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This invention relates to metallurgy and more particu-
larly to a method of producing dispersion-strengthensd
ulira-fine wires by exirusion. This application is in part
a continuation of my comeading applications Ssrial Mo,
220,734, filed Augnst 31,1962 and Serial No. 195,623,
filed May 17,1962,

Heretofore production of ulirafine wires has been
achieved by drawing processes whereby the metal or alloy
is drawn through a hole in a plate or block of harde
material known as a die. This operation comveris the
starting material, a rod, for example, to an elongated prod-
uct of reduced cross-section. The drawing process is re-
peated using dies with smailer holes until the desired
reduction in area and cross-ssction is obtained. The wire
drawing process, while effective to produce wires, is ac-
companied by numerous disadvantages. For example, due
to the work hardening which takes place during cold draw-
ing the ductility of the metal wire decreases and tensile
strength increases with the result that the metal wire pro-
duced tends fo become hard and britile and often requires
annealing to permit still further reduction to smaller
sizes or diameters. Such drawing processes are relatively
slow and add greatly to the cost of the drawn wire. For
example, the cost of a series of diss is guite large.

In the extrusion of metals wherein a heated billet, snit-
ably confined, is expressed through a die orifice, consider-
able difficulty has been encountered becanse of the lack
of control of such factors as the speed of extrusion, the
temperature of extrusion, the extrusion ratic, and the ex-
trusion pressure and flow stress. While various extrusion
processes have been successfully practiced in producing
exiruded products of relatively larse dimensions such as
rods, tubes, and the like, attempts to apply such known
extrusion practice to the production of ultrafine wires have
niot been generally successful. Conseguently, no fechaigue
or method has been devised for obtaining dispersion
strengthened ultrafine wires by exirusion.

With respect to pick-up on the inner surface of the biilet
container, when the billet material is held and extruded
from a billet container having an oxidized, nitrided or
carbonitrided inner surface adjacent the billet material,
pick-up on the billet container surface is eliminated. The
oxidized-nitrided or carbonitrided surface provides a sur-
face which is substantiaily nonreactive with the extrusion
material; that is, the extrusion material will not weld, ailoy
or react with the ireated surface. The oxidizing, carbo-
nitriding or nitriding of the billet coniainer may be car-
ried out by metheds well known by those skilied in the
art. Heating member 12 containing heating coils 14 sur-
rounds the extrusion container 19 and heats the extrusion
material 16 by radiation to the desired initial tempera-
ture. Extending into the exirusicn container is a ram 18
which is supported on suitable columns 28. The extru-
sion container 19 is supported on die holder 22 and is
provided with a shearing-edged fiat diamond dis 24 and
die backup adapter ring 28. Pick-up on the die bearing
surface is greatly reduced or eliminated when the metal
is expressed through a diamond die.

Positioned between the ram and the extrusion material
is a suitable closure disc 28. The ram 18 is advanced
against the extrusion material by mechanical or hydraulic
means not shown to express the billet material through the
die 24, and extrude the ultrafine wire 38. The extruded
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wire is preferably collected on an automatically driven
spool not shown. Appropriate means (not shown) may
be empioyed for maintaining a nonoxidizing inert atmos-
phere within or about the extrusion chamber as those
skilled in the art will readily understand.

A principal object of the present invention is to provide
a process of producing dispersion strengthensd ultrafine
wires by extrusion.

Another object of the present invention is to provide
extruded dispersion-strengthened or hardened wires having
diameters of less than about 10 mils (.01 inck).

A Turther object of the present invention is to provide
a dispersion-strengthened ultrafine wire exirusion process
which is effective in producing a more economic product
than heretofore possible.

Other objects of the invention will in part be obvicus
and will in part appear hereinafter.

The invention accordingly comprises the product pos-

essing the features, properties and the relation of com-
ponents and the process involving the several steps and
the relation and ordsr of one or more of such steps with
respect to each of the others which are exemplified in the
following detailed disclosure and the scope of the applica-
tion of which will be indicated in the claims. .

For a fuller understanding of the nature and objscts of
the invention reference should be had tc the following
detailed description taken in connection with the accom-
panying drawing which is a diagrammatic, fragmentary
sectional view of an extrusion apparatus for practicing
the present invention.

In accordance with the present invention an intimate
mixture of a matrix metal and a dispersion strengthening
material is introduced into an extrusion billet container
and then heated to an initial temperatare at which the

5 compressive flow stress of the matrix metal is about

10-25 percent of the room temperature value. By com-
pressive flow stress is meant the value of strain or com-
pression required to cause plastic deformation. The
heated mix is then expressed through the die opening at
a sufficient rate to further heat the mix by internal friction
of deformation to a temperature which is in excess of the
initial temperature and below the solidus temperature of
the matrix metal. The term “solidus temperature,” 25
used in the specification and claims, is intended to include
in its scope the melting point of the matriz metals or the
teniperature of appearance of the first liguid for a matrix
alloy when the matrix alloy is slowly heatsd. In this
manner an uvltrafine dispersion strengthened wire is pro-
duced. Preferably the extrusion is carried ount under a
non-oxidizing atmosphere. For example, the extrusion
may be carried out under an atmosphere of inert gas such
as argoiL.

In one preferred embodiment of the present invention
the intimate mixture of the matrix metal and the disper-
sion material is prepared by blending powders of the

etal and dispersion material. The powder mix is then
extruded to form a dispersion strengthened ulirafine wire.
In this embodiment the matrix metal powder can be pre~
pared for example by such methods as atomization, com-
minution, and vapor condensation. In one preferred em-
bodiment of the present invention the metal powder is
prepared in accordance with U.S. Patent 3,049,421 to
L. R. Allen et al. The principal requirements of the
matrix metal powder is that the metal powder be free
of inclusions such as graphite, carbides, oxides and dirt
having a particle size in excess of 20 percent of the diam-
eter of the wire to be extruded. Although the particle
size of inclusions must be less than 20 percent, and pref-
erably less than 10 percent, of the wire diameter, it is to
be understood that it is preferable that the metal powder
be free of inclusions. Further, where the metal to be
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-extruded is an alloy powder, the alloy power is prepared

or treated to provide an alloy power having a particle
size of the second phase or intermetallic harder constitu-
ents of less than 20 percent of the product wire diameter.

In this embodiment of the invention, the dispersion
material can be prepared by the same methods as de-
scribed for the prepardtion of the matrix metal powder.
As dispersion materials, powders of metals, metallic com-
pounds, alloys, oxides, carbides and nitrides, for example,
are suitable.. The principal requirements of the dispersion
powders are that they have a particle size of less than
20 percent, and preferably less than 10 percent, of the
wire diameter to permit extrusion of the ultrafine wire,
that they have a low or zero solubility with respect to
the matrix metal and that they have a higher hot hard-
ness or strength than the matrix metal.

In another preferred embodiment of the present in-
vention, the intimate mixture of matrix metal and the
dispersion ‘material is provided by treating the matrix
metal powder to form a thin skin or surface layer of the
dispersion material on the metal powder. In this embodi-
ment of the invention, the surface of the metal powder is
coated, plated, oxidized, carburized, or nitrided, for ex-
ample, to provide a thin layer of the dispersion compound
on the powder particles. The coating, plating, oxidizing,
carburizing and nitriding can be carried out by methods
well known by those skilled in the art. In accordance
with this embodiment, the layer or coating of the dis-
_persion material on the metal power is broken during the

extrusion so that the metal powder becomes the continu- 2

ous metal matrix and the dispersion coating or skin be-
comes the dispersed phase.

With respect to the particle size of the dispersion mate-
rial, fine powder particles are preferred to coarse powder
particles. Finer powder particles provide more homo-
geneous mixtures with uniform spacing of the dispersed
material in the mairix metal. Additionally finer powder
particles provide smaller interparticle spacing between the
dispersed phase particles which, for example, impede de-
formation on working. In this manner greater strength
is achieved in the extruded ultrafine wire. Preferably the
dispersed phase particle size is on the order of .1 micron
to .001 micron and preferably less than .05 micron. It
is to be understood that the invention is not to be limited
to the size of the particles for the matrix metal and that
a particle size may be selected, depending on the degree
of strengthening desired in the extruded wire and the
extrusion ratio, since a larger particle requires a larger
extrusion ratio to give a wire of equivalent strength.

Reference will now be made to the drawing which iltus-
trates a diagrammatic, fragmentary, sectional view of a
direct vertical extrusion apparatus of the type used in
practicing the present invention. In the drawing 16 rep-
resents the billet or extrusion container having a ¥4 inch
inner diameter bore. ‘'The inner surface of the extrusion
container 10 is oxidized, nitrided or carbonitrided to pro-
vide a layer 11 which is nonreactive to extrusion material
16 which is shown as a powder mix.

As discussed hereinbefore, in order to obtain uniform
continuous extrusion of ultrafine wire, the matrix metal
powder to be extruded must be free of hard particles in

“excess of 20 percent; and preferably less than 10 percent

of the diameter of ulirafine wire to be extruded. By
‘the term “hard particle” as used in the specification and
“claims is meant inclusions such .as graphite, carbides,
oxides, dirt -and other foreign impurities and/or inter-
metallic particles such as intermetallic compounds or
hard second phases which are present in certain alloys.

In one preferred embodiment of the present invention,
the non-intentional hard particle inclusions are removed
by zone melting techniques which are familiar to those
skilled in the art. In this embodiment of the invention the

-metal to be extruded or the metals which form the alloy
to be extruded are zone melted to remove inclusions
“having a particle size in excess of 20 percent of the diam-
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ture interval for extrusion.

eter of the ultrafine wire. Preferably the zone melting is
carried out in vacuum or in a clean atmosphere of inert:
gas such as argon or under a suitable flux.

In another preferred embodiment of this aspect of the
invention, the inclusions in the matrix metal are removed
by filtration techniques. In this embodiment of the in-
vention the heated molten metal is passed through a
ceramic or stainless steel sieve of suitable mesh orifice
size to filter out the inclusions. Preferably the filtration
is carried out in vacuum or a clean atmosphere of inert
gas.

The matrix metal free of hard particles is then com-
minuted to powder under non-contaminating conditions.

With respect to alloys the particle size of intermetallic
particles may be reduced by rapidly cooling the alloy from
a molten condition.. In one preferred embodiment of
the present invention the molten alloy is poured in a
stream through a stainless steel or ceramic screen info a
container of distilled water. In this maner the molten
alloy is rapidly cooled and formed into shot in which the
intermetallic particle size is reduced to less than about
5 microns. The screen serves to form equal streams of
the molten alloy which upon introduction into the water
are rapidly cooled and formed into shot. - Preferably the
heating and pouring is carried out under clean atmosphere
of a non-reactive inert gas such as argon or nitrogen.

In another preferred embodiment of this aspect of the
invention the alloy is heated and the molten alloy poured
into a heavy walled chill mold such as copper or graphite
to rapidly cool the molien alloy. Preferably the mold is
cooled by a coolant such as water although other cooling
media may be employed. The heating, pouring and cast-
ing is preferably carried out under vacuum. In this
manner, the intermetallic particle size of less than about
2-5 microns can be achieved.. The casting is then com-
minuted to the desired particle size under non-contaminat-
ing conditions.

In accordance with the present inveation one of the im-
portant features is that of maintaining the temperature
of the matrix metal being extruded within the above-
mentioned temperature interval: that is, between the
initial temperature and the solidus temperature in order
to obtain continucus uniform extrusion of ultrafine wire.
It has been determined that once the particular matrix
metal {0 bs extruded has been heated to the initial tem-
perature the temperature to which the metal will be
raised during the extrusion due to the heat of deforma-
tion will be controlled by the extrusion rate and hence

_the ram speed.

One important aspect of the present invention is that
the billet material be extruded through a sharp or shear-
ing-edged orifice in a die having a flat surface adjacent
the billet material; that is to say the surface of the die
against which the billet material is placed should not
have any coning or tapering lead-in surface or rounded
edge to the die orifice. By extruding the billet material
through this type of die the extrusion can be carried out
at lower pressures which permit higher extrusion rates
of the wire.  Thus the internal frictional heating of the
billet material at the point of maximum deformation can
be sufficiently controlied to maintain the proper tempera-
Additionally the extrusion
can be carried out without exceeding the limiting stresses
for the extrusion tools. With respect to the ram speed
it is.to be understood that for a given extrusion rate the
ram speed will vary with the extrusion ratio. -

The invention will now be des“rxbvd by way of the fol-
lowing non-limiting examples :

Example 1

In this example the extrusion material consisted of
commercial atomized aluminum metal powder having a
particle size of about 20 microns. The aluminum metal
powder was free of hard particles and had an aluminum
oxide coating of 5—10 percent by weight. 45 grams of
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the oxide coated aluminum powder was then placed in
the ¥4 inch diameter extrusion container and heated to
a temperature of 455° C. At this temperature the com-
pressive flow stress of the matrix aluminum metal par-
ticles is about 20 percent of the room temperature valie.
The extrusion mixture was then expressed through a
diamond die having an orifice of 0.003 inch diameter at
extrusion rates of 100 feet per minute of 0.003 inch wire.
The bulk temperature of the extrusicn was maintained
below about 550° C. Above 550° C. the extrusion in-
terrupts itself by splitting molten aluminum at ram speeds
as low as 0.1 inch per minute. The 6.003 inch diamster
wire produced was uniform and was tested for tensile
strength. The tensile strength of the wire was 33,500
Ibs./sq. inch. This tensile strength comparss favorably
with alumionm wire having a larger diameter and pre-
pared by normal methods.

Example 2

In this example the aluminum oxide coated aluminum
metal powder of Example 1 was further oxidized by steam
treatment at 200° C. to produce a layer of aluminum
oxide of about 10-15 percent aluminum oxide by weight.
45 grams of the oxide coated aluminum particles were
introduced into the 14 inch diameter extrusion container
and heated to a temperature of 5006° C. At this tem-
perature the compressive flow stress of the matrix alumi-
num metal particles is about 12 percent of the room tem-
perature value. The extrusion mixture was then ex-
pressed through a diamond die having an orifice of .003
inch diameter at extrusion rates of 100 feet per minute
of 0.003 inch wire. The temperature of the extrusion
was maintained below about 55¢° C. The 0.003 inch
diameter wire produced was uniform and was tested for
tensile strength. The tensile strength of the wire was
46,250 1bs./sq. inch. This tensile strength compares
favorably with aluminum wire of larger diameter pre-
pared by normal methods.

While preferred embodiments of the invention as prac-
ticed with respect to aluminum as the matrix metal have
been described in the foregoing examples, the table set
forth below is exemplary of the invention as applied to
other matrix metals. Included in the table is Example 1.

Matrix Metal Extrusion Tem- Initial Temperature
perature Interval C)
Gy
Al 400-550 445
Bl e 225-265 248
Cd 200-300 265
In 25-140 100
Mg 300-500 320
Sn 140-210 145
7+ S, 250-400 370
g+ 200-310 210

Since certain changes may be made in the above prod-
ucts and process without departing from the scope of the
invention herein involved, it is intended that all matier
contained in the above description, or shown in the ac-
companying drawings, shall be interpreted as illustrative
and not in a limiting sense.

What is claimed is:

1. The process of producing dispersion hardened ultra-
fine metal wire having a diameter of less than about 0.01
inch comprising forming a powder of matrix metal hav-
ing hard particle sizes of less than 20 percent of said wire
diameter, intimately mixing a dispersion hardening mate-
rial having a particle size of less than 20 percent of said
wire diameter with said matrix metal, introducing said
mixture into a billet container, heating said mixture to
an initial temperature at which the compressive flow
stress of said matrix metal is about 10-25 percent of the
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room temperature value, expressing said mixture through
a shearing-edged opening in a substantialiy flat die sur-
face at a sufficient extrusion rate to further heat said
mixture to a temperature which is in excess of said initial
temperature and below the solidus temperature of said
matrix metal to thereby form a dispersion hardened ex-
truded wire.

2. The process of claim I wherein an aluminom matrix
is extruded at a temperature between about 400° C. and
559° C.

3. The process of claim 1 wherein a bismuth matrix
metal is extruded at a temperature between 225° C. and
255° C,

4. The process of claim 1 wherein a cadmium matrix
metal is extruded at a temperature between about 200°
C. and 300° C.

5. The process of claim 1 wherein an indium matrix
metal is extruded at a temperature between about 25° C.
and 140° C.

6. The process of claim 1 wherein a magnesinm matrix
metal is extruded at a temperature of between about 300°
C. and 500° C.

7. The process of claim 1 wherein a zinc matrix metal
is extruded at a temperature between about 250° C. and
400° C.

8. The process of claim 1 wherein a lead matrix metal
is extroded ‘at a temperature between about 206° C. and
3106° C.

9. The process of producing dispersion hardened ultra-
fine metal wire having a diameter of less than sbout .01
inch comprising forming a powder of a matrix metal
having hard particle sizes of less than 20 percent of said
wire diameter, treating said matrix metal powder to form
thereon a thin layer of a dispersion hardening material
selected from the group coamsisting of metals, metallic
compounds, alloys, oxides, carbides, and nitrides, insolu-
ble in said matrix metal, introducing said treated matrix
metal into an extrusion container, heating said treated
matrix metal to an initial temperature at which the com-
pressor flow stress of said matrix metal is about 10-25
percent of the room temperature value, expressing said
mixture through a shearing-edged opening in a substan-
tially flat die surface at a sufficient extrusion rate to fur-
ther heat said matrix metal to a terperature which is in
excess of said initial temperature and below the solidus
temperature of said matrix metal to thereby form a dis-
persion hardened extruded wire.
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