahbrde pPeVidihe b BBidOMht
have a dianeter of [ess than about 20 mcrons. A matrix material may
i ncl ude a cotsal thembatwernyet al al | oy conprising substantially

comercially pur 0 - e .k [ ' TRY

i ncl ude greater ?E%np%%% d g{?&fg}gb@% ?Dg?/gv\el g 1t%?%l'@ ?’It}%gds?flg% CaFbi §16e
5 particl es cayaidrithereiapmbye bevploedabithih aGoessan dhalieu00.93%0chyvasdd chhvier Of
the particle-matrix .conposite naterial,. and the matri x erial, .
compr i se bet MAERE HS04R PBYIEAGFSTO NS HSH5E] IEPGHCGHAppE 20 A fuid (Wiich
particl e- mat gy b@%ﬁ@@ﬁt‘ié_ll? iRk RFdsdble) such as, 67 &enpliatdd 5Ll dr lphS(sh Al R, By
met hod of forming the bit body used in accordance w th embodi rents’ of
t he i nventi opxagwle, pigor alvoge) isentsi dntp g pressire ighamber A0 thypughize dperring 92
10 shown in EILG ' tant i ed of
part 1 ol o- mat #1 9 Bt BB R AR ot sl T H TR B TRARRG sgesToe
provi di ng a pelgdef theidefotihsble pe@d&d §20tot dedormo Wiy ol pkéski@e htry fhertiinanitted
green body, and at .|east partially sintering the powder m Xture.
Referri n_(jg t oSL?bﬁf@tfaﬂmmftawgvsaetPe RPYHG B Tay Do BieaVEL Wty the pressure
substanti al | yhahibet 5@ alild BoRlRSR4ERE Wy HeNorBatdthsh Mouf 99 1RbAREcaRQabout
The powder mixture 78 may include a plurality of the previously
descri bed hap80paounds|pes sqwade angb).uridbiet pardfulgslyy thiecpressursowjshin sthe gpressure

matri x mat er il | sQ . J.ousl.y deseri be erejn. tionally, . th
powder e upBipgf 8o Bt B0t Bl 59 BE LR DR Eh 5B b BB abole
pressi ng powd@odMnpouhdy 88 squacinely, I atheraxahqlses vdetnnd sy be @Fovidded Witinfe
| ubrication duri.n ressing and for provjdi structuyal, 20 gtren th
to the préssEyy ra“éoqrﬁ’%ﬁ’“é‘m gregfradan & %:}ng fﬂ&ﬁaw{%[@b%é IPOHefErPer
more pliabl egqapdnti) idytRAbSliAMo GRIRRED Qfadds 3 tHeQonfa@E R BY, for example,
interparticle friction:. The contai ner 80 may include a
fluid-tight thefamaspbere) imepdiepacgthe mowderrinipeds. . tlmstatic giressing @fithe powder
def or mabl e | ' i cal )
conprising a'de %r%ﬁggg%%‘f#neer%?&a g&frﬁﬁ%hér}f'ﬁgyg%n g}‘:’on rgdIL nl%alf/l FIG. 248,
further incl wiighaasesdemogediiant the Ydessure chamber 90 and container 80 after pressing.

20 In another method of pressing the powder mixture 78 to form the green bit
body 94 shown in FIG. 24B, the powder mixture 78 may be pressed, such as with a
uniaxial press, in a mold or die (not shown) using a mechanically or hydraulically actuated
plunger by methods that are known to those of ordinary skill in the art of powder
processing.

25 The green bit body 94 shown in FIG. 24B may include a plurality of particles
(hard particles and particles of matrix material) held together by a binder material
provided in the powder mixture 78 (FIG. 24A), as previously described. Certain structural
features may be machined in the green bit body 94 using conventional machining
techniques including, for example, tuming techniques, milling techniques, and drilling

30  techniques. Hand-held tools also may be used to manually form or shape features in or on
the green bit body 94. By way of example and not limitation, blades 114, junk slots 116
(FIG. 20}, and surface 96 may be machined or otherwise formed in the green bit body 94
to form a shaped green bit body 98 shown in FIG. 24C.
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25 which nmay be substantially rigid. The deformabl e nenber 82 nay be
formed from for exanple, an elastoner such as rubber, neoprene,
silicone, wo 2@ebyziret hane. The def ormabl e nenber 82 nmayciastaotbaar:
with the powder mxture 78 and vibrated to provide a uniform

di stribution of tTie sheyedereenibkbodedThowntihFIG. 2hE nthgbeantelst pari@vhétered
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def or mabl e M@Ylg%agwe@bb%lp%ﬁ%w it e orehiseises o lesiggdcfinal
as, for examalgiy.t Bfod @NAdaglisRkind Ueshbed FL&t bibboyds, A @hbdPhYen bit
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surfaces of the container 80 (by, for exanple, the atnosphere) to
conpact the PeWder fimtvear ethapolymesaaieriple pressing of the powder

m xture 78 may f ROV r i

Shown i1 FI G 248wt o CamRRaH FE SRR Rl G FEGeEklys 128t
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245, "t he B owt Brif BittePed Sl bl Soft RRIREM: wllFY 284, FORShar it g vi
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ordi nary ski H1e GUHIngfeenents By BeRptionsd Jutwinsths gocketsTietogpedbin e drayaybit

94 shown 10 bdds 10388 Ysub hdif SinferiRl UF Al drthf oir Y 1163, Gl Ll elements

particles and particles of matrix nateri al toget her by a
mat eri al pr owiagbetoime bohdedgo meisintegially tormed/ 81t Me®it bady)12. as previ ousl y

descri be Certai g structural, features, nay. Lned i.n e .green
bi t bodyq§4 usi ngJillclzﬁosﬁll\'a}%%tblr(())vflﬁ'lsl5’IE ﬁ%@ﬁioﬁﬁlﬁ(’d" r{@?ﬁﬁ{%ﬁgb% Y lﬁf&%ﬁbm%ﬁgﬁ toa
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shape feat ur 8§ FHeRHE Bl dﬁfl‘séﬁéﬁt“m @nt, gerpogh of merarry wothinq spICEIre e
not |imtati gRcnll 386 smtépedwmkslﬁinﬁ_t&ﬁ%%ﬁmé Fsln(éﬁngg%roce@@d Subhang 1%%/

may be machined or otherw se forned in the green body 94 to for
a shaped gr eexpegence thoery shidnkepoolrbetweer |18 ad 20% during sintering from a green state

30 to a desired final density. 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.
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The shaped green bit body 98 shown in FIG 24C may be at | east
partially sintered to provide a brown bit body 102 shown in FIG 24D,
whi ch has Weawsn41ary a desired final density. Prior to Pa&rABH0T/E21071
sintering the shaped green bit body 98, the shaped green bit body 98
may be subj ect ed Doringpdir siiterding ehd\paitiall sinesfipng r moceses, sfidctprye sisuohess oo

bumoff 5 or renove any fugitive additives that were included in the
powder mi xt uiilépl?@nmS@otzﬁ%m, %%Wg BuSPporaidesst B@Hﬁ?ﬂsmfﬁ%\g‘r%@é@g
the shaped gfgeMhdink PRREY 19 FndiR¥in REsiRHRLSEE & difeRsiildiduARS Bhe densification
at nosphere tailored to aid in the renoval of such additives. Such

at nospher es pmyess.nShehddisplicsments amgyl be, ushds dpogramplyaty mpintasmpmsisteneien tbe

about 500C. The. byown bit .bod 2 e .subst anti al |l v machihabl

e to tne r BRLPH BEmeBY of RECHeelAE Al e R R AT e pase By Ml BlrRte

may be machi siegrihgpiobes.bBahrefictord eyt &Zmashbefgrmainivent fooaeaimple, graphite,

machi ni ng t echni gues i,ncl udi ng, for ,ex& | e, turni n(g gechni qéjei,

m | 1ing techfi'tads AUarRe- dHhq YsF 94 Aaetm Igfﬁ%cgl}lemﬁﬁteﬁ PHsEBylesdisnl ARy

be uSed 10 MYl dsifHldMOuffiF Ry RAHTEy 16hs ooVt 1 e ANE dihimizing
e superhar tsS may be

body 102. Tools that include suf d coatings or Inse o
used to faci htiomat éffirsiehdwringcpirgéringh Additonallyh icoatipgzisuch Bs alu@iha, boron nitride,

Additionally,, material..coatings may be.appl.ied to surfac of .t he
br own bt 20 b By RES FRES oF b8 s B et oS ohs feptsd pribe
brown bit boghfradidr: stdfubesa Frdvagiscattty druthed An@ ihi t@tdfuwetopyr stitichigds from

pol ymer materjal. . % way of exanple and not limtation,
i nternal fl| uftiusiag ikybaal sodyduringdeneidications,  and buttresses (not

shown) may be machy i i ) i
102 to forma shagfegtﬁgtr%\%\tﬁ&%s??{ e\é%ﬁé}‘ %%%H@ﬁg%&héxﬁ?ﬁ%@‘gzj% ﬁaa?%g)@aﬁf&uy

Furt her nor e, sinferedite fohmi 4 brointbii@@yivethoat privc imad@niag,pind radl|iecgpsasy machining
cutting ements integrally formed.with th i.f bod 2, the.cuttin
ol erent's Thay T8Y bg Rt THsA S g TRIR Ciieey pidae S RETeal prv s i
bit body 102 desifeTinsliseigy eterrtivdl e dingecedsary NRadA@WNmBY be 2on the
the cutting el enents may becone bonded to and integrally fornmed wth
the bit bodyg‘;’Fﬂblt?S%%y drypayFlst 3¢R. which Bisaway b fallyoiricred to dgsiredyfimal
t hen may be tibﬂslt%‘. sintered to a desired final density to provide the
previ ously described bit body 112 shown in FIG 20. As sintering

i nvol ves densi f i cdb¢ enteanglproessensalesanbedbyreis imay inglode gonwentibral sintareg in a
the strucgture being sintered will shripk dutkin e sinterin . .
bt ocess. 2\ s Fpr Pk e & xad R EiPRe BT a YoM Bhiohlbe i
and 20% dur i 'pﬂasﬁhgw?raéésﬂgnrﬂ Kimtifg Bireeiatdl &llewa@by {sestaicteaking dt ttinpéthtures
density. As a result, dinensional shri nka%e nmust be considered and

account ed f oFeaiHah sigtesing temRsTa0HB (Pl TEfeBPIL agjpipsr HER €hof isgstatie rswHpaly
features in ${fkGhBfCthe Balerifd Grdc83s IdiafbeliUletein $haYt REREe subliquidus phase

sintering. In other words, the sintering processes may be conducted at temperatures

25  proximate to, but below the liquidus line of the phase diagram for the matrix material. For
example, the sintering processes described herein may be conducted using a number of
different 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.

30 Broadly, and by way of example only, sintering a green powder compact using the
ROC process involves presintering the green powder compact at a relatively low
temperature to only a sufficient degree to develop sufficient strength to permit handling of

the powder compact. The resulting brown structure is wrapped in a material such as
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During all sintering and partial sintering processes, refractory
structures or displacenents (not shown) may be used to support at

| east por tWops©e42320 bit body during the sintering proc@ss/Uszomediviiai n
desi red shapes and di nensions during the densification process. Such
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densi ficati Oferein) é&} ]glaéeﬁ i?h ?{%Ehdﬁﬁ;ahm%’d at.lﬁ'ﬁ*)ﬁgse%h% Efg)@ﬁ% a)gé\sﬂﬁﬁ\éwu%sw

FIG 24B may be partially sintered to fornfa brow bit
pri or nachi niaepplyamessut lo themelearerante etpolymey niderizh yIsdsatip prebsoreserdthorthe

the bro bit bod rior .to fully sinteri .fhe brown.bit .body.to

dosi red A namolghte e Rtk Bem & e ot AditlCeoRiPHRiet dndr e o De
perfornmed onbiche @ieere dithe HoeyedHMmpaamres iwithil (e 3ABinetMTihe indlleR e,
be fully sintered to a desired final density. The sintering processes

descri bed hePeymenayslassamaynel agiio dnpsmahie pesiredfigat tn the browsy seishis. In
urnace, si Nl hithet hedndlRf wggfcgéd}ngggﬂ, @Asmga@avp@s;&? g&}iﬁg&%ﬁﬁ%&ﬂﬂﬁ

i sostatic pressing process, a I mredi at'e
i sostatic préssighgvlith presper atapplis! ebe stivturs idntieg singring nebsequenieto the

(often referred to.as sinter H P (hot isostatic pressin . .

Fur t her ot o, Mgt & Mrestie ¢ Froe< e Shigd 3R iing n BB FAn i) bomc igoetied
subl i qui dus phtase, AIRhET oGass hidtediah & mvverddtiled BPlaBtinOT R OC PERES AR
may be conducted at tenperatures 25 proximate to, but bel ow the

|i qui dus | i néuigplet ssingisa’s for dhegrashcs Bierephés pipvided bireld Sr Palk Nasof,094,709,
exanpl e, thegsi i iabe J t
T G iR AR L S R R
the art such4d44.8Hean@HN38,58mi di recti onal Conpacti on (ROC) process,
the CeraconTm progces hotm 1 Sost atl. ¢ .pr.essin | P), .or tations
of such %?ocesses.%ﬁ%@%??gdl ’f/r,oc‘gﬁ&’ }%‘% lvvsalgl?]%'fto%&%#%’ﬁ%lb'gfﬂnff?ﬁ@?ﬂ%cﬁsnﬁmﬁ
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of the powdetyfhoRRAfting, THeories kidk, G R b:3dd Wiler Sinila® NP RAREAI Ty,
mat eri al such as

protective, removable coatings may-also be used. The coated brown structure is fully

25  consolidated by transmitting at least substantially isostatic pressure to the coated brown

structure using ceramic particles instead of a fluid media as in the ROC process. A more
detailed explanation of the Ceracon™ process is provided by U.S. Pat. No. 4,499,048,

Furthermore, in embodiments of the invention in which tungsten carbide is used in

a particle-matrix composite bit body, the sintering processes described herein also may

30 include a carbon control cycle tailored to improve the stoichiometry of the tungsten

carbide material. By way of example and not limitation, if the tungsten carbide material

includes WC, the sintering processes described herein may include subjecting the tungsten

carbide material to a gaseous mixture including hydrogen and methane at elevated
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graphite foil to seal the brown structure. The w apped brown
structure is placed in a container, which is filled wth particles of
a ceram c Woaligmee29 or gl ass material having a substanPCalubio0t/@uen
melting point than that of the matrix material in the brown
structure. Thapeania For etatnphe dettngstentdabiddanited ngiy e stibjeged to a flow of
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ol ten cer a%@m—r&@ét%ﬁ&dfa&ﬁ%maﬂﬁﬁl 1Ll 'tl‘ﬂslreoﬂ(f)}cr?jéeg nfot AR Hhkt 1§ BE abrasive
pressure and heat to the brown structure. In“this manner, the nolten
cerani c, pol gmvapnment whkiadilling insubterranepr foswmatiops.t r ansni ssi on nedi um

t hr ough ich pr re,is.applied tq the,structure during sintering.
Subsequeh? to the pHe Pg| Elé(gr@me ijlf)sr §)§§Ihr%es‘3ﬂ’(§gc %?’Pn&‘tht ﬂeépesc ntf)elp@%m
struct ure i sehbwimérdyenoee of srdimuly3Rill ih qhtedrt @l @dpal¥e Gnd BHrOCRS thatTt is not
glass material, A nmore detail ed explanation_ of the ROC process and
sui t abl e equidimiRd- fRatheryeanyadditippse delptiang ard madifeatigpsitedhg,gmipgdanentsymay
Nos. 4,094, 709 7 : :
4,562 000, 4 5380 8o By fom g sedbs 35 % Biephy 3¢ hergln hoimsd, 1n
20The Cer acoadiitiopr desgwes, fromi arie embaiimedt anayt be tchmbinkd vathe feniuomed R0Ger

process, y_ alsp be a t for use in the .present invepntjion to.

r Ty sith ar it PORLES ditie, “5Spirhetd i R spop R e Poieiopoes
process, thecdienplated bt iiventos. Faahaekhwidvbntdndas alitg irC@al BiRAns U6 bAs
al um na, zirconiumoxide, or chrone oxide, her simlar, hard,
general | y i nBaving differens@pd vasious bibpiofilss as welhas vias siseni tissbe used. The
coated brown structure is fully 25 consolidated by transmtting at

| east substantially isostatic pressure to the coated brown structure
using ceramc particles instead of a fluid nedia as in the ROC
process. A nore detailed explanation of the CeraconTm process is
provi ded by U S. Pat. No. 4,499, 048. Furthernore, in

enbodi nents of the invention in which tungsten carbide is used in a
particle-matrix conposite bit body, the sintering processes described
herein also nmay 30 include a carbon control cycle tailored to

i nprove the stoichionetry of the tungsten carbide material. By way of
exanple and not Iimtation, if the tungsten carbide material includes
WC, the sintering processes described herein may include subjecting
the tungsten carbide material to a gaseous m xture including hydrogen
and nethane at elevated tenperatures. For exanple, -the tungsten
carbide material may be subjected to a flow of gases including
hydrogen and net hane at a tenperature of about 1,000C. A nethod for
carbon control of carbides is provided by U S. Pat. No. 4,579, 713.
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The bit body 112 is conpleted by attaching a shank (not shown), such
as an APl 5 threaded pin nentioned above, thereto. Several different
nmet hods may be used to attach the shank to the bit body 112 and are
provi ded by United States Application Serial No. 11/272,439. The bit
body 112 with its particle-matrix conposite materials and an abrasive
wear -resi stant hardfacing material attached thereon provi des nore
resistant to the abrasive environngntamgen drilling in subterranean
formations. toWhile the invention has been described herein with
respect to certain enbodi nents, those of ordinary skill in the art

wi ||l recognize and appreciate that it is not so limted. Rather, many
additions, deletions and nodifications to the enbodi nents nay be made
wi t hout depabtarndyill bio fortdnidirgco pastahe stlgeiraneenfonaatias theeveindfll ki
claimed. In additian, features from one enbod}nent he conbi ned
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Further, the invention has utility in drill bits and core bits having
di f f er entblesdssl hapresad and ftmtpﬁeéﬁvan@ie-lagmmpmpa%te@@ﬁt%w gorepiasiigg Pluabies |
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conposite.material .and havi exposed. ext er.L,0r.. syr f.ac a
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di spersed throughout a matrix material, the hard particles selected
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4. The rotary drill bit of claim1, further conprising: at |east one
cutting el ement secured to the bit body along an interface; and a
brazing all oy disposed between the bit body and the at | east one
cutting element at the interface, the brazing alloy securing the at

| east one cutting elenent to the bit body, at |east a continuous
portion of another abrasive wear-resistant material having the sane
conposi t i:af apturhlhe c2IBASS I @A kadt RigSERBArbIMB kemhuRE sibsspasBdahdonilhe
at | east one recess, the anot her abrasive wear-resistant materi al

bei ng bordwarsedthigrehoptdhs At Rsteral Be PRupbitye Caﬁtda@g%ﬁwa@%ﬂr? & of
the at | eashQNE &4 iHah B8R SR waRd o8 leRHisNG UL eskshR: ARy ace
between the bit "body and the at | east one cutting el enent and
coveting at |east a portion of the brazing alloy. 5. The rotary
drill bit cl.ali m.4, .wherei he bit body. c ise pocket .in.the
exterior Zsart Sy o RElafh g hiifediomen it §OTRL pRERe SRR byt
one cutt itagy.ahesmik chepfigngld sqaseconfigiieidno hitehpicdhedk totadill nitigg.f ace
extendi ng al ong adj acent surfaces of the bit body and the at |east
one cutting elenent, and wherein the at |east one recess extending
into the pirhe RALY dEABH r28Im 3! whERAMOMELEBLIS SSniiQALMBE chy b PRirality of
exterior surface of the bit body adjacent the interface. "~ 6. The
rotary drauftingtsiements, endathermaterigheamaionitivhef te presssstand simteged pariigjc-atagivent
conpri ses ting.elenent. d pol ycrystal | i ne di anond
conpact tcgﬁ"lpééﬂseen&%fg%ag V?%esa\%llﬂgﬁg}éob?{hoﬁg cutting el ement body. 7. The
rotary drill bit of claiml1, wherein the plurality of -10 ASTM nesh

sintered tungsten carbide pellets conprjses lurality of -601+8
ASTM mes - ﬁggf%?réaﬁ%ﬁfgg%wﬁﬁ% ‘C%lﬁﬁeﬁsﬁﬁaowwgéﬁ??wf Se_cuwg
plural it %o efediBoodP hMndBS ntedsde: dddNdsit AR SRR GR AN RRAM BIhERMdySRa
plurality of-100/+270 ASTM mesh cast tungsten carbide granules.” 8.
The r ot arthe efrlpdst o quttisfg eddregnivptithe ipstasp.rihe brazipg alley Jepyringfthe aigearemg
nesh sintere i . i 1t y
501 50 ACHIEARE e S0k E BE AL RIR ARF BN Bbe Wi
of - 120/ w2dQakSTdwrint bivisg ik eared cdmmgiioans dardbrdecpeht-sisisiant tneterial
plurality _ of -601+80 ASTM nmesh sintered . tungsten carbide pellets
Compr | 51 HHTOEIBET SG0O S0 reRIOE: S0 T GRT P AHEl e ve
wear - r esipphadt toMaleRictis} surfabCoPthélbRbbdyar@fa sulidy dfAHOatARIM IR Ring
sintered tungsten carbide pellets conprising between about 10% and

about 20%eenhandetensing qysr disinignfacs bvgen thestikhodyandrhedt jegst one cutting

element and covering at least a portion of the brazing alloy.

5. The rotary drill bit of claim 4, wherein the bit body comprises a pocket in the exterior
surface of the bit body, at least a portion of the at least one cutting element being
disposed within the pocket, the interface extending along adjacent surfaces of the bit
body and the at least one cutting element, and wherein the at least one recess extending
into the bit body comprises at least one recess formed in the exterior surface of the bit

body adjacent the interface.
6. The rotary drill bit of claim 4, wherein the at least one cutting element comprises a

cutting element body and a polycrystalline diamond compact table secured to an end of

the cutting element body.
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7. The rotary drill bit of claim 1, wherein the plurality of -10 ASTM mesh sintered
tungsten carbide pellets comprises a plurality of -60/+-80 ASTM mesh sintered tungsten
carbide pellets, and wherein the plurality of -18 ASTM mesh cast tungsten carbide
granules comprises a plurality of -100/+270 ASTM mesh cast tungsten carbide granules.

8. The rotary drill bit of claim 1, wherein the plurality of -10 ASTM mesh sintered
tungsten carbide pellets comprises a plurality of -60/+80 ASTM mesh sintered tungsten
carbide pellets and a plurality of -120/+270 ASTM mesh sintered tungsten carbide
pellets, the plurality of -60/+80 ASTM mesh sintered tungsten carbide pellets comprising
between about 30% and about 35% by weight of the abrasive wear-resistant material, the
plurality of -120/+270 ASTM mesh sintered tungsten carbide pellets comprising between

about 10% and about 20% by weight of the abrasive wear-resistant material.
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