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DIAMOND COMPACT

BACKGRC ) OF THE INVENTION

This invention relates to diamond compacts.

Diamond compacts, also known as polycrystalline diamond, are well known
in the art and are used extensively in cutting, milling, drilling and other
abrasive operations. Diamond compacts are polycrystalline in nature and
contain a high diamond content. Diamond compacts may be produced
without the use of a second or bonding phase, but generally contain such a
phase. When such a phase is present, the dominant component of the phase
is generally a diamond catalyst/solvent such as cobalt, nickel or iron or a

combination thereof.

Diamond compacts are manufactured under elevated temperature and
pressure conditions, 1.e. conditions similar to those which are used for the

synthesis of diamond.

Diamond compacts tend to be brittle and so 1n use they are usually bonded
to a substrate, the substrate generally being a cemented carbide substrate.
Bonding of the diamond compact to the substrate will generally take place

during the manufacture of the compact itself. Diamond compacts bonded to

a substrate are known as compostte diamond compacts.
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Diamond compacts and the substrates, particularly cemented carbide
substrates, to which they are bonded, are not very corrosion resistant. It is
an object of the present invention to improve the corrosion resistance of a

diamond compact.

EP 0 714 695 describes a sintered diamond body having high strength and
high wear resistance. The body comprises sintered diamond particles of 80
to 96 percent by volume and a remaining part of sintering assistant agent
and unavoidable mmpurity. The sintered diamond particles have a particle
size substantially in the range 0,1 to 10 microns and are directly bonded to
each other. The sintering assistant agent mncludes palladium in a range of
0,01 to 40 percent by weight and a metal selected from iron cobalt and
nickel. The diamond sintered body may be produced by precipitating the
palladium on a surface of the particles and thereafter electroplating the iron,
cobalt or nickel. An alternative method disclosed i1s to mix the iron, cobalt
or nickel with the diamond powder having the palladium coated thereon. In
one comparative example, cobalt powder i1s infiltrated into the diamond
mass and is said to result 1n a product having unsintered portions and hence

unsuitable.

US patent 5,658,678 discloses a cemented carbide comprising a mass of
carbide particles bonded into a coberent form with a binder alloy which
comprises, as a major component, cobalt, and an additional component
selected from one or more of ruthenwum, rhodium, palladium, osmium,

iridium and platinum. The cemented carbide 1s made by mixing the binder

component with the carbide particles. There is no disclosure of the use of a

cobalt/platinum group metal binder in the context of a sintered diamond
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product.

SUMMARY OF THE INVENTION

According to the present invention, a method of making a composite
diamond compact comprising a polycrystalline mass of diamond particles
present in an amount of at least 80 percent by volume ot the compact and a
second phase containing a diamond catalyst/solvent and a noble metal
includes the steps of providing a cemented carbide substrate, providing a
layer of diamond particles on a surface of the substrate, providing a source
of diamond catalyst/solvent and noble metal, separate from the diamond
particle layer, and causing the diamond catalyst/solvent and noble metal to
infiltrate the diamond particles under diamond synthesis conditions

producing a diamond compact.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a sectional side view of a composite diamond compact
produced by an embodiment of the method of the invention, and
Figure 2 illustrates a sectional side view of a cemented carbide substrate

which can be used in the method of the invention.

DESCRIPTION OF EMBODIMENTS

The cemented carbide substrate comprises a mass of carbide particles
bonded by means of a binder which will typically be cobalt, iron, nickel or

an alloy containing one or more of these metals. The binder will also
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preferably contain a noble metal improving the corrosion resistance of the

substrate.

The source of diamond catalyst/solvent and noble metal 1s separate and
removed from the diamond particle layer and may thus be the cemented
carbide substrate itself. The diamond catalyst/solvent and noble metal will
infiltrate the diamond particles on application of the diamond synthesis
conditions. In this form of the invention, the diamond catalyst and noble
metal will be uniformly distributed through the diamond compact which is
produced. This may be illustrated with reference to Figure 1. Referring to
this Figure, a composite diamond compact comprises a cemented carbide
substrate 10 and a diamond compact 12 bonded to the substrate 10 along
interface 14. The working surtace of the diamond compact 1s 16 and the
cutting edge 18. The distribution of diamond catalyst/solvent and noble

metal will be uniformly distributed through the compact 12.

In another form of the invention, a source of diamond catalyst/solvent may
be provided by the substrate and a layer of noble metal and optionally
catalyst/solvent interposed between the diamond particles and the substrate.
In this form of the invention, the noble metal will tend to have a higher
concentration in the region of the working surface 16 and cutting edge 18
than in the region of the diamond compact closest to the interface 14. In
one preferred form of this form of the mvention, the cemented carbide has a
catalyst/solvent binder, e.g. cobalt, and the interposed layer contains the

noble metal and a different catalyst/solvent binder, e.g. nickel.
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The second phase of the diamond compact of the invention is characterised
by the presence of a noble metal which will generally be present in a minor
amount. Preferably the noble metal 1s present in the second phase in an
amount of less than 50 percent by mass. The noble metal may be gold or
silver or a platinum group metal such as ruthenium, rhodium, palladium,
osmium, iridium or platinum. The presence of the noble metal increases the
corrosion resistance of the compact, particularly in environments which are
acidic, alkaline or aqueous in nature, and corrosion arising out of metal

attack, e.g. zinc attack.

Examples of suitable second phases for the diamond compact are:

Metals Amount of Noble
Metal (mass %)
Cobalt - ruthenium 0,05 to 25
Nickel - ruthenium 0,05 to 50
Cobalt - palladium 0,05 to 75
Nickel - palladium 0,05 to 75

Minor amounts of other diamond catalyst/solvents may be present in each

one of these second phases.

The diamond catalyst/solvent may be any known in the art, but is preferably

cobalt, iron, nickel or an alloy containing one or more of these metals.

The layer of diamond particles on a surface of the cemented carbide

substrate will be exposed to diamond synthesis conditions to form or
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produce a diamond compact. This diamond compact will be bonded to the
substrate. The diamond synthesis conditions will typically be a pressure in

the range 40 to 70 kilobars (4 to 7 GPa) and a temperature in the range 1200

to 1600°C. These conditions will typically be maintained for a period of

10 to 60 minutes.

The compostte diamond compact will generally be produced from a carbide
substrate, 1n a manner illustrated by Figure 2. Referring to this Figure, a
cemented carbide substrate 20 has a recess 22 formed 1n a surface 24
thereof. The cemented carbide substrate 20 will generally be circular in
plan and the recess 22 will also generally be circular 1in plan. A layer of
catalyst/solvent and noble metal may be placed on the base 26 of the recess
22. Alternatively, a cup of catalyst/solvent and noble metal may be used to
line the base 26 and sides 28 of the recess. The catalyst/solvent and noble
metal may be mixed in powder form or tormed into a coherent shim. A

mass of unbonded diamond particles 1s then placed in the recess 22.

The substrate 20, loaded with the diamond particles, 1s placed in the
reaction zone of a conventional high temperature/high pressure apparatus
and subjected to diamond synthesis conditions. The catalyst/solvent and
noble metal from the layer or cup infiltrate the diamond particles. At the
same time, binder from the substrate 20 infiltrates the diamond particles. A
diamond compact containing a second phase as defined above will thus be
produced in the recess 22. This diamond compact will be bonded to the

substrate 20. The sides of the substrate 20 may be removed, as shown by

the dotted lines, to expose a cutting edge 30.

PCT/ZA99/00017
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The composite diamond compact produced as described above has particular
application where corrosive environments are experienced and more
particularly in the abrading products which contain wood. Examples of
wood products are natural wood, either soft or hard wood, laminated and
non-laminated chipboard and fibreboard, which contain wood chips or fibre
bonded by means of binders, hardboard which i1s compressed fibre and
sawdust and plywood. The wood products may have a plastic or other
coating applied to them. Some of these wood products may contain resins
and organic binders. It has been found that the presence of corrosive
cleaning chemicals and/or binder does not result in any significant
undercutting of the cutting edge or poimnt of the diamond compact. The

abrading may take the form of sawing, milling or profile cutting.

The invention will now be further illustrated by the following examples. In
these examples, the cemented carbide substrate used was that illustrated by

Figure 2.

EXAMPLE 1

A diamond compact bonded to a cemented carbide substrate was produced
in a conventional high temperature/high pressure apparatus. A cylindrical
cemented carbide substrate as 1illustrated by Figure 2 was provided. The
cemented carbide comprised a mass of carbide particles bonded with a
binder consisting of an alloy of cobalt:ruthenium::80:20 by mass. A mass of
diamond particles was placed in the recess of the substrate forming an
unbonded assembly. The unbonded assembly was placed in the reaction

zone of the high temperature/lgh pressure apparatus and subjected to a

PCT/ZA99/00017
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temperature of about 1500°C and a pressure of about 55 kilobars (5,5 GPa).
These conditions were maintained for a period sufficient to produce a
diamond abrasive compact of the diamond particles, which compact was
bonded to the cemented carbide substrate. The cobalt/ruthenium alloy from
the substrate infiltrated the diamond particles during compact formation

creating a second phase containing cobalt and ruthenium.

EX E2

The procedure set out in Example 1 was followed save that the binder for
the cemented carbide substrate was an alloy of cobalt:palladium::40:60 by

mass. A composite diamond compact was produced.

EXAMPLE 3

A diamond compact bonded to a cemented carbide substrate was produced
in a manner similar to that described in Example 1. In this example, the
cemented carbide comprised a mass of carbide particles bonded with a
cobalt binder. A shim consisting of an alloy of palladium:nickel::60:40 by
mass was placed between the cemented carbide substrate and the diamond
particles 1n the recess of the substrate. During compact formation, the
palladium/nickel alloy, together with cobalt from the substrate, infiltrated
the diamond particles producing a second phase containing palladium, nickel
and cobalt. The second phase was rich in cobalt in the region closest to the
compact substrate and became progressively leaner in cobalt towards the
cutting surface and cutting edge of the compact. In the region of the cutting

surface and cutting edge the second phase consisted always entirely of

PCT/ZA99/00017
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palladium and nmickel and was found to be particularly resistant to corrosive

materials.

E Pl

The procedure set out in Example 3 was followed, save that shims having

the following compositions were used:

Example Metals Amount of Noble
Metal (mass %)

4 Nickel — ruthenium 15
5 Cobalt - ruthenium 15

Composite diamond compacts were produced 1n each example.
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A method of making a composite diamond compact comprising a diamond
compact bonded to a cemented carbide substrate, the diamond compact having
a working surtace, an edge of which provides a cutting edge, and comprising a
polycrystalline mass of diamond particles present in an amount of at least 80
percent by volume of the compact and a second phase containing a diamond
catalyst/solvent and ruthenium includes the steps of providing a cemented
carbide substrate, providing a layer of diamond particles on a surface of the
substrate, providing a source of diamond catalyst/solvent and ruthenium
separate from the diamond particle layer, and causing the diamond
catalyst/solvent and ruthenium to infiltrate the diamond particles under

diamond synthesis conditions producing a diamond compact, wherein the
diamond catalyst/solvent is nickel, cobalt, iron or an alloy containing one or

more of these metals.

A method according to claim 1 wherein the source of the diamond

catalyst/solvent and ruthentum is the cemented carbide substrate.

A method according to claim 1 wherein the source of the diamond

catalyst/solvent 1s the cemented carbide substrate and the source of the
ruthenium 1s a layer interposed between the diamond particles and the

substrate.

A method according to claim 3 wherein the interposed layer includes the

source of diamond catalyst/solvent.

A method according to claim 4 wherein the diamond catalyst/solvent in the

cemented carbide substrate is different to that in the interposed layer.
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A method according to claim 5 wherein the diamond catalyst/solvent in the
cemented carbide substrate is cobalt and the interposed layer contains

ruthenium and a catalyst/solvent other than cobalt.

A method according to claim 6 wherein the interposed layer contains

ruthenium and nickel.

A method according to any one of claims 1 to 7 wherein the second phase for
the diamond compact contains cobalt and ruthenium, the ruthenium being

present in an amount of 0.5 to 25 mass percent.

A method according to any one of claims 1 to 7 wherein the second phase
contains nickel and ruthenium, the ruthenium being present in an amount of

0.5 to 50 mass percent.

A method according to any one of claims 1 to 9 wherein the diamond
synthesis conditions are a pressure in the range 40 to 70 kilobars (4 to 7Gpa)

and a temperature in the range 1200 to 1600°C.

A method according to claim 10 wherein the elevated pressure and

temperature conditions are maintained for a period of 10 to 60 minutes.
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