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57 ABSTRACT 

A congealable synthetic material, for example, a 
melted thermoplastic, is formed into a filament by 
causing its removal in a fine stream from the tip of a 
pointed solid element to the surface of which the con 
gealable material is fed at a controlled rate. The re 
moval of the congealable material from the point of 
the pointed element is effected by directing a stream 
of fluid along the element toward the point while the 
fluid attenuates the withdrawn filament before it con 
geals. After leaving the point of the element, the mate 
rial of the filament congeals, or is congealed, to form 
a dimensionally stable fiber or filament. 

7 Claims, 16 Drawing Figures 
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FILAMENT FORMING APPARATUS WITH SWEEP 
FLUID CHANNEL SURROUNDING SPINNING 

NEEDLE 

RELATED APPLICATION 

The present application is a division of my co-pend 
ing application, Ser. No. 301,611, filed Oct. 27, 1972 
entitled APPARATUS AND PROCESS FOR FORM 
ING AND USING PLASTIC FIBERS, now abandoned, 
which application was a continuation-in-part of my co 
pending application Ser. No. 96,305, filed Dec. 9, 1970 
and now abandoned. 

BACKGROUND OF THE INVENTION 

Continuous synthetic fibers, or filaments, such as 
have been used in the textile industry have commonly 
been produced in one of two different ways. In one way 
a normally viscous material, such as a modified cellu 
lose, for example, is forced through a spinneret and the 
emerging discrete streams are chemically treated to 
congeal the material and thereby form it into continu 
ous filaments. In the other way, a thermoplastic resin is 
liquified, as by melting or dissolving it in an appropriate 
solvent, and forcing it through a spinneret, and the 
emerging discrete streams congeal on cooling to form 
filaments. The latter method also has been used to form 
continuous filaments of glass adapted for various uses. 
There are several disadvantages inherent in these 

methods. Production rates are limited, and the fine 
openings in the spinneret have a tendency to clog or 
plug up with material, thereby requiring either a new 
spinneret or a great deal of effort to correct the situa 
tion. It is also very difficult to make discontinuous, or 
short, fibers with any high degree of uniformity. 
Inorganic "wools' for uses as heat insulation have 

been produced by treating a stream of molten slag, 
glass, or the like with a high-velocity stream of air or 
gas which shatters the molten material into fine fibers. 
Fibers so produced lack uniformity and frequently are 
characterized by beaded ends rendering them unsuit 
able for certain uses. Glass wool has also been pro 
duced by feeding a glass rod into a high velocity, turbu 
lent gas flame which both melts the glass and shatters 
the melt into fibers. Fibers produced in these ways have 
wide variations in size and lengths. 

It has further been proposed to create continuous fi 
bers or filaments by drawing them under tension from 
points on the uninterrrupted surface of molten baths of 
glass. Such a method is disclosed in U.S. Pat. No. 
2,235,352 to Bates. According to the Bates disclosure, 
the locations on the bath surface from which the fibers 
are drawn are determined initially by use of a horizon 
tally extending element the upper edge of which is ser 
rated in effect. This element is first immersed in the 
bath to submerge the serrations and then raised to 
bring the serrations above the glass level. Once the 
drawing of filaments from the serrrations has started, 
the serrrated element is lowered beneath the bath sur 
face and tension in the filaments continues to draw 
them from the bath. One drawback to this method is 
that the size and length of the fibers cannot be closely 
controlled, as they are formed from an excess pool of 
material, not a metered feed. - 

It is, therefore, an object of this invention to provide 
an apparatus by which liquid congealable materials can 
be formed into fibers with a high degree of uniformity 
in length and cross-section and under conditions capa 

2 
ble of control with precision and of providing high pro 
duction rates. 

SUMMARY OF THE INVENTION 

This invention relates to the production of filaments 
or fibers by causing congealable liquid material to leave 
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the tip of a pointed element to the outer surface of 
which the liquid is supplied and to products of various 
types made from such fibers or filaments. The liquid 
material may be either a molten thermoplastic; a solu 
tion of suitable material; or a normally liquid material 
such as a modified cellulose; or an incompletely poly 
merized plastic convertible by heat and further poly 
merization into a stronger thermoplastic or into a ther 
moset. After leaving the point, the fibers are congealed 
by subjecting them to an atmosphere with the appropri 
ate congealing properties. The thermoplastic may be 
congealed simply by cooling; the dissolved material by 
evaporation of the solvent; the modified cellulose by 
heat or chemical treatment; and the incompletely poly 
merized plastic by a sprayed catalytic fog. 

In preferred forms of my invention the congealable 
material is supplied in flowable form and at a con 
trolled rate to a pointed element, hereinafter called a 
“spin-off-point" while a stream of fluid, preferably gas 
eous, sweeps the material to the tip of the point and 
therefrom as a fine stream congeable into a fiber or fila 
ment. The fluid stream also attenuates the drawn off 
filament before it congeals. The fibers may be continu 
ous; or discontinuous. The length of the discontinuous 
fibers as well as the tapering of their end portions may 
be controlled by regulating the supply of liquid material 
to the spin-off point. By pulsing or controlled starving 
of the liquid feed, discontinuous fibers of a specific 
length may be formed. - 
By the use of supplemental streams of fluid or gas 

playing on the congealing or fully congealed filament, 
various effects may be produced. If the supplemental 
fluid stream flows in the same direction as the sweep 
fluid, tension can be introduced into the congealing fil 
ament to stretch orient it and promote its congealing in 
a straight form. If the supplemental fluid stream flows 
in the opposite direction and strikes the forming fila 
ment at an appropriate point, crimping in the finished 
filament will result. Depending on its composition or 
temperature supplemental fluid may effect or modify 
congealing of the liquid material into solid form. . . 
A thread-like or yarn-like product may be produced 

from a congealable liquid by an apparatus comprising a . 
circular rotatable head fitted with a plurality of spin-off 
points located about its periphery and all pointed in the 
same circumferential direction. As the head is rotated, 
centrifugal forces feed the liquid to the points, and tan 
gentially blown sweep fluid, flowing in the same cir 
cumferential direction as the spin-off points are point 
ing, sweeps discontinuous incipent fibers therefrom, 
and the congealed fibers become combined and inter 
twisted by the swirling fluid to form a continuous 
thread, yarn, or the like. 

Filaments may be felted or otherwise agglomerated 
to produce bats, sheets, or the like in a wide variety of 
sizes and characteristics. In materials so formed, the 
degree of cohesion holding the individual fibers in 
place can be controlled by controlling the extent to 
which filaments have congealed before being brought 
into contact with other filaments. If cohesion in the 
felted sheet is to be avoided, complete congealing of 
the fibers before disposition may be effected by treat 
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ment with a gas or fog containing a release agent. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings illustrate the invention. 
In such drawings: 
FIG. 1 is a vertical section showing fiber spinning ap 

paratus for producing and twisting fibers; 
FIG. 2 is a section on the line 2-2 of FIG. 1; 
FIG. 3 is a sectional view on an enlarged scale illus 

trating a detail of construction; 
FIG. 4 is a sectional view of a device for forming sin 

gle filaments; 
FIG. 5 is a section on the line 5-5 of FIG. 4; 
FIG. 6 is a front elevation of an apparatus containing 

a circular array of spin-off points; 
FIG. 7 is a section on the line 7-7 of FIG. 6; 
FIG. 8 is a front elevation of an apparatus with a lin 

ear array of spin-off points; 
FIG. 9 is a section on the line 9-9 of FIG. 8. 
FIG. 10 is a fragmental section showing apparatus for 

making fibers from a rod of meltable material; 
FIG. 11 is a side elevational depicting apparatus for 

intertwisting into a thread or yarn fibers formed 
therein; 
FIG. 12 is a diagrammatic showing of a system for 

feiting fibers into a sheet or bat; 
FIG. 13 is a representation, partially diagrammatic, 

of a system for producing a faced bat; 
FIG. 14 is a diagrammatic showing of apparatus for 

producing multi-layered material; 
FIG. 15 is an axial section showing an embodiment in 

which filaments are spun from an annular series of spin 
off points; and 
FIG. 16 is a cross-section on the line 16-16 of FIG. 

15. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIGS. 1 through 3 illustrate apparatus for forming 
short fibers and combining them into a thread or the 
like. Such apparatus comprises a casing 10 having a 
conical wall 12 provided at its apex with an opening 14. 
A hollow shaft 16 extends through the upper wall of the 
casing 10 and supports therein a circular hollow head 
18. The peripheral wall of the head 18 is provided with 
a series of radial holes 19 (FIG. 3) each of which has in 
its outer end a screw threadedly mounted discharge fit 
ting 20. Each of the fittings 20 carries a tangentially 
projecting spin-off point 26 to which the congealable 
material is supplied at a region spaced from the point 
via a passage 22 from the hole 19. The fittings 20 are so 
oriented about the axes of the holes 19 that the points 
26 all project in the same circumferential direction, 
which is opposite to the direction of head rotation, indi 
cated by arrow 18a in FIG. 2. 

Fluid, such as air, or other gas, is supplied to the cas 
ing 10 through a tangential inlet conduit 24 in about 
the plane of the head 18 and so arranged that the gas 
introduced through it will swirl in the casing in a direc 
tion opposite to that in which the head 18 rotates. The 
swirling gas acts on liquid emerging from each passage 
22 to cause the liquid to flow along the surface of the 
respective fittings 20 to the points 26 and to be carried 
therefrom as fine streams each of which, when con 
gealed, will constitute a fiber. 
The rate at which the congealable liquid is supplied 

to the extreme tip of the spin-off point is low enough 
that the fibers produced are discontinuous as explained 
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4. 
below, and short relative to the size of the head 18. The 
fibers from the several points become entrained in the 
swirling gas, which acts to combine and intertwist the 
fibers into a continuous thread that can be withdrawn 
from the casing through the opening 14. 
An arrangement for forming a single filament in ac 

cordance with my invention is shown in FIGS. 4 and 5. 
In this structure a nozzle 28 is fitted interiorly with a 
point support 30 in which is mounted a spin-off point in 
the form of a solid needle-like member 32. The mem 
ber 32 has a diameter less than that of the orifice of the 
nozzle 28 and extends forwardly through and beyond 
such orifice. A plurality of grooves 36 (FIG. 5) in the 
periphery of the support 30 permit congealable liquid 
material to flow past the support to the nozzle orifice 
and thence along the outer surface of the spin-off point 
32 to the pointed tip end 38 thereof. 
The nozzle 28 and the projecting spin-off point ex 

tend from the rear into a converging gas-passage 42 
through which fluid, gas, for example, flows from a sup 
ply conduit 43 to sweep liquid material on the spin-off 
point to and off the tip 38 as a fine stream which, on 
congealing, will become a filament. If the feed of liquid 
to the spin-off point is adequate, the filament can be 
continuous, but at lower feed rates, the sweep fluid 
passing through passage 42 may intermittently sweep 
the tip 38 of the spin-off point clean, thus interrupting 
filament-generation and causing the production of dis 
continuous fibers. 
As shown in FIG. 4, the body 46 in which sweep fluid 

passage 42 is formed contains a plurality of additional 
fluid passages disposed in forwardly converging rela 
tion around the passage 42, and terminating at their 
forward ends in discharge orifices 48 directed to dis 
charge jets of fluid obliquely against the filament or 
aginst the fine liquid stream that is to congeal into a fil 
ament or fiber. The function performed by the jets 
from the orifices 48 depends upon several factors. If 
the congealable material is melted thermoplastic, jets 
having a temperature below the melting point of the 
material will further congeal and create tension in the 
congealing material to provide some stretch orientation 
and overcome any tendency of the still soft filament to 
contract as a result of its plastic memory. Further, the 
jets from the orifices 48 may contain catalysts or rea 
gents necessary to effect chemical congealing of the 
liquid material leaving the spin-off point. Whatever ma 
terial is used, if the jets do not participate in the con 
gealing or setting of the filament, they still can be used 
to stretch, stabilize and refine the material. 
By using an annular series of nozzles 48 so oriented 

that the jet from each has a tangential velocity-compo 
nent about the axis of the spin-off point, a twist will be 
imparted to the filament formed. Such twist imparts to 
the filament an appearance somewhat different from 
that of an untwisted filament. A similar series of simi 
larly disposed nozzles about the axis of an annular se 
ries of spin-off points such as shown in FIGS. 6 and 7, 
and below described, will cause the several filaments 
respectively propelled from the points to be inter 
twisted as they are formed. Twisting effects, either on a 
single filament, or on a group of parallel filaments, can 
also be produced by an annular series of orifices such 
as shown in FIG. 4 and progressively pulsing the gas 
discharged from successive nozzles. 
An apparatus comprising a series of spin-off points 

arranged in a circle is shown in FIGS. 6 and 7. The spin 
off points 54 are located respectively in axially extend 
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ing grooves 56 formed in the circumferential surface of 
a cylindrical member 58. Each groove 56 is open at its 
front and rear ends, and the spin-off points project for 
wardly beyond the front ends of the grooves. The mem 
ber 58 is snugly received in a central opening in an in 
ternal annular flange 60 in a hollow, cylindrical body 
62. Surrounding the member 58 in rear of flange 60 is 
an annular plenum chamber 63 to which fluid under 
pressure is supplied through a conduit 64 and from 
which the fluid escapes in the axial direction through 
the grooves 56. The liquid material to be spun is sup 
plied to the grooves near their rear ends through pas 
sages 66 in the member 58 and is carried by the escap 
ing fluid to the tips of the spinning points. 
The fiber formation in this case is like that hereinbe 

fore described in that the congealable material, under 
the control of the sweeping action of the fluid supplied 
from chamber 63, encases the tip and sweeps the film 
of congealable material along the outer surface thereof 
and off the point to propel forwardly off each spin-off 
point a fine, congealable stream. 
A second multiple spin-off point arrangement, in 

which the several spin-off points are disposed in a com 
mon plane, is shown in FIGS. 8 and 9. The body com 
prises three portions 72, 74 and 76 to facilitate the pro 
vision of the necessary internal cavities. Each of the 
spin-off points is the outer end portion of a solid mem 
ber 78 fitted in a screw 80 which is received in the rear 
body portion 76. Congealable material is supplied from 
pipe 82 into supply chamber 84 which is common to all 
the spin-off point members in the apparatus Fowardly 
of this supply chamber 84, and separated therefrom by 
a wall 85, is a chamber 86 which is supplied with pres 
surized sweep fluid through a pipe 88. The members 78 
extend through holes of larger diameter in the wall 85 
and across the chamber 86, their front ends, which con 
stitute the spin-off points proper, projecting into noz 
zles 89 provided on body portion 72. The length and 
diameter of the fibers produced are affected by the lon 
gitudinal position and the general form of the spin-off 
points 78. 
A variation upon my spin-off filament apparatus is 

shown in FIG. 10. A rod 90 of a thermoplastic material 
with a pointed conical end 92 is positioned within a 
chamber 94 with its pointed end entering an outlet noz 
zle.95. Fluid entering the chamber 94 via inlet pipe 96 
is hot enough to melt the material on the surface of the 
rod, and, as the fluid flows along such surface and exits 
through nozzle 95, it causes the melted material to flow 
on the as yet unmelted core to the point thereof from 
which it leaves as a fine stream 97 congealable into a 
filament upon cooling. The point 92 is self-rejuvenating 
as long as the rod is steadily fed into the hot sweep fluid 
at an appropriate rate. The longitudinal position of the 
tip 92, the velocity of sweep fluid and the temperature 
thereof determine the length and diameter of the fila 
ment to be swept. As long as the feed of the unmelted 
rod 90 is balanced against the amount of material being 
swept from the point 92, continuous fibers may be 
formed at a below turbulent sweep fluid speed which 
permits a high degree of uniformity in the fiber's diam 
eter. Discontinuous fibers may be produced by inter 
mittently interrupting the feed of the rod or pulsing the 
sweep fluid. If the rod 90 is of a thermoplastic resin it 
may be formed by an extruder and fed directly there 
from and thereby into chamber 94 through a suitable 
guide channel. 
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Apparatus for producing a thread or yarn from dis 

continuous fibers formed from spin-off points is shown 
in FIG. 11. Typically, melted thermoplastic or other 
congealable material is placed in a hopper 98 and fed 
by an extruder 100 to a fiber forming device 104, which 
may be of the general type shown in FIGS. 6-7 and 8-9. 
Fluid under pressure supplied to this device 104 
through intake 106 sweeps the spin-off points 108 of 
device 104 to form discontinuous incipient fibers deliv 
ered to a plenum chamber 110. The chamber 110 is 
supplied with fluid of the proper temperature and pres 
sure through inlet pipe 112 to partially cool the incipi 
ent fibers. This is done to control the amount of cohe 
sion between the respective fibers in the twisted thread 
or yarn to be formed. 
The suspension of semi-cooled fibers then enters tan 

gentially into an inverted conical chamber 114 gener 
ally of the form used indust separators of the so called 
“cyclone' type. Fluid escapes from the chamber 114 
through outlet conduit 116, and a whirlpool of fluid ro 
tating at high speeds exists within the apparatus. 

In the chamber 114, the fibers are twisted together 
into a thread-like or yarn-like form 118 which is pulled 
from the lower end 120 of the chamber 114 by a pair of 
pulling rollers 122 driven by drive means 126. A set of 
tension rollers 124, driven at a greater speed than the 

- pulling rollers 122, applies tension to the thread for 

30 

35 

stretch orienting its fibers, before it is taken up on take 
up roller 128. This orientation of the fibers after twist 
ing is effective because the fiber's high degree of uni 
formity promotes uniform distribution of the tensile 
stress among the several fibers. By stretching the thread 
after twisting instead of before, a helical set is given the 
individual fibers which enhances uniformity in the ten 
sile stress on each. This overcomes the disadvantage of 
conventional non-uniformly loaded threads wherein 
many fibers may break before others assume any ten 
sile loading at all. 
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The felting system depicted in FIG. 12 may incorpo 
rate, as indicated at 134, any of the spin-off point de 
vices shown in FIGS. 1 through 9, using a molten ther 

' moplastic 131 as the filament material. An annular ac 
celerating ring or collar 130 may surround the filament 
or filaments emerging from the device 134 to discharge 
fluid against those filaments in a direction such as to 
stretch them and assure their impingement upon a ro 
tating and reciprocating drum 136. As this drum 136 is 
moved axially back and forth, as shown by the arrows, 
it is slowly rotated, steadily or incrementally, as the im 
pinging fibers form a mat or sheet on its surface. The 
fineness of the fibers produced, along with the speed 
with which the drum rotates and reciprocates, deter 
mine the nature of the felted material produced. 
The surface of drum 136 can also be used to impart 

a texture or design to the formed sheet. For example, if 
a screen mesh constitutes or is placed on the surface of 
the drum 136 the resultant sheet will have a screen 
mesh texture. The use of any other embossed base will 
likewise cause the sheet to have a corresponding ap 
pearance. By first coating the drum 136 with a jellied 
vinyl plastic and impinging the hot fibers thereon, a re 
inforced web-backed vinyl sheet can be produced in a 
one step, single machine operation. 
A variation of this apparatus is shown in FIG. 13. 

Here, two rotating drums 138 and 140 feed two strips 
or sheets 142 and 144 of fabric, for example, in parallel 
spaced relation as a layer of hot felic d filaments formed 
by a spin-off point apparatus 146 eposited between 

  



3,920,362 
7 

them. This sandwiched hot layer of thermoplastic fibers 
adheres to and bonds together the two fabrics 142 and 
144 and can provide a permanent insulating layer be 
tween them. 

In another felting apparatus, shown in FIG. 14, a con 
veyor belt 148 driven by a drive means 150 on rollers 
152 and 154 can be used as the impinging target or to 
carry an impinging target. This target, as above, may be 
of any material or may have any surface texture which 
is desired to impart to the felted sheet to be formed. 
Head support 156 carries two spin-off heads 158 and 
160 on guide member 162 extending transversely of 
belt 148. Conveyor belt 148 is moved in the direction 
shown and the head support 156 is moved back and 
forth on its guide 162 to deposit the filaments across 
the belt. In the absence of any auxiliary fluid jet, or jets, 
serving to deflect laterally the filaments discharged 
from a spin-off head, such filaments will be deposited in 
generally parallel relationship. The angle between 
those generally parallel filaments and the direction in 
which the belt 152 moves is largely determined by the 
orientation of the head relative to the path of belt 
movement, but will be influenced to an extent by the 
relation between the speed of belt movement and the 
speed of movement of the support 156. By depositing 
on a layer of filaments oriented in one direction a sec 
ond layer in which the filaments are oriented in another 
direction an appearance simulating that of a woven fab 
ric can be created. Where a plurality of heads are used 
variations in appearance can be created by supplying 
the heads with materials of different colors. In felted 
sheets simulating fabrics in appearance successively de 
posited layers of filaments will be bonded together ei 
ther by the cohesiveness of still soft filaments or by an 
adhesive sprayed on or otherwise applied. 
FIGS. 15 and 16 illustrate a spin-off head which, like 

those of FIGS. 6-7 and 8-9, simultaneously produces a 
plurality of filaments or fibers. This head comprises a 
hollow circular casing 160 which tapers at its front end 
to a nozzle-like portion 162. Mounted axially within the 
nozzle 62 is a tubular sleeve 164 of smaller diameter 
than the nozzle and providing an annular opening 166. 
At its front end, the sleeve 164 is serrated to provide an 
annular series of spin-off points 168 and at its rear end 
it terminates in a funnel-like flange 170. On the axis of 
the head and spaced rearwardly from the rear end of 
flange 170 is the outlet of a conduit 172 through which 
is supplied the material to be spun. Axially between the 
flange 170 and the outlet of conduit 172, the interior of 
casing 160 communicates with a tangentially discharg 
ing conduit 174 for sweep fluids, such as air or gas. 

In operation of the device shown in FIGS. 15 and 16, 
fluid such as air, or other gas, entering the casing 160 
tangentially swirls therein and escapes from the casing 
through the sleeve 164 and annular opening 166 
thereby sweeping the spin-off points 168. The stream 
176 of more or less viscous material emerging from 
conduit 172 does not atomize or otherwise break up 
and, caught in the swirling air, impinges upon the inner 
surface of the sleeve 164 to be swept forwardly to the 
spin-off points 168 and therefrom by the fluid escaping 
from the sleeve and around it through opening 166. 

In any of the various forms of spin-off point devices 
above described the parameters obtaining will depend 
upon the type of congealable material employed and 
upon the type of filaments or fibers desired. Tempera 
tures at and adjacent the spin-off points are to be con 
trolled so as to insure that the material to be spun is of 
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8 
appropriate viscosity for spinning but not high enough 
to damage the material. For example, in spinning fibers 
or filaments from polypropylene, the material is ordi 
narily supplied to the spin-off device at a temperature 
from about 400 to about 600°F. Sweep fluid, air, or 
such other gas, ordinarily would have a temperature 
about that of the material or somewhat higher, al 
though in some cases using thermoplastics supplied at 
relatively high temperature, it may be advisable that 
the sweep fluid be substantially cooler than the mate 
rial to be spun. With thermoplastics, temperatures of 
course affect viscosities; the spinning of fine filaments 
requires lower viscosities than does the spinning of 
coarser filaments. 
Ambient temperatures beyond the spin-off points 

may be of importance. With thermoplastics, if the in 
cipient filaments are allowed to cool slowly while not 
maintained under tension, plastic memory may cause 
them to contract, or snap back, into pretzel-like snarls. 
This may be prevented, even in the absence of tension, 
by quick cooling produced, for example, by a cooling 
fog or mist. In some instances, as when the spun mate 
rial is of a character such that its congealing requires 
heat-curing or drying, ambient temperatures may be 
higher than spinning temperature as referred to here 
may be simply the temperature of the space into which 
the sweep fluid carries spun fibers or the temperature 
of auxiliary fluid discharged against filaments after they 
have left the spin-off points. Ambient temperatures 
may also be significant in felting operations and other 
situations where the incipient filaments are deposited 
on other filaments, for in such situations temperature 
can determine the extent to which successively depos 
ited filaments cohere. Coherence, or its absence, be 
tween successively deposited fibers may also be con 
trolled by spraying the fibers with a liquid adhesive or 
with a release agent. 
Sweep fluid velocities and nature of flow thereof can 

effect the filaments produced. Laminar flow of sweep 
fluid promotes the formation of straight filaments, 
while turbulent flow tends to produce crimped fila 
ments. Crimped filaments can also be produced if the 
sweep fluid decelerates too rapidly before the filaments 
have set. Velocity of sweep fluid at a spin-off point af 
fects the diameter of filament produced. For instance, 
raising from about 12 psi to about 25 psi the pressure of 
sweep fluid supply when air or gas is used, and thereby 
increasing the velocity of the sweep fluid at the spin-off 
has reduced filament diameter from 0.010-0.015 inch 
to 0.0005-0.001 inch. 

55 

60 

65 

It has been pointed out above that the relation be 
tween sweep fluid velocity and the rate at which the 
spin-off point receives the congealable material affects 
the length of fibers or filaments produced. Specifically, 
the sweep fluid velocity can be made high enough that 
it intermittently strips the spin-off point completely and 
so terminates continuing lengthening of the filament 
being produced. As the feed of liquid material to the 
spin-off point continues, filament generation will re 
sume when enough of the liquid has accumulated on 
the point. The length of the discontinuous fibers pro 
duced in this manner decreases as the velocity of the 
sweep fluid increases without a related increase in the 
rate of liquid supply. The fibers are especially well 
suited to being spun into thread, as they taper toward 
their ends. The tapered ends of fibers contribute to im 
parting a smooth feel to a felted sheet, yarn, or fabric. 
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Although the above description of illustrated em 
bodiments all contemplate the use of air or other gas as 
the spinning fluid, there are cases in which the spinning 
can be performed by a liquid. For example, where the 
congealable material is a modified cellulose the spin 
ning fluid could be a liquid of the type used in the pro 
duction of rayon to congeal the liquid streams emerg 
ing from a conventional spinneret. 

Instead of sweeping the congealable material from a 
spin-off point with a fiber spinning fluid, the material 
can, if adequately viscous, be pulled from the tip of the 
spin-off point by a reel or like device. It will of course 
be understood that, in this method, the material leaving 
this spin-off point must be substantially congealed by 
the time it reaches the reel. Owing to its viscosity, the 
liquid material on the point will be drawn to the tip of 
the point to replace that pulled from the tip by the reel. 
The relation between the speed of the reel and the rate 
at which material is supplied to the point determines 
the size of the filament produced. 

In every example given above, the spinning element 
is solid to the extent that it has an outwardly facing sur 
face which tapers in to a point at one axial end of the 
element and from which point the liquid, or flowable, 
material is drawn to form a filament and which filament 
is then attenuated and caused to congeal. The fluid 
which sweeps the material along the spinning element 
to the point end thereof and which draws the material 
off the spinning point as a filament and conveys it away 
from the point while attenuating the filament is usually 
a gas, air, for example. 
As has been mentioned above, the method and appa 

ratus of the present invention is applicable to a variety 
of synthetic materials. Among the materials, which can 
be softened, or liquified by heat and which congeal 
upon cooling are polypropylene, polyethylene, certain 
of the polyvinylchlorides and polyamids. 
Among the materials which are rendered flowable by 

a solvent and which congeal by evaporation of the sol 
vent therefrom are the acrylics and certain polyvinyl 
chlorides. 
An example of the material which congeals by cata 

lytic action is a polyester resin or a viscose in which the 
spinning is preceded by an acid bath and wherein the 
sweep air, or the air which impinges on the filament 
after it is attenuated, contains an acidic precipitant. 
An example of a material which congeals by chemi 

cal action supplied to the material in the sweep fluid, or 
in fluid or air impinging on the filament is phenol-for 
maldehyde. In this case, an acidic vapor is employed to 
effect the congealing which could, for example, be hy 
drochloric acid. Alternatively, a fog consisting of or 
containing evaporated phosphoric acid could be em 
ployed. At least some of the resorcinol formaldehyde 
resins also fall in this classification. 

In every case, fine nozzles to form filaments are elim 
inated, as well as the known problems attendant 
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10 
thereto. Filaments of controlled uniform diameter free 
of beaded ends are formed at a rapid rate and can be 
individually twisted, twisted together in groups, matted, 
or otherwise processed. 

Modifications may be made within the scope of the 
appended claims. 
What is claimed is: 
1. An apparatus for making filaments of uniform di 

ameter and free of beaded ends from a congealable liq 
uid material comprising, in combination, a spinning el 
ement in the shape of an elongated needle having alon 
gitudinal axis and an outer surface facing outwardly 
away from said axis and tapering inwardly in one axial 
direction of said spinning element to a spinning point, 
nozzle means for supplying congealable liquid material 
to substantially the entire outer surface of said spinning 
element at a region thereof which is axially spaced from 
said spinning point, wall means substantially surround 
ing the spinning element in radially spaced relation 
thereto and forming a channel surrounding and extend 
ing axially of said spinning element for the flow of 
sweep fluid in one axial direction along said spinning 
element and on beyond the spinning point in said one 
axial direction so that fluid impelled in said axial direc 
tion within the channel will cause the liquid material to 
flow around the spinning element to the spinning point, 
whereby the fluid will draw the liquid material from the 
spinning point as a filament and will convey the fila 
ment away from the spinning point while attenuating 
the filament. 

2. An apparatus according to claim 1 wherein the 
wall means includes at least one additional fluid pas 
sage adjacent the channel and having a discharge ori 
fice positioned to discharge fluid against the filament 
being formed. 

3. An apparatus according to claim 1 in which sup 
port means is provided for mounting the spinning ele 
ment within said nozzle means. 

4. An apparatus according to claim 3 wherein the 
spinning element has a diameter less than that of the . 
orifice of the nozzle and extends forwardly through and 
beyond the orifice of the nozzle. 

5. An apparatus according to claim 1 including an an 
nular series of nozzle means having fluid discharge ori 
fices disposed around the axis of the spinning point so 
that fluid flowing from the discharge orifices will cause 
a twist to be imparted to the filament formed. 

6. An apparatus according to claim 1 including at 
least one additional said spinning element and wall 
means in spaced relation, each said spinning element 
having liquid material and sweep fluid supplied thereto 
whereby a plurality of filaments are formed simulta 
neously. 

7. An apparatus according to claim 6 in which said 
spinning elements are disposed in coplanar aligned re 
lation. 

xk . . . k is 


