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ABSTRACT OF THE DISCLOSURE 
Apparatus and method for producing filamentary ma 

terial by extruding substantially axially through an orifice 
comprising contacting the extruded filament stream down 
stream of the orifice and prior to hardening with a plural 
ity of high velocity gas streams, each moving in a direc 
tion having a major component in the direction of ex 
trusion of the filament strean in a shallow angle of tan 
gential convergence therewith to attenuate the filament 
Stream. 

This application is a continuation-in-part of U.S. appli 
cation Ser. No. 581,075; for William Sherwood Wagner 
and John Drew Roberts; filed Sept. 21, 1966 and now 
abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to the production of filamentary 
materials. It is concerned particularly with novel appara 
tus for spray spinning molten fiber-forming polymers. 

Various proposals have been advanced heretofore in 
connection with integrated systems for forming fibrous 
assemblies, such as non-woven fabrics and the like, di 
rectly from molten fiber-forming materials. In general, 
the proposed systems envisioned an extrusion operation 
followed by collection of the extruded filamentary mate 
rial in the form of a continuous fabric, web or other 
desired fibrous assembly. When details are considered, 
however, the various proposals differed in substantial 
WayS. 
The present invention also is concerned with the direct 

production of filamentary materials. A basic objective of 
the invention is to provide improved methods and appara 
tus for spray spinning molten fiber-forming materials at 
high production rates and without forming shot or ob 
jectionably short fibers which would detract from the 
desirability of the collected fibrous assembly. 

In accordance with an embodiment of the invention, 
spinning nozzle means are provided with an extrusion 
orifice for the fiber-forming material and with a plural 
ity of gas outlet passages spaced apart about the extru 
sion orifice to supply jets of high velocity gas for contact 
ing the extruded filament stream prior to hardening of the 
filament. The directions of the gas jets are such that sub 
stantial drag forces are applied to the extruded filament 
stream in the direction of extrusion for attenuating or 
drawing the material leaving the extrusion orifice. Further, 
the gas passages are inclined so that their axes do not 
intersect the axis of the extrusion orifice. These directional 
characteristics have been found to be particularly sig 
nificant in preventing the formation of shot and prevent 
ing freeze-ups of the extrusion nozzle. They also serve 
to permit achievement of the desired high rate of pro 
duction of filamentary materials in which the filaments are 
Substantially continuous. 
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While still in the zone of influence of the gas streams, 

the filament is deposited on collector means that prefer 
ably moves continuously. The gas flow swirls the filament 
Sections about in a random expanding conical pattern 
and they reach the collector while their surfaces are 
Somewhat tacky so that sufficient self bonding occurs to 
preserve to a substantial extent the relationships estab 
lished at the time of deposit on the collector. These re 
lationships may include interesting three-dimensional ef. 
fects contributing significantly to product bulk. 

DESCRIPTION OF THE DRAWINGS 
A more complete understanding of these and other fea 

tures of the invention will be gained from a consideration 
of the following detailed description of an embodiment 
illustrated in the accompanying drawings in which: 

FIG. 1 is a schematic view illustrating the major com 
ponents of a system for producing filamentary materials 
in accordance with the invention; 

FIG. 2 is a front elevational view of the nozzle and 
adapter of FIG. 1; 

FIG. 3 is a cross sectional view of the nozzle and adapt 
er along the line 3-3 in FIG. 2; 

FIG. 4 is a side elevational view of the nozzle; and 
FIG. 5 is a rear elevational view showing the threaded 

and of the nozzle. 
The invention may be used in connection with the pro 

duction of products from any of the various materials 
that may be melted and extruded through an orifice to 
form a filament. Examples of suitable types of fiber-form 
ing materials are preferably organic fiber-forming mate 
rials Such as polyolefins, polyamides, polyesters, cellulose 
acetate, polyvinyl acetate, poly(methyl methacrylate), 
styrene copolymers, and the like. Polyolefins such as poly 
ethylene and polypropylene, and polyamides such as ny 
lon 66, have sufficiently low melt temperatures and suf 
ficiently low melt viscosities, and they are therefore par 
ticularly convenient to use. Even materials which are nor 
mally difficult to melt without decomposition, such as 
cellulose acetate, may be used by adding a high boiling 
plasticizer as a melt depressant, if necessary. Inorganic 
fibers such as glass can also be spun using the present 
apparatus and process but are normally less preferable. 

Referring to FIG. 1, the fiber-forming material is heated 
in an extruder 2, and is extruded through nozzle means 
4. Steam or other heated gas is supplied to the nozzle 
means 4 through a separate steam line 6, and the steam 
is directed outwardly from the nozzle to surround the fila 
ment 8 issuing from the nozzle. The filament 8 is pro 
jected by the gas to the surface of a rotating collecting 
drum 10. The filament 8 may not be completely solidified 
when it reaches the drum and points of intersection of the 
filament are joined together by self-bonding to form a 
mat 12. Of course, the distance between the drum 10 and 
the nozzle means 4 affects the extent of self-bonding in 
the mat. The mat 12 may be formed by entanglement of 
portions of the filament on the surface of the drum with 
out Self-bonding, if desired. The product 12 may be used 
as such, or it may be subjected to various treatments, such 
as calendering, needling, compressing, impregnation with 
latex or other filler, or embossing to form various struc 
tures. 
The nozzle 4 is supported on an adapter 14 which is 

secured over the outlet of the extruder 2 by screws 16. 
The adapter 14 has a central opening 18 through which 
the molten fiber-forming material is conducted to the noz 
zle. The passage 18 is internally threaded at the end oppo 
site the extruder to receive a threaded shank 20 on the 
nozzle 4. The screw threads on the shank portion 20 and 
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in the passageway 18 cooperate to clamp the base 22 of 
the nozzle tightly against the face of the adapter 14. 
The nozzle has a central passage 24 which terminates 

in an extrusion orifice 26 through which the fiber-forming 
material is extruded. The nozzle 4 also has a plurality of 
gas outlet passages 28 which are spaced around the cen 
tral passage 24. Each of the gas passages 28 is inclined 
and is as long as is necessary for directing the gas in the 
desired path. All of the passages 28 preferably are in 
clined in the same direction with respect to the orifice 
central axis and they are preferably equally spaced, so 
that the gas stream issuing from each of the passages 28 
has substantially the same effect on the filament stream 
issuing from the orifice 26. 
Gas under pressure is Supplied to the passages 28 from 

the adapter 14. The adapter has a passage 30 which is 
internally threaded to receive a conventional coupling 32. 
The passage 30 communicates with an annular header 34. 
The base 22 of the nozzle 4 has an annular groove 36 
which interconnects the ends of the gas passages 28 and 
which is substantially aligned with the header 34 for dis 
tributing gas from the header to the passages 28. The 
groove 36 communicates with the header 34 regardless 
of the angular position of the nozzle 4 relative to the 
adapter 14. Thus, when the base 22 of the nozzle is 
screwed tightly against the adapter 14, it is not necessary 
to turn the nozzle 4 to a predetermined angular position 
in order to establish communication between the source 
of gas and the passages 28. 

In operation, fiber-forming material is heated to a 
molten state in the extruder 2 and passes through the 
opening 18 in the adapter and through the passage 24, 
from which the molten material is extruded through the 
nozzle 4. At the same time, gas under pressure is con 
ducted through the coupling 32 into the header 34, and : 
from the nozzle groove 36 to the gas passages 28. The 
gas is preferably heated above the melting temperature 
of the material being extruded and is compressed to cause 
substantial expansion of the gas as it passes out of the 
passages 28. The gas pressure should be high enough to 
assure that the gas jets issuing from the passages 28 attain 
velocities sufficiently greater than the extrusion velocity of 
the filament to enable the gas to exert an attenuating drag 
on the filament in an axial direction. The gas also swirls 
the filament 8 about in a random expanding conical pat 
tern in a downstream zone of turbulence, as suggested di 
agrammatically in FIG. 1. Collection of the filamentary 
material preferably occurs continuously as the surface of 
the drum 10 moves through the path of the material pro 
jected from the nozzle means 4. 
The construction of the nozzle means may take various 

forms. However, in all cases particularly careful attention 
should be given to the relationships established between 
the gas passages and the extrusion orifice. A brief dis 
cussion of some of the factors involved will serve as a 
basis for establishing particular configurations. 

It is important that gas flow patterns be established 
which will not expose the outlet of the extrusion orifice 
to unnecessary cooling or chilling effects. If the tempera 
ture of the fiber-forming material in and just beyond the 
extrusion orifice is not kept high enough, nozzle freeze 
ups and/or the formation of shot will occur. Moreover, 
we have found that these difficulties cannot be avoided by 
simply increasing the temperature at which the gas is 
supplied to the nozzle means. One reason is the practical 
one that much of the potential energy of the gas will be 
transformed into kinetic energy in the process of impart 
ing to the gas the high velocity required for attenuating 
the coarse filament stream issuing from the extrusion ori 
fice. That is to say, the expansion of the gas as it moved 
through the air passages and into a Zone of atmospheric 
or ambient pressure will necessarily be accompanied by 
a marked drop in temperature in any truly practical Sys 
tem. Another reason is that too high a gas temperature 
in the zone where the moving gas is applying attenuating 
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forces to the filament would reduce the tensile strength of 
the filament in that zone to such an extent that it would 
be broken up into undesirably short lengths. 

Correlation of these factors is achieved in accordance 
with the invention by effectively isolating the extrusion 
orifice from the chilling effects of the gas flow while 
bringing the gas flow to bear upon the filament stream 
at a downstream zone. For effective isolation it is im 
portant not only that the gas be directed along paths dis 
placed from the extrusion orifice but also that the primary 
gas paths be such as to avoid the creation of secondary 
flow patterns capable of producing undesired chilling at 
the extrusion orifice outlet. It has been found, for exam 
ple, that gas streams directed along paths the axes of 
which intersect at the filament stream will create a Zone 
or lobe of turbulent air flow extending back along the 
filament axis in the upstream direction, and that this sec 
ondary flow effect can cause nozzle freeze-ups. Such dif 
ficulties have been overcome however through the use of 
gas passages which are inclined in a distinctive manner. 
The nature of the inclination of the several passages 

28 shown in the drawings can best be explained by refer 
ence to the positions of the points A and B indicated in 
FIGS. 2 and 5. Point A represents the point of inter 
section of the central axis of a passage 28 with a plane 
perpendicular to the axis of the extrusion orifice at the 
outlet of the passage 28 (e.g., the plane of the face 29 
of the nozzle means shown in FIG. 3). Point B represents 
the point of intersection of the central axis of the passage 
28 with another plane perpendicular to the axis of the 
extrusion orifice at the inlet of the passage 28 (e.g., the 
plane of the base of the groove 36 in FIG. 3). The in 
clination of the passage axis is such that the points. A 
and B are displaced angularly with respect to each other 
about the axis of the extrusion orifice, and the point A 
is radially closer to the axis of the extrusion orifice than 
is the point B. 
The disposition of the point A closer to the extrusion 

axis than point B gives the gas passage 28 an inclination 
component tending to cause convergence of its axis with 
the extrusion axis at a point in front of and displaced from 
the nozzle means 4. However, the skew effect stemming 
from the angular displacement of the points A and B with 
respect to each other prevents actual intersection of the 
air passage axis with the extrusion axis. The degree of 
skew should preferably be great enough to assure that 
the cylindrical projection of the passage outlet opening 
along the extended axis of the passage will not substantial 
ly overlap or intersect with the cylindrical projection of 
the extrusion orifice along the extrusion axis. 
When the gas passages are skewed in this fashion, it 

becomes possible for the high velocity gas streams issu 
ing therefrom to apply the desired attenuating forces to 
the filament downstream of the extrusion orifice without 
creating those secondary flow effects, such as turbulenue 
lobes extending back to the orifice outlet, which would 
result in nozzle freeze-ups and/or the production of shot. 

SUMMARY OF THE INVENTION 
More specifically, the spray-spinning nozzle which is 

best suited for use with organic thermoplastic fiber-form 
ing polymers is designed to attenuate the fibers while still 
in the plastic state, without excessive fiber breakage. Thus, 
the fiber is retained substantially as a continuous fiber or 
long-staple fiber. This is accomplished by attenuating the 
molten fiber exiting from the extrusion orifice with the 
jets of gas at a relatively shallow angle of convergence 
wherein the gas jet tangentially contacts the extruded 
fiber. The angle of convergence is measured in a first 
plane containing the orifice axis and a projection of the 
passage axis. The first plane is defined by the axis of the 
extrusion orifice 26 and by a line extending perpendicular 
ly to the extrusion orifice axis and passing through the 
center of the outlet opening A of one of the gas passages. 
The projection of the gas passage axis on the first plane 
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intersects the orifice axis, the acute angle of intersection 
of the projected passage axis and the orifice axis of the 
nozzle is the convergence angle. This angle is a shallow 
angle converging toward the fiber axis. The convergence 
angle preferably ranges from about 3 to 15 degrees and 
more preferably from about 4 to 7 degrees. However, 
as noted above, because the axis of the fiber extrusion and 
the axes of the gas streams are skewed with respect to 
each other, the respective axes do not actually intersect. 
The skew angle is measured in a second plane that in 

cludes the orifice axis and is perpendicular to the first 
plane. The projection of the axis of the gas passage 28 
on the second plane intersects the orifice axis. The acute 
angle of intersection of these lines in the second plane is 
the skew angle. This angle is between about 1 and 10 de 
grees, and preferably between 1 and 7 degrees. Therefore, 
the fiber attenuation is effected by the close proximity of 
the gas axis to the fiber axis as they pass each other 
at their closest point. This closest point is called the con 
vergent point. 
The distance between the aforementioned axes at the 

convergent point is referred to as the convergent diameter. 
The convergent diameter ranges from about 0.5 to 18 
millimeters and preferably from about 1 to 10 millimeters. 
The convergent point occurs at a distance of from about 
12 to 126 millimeters from the fiber extrusion orifice. 
This distance can be varied in accordance with the con 
vergence angle and the skew angle. It will be readily 
recognized by those skilled in the art that the various 
measurements noted above are interrelated and therefore 
the setting of certain angles and distances predetermines 
certain of the other angles and distances. 

Various gas or jet pressures can be utilized in the 
present invention. For the gas jet dimensions described 
herein, pressures between about 10 and 100 pounds per 
square inch gauge are normally used. However, higher 
or lower pressures can be used, depending upon the par 
ticular desired operating conditions, the gas jet open 
ings, the fiber being extruded and the like. Pressures of 
from about 20 to 25 pounds per square inch gauge have 
been found to be particularly desirable for organic fibers 
using the gas jet more specifically described herein. 
Of course, in achieving optimum conditions for par 

ticular commercial operations due regard must be had 
for the specific material and processing conditions. The 
inclinations selected for the non-intersecting axes of the 
generally converging gas jets may depend for example 
upon such factors as gas temperature, the velocity at 
tained by the gas, the temperature and melt viscosity of 
the fiber-forming material, and the deposition pattern at 
the zone of collection. 
The following example will serve to further illustrate 

the principles of the invention. 
EXAMPLE I 

In this instance the apparatus shown in the drawings 
was employed to produce a narrow non-woven fabric 
made up of substantially continuous filaments. 
The nozzle passages had the following dimensions: 

diameter of extrusion orifice 26, 0.030 inch; diameter of 
each gas passage 28, 0.082 inch; radial distance between 
the extrusion axis and the axis of each passage 28 at the 
point where it intersects the groove 36, 0.290 inch; radial 
distance between the extrusion axis and the axis of 
each passage 28 at the outlet end of the passage, 0.197 
inch; circumferential displacement of the axis of each 
passage 28 between the passage inlet and the passage 
outlet (measured as the perpendicular distance between 
parallel planes, one of which contains the axis of the 
extrusion orifice 26 and the point of intersection of the 
passage axis with the base of the groove 36 and the other 
of which intersects the passage axis at the outlet end of 
the passage), 0.084 inch; the distance along the extrusion 
axis between the outlet of the extrusion orifice and the 
plane containing the outlets of the gas passages 28, 0.281 
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6 
inch; and the perpendicular distance between the plane 
containing the outlets of the gas passages 28 and the 
plane containing the inlets of the gas passages 28, 0.420 
inch. 
The angular relationships of the gas passages 28 with 

respect to the axis of the extrusion orifice 26 were meas 
ured graphically. The angle of convergence was 12 
degrees and the skew angle was 2 degrees. 
Nylon 66 (polymeric condensation product of adipic 

acid and hexamethylene diamine) was supplied to the 
extruder. The extruder and adapter were heated to 310 
C. and the polymer was melted in the extruder. The speed 
of the extruder screw was regulated to provide a flow rate 
of molten polymer of 2 lbs. per hour through the nozzle 
orifice. 
A steam line was connected to the coupling 34 in the 

adapter 14 and steam was supplied continuously to the 
nozzle at 350° C. and 40 p.s.i.g. 
The collector was in the form of a drum having a 

Smooth metal surface spaced from the extrusion orifice 
a distance of about 2 ft. It was rotated continuously at 
a surface speed of 3 ft. per minute to produce a 4 inch 
wide band. 
With the system in operation, the steam jets from the 

passages 28 attenuated the melt stream of polymer into 
a continuous filament ranging from approximately 1 
to 5 d.p.f. without producing shot. No tendency toward 
nozzle freeze-up was observed. The filamentary material 
collected on the drum exhibited a skin effect on the side 
thereof facing the drum and a loft or bulk effect on the 
opposite side. The non-woven fabric weighed approxi 
mately 5 oz. per square yard. The non-woven fabric had 
sufficient tensile strength to withstand substantial pulling 
forces. 

It will be understood, of course, that these specific 
conditions and configurations described in detail herein 
are exemplary only, and that the invention is susceptible 
of embodiment in a variety of forms which will be evident 
to persons skilled in the art from the foregoing. 
The embodiments of the invention in which an ex 

clusive property or privilege is claimed are defined as 
follows: 

1. Apparatus for producing organic thermoplastic fila 
mentary material comprising nozzle means having an ex 
trusion orifice for fiber-forming material and a plurality 
of gas outlet passages spaced from said extrusion orifice 
and having non-intersecting axes spaced apart about the 
axis of said extrusion orifice, the axis of each of said 
gas outlet passages being so inclined that such axis is 
closer to the axis of the extrusion orifice at the outlet 
end of the passage than at an interior zone of the pas 
Sage So as to direct the gas stream in a convergence 
angle with the axis of the extrusion orifice of from about 
3 to 15 degrees and so that the location of the passage 
axis at the outlet end of the passage is displaced about 
the axis of the extrusion orifice with respect to the loca 
tion of the passage axis at an interior Zone of the pas 
Sage so as to form a skew angle of from about 1 to 10 
degrees with respect to the axis of the extrusion orifice, 
means for extruding molten fiber-forming material 
through said extrusion orifice, and means for supplying 
said passages with gas under pressure to be projected 
from said passages to contact and attenuate the stream of 
fiber-forming material issuing from said extrusion orifice. 

2. The apparatus according to claim 1 wherein said 
nozzle means is provided with at least three of said 
gas passages and wherein the outlet ends of all of said 
gas passages are displaced from their inlet ends about 
the axis of the extrusion orifice in the same circum 
ferential direction. 

3. The apparatus according to claim 1 wherein the 
inclination of the axis of each of said gas passages is such 
that the projection of the outlet opening along the pas 
Sage axis approaches without intersecting the projection 
of the extrusion orifice along its axis. 
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4. The apparatus according to claim 1 wherein the 3,266,969 8/1966 Makansi. 
gas outlet passages are positioned behind the extrusion 3,282,668 11/1966 Mabru -------------- 65-12 
orifice. 3,017,664 1/1962 Ladisch ------------- 18-2.5 
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