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(57) ABSTRACT 

A metal-infiltrated polycrystalline diamond composite tool 
comprising a plurality of diamond grains forming a continu 
ous polycrystalline diamond matrix, a metallic phase being 
Substantially palladium-free and contiguous to the continu 
ous polycrystalline diamond matrix, wherein the metallic 
phase interpenetrates the continuous polycrystalline dia 
mond matrix and Substantially wets an outer Surface of the 
continuous polycrystalline diamond matrix, and a working 
Surface. The metallic phase is formed from an infiltrant and 
a wetting-enhancement layer disposed on the Outer Surfaces 
of the diamond particles, with both the infiltrant and wetting 
enhancement layer being Substantially palladium-free and 
comprising at least one metal from the group consisting of 
cobalt, iron, and nickel. The invention also includes a 
preform for a metal-infiltrated polycrystalline diamond com 
posite tool, the perform comprising a container, a metallic 
infiltrant Source, and a plurality of coated diamonds, each 
coated with a wetting-enhancement layer and, optionally, an 
activation layer, both of which are Substantially palladium 
free. Methods of forming the metal-infiltrated polycrystal 
line diamond composite tool, the preform, and the coated 
diamond particles used in the tool are also disclosed. 

  



Patent Application Publication Feb. 6, 2003 Sheet 1 of 8 US 2003/0024351A1 

o 

  





Patent Application Publication Feb. 6, 2003 Sheet 3 of 8 US 2003/0024351A1 

O s 

  

  



Patent Application Publication Feb. 6, 2003 Sheet 4 of 8 US 2003/0024351A1 

Nd 
S 

i. 

3 

S e 

  



Patent Application Publication Feb. 6, 2003 Sheet 5 of 8 US 2003/0024351A1 

i. 

  



Patent Application Publication Feb. 6, 2003 Sheet 6 of 8 US 2003/0024351A1 

  



Patent Application Publication Feb. 6, 2003 Sheet 7 of 8 US 2003/0024351A1 

i 

  



US 2003/0024351A1 Feb. 6, 2003 Sheet 8 of 8 Patent Application Publication 

  



US 2003/0024351A1 

METAL-NFLTRATED POLYCRYSTALLINE 
DAMOND COMPOSITE TOOL FORMED FROM 

COATED DAMOND PARTICLES 

BACKGROUND OF THE INVENTION 

0001. The invention relates to a metal-infiltrated poly 
crystalline diamond composite tool. More particularly, the 
invention relates to diamond particles that are used to form 
Such a tool. Even more particularly, the invention relates to 
diamond particles having an activated Surface layer. Finally, 
the invention relates to a method of forming a metal 
infiltrated polycrystalline diamond composite tool from dia 
mond particles having Such an activated Surface layer. 
0002 Polycrystalline diamond tools are often manufac 
tured from dense blanks that are formed by infiltrating a 
matrix of diamond particles with a molten metal, Such as 
cobalt. The molten metal acts as a liquid-State Sintering aid, 
partially dissolving the diamonds and producing diamond 
to-diamond bonding within the composite. One problem 
encountered with infiltrating the bed of diamond particles is 
that the metal does not wet the Surface of the diamonds well. 
AS a result, the matrix is not completely infiltrated and the 
diamond-to-diamond bonds are not formed in Some loca 
tions, thus preventing the optimization of the overall 
Strength and abrasion resistance of the cutting tool. 
0003) To improve wetting of the diamonds by the molten 
metal, the diamonds in Such tools may be initially coated 
with the Same- or Similar-metal that is used as an infiltrant 
metal to facilitate infiltration and formation of the diamond 
to-diamond bonds. An electroless plating technique, in 
which the diamonds are exposed to a Solution containing the 
coating material, has been used to coat diamond particles 
with a metal. Electroless plating of a Substrate, however, 
requires a catalytic reduction of metal ions in the presence 
of a reducing agent. For non-conducting materials. Such as 
diamond, the Substrate Surface must therefore be activated 
prior to plating. In contrast, many metal Substrates do not 
require Such activation, as the Surface is already catalytic. 
0004 Palladium (Pd) is frequently used to activate sub 
Strate materials prior to coating. The most common proce 
dure is to first sensitize the Substrate Surface with tin 
dichloride (SnCl2), followed by activation using a Solution 
of Pd and hydrochloric acid (HCl). Alternatively, a colloidal 
Pd Solution, which also frequently contains Sn, can be used 
to activate the Substrate Surface. One of these two methods 
is commonly used in the electroless plating of diamond. 
Kanada et al. (U.S. Pat. No. 5,759,216), for example, have 
used an activation Solution comprised Substantially of pal 
ladium to obtain metal-coated diamonds, which were Sub 
sequently used to form polycrystalline diamond (PCD) 
under high pressure and high temperature conditions. 
0005 One drawback to the use of palladium as an acti 
Vating metal is its expense. It is therefore desirable to 
identify a leSS expensive alternative procedure for producing 
metallic coatings that are applied to the diamond particles. 
Therefore, what is needed is a diamond particle having a 
palladium-free coating that enhances wetting by the molten 
metal infiltrant. What is also needed is a diamond particle 
coated with an activation layer formed from a relatively 
inexpensive metal, the activation layer being capable of 
catalytically reducing metallic coatings that are applied to 
the diamond particles by electroless deposition. What is 

Feb. 6, 2003 

further needed is a method of applying Such an activation 
layer to the diamond particles. In addition, what is needed is 
a metal-infiltrated polycrystalline diamond composite tool 
that comprises a number of diamond particles having Such 
an activation layer. Finally, what is needed is a method of 
forming Such a tool. 

BRIEF SUMMARY OF THE INVENTION 

0006 The present invention satisfies these needs and 
others by providing a metal-infiltrated polycrystalline dia 
mond composite tool having a plurality of diamond grains 
forming a continuous polycrystalline diamond matrix, the 
polycrystalline diamond matrix being interpenetrated by a 
Substantially palladium-free metallic phase. The present 
invention also provides a preform for Such metal-infiltrated 
polycrystalline diamond composite tools, in which diamond 
particles having a Substantially palladium-free wetting 
enhancement layer contact a metallic infiltrant Source. The 
present invention also provides methods of making a metal 
infiltrated polycrystalline diamond composite tool, a pre 
form, and a coated diamond particle for Such a tool, all of 
which are Substantially palladium-free. 
0007 Accordingly, one aspect of the present invention is 
to provide a metal-infiltrated polycrystalline diamond com 
posite tool. The metal-infiltrated polycrystalline diamond 
composite tool comprises: a plurality of diamond grains, the 
plurality of diamond grains forming a continuous polycrys 
talline diamond matrix; 

0008 a substantially palladium-free metallic phase, 
the metallic phase being Substantially palladium-free 
and contiguous to the continuous polycrystalline 
diamond matrix, wherein the metallic phase inter 
penetrates the continuous polycrystalline diamond 
matrix and Substantially wets an Outer Surface of the 
continuous polycrystalline diamond matrix; and a 
working Surface. 

0009. A second aspect of the invention is to provide a 
preform for a metal-infiltrated polycrystalline diamond com 
posite tool. The preform comprises: a container formed from 
a refractory material; a plurality of coated diamond particles 
disposed in the container and forming a bed therein, each of 
the plurality of coated diamond particles comprising a 
diamond having an Outer Surface and a wetting-enhancement 
coating disposed thereon, the Wetting-enhancement coating 
being Substantially palladium-free and comprising at least 
one metal Selected from the group consisting of cobalt, iron, 
and nickel, wherein the wetting-enhancement coating Sub 
Stantially covers the outer Surface; and a metallic infiltrant 
Source disposed in the container and contacting the bed of 
the plurality of coated diamond particles. The metallic 
infiltrant Source comprises at least one metal Selected from 
the group consisting of cobalt, iron, and nickel. 
0010) A third aspect of the invention is to provide a 
metal-infiltrated polycrystalline diamond composite tool 
formed from a preform. The preform comprises: a container 
formed from a refractory material; a plurality of coated 
diamond particles disposed in the container and forming a 
bed therein, each of the plurality of coated diamond particles 
comprising a diamond having an outer Surface and a wet 
ting-enhancement coating disposed thereon, the wetting 
enhancement coating being Substantially palladium-free and 
comprising a metal Selected from the group consisting of 
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cobalt, iron, and nickel, wherein the wetting-enhancement 
coating Substantially covers the outer Surface; and a metallic 
infiltrant Source contacting the bed of the plurality of coated 
diamond particles. The metal-infiltrated polycrystalline dia 
mond composite tool comprises: a plurality of diamond 
grains, the plurality of diamond grains forming a continuous 
polycrystalline diamond matrix; a metallic phase, the metal 
lic phase being Substantially palladium-free and contiguous 
to the continuous polycrystalline diamond matrix, wherein 
the metallic phase interpenetrates the continuous polycrys 
talline diamond matrix and Substantially wets an outer 
Surface of the continuous polycrystalline diamond matrix, 
and wherein the metallic phase comprises at least one metal 
Selected from the group consisting of cobalt, iron, and 
nickel, and an abrasive working Surface. 
0.011) A fourth aspect of the invention is to provide a 
method of making a metal-infiltrated polycrystalline dia 
mond composite tool. The method comprises the Steps 
of providing a preform, the preform comprising: a container 
containing a metallic infiltrant, the metallic infiltrant being 
Substantially palladium-free, and a plurality of coated dia 
mond particles, wherein each of the coated diamond par 
ticles comprises a diamond having an outer Surface and a 
Substantially palladium-free wetting-enhancement coating 
disposed thereon; infiltrating the plurality of coated diamond 
particles with the metallic infiltrant and producing diamond 
to-diamond bonding, thereby forming a metal-infiltrated 
polycrystalline diamond composite blank, and forming a 
working Surface on at least one Surface of the metal 
infiltrated polycrystalline diamond composite blank, thereby 
forming the metal-infiltrated polycrystalline diamond com 
posite tool. 
0012. A fifth aspect of the invention is to provide a 
method of making a coated diamond particle for use in a 
metal-infiltrated polycrystalline diamond composite tool. 
The method comprises the Steps of providing a diamond; 
and coating an outer Surface of the diamond with a Substan 
tially palladium-free wetting-enhancement coating compris 
ing a metal Selected form the group consisting of cobalt, 
iron, and nickel, Such that the Substantially palladium-free 
wetting-enhancement coating Substantially covers the outer 
Surface, thereby forming a coated diamond particle. 
0013 Finally, a sixth aspect of the invention is to provide 
a method of making a preform for a metal-infiltrated poly 
crystalline diamond composite tool. The method comprising 
the Steps of: providing a container formed from a refractory 
material; providing a plurality of coated diamond particles to 
the container, each of the coated diamond particles com 
prising a diamond having an outer Surface and a Substan 
tially palladium-free wetting-enhancement coating disposed 
thereon, and providing a Substantially palladium-free metal 
lic infiltrant Source to the container Such that the Substan 
tially palladium-free metallic infiltrant Source contacts the 
plurality of coated diamond particles. 
0.014) These and other aspects, advantages, and Salient 
features of the invention will become apparent from the 
following detailed description, the accompanying drawings, 
and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 FIG. 1 is a schematic view of an infiltrated poly 
crystalline diamond composite tool of the prior-art, 
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0016 FIG. 2 is a schematic view of a diamond having a 
wetting-enhancement coating of the present invention; 
0017 FIG. 3 is a schematic view of a diamond having a 
wetting-enhancement coating, activation coating, and Sen 
Sitized Surface; 
0018 FIG. 4 is a schematic view of a preform for an 
infiltrated polycrystalline diamond composite tool of the 
present invention; 
0019 FIG. 5 is a schematic view of an infiltrated poly 
crystalline diamond composite tool of the present invention; 
0020 FIG. 6 is a SEM micrograph of a palladium 
activated Co-B coated diamond particle; 
0021 FIG. 7 is an Auger spectroscopy cobalt scan of a 
palladium-activated Co-B coated diamond particle; 
0022 FIG. 8 is a SEM micrograph of a silver-activated 
Co-B coated diamond particle; and 
0023 FIG. 9 is an Auger spectroscopy cobalt scan of a 
Silver-activated Co-B coated diamond particle. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0024. In the following description, like reference char 
acters designate like or corresponding parts throughout the 
Several views shown in the figures. It is also understood that 
terms such as “top,”“bottom,”“outward,”“inward,” and the 
like are words of convenience and are not to be construed as 
limiting terms. 
0025 Referring to the drawings in general and FIG. 1 in 
particular, it will be understood that the illustrations are for 
the purpose of describing the preferred embodiment of the 
invention and are not intended to limit the invention thereto. 

0026. An infiltrated polycrystalline diamond composite 
tool 10 of the prior art is shown in FIG. 1. The infiltrated 
polycrystalline diamond composite tool 10 includes a plu 
rality of uncoated diamonds 2 with an infiltrant 4 disposed 
between the diamonds 2. Free space 16 may exist between 
the uncoated diamond particles 2. The infiltrated polycrys 
talline diamond composite tool 10 has a working surface 18. 
Depending on the intended application of the infiltrated 
polycrystalline diamond composite tool 10, the working 
Surface may be a cutting edge, an abrasive Surface, or the 
like. The infiltrated polycrystalline diamond composite tool 
10 may also include a Support 6, which generally comprises 
the infiltrant material. The Support 6 may also include a hard 
material 8, Such as a carbide. The Support 6 Serves as a 
backing layer and ultimately provides a degree of Support 
and rigidity to the infiltrated polycrystalline diamond com 
posite tool 10. 
0027. In the prior-art infiltrated polycrystalline diamond 
composite tool 10, the infiltrant 4 has partially infiltrated 
most of the free space 16 between the diamonds 2. During 
the formation of the infiltrated polycrystalline diamond 
composite tool 10, the diamonds 2 are partially dissolved by 
the infiltrant 8 and Subsequently precipitated, resulting in 
diamond-to-diamond bonding 12 and grain growth, which in 
turn forms a continuous polycrystalline diamond matrix 13. 
Because the matrix material 4 does not wet the Surface of the 
diamonds 2 well, infiltration of the pre-form is incomplete. 
AS a result, diamond-to-diamond bonding 12 within the 
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infiltrated polycrystalline diamond composite tool 10 is 
incomplete and the polycrystalline diamond matrix 13 does 
not completely form. In addition, Some free Space 16 
remains within the infiltrated polycrystalline diamond com 
posite tool 10. Consequently, the durability of the infiltrated 
polycrystalline diamond composite tool 10 is limited. 
0028 FIG. 2 is a schematic representation of a coated 
diamond particle 20 of the present invention. The coated 
diamond particle 20 comprises a diamond 22 having a 
palladium-free wetting-enhancement coating 24 disposed on 
and Substantially covering the Outer Surface of the diamond 
22. The wetting enhancement coating 24 may comprise the 
Same material as that is later used as the infiltrant in the tool. 
The wetting enhancement coating 24 is preferably formed 
from either nickel, cobalt, iron, or combinations thereof, 
with cobalt being the most preferred material. The palla 
dium-free wetting-enhancement coating 24 can be deposited 
directly onto the Surface of the diamond 22 using vapor 
deposition techniques Such as, but not limited to, chemical 
Vapor deposition, physical vapor deposition, plasma assisted 
chemical vapor deposition, and combinations thereof. 
0029. A schematic view of another coated diamond par 
ticle 30 of the present invention is shown in FIG. 3. The 
diamond 22 is coated with a palladium-free activation layer 
34 and a palladium-free wetting-enhancement coating 24 to 
form the coated diamond particle 30. The surface of the 
diamond 22 is a Sensitized Surface 32, formed by treating the 
diamond 22 with a Sensitizing agent. The Sensitizing agent 
typically has two stable Valence States, is capable of reacting 
with the activation layer 34, and is stable in water. In the 
present invention, the Surface of the diamond 22 is prefer 
ably Sensitized by immersing the diamond 22 in a Solution 
of tin dichloride (SnCl) and hydrochloric acid (HCl) at 
room temperature for approximately five minutes. Other 
metals having two stable Valence States, including manga 
nese, iron, cobalt, nickel, copper, and cadmium, may be used 
as Sensitizing agents as well. During Sensitization, SnCl2 is 
physically absorbed onto the surface of the diamond 22. 
Following immersion, the diamond is then washed with 
distilled water and dried. 

0.030. Following sensitization, the palladium-free activa 
tion layer 24 is deposited onto the sensitized surface 32 of 
the diamond 22. The palladium-free activation layer 34 is 
preferably formed from Silver, although other metals, Such 
as copper, gold, cobalt, and platinum, may be used to form 
the palladium-free activation layer 34. When silver is used 
to form the palladium-free activation layer 34, the sensitized 
diamond 22 is immersed in a silver nitrate (AgNO) Solution 
at room temperature for approximately five minutes. Tin 
dichloride (SnCl), which is the preferred sensitizer of the 
present invention, forms the Species Sn(IV) on the Sensitized 
surface 32 of the diamond 22, thereby preventing the oxi 
dation of the metal activator Species in the palladium-free 
activation layer 34. The palladium-free activation layer 34 
comprising Silver is precipitated onto the diamond Surface 
according to the reaction 

0031 to form elemental silver on the sensitized 
surface 32 of the diamond 22. The palladium-free 
activation layer 34 comprising Silver may be alter 
natively deposited from a colloidal Suspension of 
Silver. Following precipitation of the palladium-free 
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activation layer 34, the diamond 22 is again washed 
with distilled water and dried. The palladium-free 
activation layer 34 formed from silver may comprise 
between about 0.01 and about 10 weight percent of 
the diamond particle. 

0032 Following deposition of the palladium-free activa 
tion layer 34 on the diamond 22, the palladium-free wetting 
enhancement coating 24 is deposited over the palladium-free 
activation layer 34. The palladium-free wetting-enhance 
ment coating 24 is preferably deposited by an electroless 
plating process. AS described above, the palladium-free 
wetting-enhancement coating 24 may be comprised of the 
same material as the metallic infiltrant that will ultimately be 
used to form an infiltrated tool. The palladium-free wetting 
enhancement coating 24 may be formed from either nickel, 
cobalt, iron, or combinations thereof, with cobalt being the 
preferred material. The electroleSS plating procedure is a 
simple reduction reaction, in which the cobalt(II) ion from 
cobalt (II) sulfate is reduced to elemental cobalt while 
dimethylamineborane (DMAB) is oxidized to (CH)NH" 
and B(OH): 

3Co?"+3(CH.)NHBH+6HO->3Co+B+ 
3(CH.)NH,"+2B(OH)+9/2H+3H 

0033. The reduction of cobalt continues in the presence 
of the reducing agent as long as the catalytic reduction of the 
metal is possible. In the present invention, the catalytic Sites 
at which the electroleSS plating takes place are provided by 
first depositing the palladium-free activation layer 34. In the 
absence of Such catalytic Sites, little if any coverage of the 
diamond 22 by the palladium-free wetting-enhancement 
coating 24 could be achieved by electroleSS plating. 
0034. The palladium-free wetting-enhancement coating 
24 may further include either phosphorus or boron. In the 
present invention, the palladium-free wetting-enhancement 
coating 24 preferably comprises cobalt and boron. Boron, 
which is produced by the reduction of Co(II) by DMAB, 
may comprise up to 30 weight percent of the palladium-free 
wetting-enhancement coating 24. To achieve the optimum 
abrasion resistance, a palladium-free wetting-enhancement 
coating 24 comprising up to about 5 weight percent boron is 
preferred. The palladium-free wetting-enhancement coating 
24 preferably has a thickness of between about 0.01 microns 
and about 5 microns. 

0035) The coated diamond particles 20, 30 of the present 
invention have an average diameter in the range of between 
about 0.0001 and about 1 millimeter. For use in a cutting 
tool, the average diameter of the coated diamond particles 
20, 30 is preferably greater than about 10 microns and less 
than about 100 microns, as coated diamond particles 20, 30 
in this size range provide optimal abrasion resistance for the 
tool. In addition to use in a cutting tool application, the 
coated diamond particles 20, 30 of the present invention may 
be used for mesh products, Such as grit for abrasives, which 
utilize diamond particles having an average diameter 
between about 10 microns and about 1 millimeter. 

0036) Infiltrated polycrystalline diamond composite tools 
of the present invention include cutting tool blanks, wire 
dies, drill blanks, and the like. These infiltrated polycrys 
talline diamond composite tools are formed from a preform 
that is prepared using the coated diamond particles 20, 30 
described above and a metallic infiltrant Source that infil 
trates the free Space 16 between the coated diamond par 
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ticles 20, 30 under the application of high temperature and 
preSSure. FIG. 4 is a Schematic representation of a preform 
40 of the present invention. A plurality of coated diamond 
particles 20 are placed in a refractory container 52 to form 
a bed 53. Coated diamond particles 30, having a sensitized 
Surface 32, palladium-free activation layer 34, and palla 
dium-free wetting-enhancement coating 24 can be Substi 
tuted for part or all of the coated diamond particles 20. The 
refractory container 52 is formed from a refractory material, 
Such as a ceramic or metal, having a melting temperature 
above that of the metallic infiltrant 44 and the temperatures 
used in the infiltration process. A metallic infiltrant Source 
54, comprising the metallic infiltrant 44, is placed in the 
refractory container 52, such that the metallic infiltrant 
Source 54 contacts the bed 53 of coated diamond particles 
20. Preferably, the metallic infiltrant source 54, is placed in 
the refractory container 52 such that the metallic infiltrant 
Source 54 is positioned on top of and in contact with the bed 
53 of coated diamond particles 20. The metallic infiltrant 44 
is Substantially palladium-free and preferably comprises 
cobalt, although iron, nickel, and combinations of iron, 
nickel, and cobalt may also be used. The pre-form 40 is then 
heated to a temperature above the melting point of the 
metallic infiltrant 44 and preSSure is applied to the metallic 
infiltrant source 54, thereby forcing the molten metallic 
infiltrant 44 into the free space 16 between the coated 
diamond particles 20. The preform 40 is preferably heated to 
a temperature between about 1300° C. and about 1700° C. 
Pressures in the range of between about 40 kbar to about 70 
kbar are applied to the preform 40 in order to achieve 
infiltration by the metallic infiltrant 44. 
0037. During the infiltration process, the palladium-free 
wetting-enhancement coating 24 melts and combines with 
the molten metallic infiltrant 44. The presence of the palla 
dium-free wetting-enhancement coating 24 on the diamonds 
22 permits the molten metallic infiltrant 44 to completely 
wet the diamonds 22. At the same time, the combination of 
molten metallic 44 and palladium-free wetting-enhancement 
coating 24 acts as a liquid-State Sintering aid, dissolving 
Some of the diamonds 22. The diamonds 22 then re-crys 
tallize to form a continuous polycrystalline diamond matrix 
56 in which diamond-to-diamond bonding 58 between indi 
vidual diamonds 22 is present. Upon cooling, the combined 
molten metallic infiltrant 44 and palladium-free wetting 
enhancement coating 24 materials resolidify to form a 
contiguous, fully dense metallic phase 62 that interpen 
etrates the continuous polycrystalline diamond matrix 56, as 
shown in FIG. 5, to form a fully infiltrated polycrystalline 
diamond composite tool blank 59. A working surface 68, 
Such as a cutting edge or an abrasive Surface, can then be 
provided to form the infiltrated polycrystalline diamond 
composite tool 60. The continuous polycrystalline diamond 
matrix 56 formed from the diamonds 22 comprises between 
about 85 and about 95 volume percent of the infiltrated 
polycrystalline diamond composite tool 60. 
0.038. The infiltrated polycrystalline diamond composite 
tool 60 is preferably a supported infiltrated polycrystalline 
diamond composite tool 60, having an infiltrated Support 
layer 46, as shown in FIG. 5. The infiltrated Support layer 46 
comprises a continuous matrix formed by a plurality of hard 
particles 48 that is interpenetrated by the metallic infiltrant 
44. The hard material 48 is preferably tungsten carbide, 
although other carbides, Such as Silicon carbide, titanium 
carbide, Zirconium carbide, niobium carbide, combinations 
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thereof, and the like may be used. The supported infiltrated 
polycrystalline diamond composite tool 60 is formed by 
including particles of the hard material 48 in the metallic 
infiltrant source 54 that is used to assemble the preform 40. 
During the infiltration process, the infiltrated Support layer 
46 fuses to the remainder of the infiltrated polycrystalline 
diamond composite tool 60. 
0039 The features of the present invention are illustrated 
by the following example. 

EXAMPLE 1. 

0040. An activated layer of palladium was precipitated 
onto a first group of diamond particles. A Second group of 
diamond particles was provided with a Silver activation layer 
precipitated from Solution. Both the first and Second groups 
of diamond particles were then electrolessly plated with a 
cobalt/boron coating. Scanning electron microscopy (SEM) 
was used to study the integrity of the cobalt?boron coatings 
on the two groups of particles. Similarly, auger spectroscopy 
Scans were used to investigate the continuity of the cobalt/ 
boron coatings. A representative SEM micrograph and 
Auger spectroscopy Scan obtained for the palladium-acti 
vated diamond particles are shown in FIGS. 5 and 6, 
respectively. FIGS. 7 and 8 are a SEM micrograph and 
Auger spectroscopy Scan, respectively, obtained for Silver 
activated diamond particles. There was no discernible dif 
ference in the contiguity of the cobalt?boron coatings depos 
ited on the Silver-activated particles and the contiguity of the 
cobalt/boron coatings deposited on the palladium-activated 
particles. The integrity of the coating appears to be the same, 
or perhaps Superior for the Silver activated material. The 
experiment also showed no distinct difference in the appar 
ent continuity of the coatings. 
0041 Polycrystalline diamond composite tools were also 
produced using these coated diamond particles, with no 
adverse Sintering affects noted. Abrasion tests were then 
conducted on these polycrystalline diamond composite 
tools. The tests indicated that the polycrystalline diamond 
composite tools of the present invention had abrasion resis 
tances that were at least as good as those of tools made using 
uncoated diamond particles. 
0042. While various embodiments are described herein, it 
will be appreciated from the Specification that various com 
binations of elements, variations or improvements therein 
may be made by those skilled in the art, and are within the 
Scope of the invention. 

What is claimed is: 
1. A metal-infiltrated polycrystalline diamond composite 

tool, Said metal-infiltrated polycrystalline diamond tool 
comprising: 

a) a plurality of diamond grains, said plurality of diamond 
grains forming a continuous polycrystalline diamond 
matrix; 

b) a metallic phase, said metallic phase being Substan 
tially palladium-free and contiguous to Said continuous 
polycrystalline diamond matrix, wherein Said metallic 
phase interpenetrates the continuous polycrystalline 
diamond matrix and Substantially wets an outer Surface 
of Said continuous polycrystalline diamond matrix; and 

c) a working Surface. 



US 2003/0024351A1 

2. The metal-infiltrated polycrystalline diamond compos 
ite tool of claim 1, wherein Said working Surface comprises 
an abrasive Surface. 

3. The metal-infiltrated polycrystalline diamond compos 
ite tool of claim 1, wherein Said metallic phase comprises at 
least one metal Selected from the group consisting of cobalt, 
iron, and nickel. 

4. The metal-infiltrated polycrystalline diamond compos 
ite tool of claim 3, wherein Said metallic phase comprises 
cobalt. 

5. The metal-infiltrated polycrystalline diamond compos 
ite tool of claim 3, wherein said metallic phase further 
comprises at least one element Selected from the group 
consisting of phosphorus, tin, and boron. 

6. The metal-infiltrated polycrystalline diamond compos 
ite tool of claim 1, wherein Said metallic phase further 
comprises at least one metal Selected from the group con 
Sisting of Silver, copper, gold, platinum, and combinations 
thereof. 

7. The metal-infiltrated polycrystalline diamond compos 
ite tool of claim 1, wherein each of Said plurality of diamond 
grains has an average diameter between about 0.0001 mm 
and about 1 mm. 

8. The metal-infiltrated polycrystalline diamond compos 
ite tool of claim 7, wherein each of said plurality of diamond 
grains has an average diameter between about 10 microns 
and about 100 microns. 

9. The metal-infiltrated polycrystalline diamond compos 
ite tool of claim 1, further including a Support layer disposed 
on a Surface of Said metal-infiltrated polycrystalline dia 
mond composite tool opposite Said working Surface, Said 
Support layer comprising a continuous matrix formed by a 
plurality of hard particles and Said metallic phase interpen 
etrating Said continuous matrix. 

10. The metal-infiltrated polycrystalline diamond com 
posite tool of claim 9, wherein each of said plurality of hard 
particles comprises at least one metal carbide Selected from 
the group consisting of niobium carbide, Silicon carbide, 
titanium carbide, tungsten carbide, Zirconium carbide, and 
combinations thereof. 

11. The metal-infiltrated polycrystalline diamond com 
posite tool of claim 10, wherein each of said plurality of hard 
particles comprises tungsten carbide. 

12. The metal-infiltrated polycrystalline diamond com 
posite tool of claim 1, wherein Said continuous polycrystal 
line diamond matrix comprises between about 85 and about 
95 volume percent of said metal-infiltrated polycrystalline 
diamond composite tool. 

13. The metal-infiltrated polycrystalline diamond com 
posite tool of claim 2, wherein Said metal-infiltrated poly 
crystalline diamond composite tool is a tool Selected from 
the group consisting of cutting tool blanks, wire dies, and 
drill blanks. 

14. A preform for a metal-infiltrated polycrystalline dia 
mond composite tool, Said preform comprising: 

a) a container formed from a refractory material; 
b) a plurality of coated diamond particles disposed in said 

container and forming a bed therein, each of Said 
plurality of coated diamond particles comprising a 
diamond having an Outer Surface and a wetting-en 
hancement coating disposed thereon, Said wetting-en 
hancement coating being Substantially palladium-free 
and comprising at least one metal Selected from the 
group consisting of cobalt, iron, and nickel, wherein 
Said wetting-enhancement coating Substantially covers 
Said outer Surface; and 
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c) a metallic infiltrant Source disposed in said container 
and contacting Said bed of Said plurality of coated 
diamond particles, Said metallic infiltrant Source com 
prising at least one metal Selected from the group 
consisting of cobalt, iron, and nickel. 

15. The preform of claim 14, wherein said outer surface 
is a Sensitized Surface formed by contacting an aqueous 
Solution containing a Sensitizer with Said outer Surface, and 
wherein each of Said plurality of coated diamond particles 
further comprises an activation layer disposed between Said 
Sensitized Surface and Said wetting-enhancement coating, 
Said activation layer being Substantially palladium-free. 

16. The preform of claim 15, wherein said sensitizer 
comprises a Salt of a Sensitizing metal, wherein Said Sensi 
tizing metal is a metal Selected from the group consisting of 
manganese, iron, cobalt, nickel, copper, cadmium, and tin. 

17. The preform of claim 16, wherein said sensitizing 
metal is tin. 

18. The preform of claim 17, wherein said sensitizer is tin 
dichloride. 

19. The preform of claim 15, wherein said activation layer 
comprises a metal Selected from the group consisting of 
Silver, gold, platinum, cobalt, and copper. 

20. The preform of claim 15, wherein said wetting 
enhancement coating further includes an element Selected 
from the group consisting of tin, phosphorus and boron. 

21. The preform of claim 20, wherein said wetting 
enhancement coating comprises cobalt. 

22. The preform of claim 21, wherein said wetting 
enhancement coating further comprises boron. 

23. The preform of claim 22, wherein boron comprises up 
to about 30 weight percent of said wetting-enhancement 
coating. 

24. The preform of claim 23, wherein boron comprises up 
to about 3 weight percent of Said wetting-enhancement 
coating. 

25. The preform of claim 21, wherein said wetting 
enhancement coating has a thickness of about 0.01 to 5 
microns. 

26. The preform of claim 21, wherein said wetting 
enhancement coating is a cobalt bearing precipitate. 

27. The preform of claim 21, wherein said wetting 
enhancement coating is a cobalt bearing colloidal deposit. 

28. The preform of claim 14, wherein said wetting 
enhancement coating is a vapor-deposited coating. 

29. The preform of claim 15, wherein said activation layer 
comprises between about 0.01 weight percent and about 10 
weight percent of Said coated diamond particle. 

30. The preform of claim 15, wherein said activation layer 
is a precipitate. 

31. The preform of claim 15, wherein said activation layer 
is a colloidal deposit. 

32. The preform of claim 14, wherein said metallic 
infiltrant Source further comprises a continuous matrix 
formed by a plurality of hard particles. 

33. The preform of claim 32, wherein each of said 
plurality of hard particles comprises at least one metal 
carbide Selected from the group consisting of niobium 
carbide, Silicon carbide, titanium carbide, tungsten carbide, 
Zirconium carbide, and combinations thereof. 

34. The preform of claim 33, wherein each of said 
plurality of hard particles comprises tungsten carbide. 

35. A metal-infiltrated polycrystalline diamond composite 
tool formed from a preform, Said preform comprising: a 
container formed from a refractory material; a plurality of 
coated diamond particles disposed in Said container and 
forming a bed therein, each of Said plurality of coated 
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diamond particles comprising a diamond having an outer 
Surface and a wetting-enhancement coating disposed 
thereon, Said wetting-enhancement coating being Substan 
tially palladium-free and comprising a metal Selected from 
the group consisting of cobalt, iron, and nickel, wherein Said 
wetting-enhancement coating Substantially coverS Said outer 
Surface; and a metallic infiltrant Source contacting Said bed 
of Said plurality of coated diamond particles, Said metal 
infiltrated polycrystalline diamond composite tool compris 
Ing: 

a) a plurality of diamond grains, said plurality of diamond 
grains forming a continuous polycrystalline diamond 
matrix; 

b) a metallic phase, said metallic phase being Substan 
tially palladium-free and contiguous to continuous 
polycrystalline diamond matrix, wherein Said metallic 
phase interpenetrates Said continuous polycrystalline 
diamond matrix and Substantially wets an outer Surface 
of Said continuous polycrystalline diamond matrix; and 
wherein Said metallic phase comprises at least one 
metal Selected from the group consisting of cobalt, iron, 
and nickel, and 

c) an abrasive working Surface. 
36. The metal-infiltrated polycrystalline diamond com 

posite tool of claim 35, wherein Said metallic phase com 
prises cobalt. 

37. The metal-infiltrated polycrystalline diamond com 
posite tool of claim 35, wherein said metallic phase further 
comprises at least one metal Selected from the group con 
Sisting of Silver, copper, gold, platinum, and combinations 
thereof. 

38. The metal-infiltrated polycrystalline diamond com 
posite tool of claim 35, wherein said metallic phase further 
comprises at least one element Selected from the group 
consisting of phosphorus, tin, and boron. 

39. The metal-infiltrated polycrystalline diamond com 
posite tool of claim 35, wherein each of said plurality of 
diamond grains has an average diameter between about 
0.0001 mm and about 1 mm. 

40. The metal-infiltrated polycrystalline diamond com 
posite tool of claim 39, wherein each of said plurality of 
diamond grains has an average diameter between about 10 
microns and about 100 microns. 

41. The metal-infiltrated polycrystalline diamond com 
posite tool of claim 35, further including a Support layer 
disposed on a Surface of Said metal-infiltrated polycrystal 
line diamond composite tool opposite Said abrasive working 
Surface, Said Support layer comprising a continuous matrix 
formed by a plurality of hard particles and Said metallic 
phase interpenetrating Said continuous matrix. 

42. The metal-infiltrated polycrystalline diamond com 
posite tool of claim 40, wherein each of said plurality of hard 
particles comprises at least one metal carbide Selected from 
the group consisting of niobium carbide, Silicon carbide, 
titanium carbide, tungsten carbide, Zirconium carbide, and 
combinations thereof. 

43. The metal-infiltrated polycrystalline diamond com 
posite tool of claim 41, wherein each of Said plurality of hard 
particles comprises tungsten carbide. 

44. The metal-infiltrated polycrystalline diamond com 
posite tool of claim 35, wherein said metal-infiltrated poly 
crystalline diamond composite tool is a tool Selected from 
the group consisting of cutting tool blanks, wire dies, and 
drill blanks. 

45. The metal-infiltrated polycrystalline diamond com 
posite tool of claim 35, wherein Said continuous polycrys 
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talline diamond matrix comprises between about 85 and 
about 95 volume percent of said metal-infiltrated polycrys 
talline diamond composite tool. 

46. A method of making a metal-infiltrated polycrystalline 
diamond composite tool, wherein the metal-infiltrated poly 
crystalline diamond composite tool comprises: a plurality of 
diamond grains forming a continuous polycrystalline dia 
mond matrix; a metallic phase being Substantially palla 
dium-free and contiguous to the continuous polycrystalline 
diamond matrix, wherein the metallic phase interpenetrates 
the continuous polycrystalline diamond matrix and Substan 
tially wets an Outer Surface of the continuous polycrystalline 
diamond matrix; and a working Surface, the method com 
prising the Steps of 

a) providing a preform, the preform comprising: a con 
tainer containing a metallic infiltrant, the metallic infil 
trant being Substantially palladium-free, and a plurality 
of coated diamond particles, wherein each of the coated 
diamond particles comprises a diamond having an outer 
Surface and a Substantially palladium-free wetting 
enhancement coating disposed thereon; 

b) infiltrating the plurality of coated diamond particles 
with the metallic infiltrant and producing diamond-to 
diamond bonding, thereby forming a metal-infiltrated 
polycrystalline diamond composite blank, and 

c) forming a working Surface on at least one Surface of the 
metal-infiltrated polycrystalline diamond composite 
blank, thereby forming the metal-infiltrated polycrys 
talline diamond composite tool. 

47. The method of claim 46, wherein the step of providing 
a preform comprises the Steps of: 

a) providing a container formed from a refractory mate 
rial; 

b) providing a plurality of coated diamond particles to the 
container, each of the coated diamond particles com 
prising a diamond having an outer Surface and a 
Substantially palladium-free wetting-enhancement 
coating disposed thereon, and 

c) providing a Substantially palladium-free metallic infil 
trant Source to the container Such that the Substantially 
palladium-free metallic infiltrant Source contacts the 
plurality of coated diamond particles. 

48. The method of claim 47, wherein the step of providing 
a Substantially palladium-free metallic infiltrant Source to 
the container comprises providing a Substantially palladium 
free metallic infiltrant Source comprising the metallic infil 
trant and a continuous matrix formed by a plurality of hard 
particles to the container Such that the Substantially palla 
dium-free metallic infiltrant Source contacts the plurality of 
coated diamond particles. 

49. The method of claim 46, wherein the step of infiltrat 
ing the plurality of coated diamond particles with the 
metallic infiltrant comprises: 

a) heating the preform to a predetermined temperature 
above the melting temperature of the metallic infiltrant; 

b) melting the metallic infiltrant; 
c) applying a predetermined pressure to the preform, 

thereby forcing the metallic infiltrant into free Spaces 
between the plurality of coated diamond particles, 

d) liquid-sintering the diamond particle, thereby forming 
diamond-to-diamond bonds, and 
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e) cooling the preform, thereby forming a metal-infiltrated 
polycrystalline diamond composite blank. 

50. The method of claim 49, wherein the step of heating 
the preform to a predetermined temperature above the 
melting temperature of the metallic infiltrant comprises 
heating the preform to a temperature between about 1300 
C. and about 1700 C. 

51. The method of claim 49, wherein the step of applying 
a predetermined pressure to the preform comprises applying 
a pressure in the range of between about 40 kbar to about 70 
kbar to the preform. 

52. The method of claim 46, wherein the metallic phase 
comprises at least one metal Selected from the group con 
Sisting of cobalt, iron, and nickel. 

53. The method of claim 46, wherein the metallic infiltrant 
comprises at least one metal Selected from the group con 
Sisting of cobalt, iron, and nickel. 

54. The method of claim 47, wherein the substantially 
palladium-free wetting-enhancement coating comprises at 
least one metal Selected from the group consisting of cobalt, 
iron, and nickel. 

55. A method of making a coated diamond particle for use 
in a metal-infiltrated polycrystalline diamond composite 
tool, the method comprising the Steps of 

a) providing a diamond; and 
b) coating an outer Surface of the diamond with a Sub 

Stantially palladium-free wetting-enhancement coating 
comprising at least one metal Selected form the group 
consisting of cobalt, iron, and nickel, Such that the 
Substantially palladium-free wetting-enhancement 
coating Substantially covers the outer Surface, thereby 
forming a coated diamond particle. 

56. The method of claim 55, wherein the step of coating 
an outer Surface of the diamond with a Substantially palla 
dium-free wetting-enhancement coating comprises the Steps 
of: 

a) Sensitizing a Surface of the diamond particle by con 
tacting the Surface with an aqueous Sensitizer, thereby 
creating a Sensitized Surface; 

b) depositing a Substantially palladium-free activating 
layer on the Sensitized Surface of the diamond particle; 
and 

c) depositing a Substantially palladium-free wetting-en 
hancement coating comprising at least one metal 
Selected from the group consisting of cobalt, iron, and 
nickel, Such that the Substantially palladium-free wet 
ting-enhancement coating Substantially covers the 
outer Surface, thereby forming a coated diamond par 
ticle. 

57. The method of claim 56, wherein the step of sensi 
tizing a Surface of the diamond particle comprises the Step 
of contacting the diamond particle with a Solution of tin 
dichloride and hydrochloric acid. 

58. The method of claim 57, further including the steps of: 
a) contacting the diamond particle with the Solution of tin 

dichloride and hydrochloric acid at room temperature 
for about five minutes; 
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b) washing the diamond particle; and 
c) drying the diamond particle. 
59. The method of claim 56, wherein the step of depos 

iting a Substantially palladium-free activating metal layer on 
the Sensitized Surface of the diamond particle comprises 
depositing a Silver activating layer on the Sensitized Surface 
of the diamond particle. 

60. The method of claim 59, wherein the step of depos 
iting a Silver activating layer on the Sensitized Surface of the 
diamond particle comprises the Steps of: 

a) immersing the diamond particle in a silver nitrate 
Solution for about five minutes at room temperature; 

b) washing the diamond particle; and 
c) drying the diamond particle. 
61. The method of claim 56, wherein the step of coating 

an outer Surface of the diamond with a palladium-free 
wetting enhancement coating comprises the Step of precipi 
tating cobalt from an aqueous Solution. 

62. The method of claim 56, wherein the step of coating 
an outer Surface of the diamond with a palladium-free 
wetting enhancement coating comprises vapor depositing 
cobalt using a vapor deposition techniques Selected from the 
group consisting of chemical vapor deposition, physical 
Vapor deposition, plasma assisted chemical vapor deposi 
tion, and combinations thereof. 

63. A method of making a preform for a metal-infiltrated 
polycrystalline diamond composite tool, the method com 
prising the Steps of 

a) providing a container formed from a refractory mate 
rial, 

b) providing a plurality of coated diamond particles to the 
container, each of the coated diamond particles com 
prising a diamond having an outer Surface and a 
Substantially palladium-free wetting-enhancement 
coating disposed thereon, and 

c) providing a Substantially palladium-free metallic infil 
trant Source to the container Such that the Substantially 
palladium-free metallic infiltrant Source contacts the 
plurality of coated diamond particles. 

64. The method of claim 63, wherein the step of providing 
a Substantially palladium-free metallic infiltrant Source to 
the container comprises providing a Substantially palladium 
free metallic infiltrant Source comprising a Substantially 
palladium-free metallic infiltrant and a plurality of hard 
particles to the container Such that the Substantially palla 
dium-free metallic infiltrant Source contacts the plurality of 
coated diamond particles. 

65. The method of claim 63, wherein the substantially 
palladium-free wetting-enhancement coating comprises at 
least one metal Selected from the group consisting of cobalt, 
iron, and nickel. 

66. The method of claim 63, wherein the substantially 
palladium-free metallic infiltrant Source comprises at least 
one metal Selected from the group consisting of cobalt, iron, 
and nickel. 


