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[5 7] ABSTRACT 

Low viscosity melts, notably metals and their alloys, are spun 
for extended periods, with attenuation and with induced 
velocity pro?le relaxation by spinning the molten materials at 
appropriate velocities ?rst into a ?owing inert gas and then 
into a film stabilizing gas. The inert gas zone is provided by a 
“gas plate" having an ori?ce aligned essentially coaxially with 
and beneath the extrusion ori?ce to provide an inert gas flow 
between the ori?ce plate and the gas plate. 

3 Claims, 4 Drawing Figures 
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METHOD AND APPARATUS FOR IMPROVED 
EXTRUSION 0F ESSENTIALLY INVISCED JETS 

FIELD OF THE INVENTION 
This invention relates to improvements in the formation of 

?bers and ?laments by melt extrusion of essentially inviscid 
jets. 
More particularly, the invention relates to the formation of 

?bers and ?laments of materials which are essentially inviscid 
in the melt by extrusion of the molten essentially inviscid 
materials into atmospheres which stabilize the nascent molten 
?ber or filament prior to breakup caused by surface tension 
pending solidi?cation. 

BACKGROUND OF THE lNVENTlON 

Film stabilization of inviscid jets has been recognized 
recently as a practical means for forming ?laments and ?bers 
from materials which exhibit extremely low viscosities in the 
liquid or molten phase. Thus, where materials such as metals, 
metal alloys and ceramics exhibit viscosities in the molten 
phase of less than about 10 poises and more commonly only a 
fraction of a poise, the surface tension of such a free molten 
?lamentary stream is so great in relation to its viscosity that 
the stream tends to breakup into small spheres or shot before 
it can be solidi?ed by cooling or quenching by practical 
means. It has been discovered that the length of the molten in 
viscid stream or jet, or the time in which such a jet exists as a 
continuous stream prior to breakup due to its surface tension 
when extruded at appropriate velocities can be considerably 
increased by extruding the inviscid jet into an atmosphere 
which upon contact with the nascent molten jet forms a thin 
?lm on the surface of the molten jet. The stabilizing ?lm must, 
of course, be rapidly formed, be a solid or at least have a 
viscosity substantially greater than that of the molten jet and 
the ?lm should be substantially insoluble in the molten jet 
under the conditions so that substantial, and desirably 
complete, continuity of the ?lm is achieved and maintained. 
The means for ?lm stabilizing inviscid jets are known and are 
varied as are the materials which may be stabilized. For exam 
ple. the molten inviscid jet may be extruded into atmospheres 
which readily react with the surface of the molten jet to form a 
?lm or. the jet may be extruded into atmospheres which 
decompose upon contact with the molten jet to form ?lms. 
Thus, a molten aluminum jet extruded into air is stabilized by 
the rapid formation of a ?lm of aluminum oxide, which ?lm is 
a solid at the optimum extrusion temperature and which ?lm is 
substantially insoluble in the molten jet. Aluminum oxide jets, 
on the other hand, may be extruded into hydrocarbon at 
mospheres, such as propane, which upon contact with the hot 
ceramic jet decompose leaving a stabilizing carbon ?lm on the 
jet. In a special case Alber et al. have noted in US. Pat. No. 
3,216,076 that the oxides of certain metals, such as iron, silver 
and gold, are soluble in their respective metallic melts to the 
extent that they do not serve to form stabilizing ?lms. Alber et 
al. suggest, therefore, that ?laments can be formed from such 
materials by the ?lm stabilized melt spinning technique by ex 
truding alloys of such metals with compatible metals whose 
oxides are substantially insoluble in the molten jet. Thus, the 
jet of a ferrous alloy containing a small amount of a metal, 
such as aluminum, the oxide of which is insoluble in the jet can 
be effectively stabilized against surface tension promoted 
breakup, pending solidi?cation by normal or even accelerated 
heat transfer phenomena. 
Beyond the basic ?lm stabilization phenomena, above 

discussed, there has been little or no recognition or resolution 
of the problems encountered by extrusion of molten essen 
tially inviscid materials at extremely high temperatures to 
form shaped articles. The requirements of materials at very 
high temperatures and conditions for forming ?bers and ?la 
ments from essentially inviscid materials in continuous 
processes are manifold and different to the extent that 
techniques known and used in the formation of ?bers and ?la 
ments from viscous melts of glasses and synthetic polymers are 
generally not applicable. 
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2 
it has been noted, for example, that velocity pro?les tend to 

develop across the essentially inviscid jet or stream as it passes 
through the extrusion ori?ce. Upon issue from the ori?ce such 
velocity pro?les then tend to relax or approach plug flow caus 
ing some change in shape of the still molten ?lamentary 
stream and, where a thin stabilizing ?lm forms on the surface 
of the stream as a fragile cylinder about the molten jet prior to 
relaxation of the velocity pro?le, changes in shape of the 
stream due to velocity pro?le relaxation tend to rupture or 
break the ?lm to thereby appreciably or wholly negate its in— 
tended stabilizing function. 
Another problem created by the essentially inviscid nature 

of the molten ?lamentary stream is that the met cannot be at 
tenuated by drawing as in the case of viscous glassy and 
polymeric organic materials. Moreover, if means were 
discovered to effectively elongate the molten jet, the thin sta 
bilizing ?lm would be required to elongate proportionally, 
otherwise it would break thereby nullifying its effectiveness in 
stabilizing the stream. Yet attenuation is important in 
processes for spinning inviscid materials not only because of 
enhanced production capabilities but also because of the dif 
?culty of making true ?ne diameter ori?ces in materials which 
are substantially inert at high temperatures and which ori?ce 
containing materials must be exceedingly strong at high tem 
peratures to withstand extrusion pressure. Thus, where an ori 
?ce having a diameter of 20 mils in an ori?ce plate can be em 
ployed in the preparation of a 4 mil diameter ?lament, for ex 
ample, the cost and ease of ori?ce preparation and ori?ce life 
are greatly improved. 
A further and notable bene?t which would result from 

stream attenuation lies in the greatly reduced pressure 
requirements necessary to cause the molten charge to ?ow 
through the ori?ce at a desirable extrusion velocity. Thus, 
where 1 mil diameter steel ?laments are desired a pressure of 
about 400 p.s.i.g. is required to force the jet through a 1 mil 
diameter ori?ce at a given desirable velocity. Thus, the force 
exerted on the ori?ce is extremely high when considering that 
the thickness of the ori?ce plate would probably be less than 4 
mils at the ori?ce. Where attenuation of the jet can be 
achieved a 1 mil ?ber can be made from a 4 mil ori?ce, for ex 
ample, in which case the pressure required to extrude the 
same mass per unit time as in the case of the 1 mil ori?ce 
would be substantially decreased. 

Still another dif?culty encountered in the ?lm stabilization 
technique for producing metal and ceramic ?bers involves 
stream deviation where the direction of the nascent molten 
stream tends to migrate away from the extrusion axis. This ef 
fect frequently involves undesirable stresses on the essentially 
inviscid liquidous portion of the stream and renders the con 
trol of tension and aerodynamic effects on the stream dif?cult, 
if not impossible. Deviation of the stream is believed to result 
from reaction of the stabilizing atmosphere with the molten jet 
at or within the extrusion ori?ce. 
The use of ?lm stabilization as a technique for stabilization 

of essentially inviscid jets requires extrusion into atmospheres 
which react rapidly with the surface of the molten jet. It has 
been observed that cylindrically shaped extrusion ori?ces are 
frequently “nonful-running.” That is, a vena contracta may 
occur within the ori?ce which provides a passageway for the 
?lm-forming atmosphere to enter the ori?ce. Growths, be 
lieved to be oxides, other reaction products or decomposition 
products of the ?lm-forming atmosphere on the ori?ce plate, 
have been observed within the ori?ce and also as tubelike 
stalactites which grow from the extrusion ori?ce. 
Growths within the ori?ce alter the extrusion ori?ce diame 

ter and frequently cause the jet to veer from the path of the 
axis of the ori?ce. Usually such growths grow to the extent 
that they completely block the ori?ce. No less troublesome 
are the tubelike growths which grow from ‘the ori?ce. Tubes, 
like internal growths, alter the course and diameter of the 
stream and, additionally, they alter the velocity pro?le of the 
stream insofar as a tube effectively changes the aspect ratio of 
the ori?ce. Mere blanketing the ori?ce with an inert gas has 
proved to be ineffective to prevent growths in processes for 
?lm stabilization of inviscid jets. 
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This invention, therefore, is concerned with melt extrusion 
apparatus which result in improvements in the formation of 
?bers and ?laments of materials having very low melt viscosi 
ties. - 

This invention includes among its objectives apparatus for 
inducing velocity pro?le relaxation in a molten inviscid jet 
prior to the formation of stabilizing ?lms. 
Another object of this invention is the provision of ap 

paratus for attenuating an essentially inviscid molten jet prior 
to ?lm stabilization without application of substantial extrane 
ous stresses downstream of the unstabilized liquidous region 
of the stream which extraneous stresses are transmitted to said 
unstabilized liquidous region. 
A further object of this invention involves the substantial in 

hibition of growths within the ori?ce or at the ori?ce exit and 
the consequent reduction of deviation or migration of the mol 
ten stream from the path of the axis of the ori?ce. 

BRIEF SUMMARY OF THE INVENTION 

The above objects of this invention have been accomplished 
by the continuous extrusion of molten essentially inviscid inor 
ganic materials through an ori?ce as a free stream into a zone 
occupied by a ?owing inert, gaseous atmosphere and then into 
a zone occupied by ?lm-forming atmosphere as a continuous 
molten ?lamentary stream or jet. More particularly, the mo] 
ten material is extruded through an ori?ce directly into flow 
ing inert gas occupying a ?rst zone immediately below the ex 
trusion ori?ce which ?st zone communicates with a second 
zone containing a ?lm-forming atmosphere. The inert gas 
zone is connected to a source of inert gas which gas continu 
ously passes through the ?rst zone and ?ows out of the ?rst 
zone through a second ori?ce or “plate throat" which is essen 
tially coaxial with the extrusion ori?ce and which commu 
nicates with the zone containing a ?lm-forming atmosphere. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features of the invention believed to be novel are set 
forth with particularity in the appended claims. The invention 
itself together with further objects and advantages may be best 
understood by reference to the following description taken 
with the accompanying drawings in which: 

FIG. I is a cross-sectional schematical view of a typical as 
sembly for spinning essentially inviscid molten materials; 

FIG. 2 is a cross-sectional schematical view of an ori?ce as 
sembly in accordance with the teachings of the present inven 
tion; 

FIG. 2a is a plan view of the ori?ce assembly of FIG. 2; and 
FIG. 3 is an enlarged view of the ori?ce assembly of FIG. 2. 

DETAILED DESCRIPTION 

FIG. 1 depicts a source of a molten essentially inviscid 
material 1 under positive pressure supplied to an extrusionori 
?ce 2 in a crucible 3. The molten essentially inviscid ?lamen 
tary stream or jet 4 issues from ori?ce 2 in ori?ce plate 10 and 
passes through inert gas zone or gap 5 formed by the parallel 
arrangement of the “gas plate” 6 with the ori?ce plate 10. 
Inert gas may be passed into zone 5 through port 7 shown in 
pedestal II. The inert gas then flows through a passage pro 
vided by the gas plate throat 8, essentially coaxially aligned 
with ori?ce 2, into a second zone containing a ?lm-stabilizing 
atmosphere contained in chamber 9. 

Generally, the formation of ?bers and ?laments by the ?lm 
stabilized inviscid spinning process is applicable to the extru 
sion of jets having diameters of less than about 50 mils. It ap~ 
pears that above about 50 mils sufficient transfer of heat out 
of the molten stream, even though ?lm-stabilized, is dif?cult 
to accomplish as a practical matter to prevent breakup even 
when the jet is extruded into a cooled chamber. Moreover, 
where large diameter jets are extruded it appears that the mo 
mentum of the stream is sut'?cient to remove tubes and other 
ori?ce obstructions above-noted. On the other hand, when 
using the film stabilization technique ?ne diameter ?bers can 
adequately cool prior to breakup at room temperature or 
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4 
greater so that there is no necessity for elaborate cooling 
systems for chilling or attempting to supercool the molten jet. 
In order to provide sufficient jet lengths initially to provide for 
?lm stabilization of the molten ?lamentary shaped jet the 
velocity of extrusion in a given case should be such that the 
Rayleigh parameter, (Ra), a dimensionless quantity, 

lies between 1.5 and 25, where Vis the jet velocity (cm./sec.), 
D is the jet diameter upon issue (cm.), p and 'y the melt density 
(gm/cm?) and surface tension (dynes/cmF), respectively, of ' 
the molten material. Where the velocity is such that the 
Rayleigh parameter falls below about l.5 the jet length may be 
so short that it normally cannot be adequately stabilized prior 
to breakup. Conversely, where the velocity of the molten jet is 
too high breakup can be caused by aerodynamic deceleration. 
As earlier indicated according to this invention the molten 

essentially inviscid jet is extruded directly into a ?owing inert 
gaseous atmosphere which is supplied to the zone between the 
ori?ce plate and the gas plate through the passage provided by 
the gas plate ori?ce or throat and into the ?lm-stabilizing at 
mosphere where a stabilizing ?lm is formed and the molten 
stream is solidi?ed by cooling prior to breakup. The nature of 
the inert gas does not appear to be critical as long as the gas in 
inert to the extruded materials, the ori?ce plate and other 
parts of the extrusion apparatus. Helium and argon have been 
successfully employed and they may contain other ingredients 
which would inhibit growths in the inert gas zone without at 
tacking the molten jet or the extrusion apparatus. In dealing 
with inert gases from commercial sources it is usually necessa 
ry to treat the gas to remove minor impurities, such as oxygen, 
which, even in quantities as high as one part per million 
become quite reactive with the met or parts of the extrusion 
apparatus at highly elevated temperatures. Thus, the term, 
“inert gas," is intended to connote gases having constituents 
reactive at extrusion temperatures with the molten jet or ap 
paratus in concentrations of less than about one part per mil 
lion. 
A principal requirement of this invention is that the inert 

gas velocity in the gas plate throat lies above a minimum value 
and that the upper velocity of the gas be such that it does not 
cause the unstabilized melt to break up into shot. This velocity 
can readily be regulated by the amount of gas supplied to the 
inert gas zone in relation to the diameter of the gas plate 
throat. 
The successful operation of this invention requires that the 

velocity of the gas through the throat of the gas plate be main 
tained above a certain minimum for any given system to 
preclude diffusion of the ?lm-forming gas into the inert gas 
zone. As a practical matter the gas flow may be measured by a 
rotameter placed between the inert gas source and gas plate. 
Thus, the volume ?ow rate or the quantity per unit time of 
inert gas supplied to the gas plate, 0, measured on the rotame 
ter or other suitable device at 25° C. must be at least the value 

wherein K., (“Kf‘”) is at least 8 and preferably 12, T is the 
temperature of the gas passing through the gas plate (°K.), X 
(cm.) is the distance from the extrusion ori?ce to the second 
zone, normally the length traversed by the jet in the gap plus 
the length of the gas plate throat, AT is the minimum cross-sec 
tional area (cm?) of the plate throat, A0 is the molten jet 
cross-sectional area (cm?) passing through the throat and Dx 
is the diffusivity (cc/sec.) of a ?lm-forming gas through an 
inert gas in the system. While spinning runs of substantial 
periods without stream deviation and blockage can be per 
formed where K. is 8,.values of K. of at least 12 are normally 
required where continuous spinning runs are desirable. 
The upper limit for the amount of inert gas passed through 

the plate is simply that amount which causes disruption and 
formation of powder or shot from the nascent inviscid ?la 
mentary stream. 
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Generally speaking the gas entering the chamber becomes 
heated as it passes to a gas distribution ring which may con 
veniently be coaxial with the ori?ce and gas plate throat. The 
gas may be distributed radially or in a direction normal to the 
met suchthat there is substantial symmetry of flow. This flow 
is in large measure self-distributing toward symmetrical flow. 
The inert gas flow within the limits described serves to main 
tain the molten jet in a predetermined path and precludes dif 
fusion of ?lm-forming gases into the ori?ce throat. 
. The process of this invention can, if desired, be employed to 
produce discontinuous ?bers, i.e., those having a signi?cant 
aspect ratio, for example an aspect ratio greater than ?ve, as 
opposed to either shot or continuous lengths. Thus, it has been 
observed that as the inert gas velocity is increased beyond the 
velocities which can result in continuous ?lament formation, 
there is an upper velocity region in a given system where short 
?bers are produced. If the velocity of the gas is increased 
beyond the short ?ber-forming region of the extruded produce 
then becomes a ?ne powder, commonly known as shot. 
H68. 2 and 2A illustrate a typical gas plate 6 from vertical 

cross section and top elevation, respectively, wherein an inert 
gas entering port 7 circulates in gas distribution ring 12, passes 
across land 13 and out of the gas plate throat 8. Other gas dis 
tribution means have been successfully employed and except 
as hereinafter described in greater detail the particular 
geometry of the gas plate has not been found to be a critical 
feature of this invention. 

It has been observed that velocity pro?les which apparently 
develop from shear forces on the jet within the extrusion ori 
?ce are relaxed by passage of the molten unstabilized jet, 
through the gas plate throat. As earlier mentioned velocity 
pro?le relaxation of ?lm stabilized molten inviscid jets 
presents a considerable barrier to the basic nature of ?lm sta 
bilization of inviscid jets insofar as velocity pro?le relaxation 
can effectively destroy stabilizing influence of the ?lm. 
Although velocity pro?les can be reduced from parabolic ?ow 
by resort to short bore or knife-edge ori?ce con?gurations, 
the use of such con?gurations, in turn, causes problems, par 
ticularly in the use of ?ne diameter ori?ces at temperatures 
around 1,0000 Ciand greater, because the pressures necessary 
to extrude the melt from such ori?ces place unusually high 
mechanical stresses on the thin portion of the ori?ce plate. 
Moreover, severe erosion and limited ori?ce life, even in the 
strongest materials, renders the use of short bore or knife edge 
ori?ces uneconomic as a practical matter. According to the 
instant invention relaxation of velocity pro?les can be induced 
after extrusion of the nascent jet and prior to film stabilization 
to thereby accommodate the use of long bore ori?ces (i.e., 
those having an aspect ratio of greater than about 4), thereby, 
in turn, making provision for strong ori?ce plates and reduc 
ing the material requirements for high temperature extrusion. 
The flow gas through the gas plate within the limitations of this 
invention can be regulated for any given ori?ce and extruded 
material to accommodate velocity pro?le relaxation prior to 
?lm stabilization. 

While the invention as above-described can be successfully 
employed to correct stream deviations and relax velocity 
pro?les prior to ?lm stabilization, the process of this invention 
may, additionally and advantageously, be employed to attenu 
ate the nascent jet prior to ?lm stabilization. The term, “at 
tenuation," as herein employed means a reduction in the 
diameter of the met. Reduction in diameter, in turn, results in 
a higher attenuated jet velocity. in the synthetic ?ber and glass 
?ber arts attenuation is classically achieved by stretching the 
?lamentary mass while in a highly viscous condition. How 
ever, when metals and other essentially inviscid inorganic 
melts are extruded from an ori?ce in molten ?lamentary form 
there is a comparatively sharp zone of solidi?cation. Any at 
tempt to substantially stretch the ?lament at or below the zone 
of solidi?cation results in complete disruption of the fragile 
liquidous part of the stream. It has now been discovered that 
through the use of the method and apparatus herein described 
essentially inviscid jets can be attenuated without the applica 
tion of substantial extraneous downstream pull. Thus, accord 
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6 
ing to the instant invention an inviscid jet may be attenuated 
by extrusion of the melt directly into an inert gas and then into 
a ?lm-forming atmosphere under conditions which establish a 
pressure gradient between the extrusion ori?ce and the area 
principally occupied by the ?lm-forming atmosphere. Thus, 
attenuation is achieved where the pressure in the inert gas 
zone is less than the pressure exerted on the melt in the ori?ce 
and greater than the pressure in the ?lm-forming zone beneath 
the inert gas plate. The degree of attenuation may be varied by 
variations in the pressure gradient; the pressure gradient in 
turn being varied by the velocity and density of the inert gas in 
the inert gas zone having a given geometry as hereinafter more 
fully described. While the theory of attenuation of inviscid jets 
by the means herein described is not fully understood, it has 
been found as a practical matter that attenuation results where 
there exists such a pressure gradient. The pressure gradient 
may be determined by simply placing a pressure gauge on the 
extrusion ori?ce in a blank run or by converting reduced mass 
flow resulting from back pressure in pressure units. The 
degree of attenuation can be ascertained by comparison of a 
product extruded from a given ori?ce diameter under normal 
conditions with a wire product extruded from an ori?ce of the 
same diameter through the pressure gradient as above 
de?ned. The bene?ts of the capability to attenuate the jet in 
an inviscid spinning or extrusion operation are many both with 
respect to economic and technical considerations. Thus, steel 
wire having a 3 mil diameter can be produced with attenuation 
by extrusion from a 6 or 9 mil ori?ce, for example. Insofar as 
the pressure required to extrude a unit mass of steel from a 3 
mil ori?ce is far greater than that required to extrude the same 
amount from a 6 or 9 mil ori?ce attenuation results in greatly 
reduced extrusion pressure requirements. Reduced extrusion 
pressure requirements, in turn, reduce the high temperature 
strength requirements of the ori?ce plate. Furthermore, an 
ori?ce having an aspect ratio of ?ve, for example, would be 
only 15 mils thick, whereas, a plate having a 9 mil ori?ce 
would 45 mils thick using the same aspect ratio. Thus, for a 
given rate of production of wire of a given diameter attenuaé 
tion bene?cially results in reduced extrusion pressures along 
with thicker (and therefore stronger) ori?ce plates thereby 
reducing the high temperature strength requirements of ori 
?ce plate construction materials. Additionally, it has been 
found that great savings can be realized through the use of 
larger ori?ces because they are much simpler to fabricate. 
Moreover, tolerances in larger ori?ces are greater than in 
smaller ori?ces. 
From the foregoing discussion it will be readily apparent 

that the use of the gas plate bene?cially provides the artisan 
with a ready means for controlling ?ber diameter. 
The apparatus employed in this invention comprises a ?rst 

plate de?ning an extrusion ori?ce and a second plate de?ning 
a second ori?ce coaxial with said extrusion ori?ce and having 
a diameter at least as large as said extrusion ori?ce, said ?rst 
and second plates de?ning an enclosed chamber, means for 
continuously supplying a molten material first through said ex 
trusion ori?ce into the chamber and means for supplying an 
inert gas into the chamber. 

In a preferred embodiment the apparatus employed in this 
invention comprises a parallel arrangement of a ?rst plate or 
ori?ce plate and second plate or gas plate de?ning a ?rst and a 
second ori?ce, respectively, each ori?ce being essentially 
coaxial with an axis normal to the transverse planes of said 
?rst and second plates, said ?rst and second plates de?ning an 
enclosed chamber, means for supplying an essentially inviscid 
melt for extrusion through said ?rst ori?ce into said chamber ' 
and means for introducing an inert gas into said chamber, said 
second ori?ce having a diameter of less than 30 and preferably 
less than 10 times the diameter of the ?rst ori?ce and a diame 
ter at least that which permits a continuous jet extruded from 
said ?rst ori?ce to pass therethrough, the distance between 
said ?rst and second plates in said chamber along said axis 
being less than one-half the diameter of the said second ori 
?ce, the length of said second ori?ce being less than 100 times 
the ?rst ori?ce diameter. 
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As above-indicated there are practical working relation 
ships in the geometry of the apparatus of the instant invention. 
FIG. 3 is a schematic of a vertical cross section which illus 
trates the relationship of the ori?ce plate 10 to the gas plate 6. 
As earlier set forth the operation of this invention requires 
concommitant molten jet and inert gas flow through the gas 
plate throat. Thus, the minimum diameter 15 of the gas plate 
throat must at least be large enough for the molten ?lamentary 
stream and inert gas to pass through the throat. The diameter 
of the gas plate throat is also limited to the diameter at which 
the inert gas can be made to flow through at the required 
rates. As a practical matter very large diameter plate throats 
are undesirable because the volume of inert gas entering the 
second zone makes if dif?cult to enable contact between the 
?lm stabilizing gas and the molten free stream in the second 
zone. In order to obtain high gas velocities through the gas 
plate throat using reasonable volumes of inert gas its minimum 
diameter 15 should lie below thirty times and preferably below 
10 times the extrusion ori?ce diameter 14. Additionally, the 
gap 16 in the inert gas zone 5 should be less than 15 times the 
ori?ce diameter 14 and preferably less than one~half the 
diameter of the gas plate throat 15. The length of the gas plate 
throat is normally maintained at less than about 100 times and 
preferably less than 50 times the ori?ce diameter. 
While the drawings and discussions herein relate to certain 

preferred and simpli?ed gas plate geometries other arrange 
ments may be employed. For example, plate throat 8 may be 
designed as a truncated cone the theoretical apex of which 
may lie either toward or away from the extrusion ori?ce. 
The combination of the gas plate and ori?ce plate may be 

assembled in a variety of ways. For example the ori?ce plate 
and gas plate may be separate members inserted in a crucible 
baseplate. The assembly may be formed by machining the 
inert gas port, plate gap and plate throat in a crucible 
baseplate and inserting thereon an insert de?ning an extrusion 
ori?ce. Another variation of the assembly comprises machin 
ing the gap in the plate de?ning the extrusion ori?ce and 
?tting a flat plate thereunder de?ning a gas plate throat. Other 
variations are possible and will be- readily apparent to those 
skilled in the art. The materials from which the ori?ce plate 
and the gas plate are constructed should be essentially inert, 
each to the other, under the conditions of the extrusion 
process. They may, of course, by made from the same materi 
al. Moreover, the materials should be selected such that they 
are, desirably inert to the molten material and so far as is prac 
tical, resistant to thermal shock and possess the mechanical 
strength to withstand the stresses to which they are put. For 
example, in the extrusion of metals such as copper and ferrous 
alloys, ceramics such as high density alumina, magnesia, 
thoria, beryllia and zirconia are useful materials for construc 
tion of the apparatus herein described. For high temperature 
extrusion processes using ceramic charges materials such as 
molybdenum and. graphite can be employed. For extrusion 
processes involving lower temperatures, stainless steel assem 
blies have been found to perform well. Other materials and 
combination of materials may be employed within the practice 
of the instant invention. 
The invention is particularly applicable to melt extrusion of 

low viscosity inorganic materials by ?lm stabilization such as 
described hereinbefore which and includes the extrusion of a 
variety of metals and their alloys such as lead, tin, copper, alu~ 
minum, iron and alloys thereof, including stainless steels, car 
bon steels and others. Additionally the process is also applica 
ble to the extrusion of a variety of ceramic compositions and 
metalloids which are essentially inviscid in the molten phase 
and which cannot be extruded by conventional polymer and 
glass extrusion techniques. 
The following examples are provided to illustrate results 

achieved through the use of the process of the invention and 
are not intended to limit the invention. 
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EXAMPLE 1 

A melt spinning apparatus comprising a crucible having an 
extrusion ori?ce and a gas plate situated therebeneath and 
having a gas plate throat coaxial with the extrusion ori?ce was 
employed to spin a lead/tin alloy. The extrusion ori?ce was a 
straight bore ori?ce 4 mils in diameter and 4 mils long. The 
gas plate provided a gap of 7 mils beneath the lower extremity 
of the extrusion ori?ce. The gas plate throat was 13 mils in 
diameter and 7 mils in length. 
The molten lead/tin alloy (62/38 weight %) at 300° C. was 

forced through the extrusion ori?ce by a 20 p.s.i.g. head pres 
sure directly into the gap between the ori?ce and the gas plate 
occupied by ?owing helium gas and then concurrently with 
helium through the plate throat and then into air. The ?ow 
rate of helium was measured at 250 cc./min. and although the 
gas was not preheated its temperature rose to 140° C. through 
contact with the molten stream and elements of the assembly. 
The molten jet remained continuous and did not deviate from 
a straight path over extended periods of continuous spinning. 
With 7 other conditions remaining the same the stream un 
derwent severe deviation resulting in repeated ?ber discon 
tinuities shortly after the helium ?ow rate was reduced. Visual 
examination of the ori?ce after shutdown revealed 
macrogrowths formation at the exit of the extrusion ori?ce in 
dicating that the reduced helium ?ow had not prevented 
growths on the ori?ce. 

EXAMPLE ll 

Example I was repeated except that the temperature of the 
molten alloy in the crucible was increased to 430° C., and the 
diameter of the plate throat was increased to 18 mils. Continu 
ous, undeviated streaming of the molten jet was achieved at a 
helium flow rate of 630 cc./min. and above. 

EXAMPLE [I] 

Example I was repeated using an extrusion ori?ce having a 
diameter of 4 mils and an aspect ratio of 6. The gas plate 
throat had a diameter of 15 mils, a throat length of 20 mils and 
a gap between the extrusion ori?ce and the plate of 15 mils. 
Helium flow rates were incrementally increased as indicated 
in Table l and resulted in corresponding increased jet attenua 
tron. 

TABLE I 

Collected 
He Flow Rate Fiber Diameter 

(cc/ruin.) (mils) 

1344 2.8 
20l6 2.4 
3024 2.0 
4032 1.6 . 

4704 1.5 
5376 [.2 

Neither discontinuities, stream deviations nor ori?ce 
growths were noted to result from the experiments above 
noted when steady flow rates at the indicated levels were 
maintained. 

EXAMPLE lV 

Under a pressure of 40 p.s.i.g. molten commercial grade 
2024 aluminum heated to 730° C. was extruded as a free mol 
ten stream from a 4 mil diameter ori?ce having an aspect ratio 
of 6 into flowing helium and then into air. The gap between 
the gas plate and the extrusion ori?ce was 10 mils. The plate 
throat had a diameter of 18 mils and a length of 20 mils. Heli 
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um ?ow rates of 600 cc./min. resulted in uninterrupted con 
tinuous jets streaming for more than 6 hours. Reduced helium 
?ow rates resulted in the formation of growths at the exit of 
the extrusion ori?ce after relatively short streaming periods. 

EXAMPLE V 

When Example IV was repeated under the same conditions, 
except that the diameter of the plate throat was increased to 
25 mils, the flow rate found necessary to prevent the forma 
tion of growths at the extrusion ori?ce was found to be at least 
about 1,170 cc./min. 

EXAMPLE V1 

Commercial grade 2024 aluminum alloy was spun as a con 
tinuous ?lament from a melt at 720° C. into ?owing helium 
and then into air. The extrusion orifice was 8 mils in diameter 
.and 48 mils in length. The plate de?ning the gas zone was situ 
ated 7.5 mils beneath the ori?ce and provided an ori?ce 18 
mils in diameter and 22.5 mils in length, coaxially aligned with 
the extrusion ori?ce. Table 11 re?ects varying degrees of at 
tenuation of the molten free stream prior to solidi?cation prin 
cipally as a function of varying helium ?ow rates. 

TABLE 11 

Extrusion He Flow Fiber . Diameter 

Pressure Rate Diameter Reduction ('31:) 
(p.s.i.g.) (cc./min.) (mils) 

9 2170 ' 4.31 46.13 

6 1840 4.3 47.5 
6 1850 4.05 49.38 
6 1925 3.86 51.75 
6 2110 3.57 55.38 
6 2150 3.43 57.13 
6 2300 3.25 59.38 
b 2320 2.91 63.62 

in the experiments reported in Table 11 there existed a back 
pressure at the extrusion ori?ce caused by the high velocity 
?ow of helium through the inert gas zone. The existence of the 
back pressure at the extrusion ori?ce results in corresponding 
reduction in the effective overhead extrusion pressure. 

EXAMPLE V11 

Commercial grade 2024 aluminum was spun as a molten 
free stream from an 8 mil diameter ori?ce (aspect ratio of 4) 
into an inert gas zone de?ned by the ori?ce plate and a gas 
plate, through the gas plate throat and into air. The gas plate 
was 7.5 mils beneath the ori?ce plate. The throat was 25 mils 
in diameter and 22.5 mils in length. Several runs were con 
ducted employing extrusion pressures and helium ?ow rates 
indicated in Table 111. 

TABLE 111 

Extrusion He Flow Fiber Diameter Diameter 

Pressure Rate (cc/min.) (mils) Reduction(%) 
(p.s.i.g.) 

10 2935 5.61 29.88 
10 3210 5.42 32.25 
10 3520 5.14 35.75 
9 3210 5.27 < 34.125 
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9 3390 4.9s 33.0 
1 3190 est 39.5 

EXAMPLE V111 

Using an ori?ce having a 4 mil diameter and an aspect ratio 
of 8 in combination with a gas plate having a throat diameter 
of 18 mils and a throat length of 22.5 mils to provide a gap of ' 
7.5 mils, molten 2024 aluminum at 720° C. was extruded as a 
free stream directly into ?owing helium, through the gas plate 
throat and into air under the conditions indicated in Table IV. 

TABLE [V 

Extrusion He Flow Fiber Diameter Diameter 
Pressure Rate (cc.lmin.) (mils) Reduction (%) 
(P-5~i-B-) 

40 2210 2.72 32.0 
39 2700 2.51 37.25 
30 1930 2.65 33.75 
30 1580 2.81 29.75 
30 1260 2.92 27.0 

In the several experiments noted in Example Vll and VIII 
growths were not observed to form at or within the ori?ce 
even after extended periods of extrusion. in each case there 
existed a back pressure at the ori?ce (observed by slightly 
diminished mass flow through the ori?ce) resulting in attenua 
tion of the molten free stream prior to solidi?cation. 

Although relaxation of velocity pro?les caused by spinning 
through an ori?ce having an aspect ration of 8 normally 
results in disruption of the stabilizing ?lm which, in turn, 
results either in stream disruption or ?bers having spaced 
modules, smooth ?bers were produced in the runs reported in 
Example V111 indicating that the ?ow of helium along with the 
molten stream through the gas plate throat induces relaxation 
of velocity pro?les prior to stabilization. 
We claim: 
1. An improved ori?ce assembly for the formation of ?bers 

and ?laments from an essentially inviscid melt by extrusion 
thereof through an ori?ce in an extrusion ori?ce plate as a free 
molten ?lamentary stream in a ?lm-forming atmosphere 
whereby the stream is maintained in ?lamentary form by a 
?lm until solidi?ed, the improvement comprising 

a. a second plate positioned beneath said ori?ce plate and 
having an ori?ce substantially coaxial with said extrusion 
ori?ce, said ori?ce plate and second plate de?ning an en 
closed chamber having a gap distance therebetween in 
the vicinity of said ori?ces less than one-half the diameter 
of said second plate ori?ce, said second plate ori?ce 
further having a length less than 100 times the diameter 
of said extrusion plate ori?ce and a diameter less than 30 
times the diameter of said extrusion plate ori?ce; and 

b. port means communicating with said enclosed chamber 
for providing a predetermined ?ow of inert gas from said 
port means into said second plate ori?ce thereby provid 
ing a blanket of inert gas about the molten stream as it 
passes through said enclosed chamber and said second 
plate ori?ce into the ?lm forming atmosphere. 

2. The assembly of claim 1 wherein the diameter of said 
second ori?ce is less than 10 times the diameter of said ?rst 
ori?ce. 

3. The assembly of claim 1 wherein the length of said 
second ori?ce is less than 50 times the diameter of said ?rst 
ori?ce. 


