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DOUBLE CEMENTED CARBIDE C~MPOSITES 

5 FIELD OF 1llE INVENTION 

10 

This invention relates to cemented tungsten. catbide materials and methods of making the 
same and, moie particularly this invention relates to double cem.~ted carbide composites that 
have improved propenies of toughness without sacrificing wear resistance when compaied to 
conventional cemented tl1DgStcn carbide. 

BACKGROUND OF THBJNVEN1lON 
Cemented tunpcen caibide, such as we.co is well known for its mechanical properties 

ofhan:lness, touS:h• ns and wear~maJring it a popular mmdal of choice for use .in such 
industrial applications as mining and drilling where. its mechanical properties are highly desbed. 

15 Because of its desimd propCl1ies. cemented tsmgsten carbide bas been the dominant material used 
as wtting tools for machirring, hard facing, wear inserts, and cutting Inserts in rotary cone rock 
bits, and substrate bodies for drq: bit shear cutten. The mechanical pioperties associated with 
cemented tungsten carbide and other cermets. especially the unique combination of hardness 
toughness and wear iaistance, make these materials mom desirable dum either metals or 

20 ceramics alone. 
For conventional cemented tungSten. carbide, fi:actme toughness is inversely proportional 

to hardness, and wear-~ is proportional to• hardness. Althougb. me ftacture toupness 
of cemented tungsten carbide has been somewhat improved over the years,_ it is still a limiting 
factor in demanding industrial applications such as high penettation drilling. where cemented 

25 tungsten carbide insezu often exhibit gross brittle ftactme that leads to carastmphic failure. 
Traditional metallurgieal methods· for enhancing fracture toughness, such as grain size 
refinement, cobalt content optimization, and sttengthening agents, have been subsrantially 
exhausted with respect to conventional cemented tungsten carbide. The m.echanical properties 
ot commen:ial pade cemented iungsten carbi~ can be varied within a particular envelope by 

30 adjusting cobalt metal content and. pain sizes. For example, the Rockwell A hardness of 
cemented tunpten carbide can be varied from about IS to 94, and the fracture toughness can be 
varied &om about 8 to 19 ksi•in-2. Applications of cemented rungsten ~ide are limited to this 
envelope. 

Another class of materials for aattina and wear applications is tool steel. In general, the 
35 wear resistance of steels. including ·tool steel, is much lower than that of cemented tungsten 

carbide. U.S. Patent No. S,290,507 describes a maierial that is formed by incorporating a ceitain 
percen1age of cemented tungsten carbide gn.nules into a matrix of tool steel binder to increase 
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the wear resistance of the tool steel. Such tool steel/cemented tungsten carbide composite 
materials belong to the categozy. of metal matrix composites, wheie the brittle phase. i.e., 

S cemented tungsten carbide granules, is the minority phase. 
A problem kilown tO exist with tool steel/cemented tungsten carbide. compositeS is that 

iron (Fe) present in the tool steel binder tends to react with the cemented tungsten carbide to 

form Fe3C, which can be detrimental to the ductility and toughness of the composite. For this 

reaso~ such tool steel/cemented tungsten carbide. composites are not desUed for use Di 
10 applications, S1Jdi as tbc>Se discussed above. where impmved toughness is needed. Additionally, 

the limited d@lity of the tool steel tba1: is use4 to fonn the cemented tungsten carbide 
composite also acts to limit the overall toupness of the composite, theieby limiting its use. 

It is •. therefore, desimble that a ~ted tungsten carbide composite be developed that 
has improved pmpenies of lactme toughness when compmal to conventional =nented 

IS tungsten carbide materials. It is desirable that such cemented tungsten carbide composite have 
such improved. fiactum mup,,,ss without sacrificing wear teSistance, i.e., having.equal or better 
wear resistance than that of convemio~ c:emented tungsten carbide materials. It is desilecl that 

such cemented tunpt.en carbide composites be adapted for use in such applications as roller cone 
bits, percussion or hammer bits and drq bits, and other applications such as mining and 

20 ~DSlmction tools wheR properties of impmvecl fiacture toughness is desired. 

SUMMARY OF mE INVENTION 
Double cemented cmbide composites of this invention comprise a plurality of first regions 

and a second ductile phase that sepmate the first legions fiom each-other. Each :&st region 
2S comprises a composite of grains and a first ducdle phase bonding the gxains. The grains are 

selected from the poup of carbides consisting of W, n, ~Nb, v. ff( Ta, and Ct carbides. 
The first ductile phase is.sel~. from the gioup consisting of Co, Ni, Fe, alloys thereof, and 
alloys with materials scleeted fiom the:gioup consisting of C, B, Cr, Si and Mn. A preferred first 
.region compdses tunptm carbide grains that ate cemented with a cobalt first binder phase. The 

30 second ductile phase is selected from the llQUp consisting of Co, Ni, Fe, W, Mo, TI, Ta, V, Nb, 
. alloys thmot; and alloys wi~ materials selected· fiom the group consisting of C, B, Cr, and Mn. 

. . 

A prefened second ductile p~ is cobalt. Additionally, additives such as those selected ftom 
the additive selected from the group consisting of carbides, nitrides, and borides can be added 
to the second ductile p• to provide improved properties of wear resistance. 

35 Double cemented carbide composites of this invention me prepared by combining hard 

phase particles (e.g., WC-Co) fonned from the grains and filst ductile phase, with the second 
ductile phase material under conditions of pressure and heat. The composite comprises in the 
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range of fmm about 40 to 95 percent by volume first regions. and less than about 60 pen:ent by 
volume second ~e phase based on the total volume of the composite, and mom pteferably 

S compriires in the range ofiom about 60 to 80 percent by volume first.regions and in the range 
of from about 20 to 40 perc• by volume second dUctile phase based on the total volume of the 
composi1e. Composite embodiments comprising an additive in the seeond ductile binder 
compbe less than about 40 percent by volume of the additive based on the total vol~ of the 
second ductile biDder. 

10 Double cemen~ carbide. composites of this invention have improved properties of 
fiactlile t.ovgb=ss wben ~~to conventional cemented tunpten carbide materials, without 
saai:.tic.ing wear iesistance. i.e., havin& equal or better wear n:sistance than that of conventional 
cemented tungsten carbide materials, making the material well suited for. such applications as 
miler CODllt bitS, pcnussion or hammer bits, drag bits, and other applications such as mining and 

IS CODSlluction tools wheze propelties. of impmved fracture toughness is desiml.. For example, 
double cem.ented. carbide composites of this invention have a Kie fiacture toughness of greater 
than"20 ksi•in4 ' and a wear nmnber of at least 1.S (1 ,000 rev/cm3). 

DESCRIPTION OF nlE DRAWINGS 
20 . 1)ese and other fealUleS and advantages of the present invention will become appn:ciated 

as the same becomes better understood with s:efenmce to the specification. claims and drawinp 
whemin: 

FIG. 1 is a schematic pJiotomi.cmgmph of a portion of conventional cemented tungsten 
carbide; 

2S FIG. 2 is a graphical representation of the relationship between the properties of 
tou~ess, hazdness and wear iesistance for a conventional cemented tungsten. carbide material 
havin& the microstructme.ofFIG. 1; 

FIG. 3 is a gmpbical repn:sentation of die relationship between the properties of fi'acture 
toughness and wcarmstaDM for a conventional cemented tungsten carbide material of FIG. 1; 

30 FIG. 4 is a schematic photomicrograph of a portion of a double cemented carbide 
composite prepmed according to principles of tbis invention; 

FIG. S is a paphical representation of the relationship between the propenies of &acture . 
toughness and wear resistance for both conventional cemented tungsten carbide and double 
cemented carbide C9mposites of this invendon; · 

3S FIG. 6 is a.schematic pe1spective side view of a double tungsten carbide composite insen; 
FIG. 7 is a peispective side view or a roller cone drill bit comprisi111 a number of the 

inserts of FIG. 6; 
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FIG. 8 is a perspective side view of a pacussion or hammer bit comprisjng a number of 
inserts foaned &om double ceaumted carbide composites oftbis invenlion; 

S FIG. 9 is a schematic: perspective side view·of a polycrystalline d.i~nd shear cutter 
comprising a substrate formed from double tungsten carbide composites of this invention; and 

FIG. 10 is a perspective side view of a chag bit comprising a number of the polyaystalline 
dm.nond shear cutters of FIG. 9. 

. 10 DETAILED DESCRLPTION 
Cemented tungsten carbide is a composite.material that is made fiom tungsten carbide 

(WC) grains and a metallic binder such as cobalt (Co), tbemby fomling WC-Co. FIG. 1 

illustrates aconvendoaal microsliucture of a c:emented tungslell carbide material 10, comprising 
tungsten carbide pains 12 that am bonded to one another by the binder phase 14, e.g.. cobalt 

IS material. The unique properties of cemented tunpten carbide, e.c., toughness, ha!dness. and 
wear resistance, result from the combination ofa rigid carbide netwoik with a tougher.metal 
substructure. The generic structure of cemented tungsten cad>ide, a heterogeneous <;omposite 
of a cenunic phase in combination with a metal phase, is similar in all cermets. 

1be reJarjonsbjp between mechanical properries of hardness, fractme toughness and wear 
20 resistance is well known for such con~onal commercial gmde cemented tungsten carbide 

materials, and is illustrated in giaphical foml in PIG. 2. Han!ness is indicated by Rockwell A 
(HRa) number, fiactme toughness. is indicated by K1; value (ksi•m-z), and wear resistance is 

indicated by wear number (1 ,000 '!CV/cm1
). As illustmted in FIG. 2, properties of tOughness and 

hardness are inversely proportional to one another, while properties of hardness and wear 
25 resistance are proportional to one another. FIG. 3 is another presentation of the relationship 

betWeen fracture toupess and· wear .resistance for conventional commeicial grade cemented 
tungsten carbide . 

. For conventional cemented tungsten carbide materiils, pmperties of hardness, fiac;ture 

toughness and wear resistance can bC varied witbln a definecl window of between IS to 94 HRa 
30 (hardness), between 8 to 19 bi~in.i (&acture tou&hness), and between 1 to IS (1,000 rev/car • 

wear resistance). for example, it is known to increase the &acture toughness of such 
conventional cemented tungsten carbide materials to the higher end of the Krc envelope· by 

increasing the amount of cobalt.present in the cemented tungsten carbide. The toughness-of the 
cem~nted tunasren carbide_comes mainly fiom the plastic defonnation of the cobalt phase during 

35 the fracture process. Yet. the ~lting hardness ofrhe-cemented tungsten carbide dCCIC8SCS as 
the amount of ductile cobalt increases. In most commonly used cemented· tungsten carbide 
grades, cobalt is no more man about 20 ~by weight of the total composite. 
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Conventional grades of cementecl tunpten carbide used for shear cutter substrates in draa bits 
and cutting· sttuctme insetts .in zock driJling bits contain in the range of from about 6 to 16 

S ~by wei&ht cobalt, and~ pin si7.CS in tho IBDP of &om about one to. ten micrometers. 
Such conventional grades ·of cemented tungsten catbide used for c\ltling sttucture inserts in rock 
drilling bits have a Ra hardness in the range of from about IS to 91, a fracture toughness in the 
ranae offiom about 9 to 18 ksi•in.a, and have awearnumberinthc range of from about l.S to 

11 (1,000 rev/cm.3). 

10 Referring bac::k to FIG. 1. it is evident that the cobalt phase 14 is not c:ontinuous in the 
conventional cemented tungSten carbide micmmucture, patticulady in compositions with a low 
cobalt concenllation. 1be conventioQal micrOmucmte has a relatively uniform distribution. of 

·tungsten. carbide in a cobalt matrix. Thus, cradt propagadon through the composite will often 
travel through the less ductile hmgsten carbide pains, either tramgranularly through tungsten 

15 carbide/cobalt interfaces 15, or interpDularly tbmush tunpten carbide/tm;apten carbide 
inter&ces.16. As a iesult, cemented~ carbide often exhibits poss brittle ftacnue during 
more demanding applications, wmch may lead 10 catastrophic failme. 

FIG. 4, illustzates the miciOslructum of a double cemmtecl carbide composite 18 pn:pared 

accordin1 to principles of this invention. The class of cmmets pnspared accordiq: to this 
20 invention have a double cemented microstmctme. A &st cemented microstructme comprises 

a conventional cemented carbide mietOStrUCtUte (e.g., cemented tungsten carbide, WC-Co) as 
descdbed above. .while a second cemented micmstructure comprises bard phase panicles 20 · 
formed :fiom the fust cemented .micmstructun= (e.g., WC-0> particles) smrounded by a 
continuous ductile binder phlse 22 (e.g., formed fmm a ductile metal or metal alloy). Thus lhe 

25 tenn "double cemented" or "dual cemented" is used to refer to the· fact that the composite 
material of this invention is in· the fonn of a cemented mierostructurc that itself comprises a 
cemented microstructure. as one of its components. Double ~ented composites of tlU~ 

. invention me ~al using materials and processes that achieve the.desired enhanced properti~ 
of fi:actuie toughness without sacrificing wear resistance. 

30 Broadly, double cemented carbide composites of this invention are made by mingliq 
cemented bald phase particles with a ductile phase binder under conditions causing the cemented 
hard phase particles to be cemented by the ductile phase binder. From a laminate penpectiv~ 
a conventional laminate sUuctul9 comprises a stack of-sheers that has alternating materials along 
one geometric dimension. A. fiber slNct1Ue with a binder is consideled to be a 2-D laminate. 

JS The double cemented carbide composite of this invention can, thelefore, be viewed to be a l·D 
laminate. 

-s-
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The rnicrostJucture of double cemented carbide co~tes of this invention provides a 

strueture that has a much bigberfiactme touglmas than conventional cemented tunpten carbide 

S due to the enhanc:ed crack blunting. and detlective effects of the contimloUs binder phase 22 that 

surrounds each hard phase particle 20. The continuous binder phase. increases the overall 

fracture toughness of the composite, by blunting or cieflecting the fiont of a propagating crack 

if one occus, without sacdficing either the overall baldness or wear Iesistance of the ~posite. 

The ovemU hantness of the composite is not sacrificed as the origiaal ductile metal phase of the 

10 hard patticles (e.g., the cobalt phase of the cemented. ttmpten carbide bard particles) is merely 

redistt10uted·between the hard paiticle phase and the new or second binder phase. The overall 

w~ resistance of the double cemented composite is much higher than that of a conventional 

cemented tunasten carbide material that ~mprises the same amount of the total ductile binder 

phase material. 
15 Double~ cmbide composites of this in'Vention can be formed using different types 

of materials as.lbe bmd phase padlcles 20. Suitable~ for~ the bard phase particles 

20 are cermets that include bard grains formed iiom carbides or borides fonned iom ieftactoiy 

metals such as w. T~ Mo, Nb. V, ~ Ta, Cr. and a metallic cementing agent •. Example hard 

grain materials include WC, nc, Tac, T'IB:a, or CfiC,. 1be metallic cementing agent may be 

20 selected :liom me group of ductile materials including one or a combination of Co, Ni,. F~ which 

may be alloyed with each other or with C, B,_ Cr. Si and Mn. Piefened cermets useful for 

fonnin& lhe bard phase particles 20 include cemented tunpten_ carbide with cobalt as the binder 

phase (WC-Co) and other cennets such u WC-Ni, WC-F~ WC(Co, N'i, Fe) and their alloys. 

1be hard phase pmtid.es 20 usefUl for fonnin& double carbide composites of this invention 

2S include conventional cermets, such as cemented tungsten carbide, havin1 the following 

composition mnge: carbide component in the range of from about 75 to 97 percent by weight. 

and metallic cementin& agent or binder in rhe amge of &om about 3 to 2S pereent by weight. 

The bard phase padicles 20 can also be fonned fiom spherical cast carbide. Spherical cast 

carbide may be fabricated using the spinning disk n.pid solidification.process described in U.S. 

30 Patent No. 4,.723.,996.and U.S. Patent No. S,089, 182. Spherical cast cm:bide is a eutectic o_fWC 

and WzC. If~ the hanl phase particles 20 can be fonnecl from. mixtures of Cemenrecl 
tungsten carbide and spherical cast carbide, or combinadons of other hard phase padicles 
described above. . 

In an exemplmy embodiment, the hard phase particles are fanned trom conventional 

35 cemented tunpten calbide. as illusuated in FIG. 1. wherein each particle comprises a composite 

of tunpten. carbide gmiDS bonded by cobalt (WC.Co). ·The cemeated tungsren carbide particles 

can be made by conventional mixing. pressing, and sintering to form. a cemented tungsten 
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carbide body. Such a body can then be crusbed and screened to obtain a desin:d particle size for 
use in 1bis invention. Altcmatively, the particles can be made directly by fomiing ag1omcrates 

S of nmgsten carbide and cobalt of appropriate size .which are then sintered. to near net size. This 
enables one to determine the shape as well as the &ize of the particles. 

Bani phase particles 20 made from cemenled tungsten carbide are preferably in the form 
of substantially spherlcal partides. Such spherical particles can be made from pelletized 
mixtures of cobalt and tungsten carbide particles or by abrading crushed cemented tungsten 

10 carbide. The pmfimd.substantially spherical ~ted tungsten carbide pellets are bonclecl wi1h 
cobalt. Probably 90% ~ m~ze of the pellets are spherical or very nearly spherical A small 
i'aclion me smoo1b but somewhat oval (oblate or prolate) or egg shaped. This is contrasted with 
fractmed c:arbide which has~ anplarprofile. 

The cemented tungsten catbide pellets have a pmdcle &i7.c that is pmferably less than. 
1 S about SOO miciometen because while 1aqer si7.ed particles may exlul:tii better wear resistance. 

they me known to display a higher tendency for inclependent parr:icles to microcmek or pull~t 
during abrasive wear situations. 

In a prefmecl embodiment, the cemented tungsten carbide pellets have a particle size in 
the range of from about 20 to 300 micrometers. A hard phase pellet size within-this range is 

20 preferred because it provides a good combination of n:sistance to both wear and cmcking. 
Cemented tungsten carbide pellets that are too finCy e.g., that have a particle size of less than 

about 20 · micrometcls, am also not desUed because _wbil~ such pllticles may display a low 
tendency to crack. as the particle size of the cemented tungsten carbide approaches the size of 
the individual carbide giains, the micmstrucmn: of the c;omposite approaches that of 

2S conventional cemented tuDgsleD. carbide. 
1be mladve si7.e and ~lume iaction of the hard phase particles 20 and the ductile binder 

phaSe 22 sumnmding the bald phase particles cletamine the combined mechanical and 
tribolopcal behavior of the final co~sites. Double cemented carbide composites of this 
invention may compdse in the range of ftom about 40 to 95 pen:ent by volume of the hard phase 

30 panicles 20 based on the totaJ vol~ ofdle composite. The volume fiaction oftbat hard phase 
particles is one of the most important factom affecting the mechanical properties of the ~ 
composite. It is desired that double cemented carbide composites be prepared usina peater than. 
about 40 ~by volume hmd phase pldicles because using less thin this amount can produce 
a final composite having an overall modulus. and properlies of strength and wear resisrance that 

35 me too low for demanc1inc applications such as shear cutter substrates for drag bits or insens for 
roller cone rock bi1s. It is desired that double cemented carbide composites of Ibis invention be 
prepared.using less than 95 percent by volume hard phase particles because using more than this 
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amount can . prodm:e a .final cmpposite having a low fracture toughness similar to that of 
conventional GCIDCDted tungsten c:arbide. 

S The exact amount of the hard phase.particles 20 that are used will vmy depending on the 
desired. mechanical pmpenies for a particular applicati.oD. For example, when the double 
cemented carbide composite is used in an earth boring drill bit. it is prefened that the bard phase 
particles be in the range offt'om about 60 to 80 pem:nt by volume of the total volume of the 
com~itc. 

1 O The ductile bioder phase 22 of dOuble cemented carbide wmposites of this invention is 
selected fiom the pup of materials comprising o~ or more ductile metal, ductile metal alloy, 
refi'actory metals, additives, and mixtun:s tbCieof. In a first embodiment double cemented 
carbide composi~ the· ductile binder .phase 22 that smrounds the bard phase particles 20 is 
selected mm the group of ducdlc meblls, ductile·me1al alloys, and.refractory metals. The ductile 

IS metals can include cobalt, nickel, iron, casi imn. and. the ductile metal alloys can include steels 
of various carbon and alloyina levels, stainless steels, cobalt alloys, nickel alloys, Fe-Nl..Co 
alloys haviq a low coeflicient of thennal expansion such as Sealvar manufactun:d by Amtec 
Inc., of Pennsylvania. tungsten alloys such as W-Ni-Fe, and the like. Desirable low thennal 
expansion alloys include those having a coefficient of thermal expansion of less than about 8 

20 µm/m-K. Such low. thennal expansion alloys ate desiled because they are both thermally 
compatible with tho hmd phase particles. thereby improving thermal fatigue ctaek resistance. and 
bcawtse they are more ductile the most commercial grade steels. The ductile binder phase 22 can 
be one, or a combination ot: 1he following: W, Co. Ni. Fe. Mo, Ti, Ta, V. Nb. The ductile binder 
phase 22 can be alloyed with C, B, Cr and Mn. 

2S Co is a pefened ductile binder phase material when the bard phase particles are formed 
from .cemented tungsten mbide (WCCo) because it has better ·dlermodynamic compatibility, 
wetting, and interfacial bonding with WC grains, as compared to nickel or iron. Cemented 
tungsten carbide comprising· cobalt as a binder otfen the best combination of hardness and 
toughness~ compared to that formed by using other binder systems. Other binder materials 

30 such as nictel am use1µl in certain applications where other enhanced properties are desired7 e.g., 
Dickel is used as a binder in applications where superior co1T0sion resi&tance is needed. 

In the first embodiment. whem the ductile binder phase 22 comprises a ductile metal, 
ductile metal alloy, or com.bilwion thereof, .it is desired that the double cemented carbide 
composite comprise less than about 60 percent by volume, and more pieferably in the range of 

JS from about 20 ro 40 percent by ·volume, of the dUClile binder phase based on the total volume of 
the composite. The fimction of the ductile binder phase is to enhance the fracture toughness of 
the final composite by pWtically deforming during crack pmpag8don. The overall elastic 
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modulas, compressive sttmgth. and wear resistance of the final composite will decrease 
significantly if greater than about 60 percent by volume of the ductile binder is used, making the 

S final composite unsuited for applications where extremely heavy load and abrasive wear is 
known to occur. 

Materials useful as the ductile binder phase 22 include ductile steel. The teim. "ductile 
steel" is used herein to refer to a mild steels that display peat« than. about S percent clonption 
after heat trealllleDt, have a carbon content of less than about 0.8 percent by \Wight, and have a 

1 O total alloy cxmtent 0£.less than about 5 pm:ent by weight of the total steel composition. Such 
steels, because of their make up and heat tleatment, have a dc:sUed, dqpee of duetility to 
plastically deform a sufficient llDOWlt during crack propagation and, tbaeby inaeasc the 
fi:actme toughness of the double c:emeiited carbide com~ It is undeJSlood thal such ducdle 
steels do not include steels having: (1) an elongation gteater then about 5 pacent after heat 

15 neatment; or alloyed steels that both have a carbon GOntent of peater than about ().8 pen:ent by 
weight. and have a total.allo)r content ·of p:atcl' .than about S pmcent by weight, that may be 
referred to as tool or mp-speed Sleels. lhe term "alloyed steel" as used herein n:fers to those 
steels that include alloys of such metals as W, Co. Ni, Fe, Mo, TI, Ta, V, Nb, Cr, Mn and the 
like. 

20 The initial particle si7.c and size distribution of the powder ~ta the mixing and 

p. l l/35 

homogeneity of the final micmstructure of the composite. The surface finish of the as­
consolidated part is also. atrected by 1he initial particle size and size distribution. of both the 
ductile binder phase and hard phase powden. After -consolidation, it is desired that the hard . . 

phase particles re1ain their infepi'f with some elemental diflbsion. which may occur during high 
25 temperature consolidation process. The ductil!= binder· phase panicles, however, becomes a 

continuous or semi-continuous matrix phase during sueh consolidation, its original powder 
characteristi~ no loop exist. and it bu a structure similar to bulk metals with equi-axed grains. 
althoup subsequent heat trealment could alter its grain structure. For example, if ductile steel 
is used as the ductile bindetpbase, its micmsttucture can be martensite, pearli~ bainite or others 

30 dependin& on the specific heat treatment or rhermal histoly of the material. At the interface. 
between the binder alloy .and hard phase particles there could be diffilsion bonding depending 
on the specific material systems. 

In a second -embodiment double cemented carbide composite, the ductile binder phase 
22 includes one or more of the materials descn"bed above for rhe fil'St embodiment plus one or 

JS more particulate additives. Suitable additives include WC, VC. NbC, T~, TIC, MoC, Cr3C7o 
polycrystalline diamond (PCD), cBN, other carbides, borides, ni1rides, carbonitrides. 
carboborides, and mixtures thereot: Additives, in this second embodiment. are an integral pan 
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of the ductile binder phase. IP DU1Df abrasive wear applications, prefelmtial wear of the binder 
phase is the primal)' wear mecbauism. Strengthening and illczeasing the wear teSistance of the 

5 binder phase also enhances the wear zesistance of the final composite. The particle size of the 
additives needs to be smaller than that of the hmd phase particles, and also needs to be small 
enoup to be uniformly dislributed through the binder phase. As a general principle of 
precipiration or dispersion stnmgtbening, usetW. partieles illclude those ranging fi:om submicmn 
to a few microns in size. Particle mes of sttengthening additives are much smaller than 

1 O the mean free path between pellets. Jn other WOids, the parti~ si7.es are smaller than the width 

of the ductile binder phase between die pellets of eemeiited tunptea carbide. 
Dependillg ~n different wear appliCations, additives usetUI for forming seeond 

·embodiment composites of this invention may have a particle size in as large as about 20 
micrometczS. In a pref'med second embodiment, the additives have a submirmn particle size, 

15 or a particle size in the range of tom about one to ten micrometers. In 50Dle instances, 
nanometer powders such as the Nanocarb powder (WC/Co) llllilUfactuted by Nanodyne, Inc., 
of New Brunswick. New Jersey, may be used. The selection of additive depends on the 
particular application. 1be use .of such fine puticle size additives is desitecl to strengthen the 
ductile binder pbase. reduce pderential wear of the ductile binder phase, and improve the 

20 overall wear resistanceltougbness combination of the double cemented carbide composite. 
In such second embodiment double cemented carbide composite, where the ductile binder 

phase 22 comprises an additive in addition to a ductile metal or ductile metal alloy, it is desiied 
that the double cemented caibide composite comprise lesS than about 60 percent by volume of 
the binder (i.e.,ductile metal or ductile metal alloy) based on. the total volume of the composite, 

25 and less than about 30 percent byvolmne of the additive based on the total volume of the binder. 
although a prefened. amoun~ of the additive is appmximately lS pc=ent by volume. The use of 
such strengthening additives may have an adverse impact on the ductility of the binder. As a 
general Nie, as you increase the strength of the binder you decrease the ductility of the binder. 
Using less than about 30 ·perCent by volume of the additive, based on the total volume of the 

30 binder, bas been shown to pmvide a desirable degree of wear resistance without significantly 
sacrificing ductility or touamess. while if the volume ftaction of the additives is parer than 
about 30 penmt, the tiacture toughness or the final composite may be below what is needed for 
particular applications. 

P. 12/35 

Double cemented carlJide composites ·of this invention can be prepared by a number of 
35 different methods. e.a •• by mpid omnidirectional c:ompaction (ROC) process, hot pressing, 

infiltmtion. solid state or liquid phase sin1ermg, hot isostatic pressing (HIP). pneumatic isosratie 
fmBinlo and combinalions thaeo£ These pioc:esses are desired because they are needed to form 

-10-
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the desilecl composite microstmc~ of this invention ha~ a uniform distnbution of hard 
phase partieles ~thin the duW!e phase, thereby prod~ing improved propertie& of ftactme 

S toughness without sacrificing wear resisrance. Initially, the hard phase panicles that are used 

to make cemented tungst~ carbide composites of this invention can be formed int.o pellets by 

convention81 methods. 
Specifically, whens the hard phase particles 20 are fomaed from sintered or cemented 

tungsten carbide having, for example. about 1 to 15 micrometer WC particles bonded together 
l 0 by six percent cobalt...$UCh pelletS an: made by conventional closed die pn:ssin1 of a cemented 

tungsten carbide powder mixture, dewaxiq and vacuum sintering. 1be resuldna; prodw;t can 
be crushed to fmm particles in the raqe of trom about 20 to 300 micrometers. Altematively, 
WC and Co powden can be mixed with atenaporm,y wax. binder in an .attritor or ball mill and 
pellets in the ranae of 20 to 300 micmmeters (size after sintering) scmened fi:om the mixtmc. 

lS QveJSi7.e and undersize pellels are teC)'Clecl to achieve 1he desired particle size n.nge. The pellets 
are dewaxed.and sintemd and then broken up as req~ to provide 20 to 300 micrometer 
pellets. These pellets can then be formed into a double composite by any of the four above­
mentioned pmcesses The Pellets me blended with die selected ductile binder phase 22 material. 
and this secondary mixtme is pressed into a deshed shape. such as the shape of a roller cone rock 

20 bit insert and the like. The_pes.9ed shapes are then sintered. 
Liguid Phase Sinterin& 

The second sintering of the pn:ssed. shapes niay be done .by liquid phase sintering where 
the double amented caibide composite is heated above the melting point of the ductile metal or 
binder phase, or by supenolidus liquid phase sintering where the double cemented carbide 

25 composite is heated above the solidus temperature of the ductile binder phase or above an alloy 
composition formed by combination of the ductile metal phase and binder in the pellets. but 

below the full liquidus tcmpemtare. An advantage of liquid phase sintering over other composite 
fonningpocmes is its mlatively low CQst. and the fact that it is well suited for mass production. 
A disadvantage. of liquid phase simering is that its use limits the selection or alloy systems to 

30 those where the binder alloy can form a liquid at a temperature below the liquid-forming 
temperaane of the hard phase pellets. For example, WC.CO blld phase pellets have a 
liquefilction temperatme of approximately l,280°C~ thus the liquid phase siniering temperature 
for the double cemented tungsten carbide composite of this invention has to be below 1,280 °C. 

~ltina depressant elements such as Si, B or C have to be used in combination with the steels, 
35 nickel, or cobalt metal in order to fonn a liquid during sintering. However, the properties of 

liquid phase sintered composite materials will be different fiom that of alloys without melting 
point depressant elements. 
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Hgt Pmf-cin1 
Altanalively, die secondmy mixtwe may be hot. pressed to a desiled shape in a <:losed die 

S at a temperature below the solidus temperature of the ductile -binder phase for bonding by 

diffilsion pocesses Hot piessiDg can be conducted with or withoUl. a liquid phase to achieve tbll 

deD$ity. During the hot pieamg process, gieen powder compact or loose packed powder is 

placed in a azapbite die and is heated by the die to a desired temperatun:. The gieen powder 

compact or loose packed powder is pressed at the desired tempenmue under a pressure of about 

10 one to ten ksi for a..piedetennine lenath of tim~ e.g., 30 to 60 minutes. The hot JRSSing 

process is a viable pioduction technology for double cemented cmbide composites of this 

inVeDtionwbcn compared to liquid phase sinterina beca11se its use permits a greater selection of 

binder alloy mataials. HinderiQg &ctOIS of the hot pteSS process mr production include the high 

cost associated with graphite mold pieparation, and modaate flexibility with respect to 

IS component geometiy. 

fjot 1SQJtatk; Ptessjng 

The Hot isoSlatic piess (HIP) proeess is another option for manufacluring double 

cemented catbide composites of this invention. The pOwdermbttme of the hard pbaSe panlcles 

· and the ductile metal phase powder am first. encapsulated in a soft metal case (steel in many 

20 applicalions) under a vacuum. During HIPing. the powder blend en.capsulated in the metal case 
is consolidated by an inert pressurizing ps such as argon through the metal case at a 

predetermined temperature for in the nmge ·Of from" about 30 mmutes to 2 hours. The HIP 

presmre is usually in the range ofiom •ut 10 tO 30 ksi. The Cnthe heatiag and cooling cycle 

Cor the HIP pmcess is appsoximately lS to 20 hou.n in a prod'1Ction environment. 

25 Ogpi-HIP Processa 

niete are other quasi-HIP ~ that can also be used for manufacturing double 

cemented carbide composites of this invention. An cwnples of such quasi-HIDING process is 

the Ceracon process as disdosed-in U.S. Patent No. 4.673,549, which is incorporated herein by 

refeience. lhe Ceracon process is a pseudo hot isostatic pressing ~ue. where the shape is 

30 presintemd and subjected to t\utber compaction by hot isostatic pressing (HIDING) or quasi· 

HIDING process whcle spherical graphite aranules are used as a pressure tlansmission media. 

Rapid Ogylldirectigl Com;astion 

A prefeaed process is refemd to as rapid omnidUectional compaction (ROC). Exemplary 

ROC processes~ described in U.S. Patents 4,945,073; 4,744,943; 4,656,002; 4.428,906; 

35 4,341,S57 and 4,142.888, which are beleby incorporated by ndelence. Broadly, the process 

involves forming a mixture or pellers and a powder of· a ductile metal binder, alon& with a 

temporuy wax binder. lbc-mixture is pressed .in a closed die to a desiled shape, such as a rock 

-12-
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bit insert. The iesulting •green" h1sint is vacuum dewaxed and piesintered at a ieladvely low 
temperatule to~ a~ appreciabJy below full theoretical density. The sintering is only 

S sufficient to permit hanclling of me. insert for subsequent processing. 
This gteen inselt is wmpped in a first container and is then placed in second container 

made of a high temperature high pressure self-sealing ceramic material. The-~nd conrainer 
is filled with a special pss powder and the green parts disposed within the first container me 
embedded in the g1as.t powder. ~ glass powder hu a lower melting point than that of the 

10 green part, or of thesemmic die. 'Ibe seeoud container is placed in a fUmace to raise it to the 
desin:damsolidation. tempetat•ae, that~ also above the melting point·ofthe.glass. For example, 
for a WCCo hmd phase pellet-cobalt ductile metal phase system, the consolidation temperat\ite 

is in the range of from 1,000°c 10 l,S00°C. The heated second container with the molten glass 
and Fell pans immersed inside is pJaccd in a hydraulic press having a closed cylindrical die and 

15 mm that pleSSCS into the die. Molten glass and the green parts me subjected to higb. JRssure in 
the sealed ceramic container. lbe parts are isostatically piessed by the liquid glass to pressum 
as high~ 120 ksi. The tempemtme capability of the entire pzocess can be as high as 1,aoo•c. 
The high pnsssure is applied for a short period of time. e.a., less than about five minutes and 
preferably one to two minutes, an~ isostatlcally compacts the gieen parts to essentially 100 

20 percentdensi11. 
The ROC pIOCe$S has the following.advantages when compared against the HIP pmcess: 

(1) the pressuze medium is a liq\iid rather than a ps. thm:by allowing one to S1al't with a shaped 

green part, rather than bavmg to start with a powder blend that must be both encapsulated and 
evacumd before HIDING; (2) it pennits near net-shape mamUacturing without machining and 

25 is extremely flexible in geomeaiy, unlike HIDJNG that requires post machining 8nd is not 
suitable for small individual component manufacturina; (3) it operates at piessw:es as high as 
120 ksi, rather than at low HIDING pressures of less than about 30 ksi; (4) it operates at high 

temperaues of up to about· 1,800°C, rathcrthan at HIDING temperamres of less man about 
t,soo•c; (S) it has a· short processing time of about one to two minutes at pressure and the 

30 heating and· co0ling operations me se~ ftom the actual ROC process, iather than having a 
lon1 HIDING pmccss time of30 to 120 minutes at tempemtun: and pmssure that iequires Iona 
period for pressure and temperatme ramp up, providing a typical cycle. time of 10 to 20 hours; 
(6) it does nor place a· limit on the composition range for filll consolidation because the extremely 
high pressure causes a large amount of plastic deformation, unlike HIDING that limits the 

35 cmbide composition if solid srate consolidalion is zequiied, because the consolidation mechanism 
depends on creep and solid ate diffiision; and (7) ii produces a fblly consolidaled pzoduct 

having less micro defects such as micro pomsity, unlike HIDING when: the production of a 
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porosity-free &UUCtme is dependent OD the type of composition, e.g., die big)ler the carbide 

content. die higher the pmbability for micto porosity. 
s Double cemented catbide. composites of this invention will become better understood and 

appreciated with Ieference to the followinJ examples: · 

Eamgle 1 - Double cemented tungsten gdzide sgmposi!e pgwed bylnfiltratjon EJocess 
Minus 200 llJCSh spberica1 WC6Co sinterecl pellets wero paaapd in a graphite mold to 

10 the desiled shape of m insert for use with a rotaly cone rock bit. 1be -pellets have an average 

particle size in the range of from about 40 to SO miQ'Osnetem. the pellets wen: pm-sintered in 

the mold in a vacuum at about l;300°C for approximately 30 minutes. The presinteft:d insens 

WlfttheD hafiltmted. with~ LM, a nickel-based infiltration alloy manufactured by Wall 

Cohnonoy, Inc. The ~U81ion temperatme was .controlled at approximately t,oso0 c for a 

lS period of appioximately 30 minutes. For the samples used for idltmtion, approximately 30 

percent by weight of the Nicrobraze LM material was used to charge the mold. However, due 

to excess infiltmnt pile up on tbetop and bottom of the samples. about 40 pmcent by volume (26 

percent by weight) of nickel alloy was ln the final as-intiltrated samples. 

20 ~ 2- Uoub)e cemented tunasmarbidl com~ pnpredby Hqt PmsPmcess 

P. 16/35 

Spherical W~ sinteied pellets having an estimated_ avenge particle size of 

approximately 40 to 50 micrometers were blended with ·a low~n ductile steel {i.e., the 

ductile binder phase material), such as~ AlOOOC manufactured by Hoeganaes Corporation. 

Approximately 36 peiccnt by volume (i.e., less than 2S pacent by weight) of the ductile steel 

25 was used. The spherical pellets were minus 200 UleSh, i.e. they passed through a.standard 200 

meah ~ The blended powder was packed into a graphite ~old that was coated with hBN. 

and then hot pressed at approximately 1,200°C for one hour at a pn:ssure of approximately six 

ksi. 

30 Example 3 - DQuble cemmted tm!gsten c;arbisle sonmosite pn:ped bY BOC ])mrm 

Spherical WC-6Co sintered pellets having an average particle size of appro~ly 40 

to SO mic~ were wei milled topther with AlOOOC low-arbon ductile steel pGWder in 

heptane fluid, and approximately two percent by weight paraffin wax was added thereto. 

Approximately 36 percent by volume (i.e., less than 25 peicent by weight) of the ductile Steel 

·JS was used. After milling. the powder was dried and it was pressed into gmen inserts on a uni­

axial press to a specific dimension. The green insert was then pn:sintemd in a vacuum at 

approximately 9S0°C for JO minutes. The pe-siniered insert was then subject to a rapid 

-14-
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omnidirectional compaction ~ at approximately 1.100°c with 120 ksi pressme. Other 

ductile metal alloy binders wen: also used to fabricate samples using the ROC ~ The 
samples w=then evaluated for~ and~cal properties. 

E>tmnples 4 to 9 - Further Double cgnentecl. tungsten carbide conmosi.b!S gregared by ROC 

Prqc;ess 
fU1ther double cem~ tungsteD carbide composites wem piepaml in a manner similar 

1 O to that described~ for Example 3, except that the type of ductile binder phase material and 

its proporlion was varied ill the follOwing manner. Example 4 • approximately 36 percent by 
volume (i.e •• less than 25 percent by weight) Grade 4650 steel; Exaniple S .. approximately 30 
·percent by volume (i.e., less than 2S percent by weilht) Omde 4650 steel; Example 6 -
approXimately 38 percent by volume SealVBJ Pe-Ni.C.O alloy; Example 7 - appioximately 3_0 

15 percent by volume $ealvar; Example I .. approximately 38 paeent by volume cobalt; and 
Exampl~ 9 .. approxUnately 30 percent by volume cobalt. In each of these examples, the 

spherical pellets WeJe minus 200 ·mesh. 

Example t 0 - Double cemented tungsten carhicle composites with additive mpm;l by ROC 
20 EJDcess 

A double cemented t1mgsten carbide composite was piepan:d in a manner similar to that 

described above for Example 3. except that the ductile binder phase material was cobalt and 
included an additive of WC particles. Specifically, the composite comprised approximately 38 
percent by volume ductile binder phase material and additive. based on the total weight of the 

P.17/35 

25 composi~ and approximately· IO percent by volume WC additive. based on the total weight of 
the ductile binder phase material and the additive. Th.e additive was in the fonn of fine grain 

WC, having an av.erage particle si7.e in the range of from about 10 to IS micrometers. The 
spherical pellets of cemen~ tungsten carbide bad an average particle si~ in the range of fi'om 
about I SO to 200 micrometel'S. 

30 

The double cemented rungsten. carbide composites piepaled according tQ Examples 6 to 

10 were tested for such mechanical properties as hardness, .fractUle toughness. and wear 

resistance. Ha1dness was measuied usina a Rockwell A standard (HR.a). fractme toughness was 

measured by using a Ks.: (ksi•in., standard test accordin& to ASTM 8771-17, and wear resistance 
3S was reported as a wear number (1.000 rev/cm') accordin& to ASTM B-611 ·85. The test tes11lts 

are set forth in the Table below. 

·15-
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10 

Table of Measure MechaDical Properties . 

Sample ID .Hardness Fracture Toupaaa, Kt. Wear Resistance 

OverallHRa (ksl•iu~ (1,000 rev/~ 

Example6 77 27 2 

Example? 81 23 2 

Examples 82 29 2 

Example9 - 83 22 2 

Exam.pie 10 NIA 40 3.8 

As repn:sented in the Table, the double cemented ~ carbide composites of 

Examples 6 to 10 each displayed a fractme toughness. (KJ_gieatertban 20 ksi•in...z, and had a 

1 S wear number .greater than 1.S (1,000 re¥/cm1) and, ll\Ole Specifically of approximately 2 (1,000 

rev/cm.3). Each of the Example 6 to 10 double cemented. tunptm carbide composites of this 

invention displayed a bctme toughness of appioximately 22 or greater, and some as high as 27 ~ 

29and40. 
FIG. S ~cally JqJrCSeDts the relationship between fmctuze 1oughness and wear 

20 resistance for both conventional cemented nmgstm carbide matelials, and for the double 

cemented tmgsren cmbide c:omposites ofF.xamples 6 to 9. As illusuated in PIG. S, the iacture 

toughness for conventional cemented tungSten carbide mataials, ~ a wear number of 

approximately two or more, is no gieater than about 18 ksi•in.;i, and more specifically is within 

the range of from about: 11 to 18. Accmding to the test data, double cemented tunpten carbide 

25 composites of this invention have improved properties of fistwe toughness (of at least 22 

percent and as high as 60 peicent) whm compated tO conventional cemented tungsten. carbide 

materials, without sacrificin& wear msistance. 

The .improved tiactme toughness provided by double cemented tungsten carbide 

composites of this invcndon is a n:sult of the special architectum of the mic:rostructme. 

30 comprising the bani phase pmlicleS tbat act to control die wear rate of me eomposite, swrounded 

by the dale binder phase that prvvides a crack blunting, i.e., a iacture energy absorbing, effect 

to theteby improve the hcture toughness of the composite. 

Double cemented carbide composites of th~ invention can be used in a number· of 

dilrerent applicariom. such as tools for mining and conmuction applications., wbeie mechanical 

35 properties of high tiacture toughness, wear iesistance, and hardness me highly desired. Double 

cemented carbide composites of this invention can be used to form wear and cutting components 

in such tools as roller cone bits, pereussion or hammer bits, drag bits, and a number of ditterent 
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cutting and macbille tools. For example, refening to PIG. 6, double cemented carbide 

composites of this inventio11can be used to form a mining or drill bit insert 24 •. Referring to PIG. 

S 7, such an insen 24 can be used with a roller cone drill bit.26 compdsing a bf:)dy 28 having tluee 

lep 30, and a~ cone 32 mounted on a lower end of each leg. . Bach roller cone bit insert 24 

can be filbricatcd 8"ording to one oflhe methods described above. The insens 24 are pmvided 

in the surfaces of the cutter cone 32 for bearin1 on a rock formation bein1 drilled. 

Referring to FIG. s. inserts 24 formed from double cemented catbide composites of this 

10 invention can also kused with a pemmion or hammer bit34,, comprlsing a hollow steel body 

36 having a tbieacled pi.a. 38 on an end of the body for assembling the bit onto a drill S1ring (not 

shown) for driJ.liD& oil wells and the like. A plurality of the inserts 24 me provided in the surface 

of a head 40 of the body 36 for bearing on the subtenanean fonnadon bein& drilled. 

Referring to FIG. 9, double c:cmented embide composites of this invention can also be 

15 used to fmm PCD shear cmtm 42 that are used, for example, with a drag bit for drilling 

subtcnanean fonnalions.. More specifically. double cemented carbide composites of this 

invention can be used to fonn a shear cutter substrate 44 that is used to c:any a layer· of 

polyciystalline diamond (PCD) 46 1bat is sintered therelo. Refeniug to FIG. 10, a dlag bit 48 

comprises a plurdty of such.PCD shear c:utten 42 that are each attached to blades SO that extend 

20 fiom a head 52 of the drag bit for cuttingapinst the subterranean formation being drilled. 

Although. limited embodiments of double cemented carbide composites, methods of 

making the same. and applications for the same, have been described and illustmted heiein, many 

modifications and variations will be appaient to those skilled in the mt. Accordingly, it is to be 

understood that within the·scopc of the appended claims, dOuble cemented carbide composites 

2S according to principles of this invention. may be em.bodied other than as specifically described 

herein. 

30 

35 
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WHAT IS Cl..AIMBD IS: 

1. A composite cermet :material comprisina: 
5 a pluralif¥ of firstn:giom, each mgiou comprising a composite of grains and a first ductile 

phase bondhlg the grains, wherein the grains are selected iom the group of carbides consisting 
ofW, n. Mo, Nb. v. ff( Ta, and.Cr carbides. wherein the tint ductile phase is selected from the 
group comistiPg of Co, Ni. Fe, alloys the!eot; and alloys with materials selected ftom the group 

consistin& of c. B. Cr. Si, and Mn; 

10 a seconct·ductiJ.c phase separating the fizst zegi.ons i'om each other, the second ductile 
phase being seleC.ted iolJ'l the poup consisting of Co, N'a, W, Mo, Ti, Ta, V, Nb, alloys theieof, 

and all019 with~ selected from the group consisting of C, B. Cr, and Mn. 

2. lhe.wmposice mataial as mtodin claim 1 comprising in the mnge of 1iom. about 
lS 40 to 95. penlenl by volume filSt mgions, and less tbaD about 60. pacent by volume second 

ductile phase based OD the total vol~ of the composite. 

3. The composite material as recited in daim 2 com.prlsiag in the raiige of from about 

60 to BO percent.by volume first re~p.s and in the ranae of &om about 20 to 40 percent by 

20 volume second ductile phase based OD the total volume of the composite. 

4. The composite matedal • teeited in claim 1 having a K.1e fracture toughness of 
greater than 20 ksi•in.a, and a wear number of at least i.s·(l,000 rev/crrt). 

25 S. An insert for use in roller cone and percussion_ drill bits formed tiom the composite 

30 

mater_ial of claim 1. 

6. A polycrysta,lline diamond shear cutter substmte formed tiom the composite 
mat.edal of claim 1 and a layer of polyclystalline diamond on a~ of the shear cutter substiate. 

7. the composite material as ieeited in c18im 1 wherein the second ductile phase 

ftuther comprises an additive selected fmm the group consisting of carbides, nittides, borides, 
and mixtures thereof. 

3S 8. The composite_ maredal as reGited in claim 7 whemin the additive is selected from 
the group consisting or we, vc, NbC, TIBi., TiC, MoC, Cr3C,, polyciystalline diamond, and 
cBN. 

-18• 
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9. . The composite material as recited in claim. 7 wheiein the additive has an average 
particle size of less than about 20 micmmeten. 

1 O. The composite material as mcited in claim 7 comprisin& less than about 30 percent 

by volume of the additive based OD the total volume of the second ductile phase. 

11. The composite material as zecited in claim 1 whaein the first regions comprise 
10 tungsten carbide giains and a cobalt filst ductile phase, and wherein the second ductile phase is 

cobalt. 

15 

20 

12. The composite material as mcited in claim 1 whaein the. first regions comprise 
spherical pellets embedded in.the second phase. 

13. The composite material as mcitecl in e1aim. I whemin in the event that the second 
ductile binder is an alloyed· steel. the Steel comprises less than about 0.8 percent by weight 

carbon and has a total alloy content of less than five percent by weighi based OD the total weight 

of the second ductile binder. 

14. The composite material as iecited in claim 13 having a Krc fmcture toughness of 
greater than 20 ksi-in.z. 8ncl a wear number of at _least 1.S. (1.000 rev/cm.3). 

lS. A double cemented carbide composite that is pn:pmed by combining: 
2S bard phase particles comprising a carbide compound and a first binder material, wherein 

the carbide compound is selected from the group consisting W, Ti, Mo, Nb, V, Hf, Ta, and Cr 
carbides, and the first binder material is selected tiom the group consisting of Co, Ni, Fe, alloys 
thereof, and alloys with materials selec• :fi:om the group consisting of C, 81 Cr, Si, and Mn, 
wherein the hard phase panicles have an avemge particle size of less than about 500 

30 micromcten; with 
a ductile second binder material separatinc the lmd phase particles &om each other, the 

second ductile material beina selecmc:l &om the group consisting of Co, Fe, Ni, W. Mo, Ti. Ta, 
V, Nb, alloys thereof. and alloys with materials selected from the group consisting ofC, 8, Cr, 
and ·Mn, and sintering the composite at a sufficient tempen.tuie for melting the second binder 

35 material; 

wherein die composite has a Kra fiKture tougbnea of greater than 20 ksi•in4 • and a wear 
number of at least 1.5 (l ,000 rev/cm3). 

-1.9-
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16. The double cemented carbide compo-'ite as recited in claim 15 wherein the hard 
phase particles an:: substantially sphaical. 

17. The double ·cemented carbide composite-as iecited in claim 15 comprising in the 
range of ftom about 40 to 9S pzent ·by volume hard phase particles and less than about 60 

percent by volume of the ductile second binder material based on the total volume of the 
composite. 

18. The double cemenrect carbide.composite u recited in daim IS whelein the ductile 
second binder material tunber' comprises ail additive iDgredient selected ftom the group 
consisdng of carbides, nitrides, borides, and mixtutes dleieof. 

15 19. 1'b.e double cemented C8lbide composite• recited in claim 18 whenrin the additive 

ingredient is selected froni the gioup consistiq of WC, VC, NbC, TiB:z, TiC, Moe, Cr3~ 
polycrystalline diamond, and cBN. 

20. The double cemented carbide composite as mcited in claim 19 comprising less than 

20 about 30 percent by volume of the additive ingredient baSed on the· total volume of the ductile 
second binder material. 

21. The double cemented caabide composite as recited in claim IS whemln in the event 
that the second ductile binder material compdses an .itoyed steel it comprises less than 0.8 

2S percem by weilht carbon and has a total alloy content of less than five pezeent by weight based 
on the total weight of.the second ductile binder material. 

22. A double cemented carbide composite comprising: 
bald panicles of tungsten carbide cementCcl with a :tint cobalt binder; and 

30 a second cobalt binder~ the bard particles. 

23. The double cemented caibide comPosite as recited in claim 22 wherein the hard 
particles are substantially spherical. 

JS 24. The double cemented carbide composite as recited ·m claim 22 comprisi111 hard 
particles in the nmge of &om 60 to BO percent by volume of the total composite. 

-20-
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25. The double cemented carbide wmposite as ~tecl in claim 22 wherein the bard 
particles have an avemge particle size of less than about SOO micrometers. 

26. The double cemented carbide composite as iecited in claim 22 wherein the 

composite bas a Krc·iacture toughness of greater than 20 ksi•in~, and a wear number of at least 
l.S (l,000 Nv/cm.3). 

10 27. The do\lb1e cemented catbide composite as recited in. claim 22 whemin the seeond 
cobalt bincler 1bltla' comprises addid.ves selected from. the gmup consisting of Qlrbiclcs, nitrides, 
borides, and mixtma themof . 

28. 1bedouble cemented eadJide composite as recited in claim 28 wherein the additive 
lS is selecf.ed tiom dle. aioup conSisling of we, vc, NbC, T"IBz, nc. Moe, Cr3C,, polyczystalline 

diamond, anch:BN. 

29. A double cemented carbide composite comprising: 
hard particles of tungsten carbide cemented with a first cobalt binder; and 

20 a second binder SUllOUDdjng the bani particles fonned fi:om a material having a coefficient 
ofthennal expansion less than about 8 pm/m-.K.. · / 

30. A miler cone drill bit comprising: 
a bocly having.a number of l~gs that extend thereftom; 

2S cutting mnes rotatably disposed on an end of each leg; 

a plmality Of cut1ing inlelts disposed in the cutdng cones, whemin at least a portion of the 

cutting inserts are fonned 1iom a double cemented carbide composite comprisinc: 
a plutali1J of firstiegions, each region comprising a composite of grains and a &st 

ductile phase bonding the pains. wherein lhe pains .are selected fi'om the group of 
30 carbides consisting ofW, n, MD, Nb, V, Hf, Ta, and Cr carbides, wherein the first ductile 

phase is selected from the group conSisling of Co. Ni, Fe, alloys thereof, and alloys with 
materials selected fiom the group consisting of C. B, Cr, Si, and Mn; and 

a second ductile· phase separating the fust iegions from each other, the second 
ductile phase being selected from the group consisting of Co, Ni. Fe, W, Mo, n, Ta. V, 

35 Nb, alloys thereof .. and. alloys with materials selecled from the group consistin& of C, B, 
Cr, and Mn. 

. -21-
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31. The mllerCOllO drill bit as recited in claim l 1 wherein in the event that the second 
ductile phase comprises an alloyed steel it comprises less rban 0.1 percent by weight carbon and 

S has a total alloy content of less than five pcm:ent by weight based on the total weight of the 
second ductile phase. 

32. The mller cone drill bit as ieci.tecl in claim 31. whacin the double cemented ead>ide 
composite comprisCs in the mnge of from about 40 to 9S pe.n:ent by volume first regions_ and 

10 less than about 60 paceni by volume second ductile phase based on the total volume of the 
composite. 

33. 'lhemllerconeddll bilasiecital in claim. 31 whelein the clouble cemented Ql'bide 
composite comprises in the range offtom abou& 60 to 80 peicent by volumo tint zegioas and in 

15 the range of irom· about 20 to 40 pen;ent' by volume seeoud ductile phase based on the total 

volume of the composite. 

34. lbemller Coll: clril bit as reQted indaim 3~ wbeiein the double cemented cmbide 
. . . 

composite bas a Kt; fracture toUglmess of giea1a' than 20 ksi•in4
, aancl a wear number of at least 

20 1.S (1,000 ~/cm3). 

25 

3S. The miler cone drill bit as n=Gb.aci U. claim 31 whemin the second ductile phase 

further ~.rises an additive selected from the group consisting of carbides, nitrides, borides, 

and mixtures thaeof. 

36. The mllercone dliJI bitu iecited in.claim 36 whemin the ~tive is selected fiom 
the aroup consisting of WC. VC, NbC, TiB2.1 TIC. MoC, Cr1C.,, polyciystalline diamond. and 
cBN. . 

30 37. The miler cone drill bit as· recited in claim 31 wherein the first regions comprise 
substan1ially spherical pellets of cemented tungsten carbide. 

31. The. mller cone drill bit as recited in daim 31 when:in the tint regions comprise 
tungsten carbide pains and a cobalt first ductile phase., and wherein the second ductile phase is 

35 cobalt. 

-22-
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39. A peicussion drill bit comprising: 
a body having a head· with a surface adapted to engage a subtmanean formation during 

s drilling; 
a plmality of inserts _disposed in head surface, wherein· the inserts are fonned from a 

double cemented carbide composite comprising: 
a plurality of fintmgicms, each region comprising a compo~te of grains and a first 

ductile phase bonding die pm.. wlunin the grains am selected. tram the p>up of 

10 cmbides consistin& ofW. n, Mo, Nb, V. Ht; Ta, and Cr cadrides, wherein the fizst ductile 

phase is selected :limn the group consisting of Co, Ni, Fe,~ thereof, and alloys with 

materials selected from the group consisting ofC, B. Cr, Si, and Mn; and 

a second ductile phase sepamting the &st regions ftom each other, the second 

ductile pbase being selecred from the gioup consisting of Co, N'i, Fe, W .. Mo, T"t, Ta, V, 

IS Nb.. allo)'s tb.ereo( and alloys with materials selected fiom the group consisting of C, B, 

Cr, and Mn. 

20 

40. The peicussion drill bit Reited in claim 40 when:iD the first regions comprise 

substamially spherical pell• of cemented tungsten cmbide. 

41. A drag driU bit comprising: 
. a body baWia a bead ind having a number of blades extending away from a head surface. 

the blades being adapted to engage a subtemmean formation during drilling; 

a plurality of shear cutters disposed in the blades to contact the subtenanean formation 

25 during driJJing, each shear cutter comprising a substrate and a layer of cutting material disposed 

theseQn, the substrate beina fonned &om a double cemented carbide composite comprising: 

P.25/35 

a plmali1Jof first.mgicms, each region comprising a composite of grains and a first 

ductile phase bonding the grains, wherein the grains are selected from the group of 

catbides consisting ofW, Ta, Mo, Nb, V, Ht; Ta, and Cr c:mbides, Wherein the first ductile 

30 phase is selmed tiom the group consisting of Co, Ni. Fe, alloys tbeieo( and alloys with 

·materials selected·fr:om the group consisting ofC.. B, Cr. Si, and Mn: and 

a second dlJctile phase sepamting the thst regions from each other, the second 

ductile phase~ selected from the group consisting of Co, N'i, Fe, W, Mo, Ti, Ta. V. 

Nb. alloys thereof, and alloyi with materials selected from the group consisting of C, B, 

35 Cr.and ML 

.23. 
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42. The percus5ion ddl1 bit recited in claim 40 wbelein the tint regions comprise 

substantially spherical pellets of cemented tungsten carbide. 
s 

43. A method for forming a double cemented eatbide composite comprisins the steps 

of: 
c:ombining: 

a plurality of bard pmtides. each comprising a composite 0£ grains and a tint 
10 ductile binds. bonding the. gnins, whe?ein tbe grains are selected iom the group of 

c:ad>idesconsisting ofW, Ti, Mo, Nb. V, 8' Ta, and Crcmbides, wherein the tbst ductile 

binder is selected ftom the group consisti~g of Co, Ni, Fe, allOjl thezeof, 81\d alloys with 

materials selected iom the. group consistina of C, B, Cr, Si, and Mn; with 
a second ductile binder material selecced iom the gioup consisting of Co, Ni, Fe, 

15 W, Mo, Ti. Ta. V, Nb, ano,. thaeot; an.cl alloys with materials selected from the group 

consistina of C, B •. Cr, and Mn to form a mimR, wherein in the event tbat the second 
ductile binder material is allo,ed steel it comprises less than 0.8 pelcent by weight carbon 

and has a total alloy content ofless than five pe1Cent by weight based on the total weight 

of the second ductile binder .material; and 

20 consolidating 1he mixtme at an elevamd temperature for a suffiCient time to form a shaped 
part. 

44. The method as iecited in claim 42 wherein the step of consolidatin& is done by hot 

isostatic pressing process. 
25 

45. The method as ieclted in claim 42 wherein the step of consolidating is done by 

rapid omnidirectional compaotion process. 

46. The method as ncited in claim 42 whaein the hard particles comprise pins of 

30 tunpten carbide bonded with a cobalt binder, and the second ductile binder is cobalt. 

47. The method as m:ited in claim 42 wbeiein the hard particles comprise substantially 

spherical pellets of cemented tunptm earbide. · 

35 
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48. A merhod for forming a double cemented carbide composite comprising the steps 
of: 

S com.billing: 
a plurality of hard particles each comprlsma carbide grains and a first ductile 

binder bonded to the· grains; with 
a second cb;tilc binder selected from the group consisting of metals, and metal 

alloys to fonn a mixture; 

10 pressing the mixtuie to fmm a shape.cl part; 

placing tho shaped part into a hish-~pemture ceramic container comprising glass 
powder disposed themin; 

heating the ceramic container to consolidation tempaatme above a lique&ctioa 
temperatum of the glass powder; and 

IS isostatically pmsilig the ceramie comainer within a closed die a produce a double 
cemented carbide "te -~ composa: t--... 

49. The method as recited in claim 49 wheleiD the bald particles comprise grains of 
tungsten carbide bonded With a cobalt binder, and the second ductile binder is cobalt 

20 
SO. 1he method as recited irl c)abn 49 wherein the hard padicles comprise substantially 

spherical pellets of cemented tungsten carbide. 

25 

:30 
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