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This invention relates to new and useful alloys
of hard metal. The object of the invention is to
provide these alloys for various uses, but particu-

- larly for cutting tools. One of the main ideas is

to make the new alloys in the form of cast metal
and of such a composition that when formed into
tools they will retain their superior physical
properties under the most severe conditions as

. cutting tools, not only to withstand the action
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of cutting various metals in the ordinary way,
but to withstand also the cutting of metal at
higher operating temperatures than are generally
feasible in cutting operations. Another idea is
to provide high speed cutting tool alloys that are
less expensive, but with higher efficiency, than
those commonly used and now on the market for
equivalent work,

I am aware that hard metal alloys are now
available and used in tools where great hardness
is desired. The alloys most commonly used for
this purpose so far as I am aware are not made
up as cast metal alloys but as a sintered product
in which the metallic particles are in a sense ce-
mented together rather than completely alloyed
in a homogeneous mass. Although such sintered
products do respond to the high tests for hard-
ness, their particular structure, according to my
observation, renders them less useful than where
the alloy is made as a cast metal and which also
responds to the desired hardness tests. I believe
the reason for this fault in the commonly used
alloys is due to the fact that in tool use the utility
depends not only on the degree of hardness but to
a large measure on the way the metallic structure
of the composition is originally formed and the
retention of that physical composition against
the .tendency to be detrimentally altered under
severe use. There is not only the mechanical
abrading action to be considered, but also under
high: temperatures there 'is “the “tendency of
detrimental changes to take place in the ‘alloy.
But, when the crystalline structure of the. alloy
is originally formed as cast metal in a homogene-
ous mass it is of better structure for cutting tool
purposes, the particles then being less liable to

separate and less liable to fuse with the work

being cut at high temperatures. These features
need to be considered apart from the mere de-
gree. of hardness. - It is the reason that I em-
phasize my alloys as made of cast hard metal
which is one feature that characterizes the par-
ticular compositions of the new alloys.

My new alloys are made up according to the
folhwing compositions and have been found use~

ful within the ranges of such compositions stated
in terms of weight.
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position
range
Alloy #1:
Molybdenum carbide (Mo1C) ceeeccveccccacccccane 5-50
Iron 'e) 30-85
t (Co) -= 10-30
(42) 0. 50-6. 0C
Al]o #2:
Molybdenum carbide (M03C) - e 5-50
Tron as 'e) H 30-65
Cobalt (Co). 10-30
Vanadium (V) 0. 50-6. 00
Tantalum (Ta) 1. 00-15.00
Alll\gy]#:gd bide (MosC) 5-50
olybdenum carbide (MosC) . ..coroemeeecccecinnan.
Iron (Fe; 30-65
Cobalt (Co). N 16-30
Vanadium 0. 50~6. 00
Tantalum (T ) 1. 00-15.00
'll‘ltaaium carbide (TIC) 0. 20-10. 00
Molybdenum carbide (MosC) .o oo 5-50
Iron S 'e) 30-65
Cobalt (Co)... 10-30
Vanadium (V) 0. 50-6.00 °
Al’{‘an;glum carbide (TaC) 1. 00~15. 00
Molybdennm carbide (MosC) . oo oveeeaee . 5-50
Iron (Fe) 30-65
Cobalt (Co) - 10-30
Vanadium (V) 0. 50-6. 00
Tantalum (Ta) -] 1.00~15.00
Titanium (Ti) 0. 20-25. 00

To make the compositions successfully one may
proceed as follows: Molybdenum carbide powder,
iron in powder form, cobalt in powder form, are
mechanically mixed (for example in a ball mill)
until the mixture is uniform. This mixture is
then pressed into briquette form to facilitate
melting and is then melted in a refractory con-
tainer by suitable heating means. As the melt
reaches liguid form, deoxidizing elements, such
as aluminum and ferro manganese, in very small
percentages, are added as scavengers, according
to known deoxidizing methods and the small
amount of impurlties collect as slag on top of
the melt.

When complete solution of the molybdenum
carbide, iron,-and cobalt is obtained in the melt,
vanadium {. added in the form of lumps of ferro
vanadium. The percentage of iron in powder
form first put in the mix is adjusted so as to give
the desired percentage of iron in the alloy when
added to the percentage of iron finally put in
with the ferro vanadium:

The above procedure results in obtaining the
alloy listed above as number one in the table, and
can be obtained in a rather wide composition
renge as therein indicated. In my experience the
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~ cated form for tool use.
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bide, namely MozC, 27%:; cobalt 18%; vanadium
3.75%; and the remainder iron.

Such an alloy is preferably cast in semi-fabri-
It responds to age-
hardening treatment by a simple drawing pro-
cedure consisting “of heating the cast forms for
a suitable period of time, at temperatures rang-
ing from 600° to 1100° centigrade, and cooling
either in air or a controlled atmosphere,

From the composition shown in Alloy #2 of
the above table, it is seen that it is like Alloy

- #1 except for the addition of tantalum. 'This

addition gives the Alloy #2 greater resistance
to chip abrasion. To get the tantalum in the

-alloy I have_proceeded as in making Alloy #1

and added to the melt fantalum metal as a dif-
fusion alloy, consisting of tantalum previously
diffused ‘with cobalt in & manner to be later de-
scribed. Of course, the percentages of the other
constituents are adjusted to accommodate the
addition of the tantalum. I have found that
tantalum added in either about 1'% % proportion
or in about 10% gives superior results to other
percentages in the 1.00-15.00 range . stated.
Many experiments have indicated, however, that
the alloy is'particularly useful with its constitu-
ents arranged within the ranges stated.
¥rom the composition shown in Alloy #3 of the
above table, it is seen that it is like Alloy #2
except that titanium carbide is added. Itisadded
to the melt as a combined diffusion of cobalt,
tantalum, azd titanium carbide in Ilump form and
increases the hardness and rupture strength.
Within the range stated in the table my experi-
ments show that the preferred amount of ti-

-~ tanium carbide is five-tenths of one per cent.
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From the composition shown in Alloy #4 of
the above table, it is seen that it is like Alloy #2
except that tantalum carbide is used instead of
tantalum. In this alloy within the range stated

. it .is desirable to get as much tantalum carbide
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50. Alloy #2 except that titanium is added to the melt
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" ders.
-pressed into briquettes, placed "in a refractory
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in the melt as possible. This depends somewhat
on.the degree of heat used and the proportion
chosen for the other constituents. The tantalum
carbide is added to the melt as a diffusion alloy
of tantalum carbide and cobalt.

Alloy #5 set olit in the above  table is like

in the form of ferro-titanium alloys of a com-
mercial grade. .

The method of preparing the diffusion alloy
constituents, where referred to above, is as fol-
lows: The titanium carbide, tantalum carbide,
and tantalum metal (all in powder form—300
mesh) are individually or collectively mechani-
cally mixed with cobalt metal powder in a range
of ratios of the above mentioned constituents not
exceeding 30% of the TiC, TaC, and Ta pow-
The resultant prepared mixtures are cold

boat, and fired in a hydrocarbon atmosphere
through a suitable time and temperature cycle

‘for complete diffusion. This procedure is fol-

lowed to obtain complete solution of the above
mentioned constituents in the desired cast alloy.

The diffused alloy compositions as above pre- °

pared are cut up into small sections to facilitate
adding to the final melt in the desired proportions
in making the desired alloys previously described.

In making such alloys it will be noted that the’

total content of iron is the arithmetical sum of
the iron originally mixed with molybdenum car-
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best results have been obtained with substantially
the following specific percentages of the follow--
ing substances—a particular molybdenum car-

bide a.nd the iron content in the various ferro

alloys added later; and that the total content .

of cobalt is the arithmetical sum of the cobalt
originally added. with the mechanical mixture
prior to melting plus the cobalt contained in
the cobalt diffusion alloys, added in lump form
after the melting of the alloy has taken place.
The temperature of the melt is increased after
the addition of the above named alloy constitu-
ents until complete solution takes place. During
the process of melting, small additional percent-
ages of the deoxidizing elements, previously men-

tioned, are added. In each alloy the final con-

stituent added is the ferro vanadium.

After complete solution of all constituents,
the melt is cast into suitable molds and allowed
to cool. The cast material is then fabricated into
desired shapes. The alloys, as cast, may be used

“in this condition, and when allowed to undergo

work hardening from severe use their hardness
and toughness will be increased appreciably. But
these alloys respond to heat treatment which will
insure increased hardness and toughness. And
one feature of my invention is the production of
the alloys as described, which alloys, in addi-~
tion to their other advantages, will respond to
age-hardening by a simple drawing procedure
consisting of heating the fabricated shapes over
& period of time, depending on their bulk, at tem-
peratures ranging from 600° to 1100° centigrade,
and gooling in air or a controlled atmosphere.

Having described my invention what I claim
is:

1. The method of making a cast metal carblde
alloy of the kind described which consists in mlx-
ing molybdenum -carbide ‘powder, irox} powder,
and cobalt powder mechanically until homo-
geneous, melting the mixture, and when the mix-
ture is in comiplete solution adding the vanadium
content in the form of ferro vanadium and a
titanilum content of from .20 to 25.00 per cent.
by weight in the form of ferro titanium and melt-
ing the whole for the cast metal alloy.

2. The method of making a cast metal carbide
alloy of the kind described which consists in mix-
ing molybdenum carbide powder, iron powder,
and cobalt powder mechanically until homo-
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geneous, melting the mixture and when the mix-

ture is in complete solution adding the vanadium
content in the form of ferro vanadium and a
tantalum content of from 1.00 to 15.00 per cent.
by weight, consisting of tantalum previously dif-
fused with cobalt and melting the whole for the
cast metal alloy.

3. The method of making a cast metal carbide
alloy of the kind described which consists in mix-
ing molybdenum carbide powder, iron powder,
and cobalt powder mechanically until homo-
geneous, melting the mixture and when the mix-
ture is in complete solution adding the vanadium
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content in the form of ferro vanadium, and a

tantalum content of from 1.00 to.15.00 per cent.
by weight and a titanium carbide content of from
.20 to 10.00 per cent. by weight consisting of
tantalum and titanium carbide previously dif-
fused with cobalt, and melting the whole for the
cast metal alloy. :

4. The method of making a hard metal carbide
alloy including iron, cobalt, and vanadium which
comprises mixing mechanically with iron and
cobalt_in powder form a previously prepared
stable carbide of molybdenum of the composition
Mo2C also in powder form, melting such mix-
ture, and when the mixture is in complete soly-
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tion adding the vanadium content in the form
of ferro vanadium.
5. A cast metal carbide alloy comprising by

~weight molybdenum carbide MozC about 27 per-

cent, cobalt about 18 per cent, vanadium about
3.75 percent, and the remainder iron.

6. The method of making a cast metal carbide
alloy of the kind described which consists in
mixing: molybdenum carbide powder, iron pow-
der, and cobalt powder mechanically until homo-
geneous, melting the mixture, and adding to the
melt vanadium in the form of ferro vanadium.

7. The method of making a cast metal carbide
alloy of the kind described which consists in mix-
ing molybdenum carbide powder, iron powder,
and cobalt powder mechanically until homo-
geneous, melting the mixture, and adding to the
melt vanadium -in the form of ferro vanadium
and tantalum previously diffused with cobalt.

8. The method of making a cast metal carbide
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alloy of the kind described which consists in mix-
ing molybdenum carbide powder, iron powder,
and cobalt powder mechanically until homo-
geneous, melting the mixture, and addmng to the
melt vanadium in the form of ferro vanadium
and tantalum and titanium carbide previously
diffused with cobalt.

9. The method of making a cast metal -carbide
alloy of the kind described which consists in mix-
ing molybdenum carbide powder, iron powder,
and cobali powder mechanically until homo-
geneous, melting the mixture, and adding vanadi-
um and tantalum to the melt.

10. The method of making a cast metal carbide

alloy of the kind described which consists in

mixing molybdenum carbide powder, iron powder, -

and cobalt powder mechanically until homo-
geneous, melting the mixture, and adding to the
melt vanadium, tantalum, and titanium carbide.
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