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This invention relates to the production of
mechanical and electrical elements, such as tools,
of high speed steel by powder metallurgical
methods. ‘

High speed steel is difficult to work and it is
desirable, therefore, to produce the desired shapes
by powder metallurgy, i. e., to form a powder of'
the high speed steel or which will yield high
speed steel and mold it into & coherent mass by
compressing it and uniting the particles by
sintering. )

By forming or shaping the article by powder
metallurgical methods the customary casting,
forging, machining, eic., are eliminated with
great resultant economy in the production of the
article. '

By high speed steel I mean alloys referred to
in the literature as such and generally described
as containing about 13-19% tungsten, 3-4%
chromium, 0.25% to 2.25% .vanadium and 0.5 to
0.89 carbon with optional additions of up to
0.75% molybdenum, 5 to 9% cobalt, and small
amounts of other elements such as silicon, man-
ganese, phosphorus and sulfur, the balance being
iron.

Tt is known to be possible to produce tools ete.
which are superior to those now commercielly
availeble from high speed steel alloy of unususal
or appormal composition. For exampie iools
made of high speed steels contasining more than
20% of tungsten or more than 10-15% of molyb-
denum with correspondingly super normeal con-
tents of carbon, chromium, vanadium and cobalt
nave showed superior cutting eficiency. HHow-
ever tools of such alloys have been made only
experimentally because their production by con-
ventional methods of making high speed steel
tools involves such difficulties as to render their
commercial production unpractical. Such com-
positions normally require working to break up
the precipitated complex carbides. Moreover
many of such compositions are not forgeable and
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it is necessary to cast them directly into their

final shape which frequenily is complex and
" renders the casting very difficuit.

" The present invention is applicable advanta-
geously for the production of tools etc, irom
. high speed steels of both the normal and the un-
usual coripositions above referred to.

In accordance with the present invention 2
ferrous metal alloy of the desired composition
dontaining alloying metals characteristic of high
speed steels but containing for example 1.5 to

3.0% of carhon is prepared and subdivided in the !

tiquid state to a size and shape suitable for further
mechanical disintegration in the solid state, e. g.
it is subdivided into a cooling fluid such as water
* to. formv pellets or shot of varying size, say about
“16-"mm. diameter or less, and then ground to &
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powder of suitable fineness for powder metallurgy,
say 40 to 60 mesh. .

" The mechanical disintegration of the liquid-
subdivided metal may be facilitated by a heat
treatment to render the metal more brittle, e. g,
by heating to at least 1800° F. and then guench-
ing in water or oil. It may be advantageous also
to Heat the quenched liquid-subdivided metal to
1050-1100° F. and sllow it to cool normally with-
out quenching.

The subdivided metal is then decarburized. by
the process disclosed in Reissue Patent No. 21,500
or by using wet hydrogen, i. e, & mixture of
hydrogen and steam, gs the decarburizing agent.
The essentials of the decarburizing process are
that the finely divided metal is heated to a tem-
perature, e. g., 1800° F. or higher ai which its
carhon content will react with the decarburizing
agent, e. g., & mixture of CO and CC2 or 2 mix-
ture of water vapor and hydrogen bui below the
melting point of the metal, and is agitated In
some manner as by movement through & rotary
kiln or furnace to expose all of the particles 1o

contact with the decarburizing gas. The metal .

may be heated in various ways s described in
said patens, the bulk or all of the heat necessary
peing suprlied by the reaction between the de-
carburizing gases and the carbon content of the
metal. Additional heat may be supplied by com-
bustion of & portion of the decarburizing gas,
e. g., by introducing oxygen, or additional com-
bustible material such as carbon, hydrocarbons,
etc., may be introduced into the furnace for com-
bustion and the liberation of heat. The decar-
burizing process is so controlled by regulating the
temperature and the composition, e, 2., the ratio

of hydrogen to steam in the decarburizing gas

mixture as to avoid excessive oxidation of the
metal.
may be so proportioned in one parb of the fur-
nace ag to actively decarburize the metal with
some superficial oxzidation, i. e., the gas in this
part of the furnace is made to confain 2 rela-
tively high ratic of steam to hydrogen, and the
gas mixiure is so proportioned in ancther parh
of the furnace as to remove the oxide film. That
is to say, the metal is passed through the furnace
first contaecting & gas atmosphere which is quite
strongly oxidizing and then contacting 2 gas ai-
mosphere which is guite strongly reducing so

that in the first stage the carbon is burned out
with some oxidation of the metal and in the sec-

ond staege the metal oxide is reduced.

The manipuletion of the decarburizing ireat-
ment, including control of iemperature and gas
composition, to attein the desired decarburize-
tion of the metal, is within the skill of a metal-
lurgist following the teachings in said patent and
need not be discussed further in detail.

The decarburization i8 conducted to the de-

For example, the hydrogen and steam
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sired carbon content, say 0.5 to 0.8%, and the re-
sulting metal powder meay be used directly or
after classification as to size or after further

mechanical distintegration or both in the powder
8 steel powder suitable for powder metallurgy which

metallurgical process. For example, the decar-
burized powder may be heat treated as described
above, i. e., by heating to 1800° F. or higher and
quenching in water with or without tempering
to 1050 or 1100° F.,, and then further ground to
produce & finer powder.

The powder is formed into objects in the cus-
tomary manner, €. g., hot pressed in the final
desired form directly or hot pressed to approxi-
mately the desired shape and then hot forged

- to final shape or cold pressed with due allowance
for dimensional changes and then sintered in a
neutral or reducing atmosphere at 2100 to 2600°
F. The formed object produced by hot or cold
pressing and sintering of the powdered metal is
then subjected to treatments which are custom-
ary in the finishing of high speed steel articles
such as tqols, e, g.,.it may be hot forged from the
sintering temperature to finish the shape of the
article and/or promote consolidation, heat treat-
ed, etc.

The essence of the invention as descrlbed above
is the production of high speed steel articles by
powder metallurgy involving first the preparation
of a high.speed steel alloy having & carbon con-
tent.substantially in excess of that desired in the
finished article, liquid subdivision of the metal,
mechanical disintegration of the ligquid-subdi-
vided metal in the solid state, decarburization of
the metal in the solid state, shaping of the powder
by pressure and sintering..

This basic process is susceptible to modification
in a variety of ways, some of which have been
described above and some of which are well
known in powder metallurgy. In the powder

metallurgical treatment of the powder it may ¢
e mixed with binders, alloying metals, abrasives, -

lubricents, materials designed to nroduce porosity,
ete.

High speed steel powder produced as described
has been found to be well adapted to powder
metaliurgical manipulation and objects made
therefrom by powder metallurgical methods have
been found to be useful as substitutes for high
speed - steel objects made by conventional pro-
cedure.

T claim:

1. Progess for the production of high speed
steel powder suitable for powder metallurgy which
comprises preparing & ferrous metal alloy con-

taining alloying constituents chearacteristic of &
high speed steels but having a carbon content -

substantially in excess of that desired in the high
speed steel powder to be produced, mechanically
disintegrating said metal alloy in solid state and
_ decarburizing said metal alloy in solid state to
the extent required to produce high speed steel
of desired carbon content. )

Z. Process as deflned in claim 1 in which the
carbon content of the prepared slloy is within
the range of from approximately 1.5% to approx-
imately 3.0%. .

3. Process as defined in claim 1 in wkhich the
carbon content of the prepared alloy is within
the range of from approximately 1.5% to approx-
imately 3.0% and in which the material is de-
- garburized to an extent providing a final carbon
content within the range of from approximately
0.5% to approximately 0.8%.

¢. Process as deflned in claim 1 in which the
percentages of alloying constituents in the pre-

pared alloy are abnormally high as compared with
. the percentages of like constituents in high speed
steels of normal composztlon

5, Process for the production of high speed

comprises preparing a molten mass of ferrous
metal alloy containing alloying constituents char-
acteristic of high speed steels but having a car-
pon content of from approximately 1.5% to ap-

10 ‘proximately 3.0%, subdividing said alloy while in

molten state, mechanically disintegrating "the
subdivided material in solid state and decarbu-
rizing the material in-solid state to the extent
required to produce high speed steel material of

15 desired carbon content.

6. Process according to claim 5 in which the
subdivided material in solid state is subjected to
heat treatment consisting of heating to at least
1800° F. and quenching in liquid prior to the step

20 . of mechanical disintegration.

7. Process according to claim 5 in which ab-
normdlly high percentages of alloying constitu-
ents as compared with the percentages of like
constituents in high speed steels of normal com-

28 position are incorporated in the prepared molten

mass of alloy and in which the subdivided metal
in solid state is subjected to a heat treatment
cohsisting of heating  and quenching to enhance
the brittleness of the material prior to the step.

80 of meckanical disintegration.

8. Process according to claim 5 in which ab-
normally high percentages of alloying constitu-
ents as compared with the percentages of like
constituents in high speed steels of normal com-

38 position are incorporated in the prepared molten

mass of alloy, and in which the decarburizing
step is terminated before the carbon content of
the material is reduced-to a .value normal for

. usual high speed steels.

9. Process of producing a tool or die of high
speed steel which comprises preparing a molten
mass of ferrous metal alloy containing alloying
constituents characteristic of high speed steels
but having a carbon content of from approxi-

45 mately 1.5% to approximately 3.0%, subdividing

said alloy while in molften state, mechanically
disintegrating the subdivided material in solid
state, decarburizing the material in solid state to
reduce the carbon content thereof to from ap-
proxmately 0.5% to -approximately 0.8% and
forming the desired tool or die to approximately
finally desired conflguration by subjecting the
mechanically disintegrated and decarburized ma-
terial to powder metallurgy coperations involving
heat and pressure.

10. Process of producing a tool or die of high
speed steel having substantially unforgeable phys-
ical properties which comprises preparing a mol-
ten mass of ferrous metal alloy containing carbon

80 and alloying constituents characteristic of high

speed steels in abnormally bigh amounts as com-
pared with the amounts charsacteristic of usual
high cpeed steels, subdividing said alloy while in
molter state, subjecting the subdivided material

8% in solid state to heat treatment involving heat-

ing and quenching to enhance the brittleness
thereof, mechanically disintegrating in solid state
the subdivided and heat treated material, decar-
burizing the mechanically disintegrated material
to reduce the carbon content thereof to desired
value and thereafter forming the desired too! or
die to approximately desired final configuration
by powder metallurgy operations involving heat

and pressure,
NILS K. G. THOLAND.



