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COMPOSITE CONSTRUCTIONS WITH ORIENTED MICROSTRUCTVRE 

S FIELD OF THE INVENTION 
This invention ielates genemlly to composite constructions comprising a hard material 

phase and a relati'1ely softer ductile material phase and. more particularly, to composite 
constructions that me designed having an oriented microSCIUCtUn: to provide improved properties 
of fractme toughness, when compared to conventional cennet materials such as cemented 

1 O tungSteD. carbide, and.,polyayslalline diamond, cubic boron nitride, and the like. 

BACKGROUND OF THE INVENTION 
Cermet materials such as cemented tungsten carbide (WC-Co) are well known for their 

mechanical properties of hardness.. touglm~ and wear resistance~ making them a popular 
15 material of chQice for use in such industrial applications as eu~ tools for machining. mining 

and drilling wheie its mechani~al .properties arc highly 4esired. Cemented lUDgsten carbide. 
because of its desired ploperties. has been a dominant material used in such applications as 
cutting tool surfaces, hard fac.ing. wear amiponent and toiler coJlt! rock bit inserts. and cuttlng. 
insertS in roller cone rock bits, ~cl-as the 511~ body for drag bit shear cutters. The . . . . 

20 mechanical properties associated with cemented tungsten catbide -1· other cennet material, 
especially the unique combination of hardn~. toughness and wear resistancet make this class 
of materials more desirable than either metal or ceramic materials alone. 

For conventio~ cemented . nmgsten carbide, tbe · mechanical pt0perty of 1i'acture 
toughness is inversely proportional to ~ess. and wear RSistance is proportional to hardness. 

2S Although the &acmre toughness of cemented tunpren carbide has been soJ;neWhat improved over 
the years, it is still a limitmg fictor in clemanding industrial applicatiom such as high penetration. 
drilling, whele cemented tunpten carbide inserts often exhibit gross brittle fractUre that can lead 
to c:atastrophic.fililum. Tiaditio~ metallurgical methods for enbaD.cing fi'acture toughness, such 
as grain size refinement, Q>balt content optimizmon, and sttengthening agents,_ hav~ been 

30 substanUally exhausted with iespect to conventional cemented tungsten carbide. 
The mechanical properties of commercial grade cemented wnpren carbide can be varied 

within a particular envelope by adjusting the cobalt metal content and the tungsten carbide gtain 

sizes. For example, the Rockwell A hardness of cemented ~giten carbide can be varied from 
about 85 to 94, and the ftacture tou1hness can be varied :&om about 8 to 19 Mpam...z. 

35 Applications of cemented tungsten carbide are limited to this envelope. 

Polycrystalline diamond is another type of material that is known to have desirable 
properties of hardness. and wear resisrance, making it especially suitable for those demanding 
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applications descn"bed above wheie high wear resistance is desired .' However, this material also 
suffers fi:om the same problem as cemented tungsten carbide, in that it also displays propenies 

s of low fracture toughness mat can result in gross brinle failure during usage. 

It is, therefore, desirable that a composite construction be developed that has improved 
properties of fracture toughness, when compared to conventional cermet materials such as 
cemented tunpten carl>ide materials, and when compared to conventional materials fonned from 
po~ diamond or cubic boron nitride. It is desirable that such composite construction 

10 have such improved .fmcture toughness without sacrificing other desimble properties of wear 
resistanc(, and baldness associated with conventional cemented tunpten carbide, polycrystalline 

diamond, and polyczystalline cubic boron nitride materials. It is. desired that such composite 
constructions be adapted for use in such applications as roller cone bits, hammer bits.. drag bits 
and other mining, construction and machine applications where properties of improved mcture 

. . . 

1 S touglmess is desired. 

SUMMARY OF 11IB JNVENTION 
Composite ~9DS·havin& oriented microstrud:mes. prepued. according to principles 

of this invention. have impzovedproperti• of fiacture iougbness when compared to conventional 
20 ceimet materials. .Jn one embodiment of the invention. coated fibers, comprising a core fonned 

from a Jwd phase material.is surrounded by a shell formed from a binder phase material." The 
plUrallty of fibers are ~eel ioge~ to produce a fibro~ composite construction in the fonn 
of a rod .. In _another eni~ of the invention, monolithic sheets of the hard phase material 
and the binder phase mat~iafare stacked and ananged to produce a swirled composite in the 

25 fonn of a· rod. In sdll another. embodhJlent of.the in,,.mion, sheets formed from coated fibers 
are manged to _produce a swirled composite. 

The hard phase can bC a ~rmet comprising a ceramic material selected from the group 
. consisting_of caibides, borldes. and ni1lides from pups IVA, VA. and VIA of the periodic tabl•. 

anct"a ductile metal material:selCcted frOm the group·consisting of.Co, Ni, fCy W, Mo, Cu. Al. 
30 . Nb. T1y Ta,andalloystbereo£ Altem.nvely. the hard phase can be in the form ofpolyccystalline 

diamond or polyciysralline cubic bon>n nirride. or a mixture of these materials with a cennet 
material. The binder phase ~ selected ftom the ifOups of materials consisting of Co, Ni, Fe, W, 
Mo, Cu, Al, Nb, TI, Ta, and alloys thereot: Alternatively, the binder phase can be a cennet 
material, for example when the hard phase material is polyaystalline diamond or polycrystalline 

35 cubic boron nitride~ 
Inserts for use in such ddlling applications as roller cone rock bits and percussion hammer 

bits, and shear cutters for use in such drilling applications as drag bits, that are manufactured 
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using conventional methods from these composite constructions exhibit increased ft'acture 
toughness due to the continuous binder phase aroW1d the hard phase of the composites. These 

S binder phases increase the overall fracture toughness of the composite by blunting or deflecting 
the tip of a propagatina en.ck. . 

10 

IS 
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35 
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OESCRIP110N OF THE DRAWINGS: 
These and other featmes and advantages of the present invention will become appreciated 

S as the same becomes beaer understood with reference to the specification. claims and dra~ 
wheiein: 

FIG. I is a schematic photomicrograph of a portion of convention cemented tungsten 

carbide; . 
FIG. 2 is ·a perspecrive en>ss«etional side view of a fint embodiment composite 

1 O construction of tbis hwention; 
FIG. 3 is a perspective sidC view of a second embodiment composite construction of this 

invention; 
FIG. 4 is an elevational view of a. third embodiment composite construction of this 

invention; 
1 S FIG. 5 is a.perspective side view of a fOurth embodiment composite comtrUCtion of this 

invention; 
FIG. 6 is an Cnlaqecl view of the fourth embodiment composite tx>nsttuction of section 

Sin FIG. S; 
PIG. 7 is a ~tive side vi~ of an insert for use in a roller cone or a hammer drill bit 

20 fonned from a composite c:Onslruction of this invention; 
FIG. 8 is a· pe~ectivc side view of a roller cond drill bit comprising a number of the 

inserts of PIG. 7; . 
FIG. 9 is a perspective side. view of a percussion or ~er bit comprising a number of 

inseit.S of FIG .. 7; 
25 FIO. 10 is a schematic perspective ~ view of a polyciystalline diamond .shear cutter 

30 

JS 

comprising a substmte 8ndlor cutting sµrface formec;l a composite conslluction of this mvention; 
and 

. . 

. FIG. 11 is a perspective side view of a drag bit comprising a number of the shear cuners · 
ofFIG. 10 
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DETAILED DESCRIPTION Of THE INVENTION 
Ceramic materials aeneraJly include metal carbides, borides. silicides, diamond and cubic 

S boron nitride (cBN). Cermet materials are materials that comprise both a cen.mic material and 

a metal material. An example cermet malerial is cemented tungsten carbide (WC-Co) that is 
made from tunpten carbide (WC) gmins and cobalt (Co). Another class of cermet materials is 
polyaystalline diamond (PCD) and polyciystalline cBN (PCBN) that have been synthesized by. 
high temperature/high pressure processes. Cemented tungsten carbide is widely used iri 

10 industrial applications that require a unique combination of hardness, fracture toughness, and 
wear resistance. 

FIG. 1 illustrates the·conventional miCrosttuctuie of cemented tungsten carbide 10 as 
· comprising tungsten carbide giains 12 that are bonded to one another by the cobalt phase 14. 

As illustrated. the tunpten carbide grains can be bonded to other grains of tungsten carbide, 
IS theleby having a tungsten carbide/tungsten carbide interfiu:e. and/or can be bonded to the cobalt 

phase, thereby having a tungsten catbide/cobalt interf'Ke. The unique properties of cemen~ 
tungsten carbide result from this combination of a ripd carbide netwolk with a .toucher metal 
substructme. The generic _microsrructure of cemented. tungsten carbide, a heteroaenou.s 
composite of a cemmic.phase in combination with a-metal phase, is similar in all cennets. 

20 The relatively low fracture toughness of cemented tungsten carbide has proved to be a 
limiting factor In more demanding applicauions, such as inserts in roller cone rock bits, hammer 

· bits ·and ·mq bits used f'or ~bterranean. drillin1 and the .. like. It is possible to increas~ ~e. 
toughness of the cemented tmigsten carbide by increasing the amount of cobalt present· in the 
composite. ·The toughness of tie composite mainly comes trom plastic deformation of the cobalt 

2S phase during the fracture process. ·yet. the leS\llting hardness of the composite decreases as the 
· amount of ductile cobalt increases. In most commonly used cemented tungsten carbide grad~ 

cobalt is ·no· more than about 20 percent by weight of the total composite. 
As evident fiom FIG. 1, the cobalt phase is nor continuous in the conventional cemented 

tungsten carb~ micmst:ructure. particularly in compositions having a low ~bait concenttation.. 
30 The conventional cemented tUngsten carbide microstrUCture has a relatively uniform distribution 

of tungsten carbide in a c0balt matrix. Thus, a crack propagating through the composite will 

often rravel through the less ductile tungsten carbide gi'ains, either transgranularly through 

tungsten carbide/cobalt interfiiccs or intergianularly through tungsten carbide/tungsten carbide 

interfaces. As a result. cemented tungsten carbide often exhibits gross brittle fuicture during 
JS more demanding applications. which may lead to catastrophic failure. 

Generally. the present invention focuses on composite constructions having an oriented 
microstrUcture comprising arrangements of hard phase materials, e.g., cennet materials, PCD. 
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PCBN and the like, and relatively softer binder phase ~als. e.a, metals. metal alloys, and 

in some instances. cermet materials. Composite constructions with oriented microsuuctures of 
S this invention genezally comprise a continuous binder phase that is disposed around the harder 

phase of the composite tO maximize the.ductile effect of the binder phase. 
The tenn "binder phase" as used herein refers to the phase of material that surrounds the 

relatively harder hard phase material. ~on the pmdcular invention embodiment. the 
binder phase can be in the fonn of a shell that SWTOunds a core of the hard phase material, or can 

10 be in the bm of a sb=t that is coiled around a sheet of the hard phase material. Conversely, the 
tam .. hard phase material"as used herein refen to the phase of.material that is SWTOunded by lhe 

relatively softer binder phase material. Depending on the particular invention embodiment, the 
hard phase material can be in the fonn of a core that is sunounded by a shell of the binder phase 
material, or can ~ in the fonn of a sheet that is coiled . around. a sheet of the binder phase 

15 material. 
As mentioned above, the :bct1lle toughness of conventional cemented tungsten carbide 

or other cermets is conuollecl by its duetile metal~ (e.g., cobalt). Plastic deformation of 
the binder phase during the crack propaptionpmcess accounts for more than 90 percent of the 
fracture energy. Composite constructions of.this invention are designed having a maximum 

20 fracture·path through the binder ph3se, thereby improving the ability of the composite to blunt 
or deflect the tip of a propagating crack. For example,, roller cone roe~ bit inserts that are 

. . 

manufactured. fi'.om composite.cons1nJCtions of this. invention hav~ oriented microstructures 
an: known to display inCICSSed &acture tougbness, resulting in extended service life. 

. . . 

The structural anangcDl.Cnt of the hard phase material al)d the binder phase in composite 
25 constructions of.the inWntion may talce several fonns. Refelring to FIG. 2, a first embodiment 

composite consi:ruction .16 oftbis invention coq>rises a plurality of bundled together cylindrical 
· cased or coated. fibers .18. Each fiber· 18 comprises a core 20 fanned. fi'om lhe hard phase 
material. Each. core ~O is ·suaounded by .a shell or casing 22 formed from the binder phase 
material •. The. shell or casing can be .applied to each tespective core by the method described in 

30 U.S. Patent No. 4,772,524. which is incorporated helein by reference, or by other well known 
spray or coating ptoeesses. Additionally, "Flaw Tolemnt,_ Fracnue Resistant. Non-Brittle 
Materials Produced Via Conventional P0Wder"Processin1~" (Materials Technology. Volume 1 O 
1995, pp.131-149) , which is also incorporated herein by reference. describes an extrusion 
method for producin1 such coated fibers 18. 

35 The plurality of coated fibers 18 are oriented parallel to a common axis and are bundled 
together and extruded into a rod 24y which comprises a cellular composite constNction made up 
of binder phase material with hard phase material cores. Typically, before extrusion the loose 
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fibets 18 in the bwidles are round in ttansverse cross section. After exuusion the fibers 18 are 

squashed together and have a ge11erally hexagonal cross section. The fibers may be defonned 

S into other shapes locally whae the fibers are not parallel to each other in the bundle or are not 

aligned to yield the regular hexagonal pattern illusuated. 1be fibei:s 18 are bonded together by 

heating to form an integral mass. 

P.09/29 

In an example first embodime~ the composite construction is produced from a plurality 

of coated fibers 18 having a core 20 of tunpten carbide and cobalt powder (as the hard phase 

10 material) SUlfOunded by a shell 22 of cobalt metal (as the ductile phase). The fibers are 

fabricated from a mixtme of powdered WC-Co, powdered Co~ and thermoplastic binder such as 

wax by the extrusion process identified above. The binder may be as much as SO percent by 

volume of the total mixture. Tungsten c;arbide powder and cobalt powder are available in 

micron or submicmn sizes, although it is desired that the tungsten carbide powder have a particle 

lS size of less than about 20 micrometers. A plurality of these.cobalt cased WC-Co fibers 18 are 

bundled together and extruded to form i. fibrous WC-Ca composite consuuction. The extruded 

rod 24 can be cut to a ~ pomeuy of the finished part, for example a cylinder with an 

approximately conical end for formiq an insert for a rock bit, or sliced to form a: cutting surface 

for placement omo a cutting substrate. . 
20 The composite construction is. then dc:waxed by heating in a vacuum or protective· 

atmosphete to remove the thennoplastic binder. Upon heating to.elevated tempexature near the 

melting point of cobalt, a SQlid;-essentially void-free integral 1;;omposlte is fonnecl. The regions 

defined by the fibers 18 have a WC-Co core 20 thickness in the range of from about 30 to 300 

micrometers, surroun~ by a shell 22 of cobalt having a thickness in the range of from about 
25 3 to 30 micEOmeterSa . 

Although use of a cemented tungsten carbi(fe ~erial. and cobalt have been described 

above as example respective bani phase materials and binder materials for fonning.the respective 

core 20 and shell 22, it is to be understood that composite constrUCtions of this invention may 

be formed from many other different materials that are discussecl in detail below. f o r 

30 example, a first embodiment composite consrruction can comprise a fiber coie 20 formed .from 

PCB or PCBN as the hard phase material, and a shell 22 formed from cobalt metal as the binder 

phase. Alternatively, the shcll.22 can be fanned fiom any other binder phase material.that is 

relatively more ductile. including cemented. tungsten carbide. In such example first embodiment, 

the core 20 is formed from a PCD or PCBN composition according to the process described in 

35 U.S. Patent Nos. 4,604.106; 4,694,918; S,441.817; and 5..271,749 that are each inco~rated 

herein by reference, starting with diamond or cBN powder and wax. Each PCD core 20 is 

surrounded by a cobalt metal shell 22 to fomi the fiber 18. and a plurality of the fibel'S 18 are 

This Sheet Has Been Replaced. 
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bundled together and extruded to form a fibrous PCD -cobalt composite construction. The 
regions defined by the fibers 20 have a PCD core 20 thickness in the tange of ftom about JO to 

S JOO micrometers, surrounded by a shell 22 of cobalt having a thickness in .the rmge of from 
about 3 to JO micrometers. 

Refening to FIG. 3, a second embodimenl composite c:omtruction 26, prepared according 

to prlnciples of the invention, comprises a repeadni auangeQJellt of monolithic sheets 28 of the 

hard phase material, and sheets 30 of thei binder phase that are manged to produce a swirled or 

p. 10/29 

10 coiled composite construction. In an example second composite constrUCtion embodiment, the 
sheets 28 are fonned from a powder cermet material, and sheets 30 are formed from a powder 
metal. A thermoplastic binder is added to both powder sheets 28 and 30 for cohesion and to 

Un.prove: the adhesion between the adjacent sheets. The sheets 28 of die hard phase material and 

the sheets 30 of the binder phase.are alternately stacked on top of~ ano~r and coiled into a 
l S rod 32 having a spiral cross section. Additionally, de.Pending· on · ihe desired composite 

construction properties fQr a panicular application, the sheets 28 and 30 $11J be formed from 
more than one~ of hard phase material and/~ more than one type of binder phase material, 
and·can be stacked in random fashion. to fonn the second embodiment composite rod 32 of this 
invention. 

20 . -In an example seco~ composi~ embodiment, the sheets 28 are formed from powdeICCi 
WC-Co, and the sheets 30 ue formed fro~ powdered cobalt. The :WC.CO sheets 28 are Conned. 
havinJ· a thickness in the mnge ~r t?om about ·so to .300 micrometers, and the cobalt sheets 30 
are formed.having& tbiclcness in the range of from abouts to IO mi~~ after consolidation 

. by dewaxing and sintering near tbe melting point of cobalt.- Alternatively, .tlie sheers 28 can be 
25 foaned fro~ PCD or.PCBN, and the ShcCts 30 .can be formed from a relatively more ductile 

bind~ material such as metals, metal alloys, cermets and the like.. 
In a third composite ~nstrUCtion embodiment having an oriented microstruciure~ sheets 

34 in the torm of expanded metal sheets, shown in FIG. 4, may be-used i~ place ~fthe sheets 30 
to Conn rhc coiled composite rod ofFIG .. 3. One.method for creatiq s"uch expanded metal sheet 

30 34 is to form a plurality. of parallel slits 36 in a metal sheet, and str=h the metal sheet in a 
diiection peipendicular·to the slits to cause the slits to expand. Properties of the finally-fonned 
composite can be tonuolled by ~I alternate sheets of expanded sheet 34 and ncm-expanded 
sheet JO, or by varying the spacing of the slits 36. The stacked sheet! can be rolled or pressed 
to minimize void volwne of the expanded sheet, or they may be coiled to fonn a tight roll and 

35 swa1ed or drawn«> reduce void volume. 

Refeaing to AG. S, in a fourth embodiment composite construction 38 having an oriented 
microstructure, coated fibers 18 (as shown in FIGS. I and 6) that are constructed the same as 
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described above for the tint embodiment are used to form. a plurality of sheets 40, 42 and 44 that 

are manged to pioduce a coiled fibrous composite. The fibers 18 may be oriented in any·snannet 

S desired to fonn the sheets. depending on the desired composite properties for a particular 

application. For example, the fibers 18 within each sheet may be oriented pamllel to one 

another, as in sheets 40 and 42 (as illustrated in FIG. 6), or the fibers 1 B in each sheet may be 

inrerwoven as in sheet 44 (as best shown in FIG. 5). Sheets 40, 42 and 44 are stacked on top of 

one another and coiled into a fibrous composite rod 46. Preferably, the sheets are stacked in such 

10 a manner that adjacea.t sheets have different fiber orientations. An exemplaxy cross. section of 

such a rod 46 is illustrated in FIG. 6. 
Composite construction products, when formed in the shape of a rod. are exuuded or 

swaged to the diameter for example of roller cone. rock bit insert blanks.. and cut to fonn a 

plurality of insert blanks. The blanks may be machined to fonn the ends of rock bit inserts. or 

IS conventional preaing and sintering ~may be used to fonu the blanks into rock bit insens. 

p. 11/29 

Referring to FIG. 7, an insert 48 for use in a wear or cutting application in a miler cone 

drill bit or percussion or haminer chill bit may be formed fiom composite constructions having 

oriented miCIOStrUctUtCs of this invention. For example, sudl il!SlrtS can be fonned from blanks 

that. are made from fourth embodiment eompo$ite constructions of.this invCJition, and that are 

20 pressed or machined to the desired shape of a roller cone rock bit insen. The. shaped inserts are 

then heated to about 200 to 400°C in vacuwn or flowing inert gas to debirui the composite, .and 

me inserts are then sintered. When using ~bets foaned from WC-Co, although convent~onal 

cemented tungsten carbide is typically sintered at te1nperamres of 1360 to 14S0°C, the sintering 

of the composite accordi.na to this Invention should occur below 1360°C. and more preferably 

25 in the ranp of from about 1280 to 1300°C. 

. Orherconsolidation techniques well known in the art may be used during the manufacture 

of ~omposi~e constructions of this .invention,. ~ucling nonnal liquid phase sintering, hot 

presmq, hot isostatic pressing.(HIPing) as described in U.S. Patent No. S.290,507 ~is 

ineorp>rated herein by re~renct. and rapid omnidirectional compaction. (ROC) as described in 

30 U.S. Patent Nos. 4.945,073; 4,744,943; 4,656.002; 4,428,906; 4,341,577 and 4,124,888 which 

are each incorporated herein by reference. 

· Composite constructions having oriented microsauctwes. prepared according to principles 

of this invention, exhibit a higher fracture toughness than .conventional cermet materials such as . 

cemented tungsten carbide, due to the ordered arrangement of the binder phase (e.a.. the binder 

35 phase shell or sheet) within the composite that is manged to fonn a continuous, or nearly 

continuous. phase around the hard phase material (e.g., the finer core or sheet) within the 

composite. The anangement of binder phase continuously around the lower toughness hard 
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metal phase increases the ovemll fractme toughness of the composite by blunting or deflecting 

the front of a propagating crack. 
S The bani phase materials useful for forming the fiber core 20 and sheets 28 in composite 

constrUCtions of this invention can be selected fiom the group of c:ermet materials including, but 
not limited to, carbides, borides and nitrides of the group IVa. Va, and Via metals and metal 
alloys of the periodic table. Example cermet materials include: WC-M. TiC-M, TaC-M, VC-M, 

and Cr Jc;-~ where M is a metal such ·as Co, Ni, Fe. or alloys thereof as descn'bed above. A 
10 piefened ceamet matedal is WCCo. Additionally, the bard phase material inclllde PCD, PCBN, 

and mixtures of PCD and PCBN with carbides, borides and nitrides of the gw.up IVa.. Va. and 
Via metals and metal alloys of me periOdie table. Composite construetions of this invention. 

· comprising PCD as the hard phase material are highly desirable because they are known to 

increase the .fracture toughness of PCD by as much as two fold. . _ 
15 The binder phase usefill for forming the fiber shd1 22 and sheets 30 in composite 

constructions of this invention can be selected from the group IV a. Va, and Via ductile me!als 
and metal alloys including, but not limited to .Fe, Ni. Co, CU, Ti. Al, Ta. Mo, Nb, W, and their 
alloys. Additionally, the biD.der phase can be fonned &om the group incl\lding carbides. borides 
and nitrides of the group lVa, Va, and Via metals and metal alloys of the periodic table, when 

20 the. hard .phase material (e.g.., the fiber core) is PCD or PCBN because of their propeities of good 
thennal expansion compatibility and.good tougbnes!. For example, the binder phase can be WC­
Co when the bard phase inaterial is PCD or PCBN. A preferred.bindel phase is cobalt when the 
bard phase material is We-Co. Additionally, W-Ni-Fe· is a desirable metal alloy for the l!inder 
phase when the hard phase material is WC-Co because it is .a liquid phase sintering system. 

25 During a convemiODal liquid phase sinteriq poces.1 for WC-Co., W-Ni-Fe will be a solid/liquid 
mixtUle with amajorlty beiq solid. Therefore it will mnain in the "shell" (in tlie ~ of a fiber 
composite composition embodimenl)during and after sintering as in a green state. 

In order tO enhance me Dac:turc:· !oughness of composite consuuctions of this invention. 
the thickness of the binder phase SWTOunding each fiber core or each hard phase material sheet 

30 should be greater man the mean fiee path between bani phase grains. e.g., tungsten.carbide. in 
the core. Thai is, the thickness ofrhe shell of binder phase metal between adjacent repons of 
cermet materials, e.g., cemented tunpten carbide (WC-Co), should be more than the mean 
thickness of cobalt between the tungsten carbide pins in the core. 

The volume fraction of the continuous binder phase in the composite consuuction will 
JS influence the properties of the overall composite, includiq fracture toughness. The volume 

ftac1ion of !he binder phase may be in the ranae of from about IS to SO percent by volwne. based 
on the total volume of the composite. Preferably, for composite constructions designed for use 
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in more demanding applications. the binder phase can be in. the range of fr:om about 15 to 30 
percent by volwne of the total volume of the composite. 

S Composite amsuuctions having oriented microstrm::turc1p prepared according to principles 
of this in"entio~ will be ·better understood and appreciated with refeience to the following 
ex&111ples: 

.Example No. 1 - fibq composite cpmtruction CWC-Co core) 
10 A fiber composi.te construction included a bard pbaso material core formed from WC-CO 

that was made from WC powder and Co powder. having an average grain size in lhe range of 

from about one to six micrometers. The WC-Co contamed greater than about six percent by 
weight Co, bu.eel on the total weight of the WC-Co. The binder phase fiber shell was fonned 
from Co, but -alternatively could be fonned ftom any of the above-identified metals or metal 

IS alloys. Each fiber had a diameter in the range of from 30 to 300 micrometers after consolidation. 

Ex@mple No. 2 - fiber comppslte consm.tction (pCD core) 
A fiber composite construction included a core formed from PCD according to techniques 

described in U.S. Patent No. . Diamond powder was used having an average grain 
20 size in the range of from about 4 to 100 micrometers, and was mixed with wax according to the 

referenced process, and was sintered to form the PCD. The binder phase fiber shell was fonned 
from 411 carbide (i.e., WC comprisin1 11 p~nt by weight cobalt and having a WC grain size 
of approximately four micrometers). Alternatively, the fiber shell could be formed from any of · 
the above-identified metals, metal alloys, and cenne"- Each fiber had a diameter in the. range 

2S of from 30 to 300 micrometers after consolidation. 

E.zample No. 3 ·Fiber composite construstion (pCBN core) 
A fiber composite. consttUCtion.indud.ed a COie funned from PCBN and WC-Co. The WC­

Co was made 1iom WC powder and Co Powder having an averap grain size in the range of from 
30 about one TD six micmnieters, and the PCBN was in the form of cBN.powder having an average 

pn si7.e in the range offiom about 40 to I 00 micrometers. The WC-Co contained greater than 
about six peICCnt by weight Co, based on the total weight of the WC-Co. The core comprised 
in the ran&e of ftom about SO to 9S pelQ3lt by volume PCBN based on the total volume of the 
core. Alternatively, the core can be fanned from PCBN and TiC, or cBN and TIN +Al, or cBN 

JS and TiN + Co2AI,,. where the core comprises in the range of from about two to ten percent by 

weight Al or ~Al9 based on the total weight of the core. 
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The binder phase fiber shell was formed from WC-Co. made in me same manner 
described above for the core. Alternatively, the fiber shell could be formed from any of the 

S above-identified metals, metal alloys or =met materials. Each fiber had a diameter in the range 
of from 30 to 300 micrometms. 

Epmple Nos. 4 m 6 - Bundled fiber composite constmction 

Bundles were fimned in the ·manner described above from the fiber composite 
l O consll'UCtions of Pxample Nos. 1 to 3 fortbe applicalion of a roller cone rock bit insert. &ample 

No. 4 bundle was formed by combining the fibers of Example Nos. 1 and 2 together. Example 
No. S bundle was formed by combining the :fibexs of Example Nos. 2 and 3 together. Example 
No. 6 bundle was formed by combining the fibers· of Example Nos. 1,, 2 and 3 together. 

IS gxgple No. 7 - Hard pJw:se material sh§tt QVC-Co sheet) 

20 

25 

30 

35 

A hard phase sheet C01J1prising WC-Co was made from WC- powder and Co powder 

having an average grain size in the range of from about one IO six micrometers. The WC-Co 
contained. greater than about six percent by weight Co, based on the total weight of the WC-Co. 
The sheet had a thickness in the mnge of from about 30 to JOO micrometeis after consolidation. 

-12-
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~pie No. 8 • Hard phase material sheet <rCD sheet) 

A hard phase sheet comprising PCD was prepared according to the technique described 

S in the above-identified U.S. Patent, starting with diamond powder having an average particle size 

in the range of from about 4 to 100 micrometers. The sheet had a thickness in the range of &om 

about 30 to 300 micrometm after consolidation. 

Exan\ple No. 8 ·Hard phge material sheet <PCBN sheet) 

10 A hard phase material sheet comprisinl PCBN and WC-Co was made from WC powder 

and Co powder having an average grain size in the range of from about one to six micrometets. 

and the cBN was in the fonn of powder having an average grain size in the range of from about 

4 to 100 micmmeteis. The WC.CO contained greater than about six percent by weight Co, based 

on the total weight of the WC..Co. The sheet had a thickness in the range of from about 30 to 

15 300 micrometen after consolidation. 

Example No. 9 - Bjnder phase sheet 

A binder phase sheet was~ from Co. Alternatively. the sheet could have been made 

from ·any one of the above-identified metals or metal alloyS. The sheet had a thickness in the 

20 range of &om about 3 .to 30 micrometers Jfter consolidation. 

Exmnule Nos.1 O to 13 -Sp composite constructions 

Spiral composite constrUCtions for use as tapes wen: prepared by combining alternating 

sheets of Example Nos. 6 to 9. Example No. 10 spiral composite was fanned by cambinini 

25 altemate sheets of EXample Nos. 6 and 7 together. or alternatively combining altematina ·sheets . 

of ~pie No. 7 with :me-~ of Example No. 9. Example No. 11 spiral composite was 

formed by combining. al~ sheets of ·&.ample Nos. 6 and 8 together, or alternatively 

combining altemaling sheers of Example No.I with the sheets of Example No. 9. Example No .. 
. . . 

12 spind C()mposite ~.fanned by combining alternate sheets of Example Nos. 6. 7 and 8 

30 together, or alternatively combining ~temating sheets of Example Nos. 7 and I with the sheets 

of Example No. 9. 

Example No. 14 • Emanded co~site construction sbeet {PCP) 

An expended sheet comprising PCD and· WC-Co was made from WC powder and Co 

3S powder having an average grain size in the range of from about one to six micrometers. and the 

PCP was in the fonn of powder having an average grain size in the range of ftom about 4 to 100 

micrometers. The WC.Co contained greater than about six percent by weight Co, based on the 

·13-
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rotal weight of the WC.CO. The expanded sheet had a dlickness in the range of from about 30 
to 300 micrometers after consolidation. 

Example No. 1 S - Ezmpnded composite construction sheet (pCB'Nl 
An expended sheet comprising cBN, WC-Co, TiC and Al was made from WC powder and 

Co powder having an avemge l1'8in size in the range of from about one to six micrometers. and 
the PCBN was in the fonn of cBN powder having an average gmin size in the range of from 

l 0 about4 to 100 micrometers. 1he WCCo contained greater than about six percent by weight Co, 
based on the total weight of the WC-Co. The expanded sheet had a thickness in the range of 
from about 30 to 300 micrometers after consolim.tion. 

Example Nos. 16 to ·18 - Spjml composites constmctions comprising exped ~ 
1 S Spiral composite constructions were _prepared by combininK alternating expanded sheets 

of Example Nos. 14 and 15 with the sheets of Example Nos. 6 to 9. Example No. 16 spiral 
composite was fonned by combinhlg alternate expanded sheets of Example No. 14 with die 
sheets of Example No. 6. or altemati.vely combining altemating expanded sheets of Example No. 
14 with the sheets of Example No. 9. Exam.pie ~o. 17 spiral composite was formed by 

20 combining alternate expanded sheets of Example No. IS with the-sheets of Example No. 6, or 
alternatively combining altenulting expanded sheets of Example No. 14 with .the sheets of 
Example No. 9. Example.No. 18 spiml composite was formed by combining altemate expanded 
sheets ofExample No. 14 with the sheets ofExample No. 6, and the expanded sheets of Example 
No. 15, or aJtema!ively combining altemating expanded sheets of Example No. 14 with the 

2S sheets of Example No. 9, and the expanded. sheers of Example No. 15. 
Composite consuuctions having oriented microstructwes of this invention can be used 

in a number of different applications, such as tools for mining. machining and. construction 
applications, whem · the combined mechanical properties of high :fiacture toughness, wear 

resistance, and hardness are highly desired. Composite construclions of this invention can be 
30 · used to fomi wear and ~utting componenrs in machine tools and drill ~d mining bits such as 

roller cone rock birs, percussion or hammer bits, diamond birs, and substrates for shear cutters. 

For example, referring to FIG. 8, wear or-cutting inserts 48 (shown in FIG. 7) formed from 
composite constructions of this invention can be used with a roller cone rock bit SO comprising 

JS a body 52 having three legs 54, and a roller cutter cone 56 mounted on a lower end of each leg. 
The inserts 48 can be fabricated according to one of the methods described above. The inserts 
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48 are provided in the surfaces of the cutter cone 56 for bearing on a rock fonnation being 
drilled. 

S Refeaing to FIG. 9, inse1'IS 48 formed trom composite constructions of this invention can 

also be used with a peicussion or hammer bit SB. comprising a hollow steel body 60 having a 

threaded pin 62 on an end of the body for assemblfn& the bit onto a drill string (not shown) for 
drillin& oil wells and the like. A plurality of the inserts 48 are provided in the surface of a head 
64 of the body 60 for bearing on the subterranean formation being drilled. 

10 Refening to FIG. 10., composite constructions of this invention can also be used to fonn 
PCD shear cutteIS 66 that ate used, for example. with a drag bit for drilling subterranean 

formations. More specifically, composite constrUCtions of this invention can be used to fonn a 
shear cutter substrate 68 that is used to carry a layer of PCD 70 that is sintered thereto .or, 

altematively, the entire substmte and cutting sumce can be made from the composite 
IS construction. 

Refening to FIG. 11, a ckag bit 72 comprises a plumlity of such PCD shear cutters 66 dw 
are each attached to blades 74 that extend from a head 76 of the drag bit for cutting against the 
subtenanean fonnation being chilled. 

Although. limited . embodiments of composite consuuctions having oriented 
20 miC!Qstmctures.. methods. of making the same, and aq>plications for the same, -have been described 

·and illustrated herein, many modifications and variations will be apparent to those skilled in the 
art. For example, although Gomposite constructioni have been deicribed ancl illustrated for use 
with rock bits, hammer bits and dra& bits. it is to be underst~od that composites constructions 
of this ·invention are iniencled to be used with other typeS of minllig and construction tools. 

2S Accordingly, it is to be understoocl •t within the scope ·of the appended claims. composite 
constructions according to principles of this invention may be embodied other than as 
specifically described herein. 

30 

JS 
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CLAIMS: 
I. A ~mposite construction comprising: 

S a plurality of coated fibers oriented pamllel to a COJDDlon axis and bundled together, 
adjacent fibers being bonded together into an integral mass, each coated fiber comprising: 

a core of first material ha.vine: 
a ceramic phase selected mm 1:he group consisting of carbides, borides, and 

nitrides !tom groups IV A, VA, and VIA of the periodic table; and 

10 aductilebinderpbaseselectedfrom the group consisting of Co,. N"i. Fe. W, 
Mo, ~Al. Nb, Ti, Ta. and alloys thereof; 
a ductile shell, surrounding the con:, of a second maierial selected .ftom the group 

consisting of Co, Ni,. Fe. W, Mo, Cu, Al. Nb. TI, T&;, and alloys chercof. 

15 2. lbe composite construction as recited in claim 1 wherein the core is formed from 
WC.Co, and the ductile shell is fonned fi'om cobalt 

3. Tho composite consttuction as recited in claim l w~n the core is formed from 
WC.Co, and the ductile shell is fomted. fiom a tunpten·iron-nickel· alloy. 

20 
4. The composite construction as recited. in claim I compri$ng_in the range oftrom 

about 1 s to SO percent by volume.second ·.mamrial based on the _.total volwne of the composite. 

· S. The compJSite coQSINCtion as recited in claim 1 wherein each fiber has a diameter 
25 . in the range of from ~Oto ~00 micromcteis. and a shell thidcnesi in the range of ftom 3 to 30 

micromecers. 

6. An insert for use in a roller cone rock bit that is formed fi'om the composite 
construction of claim 1. 

30 
7. An insert for use in a percussion drill bit lhat is · fonned from the composite 

constrUction of claim I .. 

8. A shear cutter for use in a drag drill bit that is fanned from the composite 
JS construction of claim 1. 

9. A composite construction comprising: 

-16-
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a plurality of coated fibers oriented parallel to. a common axis and bundled together. 
adjacent fibers being bonded together into an integral mass, each coated fiber comprising: 

S a core of material selected from the group consisting of polycrystalline diamond, 
and polyaystalline cubic boron nitride; and 

a shell sunounding the core formed from a material seleded from the group 

con.4isti"1 of Co. Ni. Fe. w. Mo, Cu, Al. Nb, Ti. Ta. cennet materials, and alloys thereo[ 

10 10. The composite construction as recited in claim 9 wheiein the core is formed from 

ts 

polycrystalline diamond and the shell is fonncd from cemented tungsten carbide. 

11. The composite construction as iecited in claim 9 comprising in the range of from 
about IS to SO percent by volume second material ba$Cd on the total volume of the composite. 

12. The composite CODStNCtion. as recited in claim 9 wherein each fiber has a diameter 

in the range of from 30 to 300 micrometen, and has a shell thickness in the range of from 3 to 

30 micrometers. 

20 13. An insen for use in a ·roller cone rock bit that is formed from the ·composite 

25 

constrw;tion of claim 9. 

14. An· insert for use in a percussion dri.ll bit. that is fonned :from the composite 
cons1nlction of claim 9 .. 

ts. A ·shear cutter for use. in· a mag drill bit that is formed from· the composite 
construction or claim 9. 

16. A composite construction comprisiris~ 
30 a plumlity of tirst monolithic sheets of a first material having: 

a cetamic phase selected from the group consisting of -carbides, borides, and 

nitrides from groups IV~ VA, and VIA of the periodic table; and] 

a ductile binder phase selected ftom the group consisting of Co, Ni, Fe., W, Mo, 
Cu, Al, Nb, Ti~ Ta their alloys; and 

35 a plurality of second monolithic sheets of a second material selected from the group 
consisting of Co, Ni, Fe, W, Mo, Cu, Al, Nb, Ti, Ta and their alloys; 

-17-
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wherein the first and second monolithic sheets are alternately stacked on top of one 
another and coiled into a rod. 

17. The composite constmction as recited in claim 16 comprising in the range of from 
about lS to SO percent by volwne second material based on the total volume of the composite. 

18. ·The composite construction as recited in claim 16 wherein each first sheet has a 
I 0 diameter in the rango-of &om 30 to 300 micrometers, and each second sheet has a thickness in 

the range offiom 3·to 30 micrometers. 

15. 

19. An insert for· use in a roller cone rock: bit that is formed from the composite 
construction ()f claim 16. 

20. An hl$ert for use in a peicussion drill. bit that is fomied ft-om the composite 
CQDStruction of claim 16. 

· 21. A shear. cutter for ·use in a drag drill bit that is formed from the composite 
20 coiISttuction of claim l6. 

2.2. The composii. eonstructio11 as recited in.claim 16 wherein. the second monolithic 
sheets are expanded sheets. 

2S 23. A composite coDStNCtion comprising: 
. a plurality of first monolithic sheels of a first material selected from the group consisting 

of polyceystalline diamond and. polycrystalline cubic bmon nitride; 
a plurality of Second monolithic sheets of a second material selected from the group 

consisting of Co, Ni. Fe. W. Mo, Cu.~. Nb .. TI, Ta,.cermet materials, and their alloys; · 
30 wherein the first and second monolithic sheets are al~ly stacked on top of one 

another and coiled into a rod. 

24. A composite constructi9n comprising: 

35 a plurality of sheets alternately scac:bd on top of one another and coiled into a rod, each 
sheet comprising: 

a plurality of coated fibels., each coated fiber comprising: 
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a core of a cennet material having a ceiamic:: phase selected from the group 
consisting of cad>idcs, borides, and nitrides from pmps IV A. VA. VIA of the 
periodic table, and a ductile binder phase selected from the group consisting of Co. 
Ni, Fe, W, Mo, Cu.. Al, Nb, Ti, ta and their alloys; and 
a ductile shell, surrounding the core, of a material selected &om the group 

consisting of Co, Ni, Fe, W, Mo, Cu,~ Nb, Ti, Ta and their alloys. 

10 2S. A rock.bit insert formed of a composite cmnet material according to claim 24 
wheiein the cennet cores are formed of cemented tungsten carbide, and the shells am fonned of 
cobalt. 

26. A composite constlUCtion as recited in claim 24 wherein the sheets are stacked so 
lS that adjacent sheets have different fiber orientations. 

27. A method of fonning a composite construction comprising the steps of: 
extruding a plurality of coated fibers tram a mixture of 
(a) powder of a cennet having a cemanic phase selected from the group consisting of 

20 carbides, borides, and nitrides ftom groups IV A, VA. and VIA of the periodic_ table, and a ductile 
binder phase selected fiom the group consisting of Co, Ni, Fe, W, Mo~ Cu, Al, Nb, TI. Ta and 
their alloys, and 

(b) powdet of a m$.l selected from .the group consisting of Co, Ni, Fe,. W, Mo, Cu, Al, 
Nb, Ti. Ta aiid ~eir alloys; 

25 .bundling the coated fibers _together into a tod; 

·e~g the rod into a body having a desiled.geo~tty; and 

sintering the body for fonning a fibrous composite const1,11cti.on. 

28. · A method of forming a C9mposite construction comprising the steps of. 
JO extnlding a plurali~ of coated fibers from a mixture of: 

(a) powder of a material sel"ted from the gIOUp consisting of diamond and cubic boron 
niuide; 

P.21/29 

(b) powder of a material selected from the group consisting of Co, Ni. Fe, W, Mo, Cu, Al, 
Nb, Ti. Ta. cennets, and alloys thereof; 

35 bundling the coated fibers together into a rod; 
extruding the rod into a body having a desired geometry; and 
sintering the body for forming a fibrous composite construction. 

-19-
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29. A method of forming· a composite construction comprising the steps of: 
fomiing a plurali~ of first monolithic sheets from a mixtUie of powder of a cermet having 

S a cemmic phase selected mm the group consisting of carbides, borides, and nitrides from groups 
IV A, VA, and VIA of the periodic table. and a dUQtile binder phase selected from the group 
consisting of Co, Ni, Fe, W, Mo, Cu, Al. Nb, Ti. Ta and their alloys; 

fonning a plurality of second mo~lithic sheets &om a powder of a metal selected from 
the group consisting of Co, N't. Fe, W, Mo, Cu. Al, Nb, Ti, Ta and their alloys; 

10 stacking altematc first and second monolithic sheets; 
coiling the stacked sheets into asp~ rod; and 
sintering the body for fonning a fibrous composite construction. 

30. A method of forming a composite construction comprising the steps of 
1 S foaning a plurality of first monolithic sheets fro111 a powder selected ftom the group of 

diamond and cubic boron nitride; 
Connin& a plumlity of second monolithic sheets from a powder of a material selected from 

the group consistini of Co, Ni, Fe. W;Mo, ~Al, Nb, n, Ta, cermet materials. and their alloys; 
stacking alternate first and second monolithic sheets: 

20 coiling the staCked sheets into a spimled rod; and 

sintering the body for forming a fibrous ~mposite construction. 

25 

30 

35 
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