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This invention relates to a method of mak-
ing hard metal compositions of a type suit-
-able for cutting and forming tools, dies and
the like. .

In the accompanying drawing, there is
shown for purposes of illustration, and not
by way of limiting the invention thereto, sev-
eral ways in which the invention may be prac-
ticed. In tHe drawing, Figures 1, £, 3 and 4

are cross-sectional views through a mold -

showing various arrangements of the layers
of bonding metal and hard abrasive particles,

the particles of materials constituting. the

different layers being shown on an enlarged
scale. The drawing illustrates the layers be-
fore they have been heated to melt the bond-
ing metal in order to form the hard metal
composition, ; :

Hard metal compositions of the general
type contemplated by this invention are now
made by a sintering process. In the sinter-
ing process, s now i)racticed, it is customary
to grind a mixture of a hard abrasive material

such as tungsten carbide with a bonding metal -
such as cobalt, in order to coat the individual .

particles of tungsten carbide with pellicles
of cobalt. This mixture is then compressed
into a billet or .other desired shape and the
billet composed of a mixtire of tungsten car-

bide and cobalt is sintered, the sintering
usually being carried out under reducing con-"

ditions. Although the mixture is compacted
before sintering, there are interstices between
the particles, some being of capillary size and
others being larger. When the compressed

mixture of tungsten carbide and cobalt is-

heated to a sintering temperature, the cobalt
melts and forms pools of molten cobalt in the
larger interstices. The cobalt is distributed
throughout the mass by the capillary action
drawing the cobalt through the capillary pas-

sages between the particles.. In order to ob-

tain a satisfactory bonding of the tungsten
carbide particles in the usual sintering proc-
ess as just.described, it is necessary that the

bonding metal be of a character such as to

wet the capillary passages and thereby be
distributed throughout the mass. If the

‘bonding metal is not of such character that

it wets the capillary passage between the par-

‘downward by gravity into the interstices be-

‘below the layer of hard

'gether when the composition is cooled. If

ticles of tungsten carbide, satisfactory bond- -
ing of the tungsten carbide particles is not
accomplished.

- It is an object of the present invention to .
provide a method whereby hard metal com-
positions may be made from a hard abrasive
material in finely divided condition and a
bonding metal also in finely divided con- -
dition without the necessity of grinding a
mixture of the hard abrasive particles and
bonding metal. It is also an object of the
present invention to provide a process where-
in the bonding action of the Eonding metal
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is not dependent upon the wetting of the = -

walls of the capillaries formed between the 65 -

hard abrasive particles.

The present invention, not being dependent
upon wetting of the walls of the capillaries,
enables me to use other bonding metals which

do not produce satisfactory bonding in the 70 v

usual sintering pracesses.
In practicing the present invention, hard
abrasive material is ground to a finely divided

condition and without any addition of bond-
ing metal, is placed in a graphite or other suit-

‘able mold and a separate layer of bondinf
o

metal is placed in the mold either on tolp s
below, or both on top of and below the layer
of hard abrasive. The mold containing the
layers of hard abrasive material and bond-
ing metal is heated in a furnace, preferably:
having a reducing or neutral atmosphere, to
a temperature sufficient to melt the bonding
metal but not aprasive. The temperature
may be between 2400 and 8000° F'. depending.
upon the abrasive and bonding metal used. -
In case the bonding metal has been placed in
a layer above.the layer of hard abrasive par-
ticles, the bonding metal, upon melting, flows 9
tween the particles of hard abrasive material.
In case the bonding metzftl is placed in a layer
brasive particles, the
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bonding metal, after melting, 1§ drawn by o5

cagillary action into the interstices between
the particles of hard abrasive material, and
in either case, the bonding metal acts to bond
the particles of hard abrasive material to-

the layer of bonding metal is placed below
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the layer of hard abrasive material, only such
bonding metal can be used as has the capacity
for wetting the capillaries formed between
the particles of hard abrasive materiad.

One particular manner of carrying out the
process will be described in connection with
Figure 1 of the accompanying drawing which
shows a graphite mold 2 having a molding
cavity 8 formed therein. The molding cavi-
ty is approximately the shape of the article
to be formed, but is larger than the article to

allow for shrinkage. Finely divided tung-

sten carbide, either in the form of loose pow-
der or previously compacted is placed in the
mold to form a layer 4. On top of this layer
of tungsten carbide is placed a separate layer
5 of cobalt which may be either in powdered
form or in the form of a compacted body of
powdered cobalt, or in the form of metallic
cobalt which has been cast and cut to the de-
sired shape. The cobalt is preferably in the

- form of a compacted body of powdered co-
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balt, since the compacting lowers its melting
point. The tungsten carbide also preferably
1s-compacted as this increases the capillary
action and thus facilitates dispersion of the
cobalt throughout the mass. A pressure of
about 10,000 pounds per square inch has
been found suitable for compacting, although
this may be varied soméwhat to suit particu-
lar conditions. The mold containing the su-
perimposed layers is placed in a furnace and
heated to a temperature sufficient to melt the
layer of cobalt, the heating preferably being
carried out under reducing conditions.
‘When the cobalt has melted, it flows by grav-
ity into the interstices formed in the layer 4
of tungsten carbide, filling the interstices so
that when the mold is cooled and the compo-
sition removed, the cobalt firmly binds the
particles of tungsten carbide together.

In illustrating the manner in which the
method may be carried out, I have selected

-tungsten carbide as the hard abrasive mate-

rial and cobalt as the bonding metal. It will
be understood that other hard abrasive ma-
terial may be used in place of the tungsten
carbide. Other examples of hard abrasive
material which may be mentioned are the car-
bides of chromium, molybdenum, vana-
dium, titanium, tantalum, zirconium, tho-
rium, and uranium. Silicides of these
metals or of other metals which have hard
abrasive characteristics might also be em-
ployed. The invention is applicable irre-
spective of the particular bard abrasive ma-
terial which is used. As illustrative of other
bonding metals which might be used, I may
mention nickel, iron, and copper. More than
one hard abrasive material and more than one
bonding metal may be used, if desired. Any
suitable hard abrasive material, or mixtures
of such materials, and any suitable bonding
metal, or mixture of bonding metals, may be
used according to the method which has just
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been described or according to the other meth-

ods hereinafter described.” .

In Figure 2, there is illustrated a modified
method in which the layer 4 of hard abrasive
material is 'separated from the layer 5 of
bonding metal by a layer 6 of a melting point
depressant such as powdered carbon, which
lowers the melting point of the bonding
metal. In any of the methods described here-
in, it is preferred to use the bonding metal
in the form of a compressed body of finely di-
vided particles, since the pressure imparted
to the body enables it to be melted at a lower
temperature than would be the case other-
wise.

In the method illustrated in Figure 3, the
layer 5 of bonding metal is placed below the
layer 4 of hard abrasive material. When the
layers are so arranged, it is necessary that the
bonding material which is selected have the
capacity to wet the capillaries formed in the
compacted body 4 in order that the bonding
metal may be dispersed throughout the mass.
. In Figure 4, there is illustrated’a method
in which a layer 4 of hard abrasive particles
has a layer 5 of bonding metal superimposed
thereon and a layer 7 of a different bonding
material placed in the bottom of the mold.
It is sometimes desirable to use two differ-
ent types of bonding metal. For example, in
the formation of a cutting tip, it is desirable
to provide a tip, the top portion of which has
good cutting properties while the bottom
portion is of such character that it may be
welded or otherwise secured to the tool hold-
er. The lower layer 7 of bonding metal might
be composed of copper, while the upper lay-
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er 5 might be composed of cobalt. The hard °

abrasive particles bonded by cobalt have good
cutting characteristics, whereas the lower

- portion of the cutting tip, which, due to the

capillary action, would be bonded by copper,
is of such composition that it can be satis-
factorily welded to a tool holder.

In practicing the present invention, where-
in the hard abrasive material and the bond-
ing metal form separate layers, it is not nec-
essary to grind a mixture of the abrasive ma-
terial and bonding metal. This results in
economy in the process of forming the hard
metal composition. Furthermore, in the pre-
ferred method wherein the bonding metal is
introduced into the hard abrasive body by
placing a layer of bonding metal on top-of the
abrasive material in a mold and then melting
the bonding metal, the introduction of the
bonding material does not depend upon capil-
lary action, and for this reason any suit-
able binding metal may be employed.

I have illustrated and described several
methods of carrying out the process and have
selected for purposes of illustration certain
hard abrasive materials and certain bonding
metals. It is to be understood, however, that
other abrasive materials and other bonding
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metals may be employed and that the inven-
tion may be otherwise practiced within the
scope of the following claims.

1 claim: ,

1. The method of making hard metal com-
positions, comprising forming separate lay-
ers of a compacted body of hard abrasive par-
ticles having interstices between the particles,
and a compacted body of bonding metal par-
ticles, and heating the layers to a temper-
ature sufficient to melt the bonding metal but
not the abrasive and cause the bonding metal
to flow into the interstices in order to bond
the hard abrasive particlés upon cooling the
composition. _

2. The method of making hard metal com-

‘positions, comprising superimposing a sepa-

- rate layer of powdered bonding metal on a
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compacted body of hard abrasive particles in.

a mold, said compacted body having inter-
stices between the particles, and heating the
mold and contents to a temperature sufficient

“to melt the bonding metal but not the abra-

sive and cause the bonding metal to flow into
the interstices in order to bond the hard abra-
sive particles upon cooling the composition.

8. The method of making hard metal com-

‘positions, comprising superimposing a sepa-
rate layer of powdered and compacted bond-

ing metal on a compacted body of hard abra-
sive particles in a mold, said compacted body
having interstices between the particles, and
heating the mold and contents to a tempera-
ture sufficient to melt the bonding metal but
not_the abrasive and'cause the bonding metal
to fiow into the interstices in order to bond
the hard abrasive particles upon cooling the
composition. :

4. The method of making hard metal com-
positions, comprising forming a body con-

-

_taining a layer of hard abrasive particles
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having interstices between the particles, a
layer of bonding metal, and carbon betweerr
the layers of hard abrasive particles and
bonding metal, and heating the body to a tem-
perature sufficient to melt the bonding metal
but not the abrasive and cause-the bonding
metal to flow into the interstices in order to
bond the hard abrasive particles upon cool-
ing the composition. -

5. The method of making hard metal com-
positions, comprising forming separate layers
of a compacted body of finely divided tung-
sten carbide particles having interstices be-
tween the particles, and a bonding metal in
powdered form, and heating the layers to a
temperature sufficient to melt the bonding
metal but not the tungsten carbide and cause
the bonding metal to flow into the interstices
in order to bond the tungsten carbide par-
ticles upon cooling the composition.

6. The method of making hard metal com-
positions, comprising forming separate layers
of a compacted body of finely divided tung-
sten carbide pazticles having interstices be-

~

tween the particles, and a compacted body of
bonding metal particles, and heating the lay-
ers to a temperature sufficient to melt the
bonding metal but not the tungsten carbide
and cause the bonding metal to flow into the
interstices in order to bond the tungsten car-
bide particles upon cooling the composition.

7. The method of making hard metal com-
positions, comprising forming separate lay-
ers of a compacted body of finely divided
tungsten carbide particles having interstices
between the particles, and cobalt, and heat-
ing the layers to a temperature sufficient to
melt the cobalt but not the tungsten carbide
and cause the cobalt to flow into the inter-
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stices, in order to bond the tungsten carbide -

particles upon cooling the composition.

8. The method of making hard metal com-
positions, comprising forming separate layers
of a compacted-body of finely divided tung-
sten carbide particles having interstices be-
tween the particles, and finely divided cobalt,
and heating the layers to a temperature suf-
ficient to melt the cobalt but not the tungsten
carbide and cause the cobalt to flow into the
interstices, in order to bond the tungsten car-
bide particles upon cooling the composition.

9. The method of making hard metak com-
positions, comprising forming separate layers

"~ of a-compacted body of finely divided tung-

sten carbide particles having interstices be-
tween the particles, and a compacted body of
finely divided cobalt, and heating the layers
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to a temperature sufficient to melt the cobalt

but not the tungsten carbide and cause the
cobalt to flow into the interstices, in order to
bond the tungsten carbide particles wpon
cooling the composition.

-10. The method of making hard metal com-
positions, comprising forming a body con-
taining a compacted layer of hard abrasive
particles having interstices between the par-
ticles, a compacted layer of bonding metal,
and a carbon layer between the layers of hard
abrasive particles and bonding metal, and
heating the body to a temperature sufficient to
melt the bonding metal but not the abrasive
and cause the bonding metal to flow into the
interstices in order to bond the hard abrasive
particles upon cooling the composition.

In testimony whereof I have hereunto set

my hand. ,
GREGORY J. COMSTOCK.
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