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DOUBLED-SIDED AND MULTI-LAYERED PCD 
AND PCBN ABRASIVE ARTICLES 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to abrasive 
tools and methods for producing such abrasive tools. Spe 
ci?cally, the present invention relates to high pressure high 
temperature polycrystalline diamond and polycrystalline 
cubic boron nitride articles and methods for producing these 
polycrystalline articles. Accordingly, the present application 
involves the ?elds of physics, chemistry, and material sci 
ence. 

BACKGROUND OF THE INVENTION 

[0002] Polycrystalline diamond (PCD) and polycrystalline 
cubic boron nitride (PCBN) compacts are used extensively 
in the superabrasive industry for the production of cutting 
tools, drill bits, Wire draWing dies, dressers, and a Wide 
variety of other tools. The basic process of forming PCD/ 
PCBN compacts Was developed in the 1960’s and has 
become a fundamental process in the superabrasive industry. 
A typical PCD compact is formed by loading a reaction cup 
assembly With small diamond grains, e.g., often from 1 pm 
to 50 pm in siZe. A metal substrate, typically cobalt 
cemented tungsten carbide, is placed adjacent to the dia 
mond grains and the entire assembly is subjected to high 
pressure. Heat is then applied suf?cient to melt the cobalt 
and alloW the cobalt to How into the interstitial pores of the 
diamond grains. At these high pressures and temperatures, 
the cobalt, or other carbide forming in?ltrating alloy, acts as 
a sintering aid to sinter adjacent diamond particles together. 
Additionally, the diamond becomes more soluble in the 
in?ltrant at higher pressures. The ?nal product can contain 
diamond-to-diamond bridges With the in?ltrating alloy 
occupying a small volume, typically a feW volume percent. 
The diamond content of such in?ltrated PCD is typically in 
excess of 80% by volume, Whereas a similar non-in?ltrated 
pressed diamond compact results in a diamond content of 
around 65% by volume. 

[0003] HoWever, the thickness of a typical PCD/PCBN 
layer is often limited to less than about 1 mm, although some 
methods can increase this thickness someWhat. For example, 
larger grain siZes can alloW for some increase in thickness. 
Polycrystalline layers of up to about 0.7 to 0.9 mm can be 
formed using superabrasive particles having a particle siZe a 
from about 2 pm to 4 pm. At thicknesses greater than about 
1 mm, typical sintering of PCD and PCBN compacts results 
in non-homogenous sintering of superabrasive particles. In 
order to form thicker solid or layered polycrystalline articles 
such as 3 mm to 5 mm, particle siZes of from 10 pm to 40 
pm can be used. Thus, typical thick solid and layered 
polycrystalline materials have certain limits to the available 
grain siZes for particular thicknesses. Further, the non 
homogenous sintering of the compacts leaves interior vol 
umes of the compact Which are Weaker due at least in part 
to poorly bonded microstructures than exterior portions. 
This is thought to be the result of the ?ner particles having 
a loW porosity for in?ltration of the metal binder and a 
dramatically increased surface area. As a result, the compact 
is prone to premature chipping and/or cracking during use, 
or even during high pressure high temperature (HPHT) 
sintering stages, thus reducing the useful life of any tool 
formed thereWith. A variety of methods have attempted to 
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overcome this dif?culty With moderate success. For 
example, one method utiliZes a mixture of diamond and 
pre-cemented carbide Which lessens the non-homogeneities 
and lessens the tendency of the PCD portion to separate from 
various metal substrates. HoWever, these methods also tend 
to increase production costs and manufacturing complexity 
and still have limitations on the achievable thickness of the 
PCD. 

[0004] In addition to the aforementioned PCD and PCBN 
compacts that include a cobalt cemented tungsten carbide 
substrate, the PCD and PCBN materials can also be pro 
duced as a solid PCD or a solid PCBN. These solid PCD or 
PCBN are Widely used in the industry and are sintered in the 
presence of sintering aids under a typical HPHT process as 
a free-standing PCD or PCBN With no support layer. For 
example, a typical solid PCBN available as AMBORITE 
(manufactured by Element Six Co.) contains about 90% by 
volume CBN grains having a particle siZe of about 10 pm 
and 10% by volume sintering aids such as AlN and AlB2 in 
a ceramic phase. The typical thickness of AMBORITE is 
betWeen 3.0 mm and 5.0 mm. It is also noted that to maintain 
a homogeneous PCBN quality of this thickness, i.e. up to 5.0 
mm thick, the solid PCBN is speci?cally made of a coarser 
CBN poWder, i.e. 10 pm~20 pm. Such a solid PCBN is not 
easily processed With ?ner poWders and results in a limited 
grade of products and is further limited in utility since most 
non-solid products are produced for use in a Wide range of 
applications having various grades of PCBN products. There 
are recognized general guidelines for successful design and 
use of PCD and PCBN tools over a range of materials and 
machining conditions in the industry. For example, there are 
a Wide variety of grades of PCBN compact that are classi?ed 
by CBN content, e.g., 50%-95%, and CBN grain siZe, e.g., 
0.5 pm-30 pm. Such grades of PCBN are speci?cally 
designed for machining various Workpiece materials such as 
hardened steels, superalloys, cast irons, and high tempera 
ture alloy components. As such, methods capable of pro 
ducing superabrasive compacts having increased thickness 
and improved abrasive properties continue to be sought 
through ongoing research and development efforts. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, the present invention provides neW 
PCD and PCBN materials especially designed for much 
Wider applications than existing PCD/PCBN having limited 
product properties. The present invention also provides 
HPHT methods for producing tools and devices having 
increased effective thicknesses and tailored abrasive prop 
erties. Therefore, the PCD and PCBN materials of the 
present invention can be a viable alternative for existing 
products such as solid PCBN and drill-bit PCD cutters and 
have improved cutting and abrasive properties. 

[0006] In accordance With the present invention, a poly 
crystalline compact includes a substrate having a ?rst sur 
face and a second surface. In one aspect of the present 
invention, the ?rst and second surfaces are non-contiguous. 
In yet another aspect, the ?rst and second surfaces can be 
opposing and parallel. Additionally, a ?rst polycrystalline 
layer can be attached to the ?rst surface of the substrate and 
a second polycrystalline layer attached to the second surface 
of the substrate. In accordance With the present invention, 
the ?rst and second polycrystalline layers can include 
superabrasive particles bonded together. In one detailed 
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aspect, the superabrasive particles can be bonded together by 
sintering or chemical bonding With an additional metal 
binder. 

[0007] In another detailed aspect, the substrate can be 
formed of a material such as cemented tungsten carbide, 
cemented titanium carbide, cemented tantalum carbide, 
tungsten, titanium, and mixtures or composites thereof, 
although other materials can also be used as described in 
more detail beloW. One currently preferred substrate mate 
rial includes cobalt cemented tungsten carbide. 

[0008] In yet another detailed aspect of the present inven 
tion, the superabrasive can be either diamond or cubic boron 
nitride. 

[0009] In accordance With the present invention, the poly 
crystalline compact can be formed in a Wide variety of 
con?gurations suitable for different abrasive applications. In 
one aspect, the ?rst and second surfaces can be substantially 
parallel, although this is not alWays required. In another 
aspect, the ?rst and second polycrystalline layers can have 
a thickness of from about 5 pm to about 2 mm. In a related 
aspect, for some applications the ?rst and second polycrys 
talline layers can have a thickness of from about 10 pm to 
about 1.6 mm. In yet another aspect of the present invention, 
the entire polycrystalline compact can have an effective 
thickness of from about 1 mm to about 19 mm. 

[0010] In still another aspect, the polycrystalline compacts 
of the present invention can be incorporated into a tool for 
a Wide variety of abrading, cutting, or other applications. For 
example, polycrystalline tools Which can advantageously 
utiliZe the compacts and methods of the present invention 
include drill bits, cutting inserts, Wire draWing dies, saW 
blades, Wire saWs, indexable inserts, and other knoWn abra 
sive tools. 

[0011] Additionally, one aspect of the present invention 
includes a method of forming a polycrystalline compact. 
This method can include providing a substrate having a ?rst 
surface and a second surface such that the ?rst and second 
surfaces are non-contiguous. A ?rst superabrasive layer can 
be formed on the ?rst surface and a second superabrasive 
layer can be formed on the second surface to form a 
precursor assembly. Formation of the superabrasive layers 
and providing of the substrate can occur in any order. For 
example, a superabrasive layer can be placed in a mold such 
as a reaction cup-assembly, folloWed by placement of the 
substrate over the superabrasive layer. Subsequently, a sec 
ond superabrasive layer can then be formed on the substrate 
such that the substrate is located betWeen tWo superabrasive 
layers. Regardless of the order of assembling the precursor, 
the precursor can then be heated, e. g., in an HPHT apparatus. 
The step of heating can be suf?cient to bond together the 
superabrasive particles of each layer to form a multi-layer 
polycrystalline compact. 

[0012] In a detailed aspect of the present invention, the 
multi-layer polycrystalline compact can be cut such that a 
plurality of polycrystalline tool inserts are formed having at 
least tWo polycrystalline surfaces. The polycrystalline tool 
inserts can be any desired shape such as but not limited to 
cylindrical, rectangular, or triangular, depending on the 
intended application. Further, such inserts can be contoured 
or otherWise shaped to provide predetermined abrading 
effects to a Work piece. 
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[0013] In a further aspect, the polycrystalline compacts 
and inserts of the present invention can be attached to a tool 
body. Typically, at least a portion of the substrate is attached 
to the tool body via braZing, gluing, Welding, clamping, or 
other knoWn techniques. In a detailed aspect, the choice of 
braZe can include typical braZe materials or additionally may 
include carbide, nitride, or boride forming metals. Alterna 
tively, one of the ?rst or second polycrystalline layers can be 
attached the tool body to produce a tool such as that shoWn 
in FIG. 4A. 

[0014] In a further alternative aspect of the present inven 
tion, a method of fabricating a multi-layered polycrystalline 
article can include HPHT sintering of a polycrystalline layer 
next to substrate, With an optional sintering aid. Subse 
quently, a second polycrystalline layer and second substrate 
can be formed as described in connection FIG. 4A. More 
speci?cally, this multi-layered polycrystalline tool can be 
used in the oil/gas drilling market as an alternative to 
existing PCD drill-bit cutters having a thicker PCD layer 
(about 3.0 The polycrystalline tools of the present 
invention provide a stronger polycrystalline layer and a 
more uniform microstructure and homogeneity. Currently, 
drill bit PCD cutters of about 3.0 mm PCD thickness, e.g., 
SYNDRILL 1313 or 1913 (available from Element Six Co.), 
is Widely used in the oil/gas drilling industry. In one aspect, 
the present invention provides a viable alternative material 
for use in the drilling industry. Furthermore, in one detailed 
aspect of the present invention the abrasive properties of 
each polycrystalline layer can be tailored depending on the 
application. For example, in drilling earth, a ?rst contact 
area of a ?rst polycrystalline layer can be coarser supera 
brasive While a second polycrystalline layer of ?ner dia 
mond grained microstructure can provide ?ner cutting prop 
erties. Further, as can be seen, the order of formation of the 
polycrystalline layers and joining thereof can be varied. 

[0015] In one alternative aspect of the present invention, a 
method of forming a polycrystalline compact includes 
extending an effective thickness of a polycrystalline layer 
using a non-superabrasive intermediate material. Similarly, 
a multi-layered polycrystalline compact having at least tWo 
external polycrystalline layers separated by a substrate can 
be formed by such methods. 

[0016] In yet another aspect of the present invention, a 
multi-layered polycrystalline article can include at least tWo 
polycrystalline layers coupled together. Each of the at least 
tWo polycrystalline layers can include superabrasive par 
ticles bonded together. Polycrystalline layers, such as those 
produced by conventional HPHT processes, can be joined in 
accordance With the present invention by coating at least one 
of tWo interface surfaces to be joined With a coupling agent. 
The surfaces to be joined can then be placed in contact to 
form a multi-layered polycrystalline precursor. The precur 
sor can then be subjected to high pressure and high tem 
perature sufficient to bond the polycrystalline layers 
together. 
[0017] There has thus been outlined, rather broadly, the 
more important features of the invention so that the detailed 
description thereof that folloWs may be better understood, 
and so that the present contribution to the art may be better 
appreciated. Other features of the present invention Will 
become clearer from the folloWing detailed description of 
the invention, taken With the accompanying draWings and 
claims, or may be learned by the practice of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1A shows a perspective vieW of a polycrys 
talline compact in accordance With one embodiment of the 
present invention; 

[0019] FIG. 1B shoWs a perspective vieW of a typical 
solid polycrystalline article in accordance With the prior art; 

[0020] FIG. 2A shoWs a perspective vieW of a rectangular 
polycrystalline tool insert formed from the compact of FIG. 
1A in accordance With the present invention; 

[0021] FIG. 2B shoWs a perspective vieW of a triangular 
polycrystalline tool insert formed from the compact of FIG. 
1A in accordance With the present invention; 

[0022] FIG. 3 shoWs a perspective vieW of a tool formed 
using double-sided polycrystalline tool inserts formed in 
accordance With the present invention; 

[0023] FIG. 4A shoWs a perspective vieW of a polycrys 
talline compact having multiple polycrystalline layers 
formed in accordance With the present invention; 

[0024] FIG. 4B shoWs a perspective vieW of a polycrys 
talline compact in accordance With the prior art; 

[0025] FIG. 5 shoWs a side vieW of a multi-layered 
precursor assembly in accordance With one embodiment of 
the present invention; and 

[0026] FIG. 6 shoWs a side cross-sectional vieW of a Wire 
draWing die formed in accordance With one aspect of the 
present invention. 

DETAILED DESCRIPTION 

[0027] Before the present invention is disclosed and 
described, it is to be understood that this invention is not 
limited to the particular structures, process steps, or mate 
rials disclosed herein, but is eXtended to equivalents thereof 
as Would be recogniZed by those ordinarily skilled in the 
relevant arts. It should also be understood that terminology 
employed herein is used for the purpose of describing 
particular embodiments only and is not intended to be 
limiting. 
[0028] It must be noted that, as used in this speci?cation 
and the appended claims, the singular forms “a,”“an,” and 
“the” include plural referents unless the conteXt clearly 
dictates otherWise. Thus, for eXample, reference to “a sub 
strate” includes one or more of such substrates, reference to 
“the layer” includes reference to one or more of such layers, 
and reference to “in?ltrating” includes reference to one or 
more of such techniques. 

[0029] De?nitions 

[0030] In describing and claiming the present invention, 
the folloWing terminology Will be used in accordance With 
the de?nitions set forth beloW. 

[0031] As used herein, “diamond” refers to a crystalline 
structure of carbon atoms bonded to other carbon atoms in 
a lattice of tetrahedral coordination knoWn as sp3 bonding 
and includes amorphous diamond. Speci?cally, each carbon 
atom is surrounded by and bonded to four other carbon 
atoms, each located on the tip of a regular tetrahedron. The 
structure and nature of diamond, including its physical 
properties are Well knoWn in the art. 
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[0032] As used herein, “non-contiguous,” When referring 
to surfaces, indicates the surfaces can be in almost any 
position relative to one another, as long as the surfaces do 
not share a common boundary. For eXample, non-contiguous 
?rst and second surfaces can be opposite ends of a cylin 
drical substrate. 

[0033] As used herein, “bonded”, “bonding”, and the like 
refer to carbide bonding, nitride bonding, boride bonding, 
mechanical bonding, and/or sintering of superabrasive par 
ticles. For eXample, diamond superabrasive particles can be 
bonded using a sintering aid such as cobalt to form a 
polycrystalline structure. Further, the addition of carbide 
and/or nitride formers such as titanium can provide for 
formation of chemical bonds betWeen the diamond, CBN, 
and/or other components of the superabrasive layer to form 
a bonded mass of superabrasives. 

[0034] As used herein, “forming”, When used in conjunc 
tion With superabrasive layers, refers to attaching a supera 
brasive layer to a surface. As such, the superabrasive layer 
can be provided as a poWdered mass Which is then shaped 
or otherWise formed into a coherent mass. Alternatively, the 
superabrasive layer can be formed on a surface by providing 
a coherent, partially sintered, or sintered superabrasive layer 
Which is independently produced and then “formed” on the 
surface by adhesion, braZing or other like methods. 

[0035] As used herein, “substantial” When used in refer 
ence to a quantity or amount of a material, or a speci?c 
characteristic thereof, refers to an amount that is sufficient to 
provide an effect that the material or characteristic Was 
intended to provide. Therefore, “substantially free” When 
used in reference to a quantity or amount of a material, or a 
speci?c characteristic thereof, refers to the absence of the 
material or characteristic, or to the presence of the material 
or characteristic in an amount that is insuf?cient to impart a 
measurable effect, normally imparted by such material or 
characteristic. 

[0036] As used herein, “non-superabrasive” is any mate 
rial Which is not CBN, diamond, or diamond-like material. 
Suitable non-superabrasive materials can include metals, 
metal-carbides, ceramics, cermets, polymeric resins, and 
composites or alloys thereof. It is noted that a number of 
non-superabrasive materials can exhibit abrasive properties 
and may impart a degree of abrasive and/or cutting capacity 
to the ?nal tool in addition to the superabrasive layers. 

[0037] As used herein, “high pressure” and “high tem 
perature” refer to pressures and temperatures Within the 
stability ?eld of diamond or CBN. These pressures and 
temperatures can vary Widely and are Well knoWn to those 
skilled in the art. For eXample, as pressures increase, loWer 
temperatures can be used to successfully sinter diamond and 
CBN. Typical pressures can range from about 1 GPa to about 
7 GPa and temperatures often range from about 1,200° C. to 
about 1,500° C. Those skilled in the art Will recogniZe that 
conditions outside these ranges can be used depending on 
the apparatus and speci?c superabrasive properties, e.g., 
particle siZe, added components, etc., and such are consid 
ered Within the scope of the present invention. 

[0038] Concentrations, amounts, and other numerical data 
may be expressed or presented herein in a range format. It 
is to be understood that such a range format is used merely 
for convenience and brevity and thus should be interpreted 
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?exibly to include not only the numerical values explicitly 
recited as the limits of the range, but also to include all the 
individual numerical values or sub-ranges encompassed 
Within that range as if each numerical value and sub-range 
is explicitly recited. As an illustration, a numerical range of 
“about 1 pm to about 5 pm” should be interpreted to include 
not only the explicitly recited values of about 1 pm and 
about 5 pm, but also include individual values and sub 
ranges Within the indicated range. Thus, included in this 
numerical range are individual values such as 2, 3, and 4 and 
sub-ranges such as from 1-3, from 2-4, and from 3-5, etc. 
This same principle applies to ranges reciting only one 
numerical value. Furthermore, such an interpretation should 
apply regardless of the breadth of the range or the charac 
teristics being described. 

[0039] The Invention 

[0040] In accordance With one embodiment of the present 
invention, a precursor assembly can be produced by provid 
ing a substrate having a ?rst surface and a second surface 
and forming at least a superabrasive layer-on at least a 
portion of each surface. Typically, the ?rst and second 
surfaces can be non-contiguous. Referring noW to FIG. 1, a 
precursor assembly shoWn generally at 10 is shoWn. The 
substrate 12 can be any suitable material such as a solid 
metal, sinterable poWder, green body, or the like. Typical 
materials can include, Without limitation, cemented tungsten 
carbide, cemented titanium carbide, cemented tantalum car 
bide, tungsten, titanium, and mixtures or composites thereof. 
Other materials Which can be used include steel, iron, 
ceramics, and the like, assuming appropriate adjustments to 
the superabrasive layers is made to avoid delamination, 
in?ltration, and other problems. Such adjustments are 
knoWn and several such methods are further described in 
US. Pat. Nos. 4,525,178 and 4,604,106, each of Which are 
hereby incorporated by reference. In one embodiment of the 
present invention, the substrate includes cemented tungsten 
carbide. The substrate can include a Wide variety of mate 
rials and can be almost any material suitable for a particular 
application. For example, high impact and intensive cutting 
applications can require a substrate such as metal carbides, 
While abrading of softer materials such as Wood, plastics, or 
soft rock such as limestone, marble and the like, can alloW 
for use of softer substrate materials such as certain ceramics, 
polymeric resins, and the like. In one aspect, the substrate 
can be formed of a non-superabrasive material. The sub 
strate 12 is shoWn as a cylindrical disk, hoWever it Will be 
understood that the substrate can be almost any shape 
depending on the intended application and the available 
high-temperature high-pressure (HPHT) apparatus. 

[0041] The precursor assembly 10 further includes a ?rst 
superabrasive layer 14 formed on a ?rst surface of the 
substrate and a second superabrasive layer 16 formed on a 
second surface of the substrate. The superabrasive layers can 
include superabrasives of almost any siZe and suitable siZes 
can be chosen based on the intended application. For 
example, coarse grits can be used in aggressive cutting 
applications, While bearing surfaces or ?ne polishing tools 
may require a ?ner particle siZe. Superabrasive particle siZes 
can range from 20 mesh to 400 mesh, although particle siZes 
outside this range can be used. Further, superabrasive par 
ticle siZes of from about 2 pm to about 50 pm are typical. 
Currently preferred superabrasive particle siZes range from 
about 1 pm to about 50 pm, and most preferred from about 
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2 pm to about 35 pm. Superabrasives suitable for use in the 
present invention can include diamond, cubic boron nitride 
(CBN), and mixtures thereof. HoWever, the principles of the 
present invention can be applied using other superabrasive 
particles such as amorphous diamond and other knoWn 
superabrasive materials. The superabrasive layers can fur 
ther include a variety of other components knoWn to those 
skilled in the art such as, but not limited to, metal binders, 
sintering aids, organic binders, metal carbide, ?ller, and the 
like. 

[0042] The superabrasive particles typically do not form a 
coherent mass suitable for mechanical applications Without 
a metal binder or sintering aid such as cobalt, nickel, iron, 
manganese, or their alloys. Such sintering aids can be 
included in the substrate, e.g. cemented tungsten carbide. 
Alternatively, the metal binder or sintering aid can be 
physically mixed With the superabrasive particles prior to 
placement in the HPHT apparatus. Such metal binders can 
be any conventional in?ltrant, sintering aid, carbon solvent, 
or other metal alloy used in producing coherent PCD or 
PCBN tools. For example, suitable metal binders can 
include carbide, nitride or boride forming metals such as 
nickel, cobalt, manganese, iron, silicon, aluminum, titanium, 
vanadium, chromium, Zirconium, molybdenum, tungsten, 
and alloys thereof. Upon heating, the metal binder or sin 
tering aid melts and/or ?oWs throughout the superabrasive 
particles such that interstitial voids among particles are at 
least partially ?lled. The molten metal binder provides 
additional mechanical strength to the superabrasive layers 
and can provide additional strength through a reaction at a 
grain boundary betWeen the metal binder and the supera 
brasives resulting in formation of carbide, boride, and/or 
nitride bonds. Depending on the additional components of 
the superabrasive layers, the superabrasive particles can be 
bound together by mechanical forces, chemical bonds as in 
the case of carbide, nitride, or boride forming metals, or the 
superabrasive particles can be sintered together as in the 
case of carbon solvent metals such as Co, Fe, Ni, Mn, Al, Si, 
Ti, V, Cr, Zr, Mo, W, and their alloys. Various alloys present 
differing melting temperatures and may be more or less 
appropriate for a particular application. Speci?c such alloys 
can be chosen by those skilled in the art. 

[0043] In an additional alternative embodiment, supera 
brasive particles can optionally be mixed With a carbon 
source such as graphite in the formation of a PCD article or 
a nitrogen and/or boron source in the formation of PCBN. 
Under appropriate temperature and pressure conditions, the 
superabrasive particles can increase in siZe and additional 
superabrasive particles can be groWn in situ using the 
provided carbon, nitrogen, and/or boron source. Such com 
positions and methods are knoWn and US. Pat. No. 6,616, 
725, hereby incorporated by reference in its entirety, 
describes several such methods of producing PCD and 
PCBN materials suitable for use in the present invention. 

[0044] In order to increase the Workability of the precur 
sor, an organic binder can be included in the superabrasive 
layers as is Well knoWn in the art. Typically, upon heating, 
the organic binder Will be removed or otherWise decompose 
and is preferably not part of the ?nal polycrystalline article. 

[0045] In one alternative embodiment, the above 
described polycrystalline layers can be preformed layers, i.e. 
solid PCD or PCBN layers, Which are then formed on the 
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surface. Thus, the order of “forming” the coherent supera 
brasive layer is not crucial, although certain orders may be 
more or less desirable for processing convenience. 

[0046] Referring again to FIG. 1A, the precursor assem 
bly 10 can be placed in an HPHT apparatus such as a 
belt-type press, multi-anvil apparatus, bar-type apparatus, 
toroid apparatus, or any other HPHT apparatus capable of 
achieving pressures and temperatures suf?cient to cause 
superabrasive bonding and/or groWth. Upon heating at high 
pressures, the superabrasive particles in the superabrasive 
layers are bonded together to form polycrystalline layers. In 
one aspect of the present invention, the polycrystalline 
layers include superabrasives bonded together by sintering. 
The ?nal sintered polycrystalline layers Will have a thick 
ness Which, of course, Will be slightly thinner than the 
pre-sintered thickness. Those skilled in the art are Well 
acquainted With taking these changes in dimension into 
account in designing appropriate molds. Once placed in the 
HPHT apparatus, the superabrasive particles can then be 
sintered to form a polycrystalline compact. The sintering 
process of the present invention can occur at a temperature 
of from about 1,200° C. to about 1,500° C. and a pressure 
of from about 1 GPa to about 7 GPa, although conditions 
outside this range can be used depending on the HPHT 
apparatus and particular superabrasive particles chosen. As 
the pressure is increased, even loWer temperatures can be 
used to achieve sintering of superabrasive particles. For 
polycrystalline compacts of ?ne grained PCD or PCBN, 
loWer temperatures and thus higher pressures, are often 
preferred in order to minimize grain groWth. Signi?cant 
grain groWth results in cleavage planes Which can lead to 
premature cracking and failure of the material under applied 
forces. HoWever, almost any pressure can be used, provided 
it is suf?cient to prevent conversion of diamond to graphite 
or the conversion of CBN to hexagonal boron nitride. 

[0047] Various additional knoWn processes can be utiliZed 
in the present invention. For example, a Wide variety of 
catalyst removal processes can be used such as acid leaching 
or other processes knoWn to those skilled in the art. Removal 
of the catalyst, i.e. sintering aid or carbon solvent, can help 
to improve the high temperature performance of the ?nal 
PCD material by removing the loWer melting temperature 
metals from the tool. 

[0048] The polycrystalline compact thus produced can 
have at least tWo polycrystalline layers. The polycrystalline 
layers can be substantially parallel as shoWn in FIGS. 1A 
and 2A through 4A, although this orientation is not alWays 
required. In an alternative embodiment of the present inven 
tion, the polycrystalline layers can be contoured to provide 
speci?c cutting or abrading characteristics to the ?nal tool. 
Such contoured polycrystalline layers are considered Within 
the scope of the present invention. 

[0049] In one alternative embodiment of the present 
invention, a polycrystalline layer can be formed on one side 
of a substrate as discussed above. A second polycrystalline 
layer can be formed on one side of a separate second 
substrate. The tWo substrates can then be attached along 
non-polycrystalline surfaces, ie the surfaces opposite the 
polycrystalline layer, by braZing, gluing, Welding, clamping, 
RPHT Welding as explained beloW, or the like, to form a 
double-sided polycrystalline compact similar to that shoWn 
in FIG. 1A. Thus, in this embodiment, the substrate is 
comprised of tWo separate materials bonded together. 
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[0050] The polycrystalline layers of the present invention 
can be formed in a variety of con?gurations and shapes 
Which can be tailored to any number of abrasive applica 
tions. In one embodiment, the polycrystalline layers can 
have a thickness of from about 0.05 mm to about 3 mm and 
can also range from about 0.1 mm to about 1.6 mm. Many 
commercial products such as SYNDITE cutting tool blanks 
(available from Element Six Co.) can effectively utiliZe 
polycrystalline layers having a thickness of from about 0.40 
mm to about 0.90 mm. As mentioned above, thicknesses 
greater than about 1.6 mm to about 2 mm can often result in 
polycrystalline structure Which is non-homogenous and is 
subject to premature failure, depending on the superabrasive 
particle siZe. As explained above, increased thicknesses of 
up to about 5 mm can be achieved by using larger particle 
siZes. One of the advantages of the present invention is to 
make possible polycrystalline compacts having effective 
thicknesses greater than 2 mm With minimal or no suffering 
of microstructure homogeneity, regardless of the superabra 
sive particle siZe. For example, although the substrate can 
have almost any practical thickness, a substrate having a 
thickness of from about 1 mm to about 10 mm can be used 
to produce a polycrystalline compact having a total thick 
ness of from about 1 mm to about 14 mm, and preferably 
from about 0.5 mm to about 5 mm. Further, such tools can 
incorporate superabrasive particles having an average par 
ticle size, ie diameter, of from about 0.5 pm to about 0.5 
mm Without a reduction in the homogeneity and quality of 
the polycrystalline layers. 
[0051] Accordingly, the methods of the present invention 
can further include forming a polycrystalline compact 
Wherein an effective thickness of the polycrystalline com 
pact or insert is extended using a non-superabrasive inter 
mediate material, e.g., substrate as discussed above or other 
suitable material. The effective thickness 18 is measured as 
the overall thickness of the polycrystalline compact or insert 
as shoWn in FIGS. 2A and 2B. This effective thickness 
corresponds to What Would typically be a single polycrys 
talline layer. Such multi-layered polycrystalline compacts 
typically have at least tWo external polycrystalline layers 
separated by at least a substrate as described above, although 
additional layers can be formed if desired, as shoWn in FIG. 
4A Which is described more fully beloW. In addition to 
avoiding problems associated With forming thick polycrys 
talline layers such as those shoWn in FIG. 1B, the resulting 
polycrystalline compact of the present invention localiZes 
the use of expensive superabrasive primarily at surfaces of 
the compact or insert Which Will be used in abrading or 
otherWise cutting into a Work piece, as shoWn in FIGS. 1A 
and 2A through 4A. 

[0052] The polycrystalline articles of the present invention 
can be used to form a polycrystalline tool for use in a Wide 
variety of applications. The polycrystalline articles of the 
present invention can be incorporated directly into a poly 
crystalline tool or can be cut into various shapes. Exemplary 
polycrystalline tools include, Without limitation, drill bits, 
cutting inserts, saW blades, Wire draWing dies, Wire saWs, 
and any other tool knoWn to those skilled in the art, e.g., 
indexable inserts and throW-aWay PCD/PCBN tools. The 
polycrystalline articles of the present invention can be 
formed using a Wide variety of superabrasive particle siZes 
and can range from about 0.5 pm to about 0.5 mm, although 
larger siZes may be desirable in some highly abrasive 
applications. Typical applications can use superabrasive 
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particles having an average particle siZe of from about 1 pm 
to about 60 pm. Further, the polycrystalline layers can have 
a superabrasive particle content of from about 50% by 
volume to about 95% by volume. Additionally, the presence 
of a non-superabrasive substrate placed betWeen polycrys 
talline layers results in improved mechanical strength and 
increased service life of the tool. The polycrystalline articles 
of the present invention can be formed having speci?c 
shapes during preparation of the precursor assembly. Alter 
natively, the polycrystalline articles of the present invention 
can be cut and shaped to predetermined speci?cations sub 
sequent to HPHT processing. For example, polycrystalline 
inserts can be designed for cutting, grooving, milling, turn 
ing, ?nshing, polishing, threading, and the like. Further, such 
inserts can be contoured to produce speci?c pro?les in a 
Work piece, such contours being knoWn to those skilled in 
the art. 

[0053] In order to reduce Waste of polycrystalline mate 
rial, the polycrystalline articles of the present invention can 
be cut such that a plurality of polycrystalline tool inserts are 
formed. The polycrystalline article can be cut using any 
knoWn technique, e.g., laser and Wire EDM. FIG. 2A shoWs 
a rectangular double-sided polycrystalline insert 20a cut 
from the polycrystalline compact of FIG. 1A. Similarly, 
FIG. 2B shoWs a triangular double-sided polycrystalline 
insert 20b cut from the polycrystalline compact of FIG. 1A. 

[0054] The polycrystalline articles, i.e. compacts or solid 
articles, or polycrystalline inserts formed therefrom can be 
attached to a tool body to produce an abrasive polycrystal 
line tool. Attachment to a tool body can be accomplished by 
any knoWn method such as braZing, gluing, Welding, clamp 
ing, interference ?tting, or other similar methods. The poly 
crystalline article or polycrystalline inserts can be attached 
along at least a portion of the substrate to the tool body. 
Thus, as can be seen in FIG. 3, polycrystalline inserts 20b 
can be attached along a side of the insert such that a portion 
of the substrate and the edges of each polycrystalline layer 
are in contact With the tool body 30. Although any knoWn 
braZe can be used, it is often preferable to utiliZe a braZe 
Which contains a carbide, boron, or nitride former in order 
to strengthen the bond betWeen the substrate and the edge of 
the polycrystalline layers Which contact the tool body 30, as 
shoWn in FIG. 3 at 32. For polycrystalline compacts or 
inserts Wherein the superabrasive is diamond, carbide form 
ers such as such as nickel, cobalt, manganese, iron, silicon, 
aluminum, titanium, vanadium, chromium, Zirconium, 
molybdenum, tungsten, alloys thereof, and the like can be 
used. Those skilled in the art Will recogniZe various factors 
Which affect the composition of the braZe chosen for a 
particular purpose and such braZe materials can be chosen 
by those skilled in the art. For example, carbide formers such 
as iron, aluminum, nickel and others have a loW melting 
point Which may reduce the strength of the braZe bond at 
high temperatures associated With many cutting applica 
tions. Similarly, if the superabrasive is CBN, the braZe can 
include boride or nitride formers such as tantalum, titanium, 
aluminum, Zirconium, silicon, and alloys thereof. 

[0055] Alternatively, the double-sided polycrystalline 
compacts of the present invention can be attached to an 
additional substrate 40, as shoWn in FIG. 4A. FIG. 4A 
illustrates a drill bit having tWo polycrystalline layers 14 and 
16. FIG. 4B illustrates a drill bit produced by conventional 
methods having a single polycrystalline layer 42. The sub 
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strate layers 12 and 40 shoWn in FIG. 4A can be formed 
simultaneously With the polycrystalline layers 14 and 16. 
For example, a cup assembly can be formed by placing 
layers of superabrasive and substrate materials as either 
solid or poWder to form a precursor assembly. The assembly 
can then be subjected to HPHT conditions. Alternatively, 
each layer can be formed in separate steps and the substrate 
40 can be attached as discussed above. 

[0056] Extending the effective thickness of the polycrys 
talline layers in accordance With the principles of the present 
invention alloWs production of polycrystalline tools having 
a thickness or effective thickness greater than about 1.6 mm 
to about 2 mm, Without regard to superabrasive particle siZe. 
An additional bene?t of the polycrystalline compacts and 
inserts of the present invention includes extended tool life. 
Speci?cally, traditional PCD and PCBN inserts are single 
sided and can be attached to a tool body. Upon Wear of the 
polycrystalline surface the insert is typically removed and 
replaced. The polycrystalline compacts and inserts of the 
present invention include at least tWo abrading or cutting 
surfaces, thus at least doubling the useful life the tool. 
Further, having polycrystalline superabrasive on tWo oppos 
ing edges of the compact or insert alloWs for applications 
such as reversible cutting and abrading, and other applica 
tions made possible by having a double-sided PCD/PCBN 
Which are dif?cult or not possible using traditional single 
sided compacts. 

[0057] The polycrystalline layers of the present invention 
can be joined to one another or to a substrate using a HPHT 
Welding process in order to manufacture the various embodi 
ments of the present invention. The HPHT Welding process 
is a method, in accordance With one aspect of the present 
invention, of joining tWo surfaces, at least one of Which can 
be a polycrystalline layer. As an illustration of this process, 
a polycrystalline layer and a substrate can be joined as 
described beloW. A substrate can be provided having a 
contact surface. The substrate can be formed as described 
above in connection With other embodiments of the present 
invention. The contact surface can be any surface, or portion 
of a surface, of the substrate Which is con?gured to be joined 
to a polycrystalline layer. Generally, this contact surface is 
a ?at surface, hoWever contoured and shaped surfaces can 
also be suitable for use in the HPHT Welding process of the 
present invention. At least one polycrystalline layer can also 
be provided having a surface con?gured for joining to the 
contact surface. The polycrystalline layer can be a solid PCD 
or PCBN or can be a layered polycrystalline article such as 
a double-sided compact, described previously, or a sandWich 
segment, described beloW. These polycrystalline layers are 
preferably HPHT sintered products produced in a prior 
separate step. One or both of the polycrystalline surfaces and 
the substrate contact surfaces can be coated With a coupling 
agent. The coupling agent can be any material capable of 
acting as a sintering aid under HPHT conditions. Suitable 
coupling agents can include, Without limitation, cobalt, 
titanium, nickel, manganese, iron, silicon, aluminum, vana 
dium, chromium, Zirconium, molybdenum, tungsten, tanta 
lum, and alloys thereof. Currently preferred coupling agents 
include cobalt and titanium. Titanium and several other 
coupling agents such as tantalum, aluminum, Zirconium, 
silicon, and alloys of these metals can act as both carbide and 
nitride formers. Coating of the coupling agent can be per 
formed by a Wide variety of processes. Several suitable 
coating processes include, but are not limited to, sputtering, 
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electrodeposition, electroless deposition, spot-Welding, and 
combinations thereof. In one embodiment, coating of the 
coupling agent can be performed by sputtering. The coating 
can be applied at various thicknesses depending on the ?nal 
tool desired. HoWever, the coating typically can have a 
thickness of from about 1 pm to about 0.5 mm, and prefer 
ably from about 3 pm to about 20 pm. One consideration in 
determining an appropriate thickness for the coating layer is 
that a thinner layer can result in a more uniform boundary in 
the ?nal tool from one joined layer to an adjacent layer. 
Further, extremely thick layers may result in a multi-layer 
polycrystalline article having excess coupling agent. The 
presence of excess coupling agent or excessive amounts of 
metal binder can Weaken the ?nal article at high operating 
temperatures. 

[0058] After the coating is formed on either or both of the 
surfaces to be joined, the surfaces can be placed in contact 
With one another in a predetermined orientation to form a 
polycrystalline precursor. The polycrystalline precursor can 
then be placed in a HPHT apparatus and subjected to high 
pressure and high temperature suf?cient to bond surfaces 
having a coupling agent coated therebetWeen. During this 
HPHT Welding process the coupling agent acts to sinter 
adjacent layers together. As mentioned in connection With 
previous discussions of HPHT processes, typical tempera 
tures can range from about 1,200° C. to about 1,500° C. and 
pressures can range from about 1 GPa to about 7 GPa, 
although conditions outside these ranges can be used. 

[0059] The above HPHT Welding process can also be 
applied to joining tWo or more polycrystalline layers to form 
a multi-layered polycrystalline article. Referring noW to 
FIG. 5, a multi-layered polycrystalline precursor is shoWn 
generally at 50. Polycrystalline layers 52a, 52b, 52c, and 
52d can be formed in accordance With either the principles 
previously described herein or traditional methods. These 
polycrystalline layers typically include superabrasives 
bonded together by sintering. BetWeen each contacting layer 
is placed a layer of a coupling agent 54a, 54b, and 54c. It 
Will be understood that each polycrystalline layer can have 
independently selected thicknesses, superabrasive particle 
siZes, and contours. Similarly, the layers of coupling agent 
54 can each have differing characteristics. The coupling 
agent can be any metal binder Which acts to create chemical 
bonds betWeen the polycrystalline layers as discussed above. 
The coupling agent can be coated on either or both of the 
surfaces of adjacent polycrystalline layers 52 Which are 
placed in proximity to one another. The coupling agent can 
be coated on a surface of the polycrystalline layers using any 
knoWn technique such as, but not limited to, sputtering, 
electrodeposition, electroless deposition, spot-Welding, 
applying as a paste, applying as a thin foil, and the like. The 
polycrystalline layers 52 can be placed in a predetermined 
orientation With respect to one another corresponding to a 
desired ?nal tool con?guration to produce the multi-layered 
polycrystalline precursor 50. Typically this con?guration is 
substantially parallel layers as shoWn in FIG. 5; hoWever 
other orientations could also be used. 

[0060] The multi-layered precursor assembly 50 can then 
be placed in an HPHT apparatus and subjected to high 
pressure and high temperature suf?cient to bond adjacent 
polycrystalline layers together. The resulting interface 
betWeen layers is typically a sintered layer of polycrystalline 
particles Which approaches the strength and stability of a 
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solid polycrystalline material formed in a single step. Fur 
ther, by bonding polycrystalline layers in accordance With 
the present invention, almost any thickness can be achieved 
regardless of the superabrasive particle siZe. Conceivably, 
the only limitation on thickness is the siZe of the HPHT 
apparatus available for processing. 

[0061] The above described HPHT Welding process 
enables economic production of a Wide variety of products 
Which Were either difficult or impossible to produce using 
conventional methods. For example, often it is desirable to 
form a sandWich segment for drill bit inserts and the like. 
These sandWich segments include a polycrystalline layer 
having a metal substrate on either side. In accordance With 
the present invention, such sandWich segments can be pro 
duced by providing tWo traditional polycrystalline compacts 
having a single polycrystalline layer each bonded to a 
substrate. At least one of the polycrystalline surfaces can 
then be coated With a coupling agent and joined using the 
HPHT Welding process of the present invention. Alterna 
tively, one or more additional polycrystalline layers can be 
HPHT Welded betWeen the tWo compacts to form a sand 
Wich segment of almost any thickness and particle siZe. 
Thus, the methods of the present invention alloW for a 
signi?cantly increased gamut of polycrystalline tool dimen 
sions and grain siZes. 

[0062] In an additional alternative embodiment, PCD and 
PCBN layers can be joined by HPHT Welding. A suitable 
coupling agent can be used Which form both carbide and 
nitride bonds Which alloWs for multi-layered articles having 
adjacent PCD and PCBN layers sintered and joined together. 
Non-limiting examples of such coupling agents include 
titanium, tantalum, aluminum, Zirconium, silicon, and alloys 
thereof. 

[0063] In an additional aspect of the present invention, any 
of the embodiments disclosed herein can include polycrys 
talline layers having superabrasive particles of different 
average particle siZe. By adjusting the superabrasive particle 
siZe in each layer, the abrasiveness, cutting speed, and 
cutting quality can be tailored to obtain speci?c abrasive 
and/or cutting characteristics. Thus, an outer surface can 
have a coarse superabrasive for initial cutting and abrading, 
While a second or later contact surface can have a ?ner 
superabrasive for improving the surface ?nish of a Work 
piece. This tailored polycrystalline structure reduces the 
necessity for extensive ?nishing steps and can help to 
remove debris and rough edges. For example, the double 
sided polycrystalline compacts of FIGS. 1A and 2A through 
4A can include polycrystalline layers having different aver 
age particle siZes. LikeWise, the polycrystalline layers of 
FIG. 5 can include superabrasive particles having different 
particles siZes depending on the intended application. In one 
embodiment, a ?rst contact surface of a polycrystalline layer 
can have superabrasive particles With an average particle 
siZe of from about 1 pm to about 10 pm and a contact surface 
of a second polycrystalline layer can have superabrasive 
particles With an average particle siZe of from about 20 pm 
to about 60 pm. Preferably, the ?rst polycrystalline layer can 
have superabrasive particles With an average particle siZe of 
from about 2 pm to about 4 pm and the second polycrys 
talline layer can have second superabrasive particles With an 
average particle siZe of from about 30 pm to about 50 pm. 
It Will be understood that these ranges are merely exemplary 
and other ranges can be used depending on the speci?c 
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abrading application. Additional layers can also be included 
each having a tailored superabrasive particle siZe designed 
for a speci?c abrading application. 

[0064] As an illustration of applying several of the prin 
ciples of the present invention, FIG. 6 shoWs a Wire draWing 
die for forming a Wire. The Wire draWing die 60 can include 
a substrate 62. Although any of the aforementioned substrate 
materials can be used, tungsten carbide is currently pre 
ferred. It should be noted that FIG. 6 is a side cross-sectional 
vieW, While an overhead vieW Would shoW a circular cross 
section having annular layers of substrate and polycrystal 
line material. On the inner surface of the substrate 62 is 
formed at least tWo polycrystalline layers. Initial draWing 
layer 64 can be formed from superabrasive particles having 
a coarse siZe such as from about 30 pm to about 50 pm. 
Finishing layer 66 can be formed from superabrasive par 
ticles having a ?ner siZe such as from about 2 pm to about 
4 pm. The above ranges can be adjusted depending on the 
application and are merely provided as an illustration of the 
initial coarse abrading folloWed by a ?ner ?nishing abrading 
step. Thus, as a rough Wire 68 is draWn through the annular 
opening, the Wire passes through the initial draWing layer 64 
and then out of the draWing die through ?nishing layer 66. 

[0065] In one embodiment, the draWing die can be formed 
by HPHT Welding tWo solid polycrystalline layers, as dis 
cussed above in connection With FIG. 5. The bonded layers 
can then be shrink ?t inside a metal sleeve substrate. Finally, 
a Wire EDM, laser or the like can be used to cut a Wire 
draWing pro?le in the die. Other methods of forming such a 
multi-layered Wire draWing die are also considered Within 
the scope of the present invention. 

EXAMPLES 

[0066] The folloWing examples illustrate various methods 
of making double-sided PCD and PCBN tools, as Well as, 
multi-layered polycrystalline articles in accordance With the 
present invention. HoWever, it is to be understood that the 
folloWing are only exemplary or illustrative of the applica 
tion of the principles of the present invention. Numerous 
modi?cations and alternative compositions, methods, and 
systems can be devised by those skilled in the art Without 
departing from the spirit and scope of the present invention. 
The appended claims are intended to cover such modi?ca 
tions and arrangements. Thus, While the present invention 
has been described above With particularity, the folloWing 
Examples provide further detail in connection With several 
speci?c embodiments of the invention. 

Example 1 

[0067] A layer of CBN particles Was mixed With titanium 
carbide metal and ceramic binder having an average particle 
siZe of about 3 pm. The mixture Was then placed in a 
tantalum cup having an inner diameter of 51 mm to a 
thickness of about 1.5 mm. A cylindrical cobalt cemented 
tungsten carbide substrate having a thickness of 3 mm Was 
then placed over the layer of CBN. A second layer of CBN 
having an average particle siZe of about 3 pm Was mixed 
With TiC and TiN poWders Was then placed on top of the 
substrate to a thickness of about 1.5 mm to form a precursor 
assembly. The precursor assembly Was then placed in a 
HTHP belt apparatus and pressed to about 5 GPa and heated 
to about 1,400° C. for about 30 minutes. The mixture of 
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CBN and titanium carbide Was sintered under HPHT to form 
chemical bonds betWeen CBN particles and TiC particles. 
The PCBN sintered mass Was then alloWed to cool and 
removed from the apparatus. The sintered PCBN Was ?n 
ished by conventional grinding and lapping processes into a 
?nal PCBN of 50.8 mm diameter and 4.8 mm thick With a 
PCBN layer of 1.0 mm thick on each side. This double-side 
PCBN Was Wire EDM cut into squares and rounds for use as 
a PCBN insert tool. 

Example 2 

[0068] A layer of diamond particles having an average 
particle siZe of about 30 pm Was placed in a tantalum cup 
having an inner diameter of 35 mm to a thickness of about 
1.5 mm. A cylindrical cobalt cemented tungsten carbide 
substrate having a thickness of 1.0 mm Was then placed over 
the layer of diamond. Asecond layer of diamond also having 
an average particle siZe of about 4 pm Was then placed on top 
of the substrate to a thickness of about 1.5 mm and then 
another piece of cylindrical cobalt cemented tungsten car 
bide substrate having a thickness of about 11 mm Was placed 
on the second layer of diamond to form a precursor assem 
bly. The precursor assembly Was then placed in a HPHT belt 
apparatus and pressed to about 5 GPa and heated to about 
1,400° C. for about 30 minutes. The cobalt in?ltrated from 
each of the cemented tungsten carbide substrates to sinter 
each diamond layers together, thus attaching the layers to the 
adjacent substrates to form a PCD having multiple PCD 
layers. The sintered mass Was then alloWed to cool and 
removed from the apparatus. The PCD Was then ?nished 
into a ?nal product of 34 mm diameter and 13 mm tall With 
tWo diamond layers on top of the PCD, similar to FIG. 4A. 
APCD of 19 mm in diameter and 13 mm tall Was cut out of 
this product resulting in similar physical dimensions to 
conventional drill-bit PCD cutters. 

Example 3 

[0069] Alayer of CBN particles having an average particle 
siZe of about 1.0 pm mixed With titanium nitride Was placed 
in a tantalum cup having an inner diameter of 51 mm to a 
thickness of about 1.5 mm. A cobalt cemented tungsten 
carbide substrate having a thickness of 1.2 mm Was then 
placed over the layer of CBN particles. A second layer of 
CBN particles having an average particle siZe of about 1.0 
pm mixed With titanium carbide and titanium nitride sinter 
ing aids Was then placed on top of the substrate to a thickness 
of about 1.5 mm to form a precursor assembly. The precur 
sor assembly Was then placed in a HPHT belt apparatus and 
pressed to about 5 GPa and heated to about 1,300° C. for 
about 20 minutes. The CBN particles sintered together in the 
presence of the sintering aids to form a double-sided PCBN 
compact. The sintered mass Was then alloWed to cool and 
removed from the apparatus. The PCBN compact Was then 
?nished into several 3.2 mm diameter double-sided PCBN 
blanks having a PCBN thickness of 1.0 mm on each side. 

Example 4 

[0070] The PCBN compact of Example 3 is cut into 
several triangular inserts (similar to those shoWn in FIG. 
2B) measuring 60 degrees With a 5.0 mm leg length and 3.2 
mm thick using a Wire EDM. The triangular inserts are then 
braZed to tWo opposing ends of a tungsten carbide milling 
insert tool (similar to that shoWn in FIG. 3) using a either a 
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typical braZe alloy (Easy-Flo No.45 available from Handy & 
Harman Co.) or a Pd—Cr—B alloy that melts at 1,000° C. 
that is heated locally in order to prevent the PCD or PCBN 
from thermal degradation. 

Example 5 

[0071] A layer of micron-diamond having an average 
particle siZe of about 5 pm is placed in a 34 mm diameter 
tantalum cup to a thickness of about 1.5 mm. A cobalt 
cemented tungsten carbide substrate of 3.0 mm thickness 
Was ?rst spot-Welded With a 0.15 mm thick cobalt foil placed 
at each side of substrate and then placed against the 5 pm 
diamond layer. Another second layer of diamond having a 
particle siZe of about 40 pm is then placed over the tungsten 
carbide layer to a thickness of 1.5 mm. The assembled tool 
precursor is then placed in a HPHT apparatus and pressed to 
about 5 GPa and heated to about 1,450° C. for about 30 
minutes. The cobalt in?ltrates thru both diamond layers to 
produce a sintered PCD compact. The sintered double-sided 
PCD is then removed from the apparatus and ?nished thru 
conventional PCD ?nishing operations. The ?nal double 
sided PCD of 4.8 m blank thickness and 1.0 mm PCD layer 
thickness Was obtained With tWo different PCD grades, ie 
one side is ?ne grained and the other side is coarse grained 
PCD. 

Example 6 

[0072] Four HPHT sintered solid PCD discs (34 mm 
diameter and 1.0 mm thick made With about 2 micrometer 
diamond grains) Were prepared by cleaning the exposed 
surfaces. One of the surfaces, i.e. top or bottom, of each disc 
Was coated With cobalt by an ion beam sputter method to a 
depth of about 5 pm. All four solid PCD discs With cobalt 
coated on one side Were assembled in the tantalum cup 
assembly per FIG. 5 and processed under typical HPHT 
conditions (5 GPa and 1450° C. for 20 minutes). The 
sintered multi-layered PCD Was recovered from the HPHT 
press and ?nished per standard grinding and lapping opera 
tions. The ?nished solid multi-layered PCD Was obtained as 
a solid round PCD of 33 mm diameter and 3.5 mm thick. The 
solid round PCD Was Wire EDM cut into several small round 
PCD articles of 8.0 mm diameter and 3.5 mm thick. The 
individual small round solid PCD Was shrink ?t into a 
tungsten carbide jacket for use as a Wire draWing die With 
?ne grain. The Wire draWing die can also be treated in acid 
to remove substantially all of the metallic phases from the 
PCD layers to produce a more thermally stable die. 

[0073] It Was also noted that coating of materials other 
than Co such as Ni, Fe, Mo, Ta, and the like Would be 
suitable. LikeWise, the coating method can be other than 
sputtering such as electroplate, electroless, spot-Welding of 
metal on the surface, etc. 

Example 7 

[0074] Several HPHT sintered solid PCBN discs (35 mm 
diameter and 1.0 mm thick) Were prepared by coating 
titanium on one side of each disc to about 5 pm by an ion 
sputtering method. Five of these titanium coated discs Were 
assembled in the tantalum cup assembly similar to FIG. 5 to 
form a multi-layered precursor assembly. This precursor Was 
then placed in a HPHT apparatus and pressed to 5 GPa and 
heated to 1,350° C. for about 25 minutes. The titanium 
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coating at the interface of both discs reacts With both CBN 
and non-CBN phases (TiC, TiN, etc) to form chemical 
bonding through formation of TiN, TiC, TiB, etc. at the 
interface of both surfaces. The resultant PCBN Was a single 
piece of hard solid PCBN from multi-layers. Another similar 
test Was also conducted With different grades of solid PCBN 
discs resulting in a solid PCBN of tailored microstructure, 
i.e. ?ner and coarser particles in each layer, for use in 
machining. 
[0075] Of course, it is to be understood that the above 
described arrangements are only illustrative of the applica 
tion of the principles of the present invention. Numerous 
modi?cations and alternative arrangements may be devised 
by those skilled in the art Without departing from the spirit 
and scope of the present invention and the appended claims 
are intended to cover such modi?cations and arrangements. 
Thus, While the present invention has been described above 
With particularity and detail in connection With What is 
presently deemed to be the most practical and preferred 
embodiments of the invention, it Will be apparent to those of 
ordinary skill in the art that numerous modi?cations, includ 
ing, but not limited to, variations in siZe, materials, shape, 
form, function and manner of operation, assembly and use 
may be made Without departing from the principles and 
concepts set forth herein. 

What is claimed is: 
1. A polycrystalline compact, comprising: 

a) a substrate having a ?rst surface and a second surface, 
Wherein the ?rst and second surfaces are non-contigu 
ous; 

b) a ?rst polycrystalline layer attached to the ?rst surface, 
said ?rst polycrystalline layer including ?rst supera 
brasive particles bonded together; and 

c) a second polycrystalline layer attached to the second 
surface, said second polycrystalline layer including 
second superabrasive particles bonded together. 

2. The polycrystalline compact of claim 1, Wherein the 
substrate comprises a member selected from the group 
consisting of cemented tungsten carbide, cemented titanium 
carbide, cemented tantalum carbide, tungsten, titanium, and 
mixtures or composites thereof. 

3. The polycrystalline compact of claim 2, Wherein the 
substrate comprises cemented tungsten carbide. 

4. The polycrystalline compact of claim 1, Wherein the 
?rst and second superabrasive particles are either diamond 
or cubic boron nitride. 

5. The polycrystalline compact of claim 1, Wherein the 
?rst and second superabrasive particles have different aver 
age particles siZes. 

6. The polycrystalline compact of claim 5, Wherein said 
?rst superabrasive particles have an average particle siZe of 
from about 1 pm to about 10 pm and said second supera 
brasive particles have an average particle siZe of from about 
20 pm to about 60 pm. 

7. The polycrystalline compact of claim 6, Wherein said 
?rst superabrasive particles have an average particle siZe of 
from about 2 pm to about 4 pm and said second superabra 
sive particles have an average particle siZe of from about 30 
pm to about 50 pm. 

8. Apolycrystalline tool formed from the polycrystalline 
compact of claim 5, Wherein the ?rst polycrystalline layer is 
further attached to a tool body. 
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9. The polycrystalline tool of claim 8, wherein the poly 
crystalline tool is a drill bit. 

10. The polycrystalline compact of claim 1, Wherein the 
?rst and second surfaces are substantially parallel. 

11. The polycrystalline compact of claim 1, Wherein the 
?rst and second polycrystalline layers have a thickness of 
from about 5 pm to about 2 mm. 

12. The polycrystalline compact of claim 1, Wherein the 
polycrystalline compact has a thickness of from about 1 mm 
to about 5 mm. 

13. The polycrystalline compact of claim 1, Wherein the 
?rst and second polycrystalline layers include superabrasive 
particles bonded together by sintering. 

14. Apolycrystalline tool formed from the polycrystalline 
compact of claim 1. 

15. The polycrystalline tool of claim 14, Wherein the 
polycrystalline tool is a member selected from the group 
consisting of drill bit, cutting insert, saW blade, and Wire 
saW. 

16. A method of forming a polycrystalline compact, 
comprising steps of: 

a) providing a substrate having a ?rst surface and a second 
surface, Wherein the ?rst and second surfaces are 
non-contiguous; 

b) forming a ?rst superabrasive layer on the ?rst surface; 

c) forming a second superabrasive layer on the second 
surface; 

d) heating said ?rst and second superabrasive layers such 
that superabrasive particles of each layer are bonded 
together to form a multilayer polycrystalline compact. 

17. The polycrystalline compact of claim 16, Wherein the 
substrate comprises a member selected from the group 
consisting of cemented tungsten carbide, cemented titanium 
carbide, cemented tantalum carbide, tungsten, titanium, and 
miXtures or composites thereof. 

18. The polycrystalline compact of claim 16, Wherein the 
superabrasive is either diamond or cubic boron nitride. 

19. The polycrystalline compact of claim 16, Wherein the 
?rst and second superabrasive layers have a thickness of 
from about 5 pm to about 2 mm. 

20. The polycrystalline compact of claim 19, Wherein the 
said ?rst and second superabrasive layers have superabra 
sive particles of different average particle siZes. 

21. The method of claim 16, further comprising the step 
of cutting the polycrystalline compact such that a plurality of 
polycrystalline tool inserts are formed having at least tWo 
polycrystalline surfaces. 

22. A method of producing an abrasive tool comprising 
attaching the polycrystalline tool insert produced by the 
method of claim 21 to a tool body, Wherein at least a portion 
of the substrate is attached to the tool body. 

23. A method of producing an abrasive tool comprising 
attaching the polycrystalline tool insert produced by the 
method of claim 21 to a tool body, Wherein only one of the 
?rst and second polycrystalline layers is attached to the tool 
body. 

24. A method of forming a polycrystalline compact, 
comprising extending an effective thickness of a polycrys 
talline layer using a non-superabrasive intermediate mate 
rial. 

25. The method of claim 24, Wherein the polycrystalline 
layer is either diamond or cubic boron nitride. 
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26. A multi-layered polycrystalline compact having at 
least tWo external polycrystalline layers separated by at least 
a substrate. 

27. The multi-layered polycrystalline compact of claim 
26, Wherein the at least tWo eXternal polycrystalline layers 
each have a thickness of from about 5 pm to about 2 mm. 

28. The multi-layered polycrystalline compact of claim 
26, Wherein the at least tWo eXternal polycrystalline layers 
comprise either diamond or cubic boron nitride. 

29. A multi-layered polycrystalline article, comprising at 
least tWo polycrystalline layers coupled together by sintering 
With a sintering aid under high pressure and high tempera 
ture, said polycrystalline layers including superabrasive 
particles bonded together. 

30. The multi-layered polycrystalline article of claim 29, 
Wherein the sintering aid is selected from the group con 
sisting of cobalt, titanium, nickel, manganese, iron, silicon, 
aluminum, vanadium, chromium, Zirconium, molybdenum, 
tungsten, tantalum, and alloys thereof. 

31. The multi-layered polycrystalline article of claim 29, 
Wherein the superabrasive particles are diamond or cubic 
boron nitride. 

32. The multi-layered polycrystalline article of claim 29, 
Wherein the at least tWo polycrystalline layers have supera 
brasive particles having different average particle siZes. 

33. The multi-layered polycrystalline article of claim 32, 
Wherein a ?rst and second polycrystalline layer include ?rst 
and second superabrasive particles, respectively, Wherein 
said ?rst superabrasive particles have an average particle 
siZe of from about 1 pm to about 10 pm and said second 
superabrasive particles have an average particle siZe of from 
about 20 pm to about 60 pm. 

34. A polycrystalline tool formed from the multi-layered 
polycrystalline article of claim 32. 

35. The polycrystalline tool of claim 34, Wherein the 
polycrystalline tool is a member selected from the group 
consisting of drill bit, cutting insert, Wire draWing die, saW 
blade, and Wire saW. 

36. The multi-layered polycrystalline article of claim 29, 
Wherein the at least tWo polycrystalline layers have a com 
bined thickness of from about 3 mm to about 30 mm. 

37. The multi-layered polycrystalline article of claim 36, 
Wherein the at least tWo polycrystalline layers have supera 
brasive particles having an average particle siZe of from 
about 2 pm to about 10 pm. 

38. A multi-layered polycrystalline precursor, comprising 
at least tWo polycrystalline layers each at least partially 
separated by a coupling agent, said polycrystalline layers 
including superabrasive particles sintered together under 
high pressure and high temperature. 

39. The multi-layered polycrystalline precursor of claim 
38, Wherein the coupling agent is a member selected from 
the group consisting of cobalt, titanium, nickel, manganese, 
iron, silicon, aluminum, vanadium, chromium, Zirconium, 
molybdenum, tungsten, tantalum, and alloys thereof. 

40. The multi-layered polycrystalline precursor of claim 
38, Wherein the superabrasive particles are diamond or cubic 
boron nitride. 

41. The multi-layered polycrystalline precursor of claim 
38, Wherein the at least tWo polycrystalline layers have a 
combined thickness of from about 3 mm to about 30 mm. 

42. The multi-layered polycrystalline precursor of claim 
41, Wherein the at least tWo polycrystalline layers have 
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superabrasive particles having an average particle siZe of 
from about 2 pm to about 10 pm. 

43. The multi-layered polycrystalline precursor of claim 
37, further comprising at least three polycrystalline layers. 

44. The multi-layered polycrystalline precursor of claim 
43, Wherein the at least tWo polycrystalline layers have 
superabrasive particles having different average particle 
siZes. 

45. A method of joining a polycrystalline layer and a 
substrate, comprising the steps of: 

a) providing a substrate having a contact surface; 

b) providing at least one polycrystalline layer, Wherein the 
at least one polycrystalline layer includes a ?rst surface 
con?gured for joining to the contact surface; 

c) coating at least one of said ?rst and contact surfaces 
With a coupling agent; 

d) placing said ?rst and contact surfaces in contact With 
one another in a predetermined orientation to form a 
polycrystalline precursor; and 

e) subjecting said polycrystalline precursor to high pres 
sure and high temperature suf?cient to bond said at 
least one polycrystalline layer and said substrate. 

46. The method of claim 45, Wherein said substrate 
comprises a member selected from the group consisting of 
cemented tungsten carbide, cemented titanium carbide, 
cemented tantalum carbide, tungsten, titanium, and miXtures 
or composites thereof. 

47. A method of joining polycrystalline layers, compris 
ing the steps of: 

a) providing at least tWo polycrystalline layers, Wherein 
each layer includes a ?rst surface con?gured for joining 
to a corresponding second surface of an adjacent poly 
crystalline layer; 
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b) coating at least one of said ?rst and second surfaces 
With a coupling agent; 

c) placing said ?rst and second surfaces in contact With 
one another in a predetermined orientation to form a 
multi-layered polycrystalline precursor; and 

d) subjecting said multi-layered polycrystalline precursor 
to high pressure and high temperature suf?cient to bond 
said at least tWo polycrystalline layers. 

48. The method of either claim 45 or 47, Wherein the 
coupling agent is selected from the group consisting of 
cobalt, titanium, nickel, manganese, iron, silicon, aluminum, 
vanadium, chromium, Zirconium, molybdenum, tungsten, 
tantalum, and alloys thereof. 

49. The method of either claim 45 or 47, Wherein the step 
of bonding involves sintering. 

50. The method of either claim 45 or 47, Wherein said 
high temperature is from about 1,200° C. to about 1,500° C. 
and said high pressure is from about 1 GPa to about 7 GPa. 

51. The method of either claim 45 or 47, Wherein the step 
of coating is performed by sputtering, electrodeposition, 
electroless deposition, spot-Welding, and combinations 
thereof. 

52. The method of claim 51, Wherein the step of coating 
is performed by sputtering. 

53. The method of either claim 45 or 47, Wherein said 
polycrystalline layers are provided by a separate high pres 
sure high temperature process. 

54. The method of 47, Wherein said at least tWo poly 
crystalline layers include superabrasive particles having 
different average particle siZes. 

55. A polycrystalline article produced by the method of 
either claim 45 or 47. 


