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This invention relates to metallurgy and more particu 
!arly to a method of producing dispersion-strengthened 
ultra-fine wires by extrusion This application is in part 
3 cortiasation of rny copen3ing applications Serial No. 
220,734?filed August 31,1962 and Serial No. 195,623, 
filed May17,1962. 

HeretCfore production of ultrafine wires has been 
achieved by drawing processes whereby the meta or alloy 
is drawn through a hole in a plate or block of harder 
material known as a die This operation converts the 
starting material a rod forexample to anciongated prod 
uct of reduced cross-Section The drawing processis re 
peated using dies with Smaller holes until the desired 
reduction in area and cross-sectionis obtained The wire 
drawing DroceSS?while effective to producc wires is ac 
companied by numerous disadvaritages. For example düe 
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 tha the metal wire pro 
duced tendsto become hard and brittle and often requires 
annealing to permit Still further reduction to Smalier 
sizes or diaraeters. Such drawing processes are relatively 
Slow and add greatly to the cost of the drawn wire For 
example the cost of a Series of dies is quite Harge. 

In the eXtrusion of metals wherein a heated billet suit 
ably confiaed is expressed through a die orifice consider 
able dificulty has been encountered because of the lack 
of control of such factors as the speed of extrusion the 
temperature of eXtrusion the eXtrusion ratio and the ex 
trusion pressure and flow stress While various extrusion 
?rocesses have been Successfülly practiced in producing 
eXtruded products of relatively large dimensions such as 
rods tubes and the like attempts to apply such known 
extrusion practice to the production ofultrafine wires have 
motbeengenera?y Successfül Cor:Seq:ently ao cchrique 
or method has been devised for obtaining dispersion 
Strengthened ultrafine wires by extrusion. 
With respectto pick-up on the innersurface of the bilet 

container?when the billet materialis 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 Substantially nonreactive with the extrusion 
material;thatis the eXtrusion materialwill notweld ailoy 
or react with the treated Surface The oxidizing carbo 
nitriding or nitriding of the billet container may be car 
ried out by methods well known by those Skiied in the 
art Heating member12 containing heating coils 14 Sur 
irounds the eXtrusion container l{} and heats the extrusion 
material 15 by radiation to the desired initial tempera 
ture Extendinginto the extrusion containeris a ram 18 
which is Supported on Suitable columns 2? The extru 
sion container 19 is Supported on die holder 22 and is 
provided with a shearing-edged flat diamond die 23 and 
die backup adapter ring 25 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 23. The ram 13 is advanced 
against the eXtrusion naterial by nlechanical or hydraulic 
means notshown to express the billet material throughthe 
die 24, and extrude the ultrafine wire 33. The extruded 
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wire is preferably coilected on an automaticaily driven 
Spool not Shown Appropriate means (not shown) may 
be employed for maintaining a nonoxidizinginert atmos 
phere within or about the extrusion chamber as those 
skilled in the art will readily understand. 
A principal object of the presentinventionisto provide 

a process of producing dispersion Strengthened ultrafine 
wires by extrusion. 
Another object of the present invention is to provide 

extruded dispersion-strengthened or hardenedwires having 
diamcters of less than about10 mils (.01 inch). 
A further object of the presentinvention is to provide 

a dispersion-Strengthened ultrafine wire extrusion process 
whichis efective in producing a more economic product 
than heretofore possible. 

Other objects of the invention willin part be obvious 
and wiHin part appear hereinafter. 
The invention accordingly compriscs the product pos 

SeSSing the features properties and the relation of com 
porients and the process imvolving the Several steps and 
the relation and order of one or more of Such steps with 
respect to each of the others which are exemplified in the 
folowing detailed disclosure and the Scope of the applica 
tion of which willbeindicatedin the clainas, * 
For a fuller understanding of the nature and objects of 

the invention reference should be had to the fo?owing 
detailed description taken in Connection with the accom 
panying drawing which is a diagrammatic?fragnentary 
Sectional view of an extrusion apparatus for practicing 
the presentinvention. 

?n accordance with the present invention an intimat3 
mixture of a matrix metal and a dispersion strengtheaing 
materia1 is introduced into an eXtrtision billet container 
and then heated to an initial temperature at which the 
compressive flow stress of the matrix metal is aboat 
10-25 percent of the room temperatüre Value By coin 
pressive flow Stress is ineant the Value of Strain or Corn 
pression required to cause plastic deformation The 
heated mixis then expressed through the die opening at 
a suficientrate to further heat the mix by internal friction 
of deformation to atemperature whichis in excess of the 
initial temperatüre and below the Solidus temperature of 
the matrix metal The term “solidus temperature." aS 
usedin the specification and claims?is intended to incltid2 
inits scope the melting point of the matrix metais or he 
temperature of appearance of the first liquid for a matrix 
alloy when the matrix alloy is Slowly heated Im this 
manner an ultrafine dispersion StrengtheRed wire is pro 
duced Preferably the extrusion is carried out under a 
non-oxidizing atmosphere For example the extrusion 
maybe carried outunder an atmOSphere ofinert gas Such 
aS argOr1. 

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 
metal and dispersion material The powder mix is then 
extruded to form a dispersion strengthened ultrafine wire. 
In this embodiment the matrix raetal 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 ofinciusions must be less than 20 percent and pref 
erably less than 10 percent of the wire diameter?itis to 
be understood thatitis preferable that the metal powder 
be free of inclusions Fürther?where the metal to be 
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extrudedis an alloy powder the alloy poweris prepared 
Cr treated to provide an alloy power having a particle 
size of the second phase orintermetallic harder constitu 
ents of less than 20 percent of the productwire diameter. 

In this embodiment of the invention the dispersion 
material can be prepared by the same methods as de 
Scribed for the preparation of the matrix metal powder. 
As dispersion materials powders of metals metallic com 
pounds?alloys oxides carbides and nitrides?forexample, 
are Suitable The principal requirements ofthe dispersion 
powders are that they have a particle size of less than 
20 percent and preferably Hess than 10 percent of the 
wire diameter to permit extrusion of the ultrafine wire, 
that they have a low orzero solubility with respect to 
the matrix metal and that they have a higher hot hard 
ness orstrength 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 powderto form a thin skin or surface layer of the 
dispersion material on the metal powder Inthis embodi 
ment of the invention the surface of the metal powderis 
Coated plated oxidized carburized or nitrided for ex 
ample to provide a thin layer ofthe dispersion compound 
on the powder particles. The coating plating oxidizing, 
carburizing and nitriding can be carried out by methods 
wel1 known by those skilled in the art In accordance 
with this embodiment the layer or coating of the dis 
persion material on the metal poweris broken during the 
extrusion so that the metal powder becomes the continu- 3 
Ous metal matrix and the dispersion coating or skin be 
comes the dispersed phase. 
With respectto the particle size of the dispersion mate 

rial fine powder particles are preferred to coarse powder 
particles, iner powder partickes provide more homo 
geneous mixtures with uniform spacing of the dispersed 
materialin the matrix metal Additionally finer powder 
particles provide smallerinterparticle spacing between the 
dispersed phase particles which for example impede de 
formation on working In this manner greater strength 
is achievedin the extruded ultrafine wire Preferably the 
dispersed phase particle sizeis on the order of.1 micron 
to.001 micron and preferably less than.05 micron It 
is to be understood that the inventionis notto be limited 
to the size of the particles forthe 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 whichillus 
trates a diagrammatic?fragmentary sectional view of a 
direct vertical extrusion apparatus of the type used in 
practicing the presentinvention In the drawing10 rep 
resents the billet or extrusion container having a ?? inch 
inner diameter bore The inner surface of the extrusion 
container10 is oxidized nitrided or carbonitrided to pro 
Vide a layer H whichis nonreactive to extrusion material 
15 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 ultrafine wire to be extruded. By 
theterm“hard particle"as usedin 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 presentin certain alloys. 

In one preferred embodiment of the presentinvention, 
the non-intentional hard particle inclusions are removed 
by Zone melting techniques which are familiarto those 
skilledin the art Inthis embodiment ofthe invention the 
?metal to be extruded or the metals which form the alloy 
to be extruded are zone melted to remove inclusions 
havinga particle sizein excess of 20percent of the diam 
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eter of the ultrafine wire Preferably the Zone meltingis 
carried out in vacuum orin a clean atmosphere of inert? 
gas Such asargon orunder a suitable flux. 

In another preferred embodiment of this aspect of the 
invention the inclusionsin 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 outin vacuum ora clean atmosphere ofinert 
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 ofintermetallic 

particles may be reduced by rapidly coolingthe alloyfrom 
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 into a 
container of distilled water In this maner the molten 
alloy is rapidly cooled and formedinto shotin 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 uponintroduction into the water 
are rapidly cooled and formedinto shot Preferably the 
heatingand pouringis carried outunder clean atmosphere 
of a non-reactive inertgas 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 orgraphite 
to rapidly cool the molten alloy Preferably the moldis 
cooled by a coolant Such as water although other cooling 
imedia 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 presentinvention one of the in 
1portant 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 continuous uniform extrusion ofultrafine wirc. 
It has been determined that once the particular matrix 
metal to be eXtruded has been heated to the initial tem 
perature the temperature to which the meta1 will be 
raised during the eXtrusion due to the heat of defornia 
tion will be controlled by the extrusion rate and hence 
the ram speed. 
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.ture interval for extrusion. 

One important aspect of the present invention is that 
the billet material be extruded through a Sharp orshear 
ing-edged orifice in a die having a flat Surface adjacent 
the billet material: thatis 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 thistype of die the extrusion can be carried out 
at lower pressures which permit higher extrusion ratcs 
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 propertempera 

Additionally the extrusion 
can be carried out without exceeding the limiting StreSSes 
for the extrusion tools. With respect to the ram Speed 
itis to be understood that for a given extrusion rate the 
ramspeedwillvary with the extrusion ratio. - 
The invention will now be described by way of the fol 

1owing non-limiting examples: - 

Exanaple I 

In this example the extrusion material consisted of 
commercial atomized aluminum metal powder having a 
Barticle size of about 20 microns. The aluminum metal 
powderwas free of hard particles and had an aluminum 
oxide coating of 5-10 percent by weight 45 grams of 




