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(57) Abrége/Abstract:

A method of producing an abrasive product comprises the steps of providing a mixture of diamond and discrete carbide
particles, the diamond particles being smaller than the carbide particles and present in the mixture in an amount of more than 50
percent by volume, and subjecting the mixture to diamond synthesis conditions in the presence of a binder metal such as cobalt,
nickel or iron. The abrasive product thus produced has a substantial amount of direct diamond-to-diamond bonding and many of
the characteristics of a diamond compact, but improved impact resistance due to the presence of the carbide particles. The

abrasive product has particular application in the machining of wood products such as natural wood, chipboard, fibreboard and
hardboard.
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ABSTRACT

A method of producing an abrasive product comprises the steps of
providing a mixture of diamond and discrete carbide particles, the
diamond particles being smaller than the carbide particles and present
in the mixture in an amount of more than 50 percent by volume, and
subjecting the mixture to diamond synthesis conditions in the presence
of a binder metal such as cobalt, nickel or iron. The abrasive product
thus produced has a substantial amount of direct diamond-to-diamond
bonding and many of the characteristics of a diamond compact, but
improved impact resistance due to the presence of the carbide particles.
The abrasive product has particular application in the machining of

wood products such as natural wood, chipboard, fibreboard and
hardboard.



BACKGROUND OF THE INVENTION

This invention relates to abrasive products.

Diamond compacts, or PCD as they are also known, are abrasive bodies
consisting of diamond particles bonded into a hard conglomerate. The
diamond content of such compacts is high, normally at least 70 percent
by volume, and generally 80 to 90 percent by volume. Diamond
compacts are polycrystalline masses of diamond particles, the bonding

being created under conditions of elevated temperature and pressure at

which diamond is crystallographically stable.

Diamond compacts are produced with or without a second phase or
bonding matrix. The second phase, when provided, may be a diamond

catalyst/solvent such as cobalt, or it may be a carbide-forming element

such as silicon.

Diamond compacts have high wear resistance, but are brittle. The
brittleness of diamond compacts leads to chipping of the working surface
or edge during use. In many applications this is not a problem, but in
some applications such as in woodworking where fine finishes are
required it can present a problem. One of the most widely used
materials for woodworking is cemented carbide which has good impact

resistance, but nowhere near the wear resistance of a diamond compact.

......
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European Patent Publication No. 0 256 829 describes a cemented
carbide modified to the extent that it contains up to 20 percent by
volume of cubic boron nitride particles. The cemented carbide is
preferably produced under cubic boron nitride synthesis conditions so

that damage to the cubic boron nitride is minimised.

United States Patent No. 4,525,178 describes a composite material which
includes a mixture of individual diamond crystals and pieces of pre-

cemented carbide. The mixture is subjected to elevated temperature

and pressure conditions in the diamond stable region to create a

composite polycrystalline diamond body. The mixture uses pieces of

pre-cemented carbide and not discrete carbide particles.

United States Patent No. 5,045,092 describes a method of forming a

cemented tungsten carbide article with embedded diamond particles. In

this method, the embedded diamond particles are produced in situ. The

product is one in which the cemented tungsten carbide dominates.

SUMMARY OF THE INVENTION

According to the present invention, a method of producing an abrasive
product comprises providing a mixture of diamond and discrete carbide
particles, the diamond particles being smaller than the carbide particles
and present in the mixture in an amount of more than 50 percent by
volume, and subjecting the mixture to elevated temperature and pressure
conditions at which diamond is crystallographically stable in the presence

of a binder metal capable of bonding the mixture into a hard

conglomerate.
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The abrasive product produced by the method of the invention will
generally present at least one working surface or edge. Thus the
abrasive product may be used as a tool component to machine various
materials. The working surface or edge may be polished or sharpened.
The abrasive product may be used to replace cemented carbide in
machining situations traditionally dominated by this material. For
example, the abrasive product may be used as a replacement for
cemented carbide studs in roller cone bits, or as a coating layer for such

studs.

The abrasive product has been found to be particularly effective in the

machining of wood products such as wood composites, chipboard,
fibreboard and natural wood. The invention provides, according to
another aspect, a method of machining a wood product using an abrasive

product produced by the method described above.

DESCRIPTION OF THE DRAWING

The drawing illustrates diagrammatically a sectional side view of a

circular saw blade sawing a wood-based workpiece.

DESCRIPTION OF EMBODIMENTS

The carbide particles in the starting mixture are larger than the diamond
particles and typically have a size up to 50 microns. Preferably, the size
of the carbide particies does not exceed 25 microns. The diamond

particles are typically fine, i.e. have a size of less than 10 microns and

preferably less than 5 microns.



The diamond particles dominate in the diamond/carbide mixture and
are present in an amount of more than 50 percent by volume of the
mixture. With such a mixture, a substantial amount of direct diamond-
to-diamond bonding takes place during manufacture of the abrasive
product.  This bonding provides the abrasive product with good
abrasion resistance in the outer surfaces and edges. The abrasive
product has many of the characteristics of a diamond compact, but
improved impact resistance due to the presence of the carbide particles
which are distributed through the product.

The discrete carbide particles in the diamond/carbide mixture may be
any known in the art such as tungsten carbide, tantalum carbide,

molybdenum carbide, titanium carbide and mixtures thereof.

The binder metal is typically a transition metal such as cobalt, 1ron,
nickel or an alloy thereof. The binder metal may be mixed with the
diamond and carbide particles and this mixture subjected to the
conditions of elevated temperature and pressure. Alternatively, the
binder metal may be provided in the form of a layer which is placed in

contact with the diamond/carbide mixture and allowed to infiltrate the

mixture. The binder metal will typically be provided in an amount of

3 to 17 percent by mass of the mixture.

The conditions of elevated temperature and pressure which are applied
to the mixture are diamond synthesis conditions. Typical of such
conditions are temperatures of the order of 1400 to 1600°C and
pressures of the order of 40 to 70 kilobars. These conditions will

generally be maintained for a relatively short period, e.g. less than 10
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minutes.

The diamond/carbide mixture will be placed in a reaction vessel and this
reaction vessel then placed in the reaction zone of a high
temperature/high pressure apparatus. The contents of the reaction
vessel are then subjected to the elevated temperature and pressure
conditions described above. The abrasive product may be recovered
from the reaction vessel using known recovery methods. The abrasive
product will generally be recovered in the form of a disc or a cylinder.
A surface or edge of the cylinder or disc may be cleaned and polished
to provide a machining surface or edge. Alternatively, the disc or
cylinder may be cut into smaller products having any desired shape.

Such smaller products will also include a machining surface or edge and

be capable of being used as tool components.

The abrasive product produced by the method of the invention may be
used as such or it may be bonded to a cemented carbide substrate.
When it is bonded to a cemented carbide substrate, such bonding
preferably takes place during formation of the abrasive product. This
can be achieved by placing the diamond/carbide particle mixture on a
surface of a cemented carbide substrate to create an unbonded assembly
and then subjecting the unbonded assembly to the elevated temperature
and pressure conditions. The cemented carbide substrate may be any
known 1in the art such as cemented tungsten carbide, cemented titanium
carbide, cemented tantalum carbide, cemented molybdenum carbide and

mixtures thereof.
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The abrasive product of the invention, as mentioned above, has
particular application in the machining of wood products. Such products
include natural wood, either soft or hard woods. Further examples of
such products are laminated and non-laminated chipboard and
fibreboard which contain wood chips or fibres bonded by means of
binders which are usually organic binders. Further examples of such a
product are hardboard which is compressed fibre and sawdust, and
plywood. These wood products may have a plastic or other coating

material applied to them which gives rise to additional abrasive wear on

machining tools.

The machining of such wood products may take any one of a variety of
forms such as sawing, milling and profile cutting. The tools which would
be used are multi-tipped rotary tools such as circular saws, profile
cutters, end mills and milling cutters. All these tools comprise a
rotatable body having mounted thereon, generally on a periphery
thereof, a plurality of spaced abrasive products of the invention, each of
which presents a cutting edge. In use, the body is rotated, the cutting
edges of the abrasive products brought into contact with a workpiece to

be machined, and that workpiece moved relative to the rotating cutting

edges.

An example of a circular saw utilising abrasive products of the invention
is illustrated diagrammatically by the accompanying drawing. Referring
to this drawing, a circular saw comprises a blank 10 mounted for
rotation on spindle 12. Peripheral zone 14 of the blank 10 is provided
with a plurality of evenly spaced cutting teeth 16. Each cutting tooth 16

has an abrasive product 18 mounted on its leading edge 20. The



abrasive products 18 may be brazed or mechanically secured to the teeth

16. Each abrasive product 18 presents a cutting edge 22.

In use, a workpiece 24 is placed on a support table 26. The circular saw

is rotated in the direction of arrow 28 and the workpieces advanced in

the direction of arrow 30. In so doing, the saw cuts through the

workpiece 24.

The production of abrasive products according to the invention will now

be described with reference to the following examples.

EXAMPLE 1

A mixture consisting of discrete tungsten carbide particles (13 micron)
and diamond particles (2 micron) was made. The mixture contained 76
percent tungsten carbide and 24 percent diamond particles on a mass
basis. On a volume basis, the diamond constituted 60 percent of the
mixture and the tungsten carbide particles 40 percent. To this mixture
was added 9 percent cobalt powder on a mass basis. The cobalt was

thoroughly mixed with the diamond/tungsten carbide mixture.

The mixture was then placed in the reaction capsule of a conventional
high temperature/high pressure apparatus. This loaded capsule was
placed in the reaction zone of the apparatus and the contents of the
capsule were subjected to a temperature of 1400°C and a pressure of 50
kilobars and these conditions were maintained for a period of 8 minutes.
Recovered tfrom the capsule was a disc-shaped abrasive product which

was coherent and hard. The abrasive product contained a considerable

.....
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degree of diamond sintering, i.e. diamond-to-diamond bonding,
particularly in the outer surfaces thereof. The tungsten carbide particles

were evenly distributed through the product and showed some sintering

as well.

EXAMPLE 2

The procedure set out in Example 1 was repeated, except the abrasive
particle/carbide mixture mix was placed on a cemented tungsten carbide
substrate in the reaction capsule. The product which was recovered was
a sintered diamond/tungsten carbide abrasive layer directly bonded to
the cemented carbide substrate. An edge of the diamond/carbide
abrasive layer may be cleaned and polished to provide a machining or

cutting edge for the product.

EXAMPLE 3

The procedure set out in Example 2 was repeated, save that the

diamond/tungsten carbide mixture consisted of the following:

Component Mass % Volume %
Diamond (2 microns) 30 65
Tungsten carbide (13 microns) 70 35

10 percent by mass powdered cobalt was added to this mixture and

thoroughly mixed therewith.

......
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The product recovered from the reaction capsule consisted of a layer of

bonded diamond/tungsten carbide bonded directly to a cemented

carbide substrate.

A plurality of these abrasive products were shaped to provide cutting
edges on the bonded diamond/tungsten carbide layer. The shaped
products were brazed to the leading edges of the teeth of a circular saw
of the type illustrated by the accompanying drawing. The saw was used
to cut chipboard at a peripheral speed of 44,2m/s and an advance rate
of 1,5m/min. The depth of cut was 2mm. After 41 000 metres of cut,
it was found that two-thirds of the teeth, i.e. the bonded
diamond/cemented carbide cutting edges, showed a gradual and
reasonably uniform rounding and no chipping damage whatsoever was
observed. By way of comparison, a similar circular saw using
commercially available PCD showed 90 percent of its teeth chipped after
only 600 metres of cut. While the commercially available PCD had a
longer life because of its superior abrasion-resistance, the chipping
damage presented a serious problem for fine finishes. Further, the
abrasive products of the invention in the sawing test showed far superior

life, i.e. 36 times, that of a saw using conventional cemented carbide
teeth.

In a test involving the edge milling of laminated chipboard, the abrasive

products of this example also showed excellent chip resistance.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:-—

1.

A method of producing an abrasive product comprises providing a
mixture of diamond and discrete carbide particles, the diamond particles
being smaller than the carbide particles and present in the mixture in an
amount of more than 50 percent by volume, and subjecting the mixture
to elevated temperature and pressure conditions at which the diamond

is crystallographically stable in the presence of a binder metal capable

of bonding the mixture into a hard conglomerate.

/A

A method according to claim 1 wherein the carbide particles have a size

of up to 50 microns.

3.

A method according to claim 1 wherein the size of the carbide particles

does not exceed 25 microns.

4,

A method according to claim 1 wherein the diamond particles have a

size of less than 10 microns.

S.

A method according to claim 1 wherein the diamond particles have a

size of less than 5 microns.

»»»»»
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6.

A method according to claim 1 wherein the binder metal is a transition

metal.

7.

A method according to claim 6 wherein the transition metal is selected

from cobalt, iron, nickel and alloys thereof.

8.

A method according to claim 1 wherein the binder metal is mixed with

~ the diamond/carbide mixture.

9.

A method according to claim 1 wherein the binder metal is placed in

contact with the diamond/carbide mixture and allowed to infiltrate the

mixture,

10.

A method according to claim 1 wherein the binder metal is provided in

an amount of 3 to 17 percent by mass of the diamond/carbide mixture.

11.

A method according to claim 1 wherein the conditions of elevated

temperature and pressure are a temperature in the range 1400 to 1600°C

and a pressure in the range 40 to 70 kilobars.

.........
..........
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12.

A method according to claim 1 wherein the conditions of elevated

temperature and pressure are maintained for a period of less than 10

minutes.

13.

A method according to claim 1 wherein the diamond/carbide mixture is

placed on a cemented carbide substrate prior to application of the

conditions of elevated temperature and pressure.

14,

An abrasive product produced according to a method of claim 1 and

which presents a cutting edge.

15.

A method of machining a wood product includes the steps of providing
a tool comprising a rotatable body having a plurality of spaced abrasive
products according to claim 14 mounted therein, each abrasive product
presenting a cutting edge, rotating the body, bringing the cutting edges
of the abrasive products into contact with the wood product and moving

the wood product relative to the rotating cutting edges.

16.

A method according to claim 15 wherein the tool is selected from a

circular saw, a profile cutter, an end mill and a milling cutter.



17.

A method according to claim 1S wherein the wood product is selected

from natural wood, chipboard, fibreboard, hardboard and plywood.
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