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5 Claims.

This invention relates to the production of ar-
tificial fibers and more particuiarly it relates to
the dispersion or shattering of streams of spin-
ning solution into comparatively fine fibers by
means of a high potential electrical field, moving
and directing said streams and fibers along =
predetermined and fixed path towards a moving
collecting device which constitutes one pole of
the electrical field and collecting said fibers sub-
stantially parallel to each other in the form of a
continuous fiber band on said moving coliecting
device. The dispersion of a stream of spinning
solution into fibers by a high electrical poten-
tial shall hereinafter, for convenience, be re-
ferred to as the “electrical spinning” of fibers.

Reference is made tc the applicant’s copending
application, Serial No. 88,428, filed July 1, 1936,
relating to a new article of manufacture.

In accordance with previously known apparatus
and methods for the electrical spinning of fibers,
for example, the apparatus and method dis-
closed in U. 8. Patent 1,575,504 to Formhals, a
number of difficulties have been experienced.
Due to the comparatively short distance inter-
vening between the solution feeding devices and
the fiber collecting devices it was exceedingly
difficult to sufficiently completely dry out the
formed fibers, and as a result the said fibers
would tend to stick not only to the collecting de-
vices but also to each other. Furthermore, in the
previous methods the formed fibers would not
tend to collect in a compact closely aggregated
form. While this was due partly to the fact
that the collecting electrodes presented continu-
ous plane or curved surfaces for receiving the
fibers and to the use of serrated devices for feed-
ing discontinuous quantities of spinning solu-
tion into the high potential electrical field, the
apparatus would still not collect the fibers in a
compact concentrated fashion even though con-
tinuous streams of spinning solution were fed
into the electrical field. Partictlarly when a
plurality of spinning nozzles was used it was
found that the streams, and the fibers formed
from said streams, would take different courses
and paths to the collecting device, thus prevent-
ing the formation of a closely packed or ag-
gregated fiber band on the collecting device. In
other words, while the paths which the streams
and fibers might take between the feeding and
the collecting devices were determined to an ap-
proximate degree by the relative position of these
devices to each other, it was not possible to pre-
determine this path precisely and constantly, nor
was it possible to predetermine the paths of all

(Cl. 18—8)

of the streams and fibers therefrom in a perfect
manner from the different nozzles.

A further difficulty of previous apparatus and
methods was experienced by the bothersome
tendency of certain stray fibers to become elec-
trically charged in the proximity of the colleci-
ing device, thereby tending to fly back into the
field toward the solution feeding device. The
occurrence of this phenomenon may be quite
troublesome and will seriously interfere with the
continuity of operation of the process. Stray
fibers which thus fail to attach themselves per-
manently to the collecting device and tend to fiy
back into the proximity of the feeding device
tend to become attracted and attach themselves
to various parts of the solution feeding mech-
anism, for instance, the spinning nozzles. AS
the fibers accumulate on and around the spin-
ning nczzle they may amass to a sufficient ex-
tent so as to cause serious interference to the
free and uninterrupted delivery of spinning so-
lution. In extreme cases they may amass them-
selves around a spinning nozzle and completely
interfere with its satisfactory delivery, thereby
necessitating stopping and cleaning of the ap-
paratus.

The above and other difficulties have contribut~
ed to the failure to heretofore obtain on a smooth
continuous manufacturing basis a continuous,
compact, coherent fiber band composed of heter-
ogeneous artificial filaments arranged substan-
tially parallel to each other and being capable,
without additional textile operation, of being
drawn and twisted into threads or yarns of good
quality and strength on standard textile ma-
chinery.

It is therefore an object of this invention to
provide a method for the electrical spinning of
fibers in which the distance between the solution
feeding device or nozzle and the moving fiber
collecting electrode may be increased in order to
obtain greater and more complete drying out
of the electrically spun fibers than has hereto-
fore been possible.

It is another object of this invention to pro-
vide a method for the electrical spinning of
fibers whereby the streams of spinning solution
and the fibers therefrom are directed along a
fixed, predetermined and constant path towards
the collecting electrode.

It is another object of this invention to pro-
vide means when a plurality of nozzles is used,
whereby all streams of spinning solution and
fibers therefrom may be directed along fixed,
predetermined and constant paths thereby
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avoiding irregularities in paths of the solutions as
spun from one nozzle as compared to that spun
from another nozzle or nozzles.

It is a still further object of this invention to
provide means for directing streams and fibers
along predetermined paths so as to cause the
coliection of said fibers in a predetermined posi-
tion on the collecting device as, for instance, at
or near the points of said electrodes as described
below, in a compact, closely organized, parallel
manner so as to produce a coherent fiber band.

It is still another object of this invention to
provide means whereby the shape, position and
size of the electrical field in the vicinity of the
spinning solution can be regulated at will.

It is a further object of the invention to pro-
vide means whereby fibers from the shattering
or dispersing zone which might otherwise tend
to fly back into areas of the solution feeding de-
vice, or to fly off at random away from the col-
lecting device, may be substantially prevented
from this behavior.

Another object is to provide means for regu-
lating the distance from the nozzle at which said
stream of spinning solution will begin to shatter
or disperse.

Other objects of the invention will appear here-
inafter. The objects of the invention may be
accomplished by introducing streams of a spin-
ping solution into a high potential electrical
field between solution feeding devices such as
nozzles and a moving fiber collecting - device
whereby said streams are caused to shatter or
disperse into a multitude of fibers which are col~
lected in a continuous fiber band on the moving
collecting device, and at the same time so regu-
lating or controlling the shape of the electrical
field surrounding said streams of liquid and fibers
by means of conducting strips, wires, plates,
screens and the like placed in close proximity
to said streams that said streams and fibers are
impelled or caused to follow along a fixed pre-
determined and constant path to a predetermined
position on said collecting device.

In order to more clearly set forth the present

" invention reference is made to the following de-
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tailed description taken in connection with the
accompanying illustration, in which:.

Figure 1 is a diagrammadtic perspective view of
an electrical spinning apparatus constructed in
accordance with the present invention.

Figure 2 is a diagrammatic and elevational view
of the electrical spinning apparatus of Figure 1.

Figure 3 is a fragmentary perspective view of
a modified form of fiber directing means.

Figure 4 is a fragmentary perspective view of
a still further modified form of fiber directing
means.

Figure 5 is a diagrammatic perspective view of
a modified form of spinning apparatus compris-
ing a plurality of individually adjustable fiber
directing means,

Referring to the drawings reference numeral
ti designates a supply reservoir containing a
spinning liquid. A conduit {3 is connected to the
supply reservoir (1 for passing spinning liquid to
a plurality of spinning nozzles 15. Positioned
parallel to the series of nozzles 15 is a moving
collecting device comprising a belt 11, pulleys {9
and 21, individual electrodes 23, and a high po-
tential electrical conductor 25. A plurality of
streams of spinning solution 27 is extruded from
the nozzles 15. A high tension electrical charge
is imparted to the streams of. spinning solution
27 in any desired manner, for example by con-

2,160,962

necting the nozzles or conduit 13 to a source of
high electrical potential 29. 'The source of high
electrical potential may be a transformer and
rotary converter for changing ordinary line cur-
rent such as 110 volt, 60 cycle alternating elec-
tric current into a high voltage pulsating direct
current; however, any other source of high elec-
trical potential for imparting an electrical charge
of high potential to the stream of spinning solu-
tion will be suitable for use in the present inven-
tion. The conductor 25 is connected to the source
of high electrical potential 29 so as to impart
thereto a high potential electrical charge of
opposite polarity to that imparted to the streams
of spinning solution. ‘A portion of the high po-
tential electrical charge on the conductor 25 will
pass across the air gap therebetween and the
electrodes 23 to charge the latter with a poten-
tial somewhat lower than the potential imparted
to the streams of spinning solution. The streams
of spinning solution 27 will be shattered or -dis-
persed into a plurality of comparatively fine fibers
31 which will collect in the forin of a continuous
coherent compact fiber band supported on or near
the projecting ends of the individual electrodes
23 as they move past the streams 27. The fiber
directing means comprising strip 33 and prongs
35 is positioned back of the nozzles {5, as shown
in Figures 1 and 2, and is connected to any source
of high electrical potential, for instance, 29. The
polarity of the high potential charge imparted
to the directing means 33 and 3% must be the
same as the polarity of the charge imparted to
the streams of spinning solution 21. The prongs
35 are preferably and individually adjustable and
are suspended from strip 33 and constitute an
electrical shield which when charged with the
high electrical potential of the same polarity as
the charge on the streams of spinning solution
functions to repel and direct the streams and
the resulting dispersed fibers along a definite pre-
determined and constant path depending on the
size, shape and position of said directing means.
The fiber directing means 35 is preferably ad-
justably positioned on a supporting means 37,
as shown in Figure 2. The shield 35 is to be
connected to the supporting means at 39 and
slideably positioned therein at 4i. The position
and/or shape of the shield 3% can thus be ad-
justed to change the shape and direction of the
field, thereby changing the path along which
the streams of spinning solution and the fibers
will be directed towards the supporting prongs 23.
The path of the stream of spinning solution 27
and the fibers 3{ into which the latter is dispersed
are shown in solid lines in Figure 2. The dotted
lines in this figure indicate the manner in which
the path of the stream 27 and fibers can be
changed by changing the angle of the directing
means 35.

Referring to. Figure 3 of the drawings reference
numeral 45 designates a modified form of direct-
ing means which is adaptable for directing the
streams of spinning solution and fibers in accord-
ance with the present invention:. The fiber di-
recting means 45 comprises a woven screen 417
of a desirable curvature instead of a plurality of
prongs 35 such as shown in Figure 1 of the draw-
ings. In Figure 4 of the drawings is shown g
fiber directing means 48 comprised of a solid
sheet 81 of metal having a slight curvature for
providing a somewhat curved electrical field.

Referring to Figure 5 of the drawings each
nozzle 15 is provided with an individual, sepa-
rately adjustable fiber directing means 55. The
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individuial fiber directing means 55 comprises
shields 5T which are vertically adjustable in sup-
ports §9. The individual shields 57 are also pref-
erably pivotally adjustably connected to the sup-
porting means in the manner set forth in Figure
2 of the drawings. The individual adjustable
directing means 5% have the advantage of per-
mitting the separate adjusting of each stream of
spinning solution 27 and fiber bundie 3{ without
substantially = interfering with the adjacent
stream of spinning solution or fiber band. Fur-
thermore, the intensity of the electric field
created by the shield 57 may be adjusted in-
dividually.

The scurce of high potential used to charge
the fiber directing means may be the same or
different than that which is used to charge the
stream of spinning solutien. Furthermore, the
magnitude of the potential to which the directing
means may pe charged may be the same or dif-

 ferent than the magnitude of the potential on

the streams. It is, however, necessary that the
polarity of the high potential charge which is
imparted to the fiber directing device and the
stream of spinning solution be the same.

In the electrical spinning of fibers in accerd-
ance with the previously known processes, the
streams of spinning solution and the fibers into
which the streams are dispersed travelled toward
the collecting elecirode solely by the repelling and
attracting forces imparted thereto by the high
potential charges on the streams and solution
feeding devices and the collector respectively. In
other words, heretofore little or no control has
been exercised over the shape of the electrical
field. In the absence of positive means for suit-
ably shaping the electrical field surrounding the
streams and fibers so as to definitely and con-
stantly direct them along predetermined paths,
little or no control could be exercised over the
spinning and collecting process to permit the
direct formation of a compact coherent bundle
of fibers in the form of a cominercial sliver suit-
able for drawing and twisting into threads and
yvarns. By means of ray invention I am now
able to so confrol the path of the streams and
fibers as to cause the latter to collect in a techni-
cally useful sliver suitable for direct processing.
Furthermore, my invention permits me to work
with a greater distance between the nozzles or
other feeding devices and the coilecting device
than has heretofore been achieved, thus afford-
ing a longer travel for the fibers prior to being
collected, during which travel the fibers become
more thoroughly dried out. Furthermore, since
I prefer a plurality of field directing elements
corresponding preferably to the number of spin-
ning streams employed, I am able to individually
adjust the path of each stream, thereby correct-
ing for any irregularities that might otherwise
exist in the paths of the various streams. This
feature is particularly important in assisting the
formation of a compact fiber band since other-
wise different sireams in taking different paths
would tend to deposit their fibers in quite dif-
ferent zones, areas or parts of the collecting de-
vice. A further advantage arises from the fact
that with a large number of spinning nozzles
operating simultaneously an operator is supplied
with means for exercising close control over the
operation which control can be used to correct
for slight differences in delivery of spinning solu-
tion of different nozzles, differences in size of
orifice and other irregularities which are in-
cident to commercial scale manufacture.

3

A further unexpected advantage of my charged
field shaping or directing means comes about in
connection with a troublesome phenomenon
which often occurs in the course of continued
spinning of large quantities of fibers. It may
happen that an occasional stray fiber will fail to
reach the collecting device or, in certain cases,
having reached the collecting device may become
only momentarily attached thereto. These stray
fibers thus fly off at random into space. When
this phenomenon occurs, my field shaping and
directing means, when taken in conjunction with
the proper electrical potential between the noz-
zles and collecting device for good spinning, will
repel most of said stray fibers back again to the
collecting device where they become associated
with the fiber band thereon. The small residue
of stray fibers which are still not thus repelled
to the collecting device will attach themselves to
the prongs or other parts of the field shaping
means in preference to flying to the nozzles where
they would attach themselves and interfere with
the continuity of the spinning operation. The
continuity of my operation is thus greatly en-
hanced and such stray fibers as occur from time
to time are either properly collected as part of
the sliver, or are without effect on the continuity
of the spinning process.

Another advantage of my directing means
herein described lies in the fact that it may be
used to regulate the length of the unbroken
stream between the spinning nozzle and the
point where the stream begins to shatter into
fibers which, in turn, affects the rate of drying
out of the fibers. For instance, if the directing
means is disposed in close proximity to the
streams, a longer unbroken travel of spinning
solution is cbtained than in the case where the
directing means are removed at some little dis-
tance from said streams. The proper position for
the directing means will be determined obviously
by a number of different factors in the particular
spinning apparatus and process employed, and
will be quickly realized by one skilled in the art
when taught by my disclosure.

In accordance with the preferred form of the
invention the potential of the electric charge on
the collecting electrode is maintained lower than
the potential of the electric charge on the stream
of spinning liquid as deseribed in my copending
application, Serial No. 88,431, filed of even date
herewith, now Patent No. 2,123,992. 1In this pre-
ferred form, the attracting force of the collecting
device is comparatively low with reference to the
impelling force on the spinning nozzles.

The electrically charged directing means may
consist of a number of pointed conducting rods
or wires, of plates, strips, or tubes of various sizes
and bent into various shapes or may even con-
sist of spheres placed in various positions rela-
tive to the solution delivery devices or nozzles
so as to control the electric field adjacent to the
solution delivery devices.

Obviously many changes and modifications may
be made in the processes and apparatus above
described without departing from the nature and
spirit of the invention. It is therefore to be
understood that the invention is not to be limited
thereto except as set forth in the appended claims.

I claim:

1. A process for the electrical spinning of fibers
which comprises dispersing a stream of spinning
solution into fibers by means of a high electrical
potential created between two electrodes con-
stituting a spinning solution feeding device and
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a moving fiber collecting . .device horizontally
spaced- from said feeding device, said high elec-
trical potential exerting a directing force on said
stream and fibers, and augmenting said directing
force by means of an electrically charged element
of the same polarity as that of the feeding device
positioned below and adjacent the feeding device,
said element having at least a portion thereof
positioned in a vertical plane passing through the
space between the feeding and collecting devices,
and being of a shape as to direct the fibers onto
the collecting device, thereby forcing stray fibers
onto the collecting device and preventing said
fibers from leaving said collecting device and fly-

- ing back to the feeding device.

2. In an apparatus for the electrical spinning
of fibers, a solution feeding device for forming
a stream of spinning solution, a moving fiber
collecting device horizontally spaced from said
feeding device, means for creating a high electri-
cal potential between said. devices whereby to
electrically disperse the stream into fibers and
direct the same towards said collecting device,
and an electrically charged fiber influencing
means of the same polarity as that of the feeding
device positioned below :and adjacent the feeding
device, said means having at least.a portion there-
of positioned in a vertical plane passing through
the space between the feeding and collecting de-
vices and being of a shape as to direct the fibers
onto the collecting device, thereby forcing stray
fibers onto the collecting device and preventing
said fibers from leaving said collecting dewvice
and flying back to the feeding device.

3. In an apparatus for the electrical spinning
of fibers, a solution feeding device for forming a
stream of spinning solution, a moving fiber col-
lecting device horizontally spaced from said
feeding device, means for creating a high elec-
trical potential between said devices whereby to
electrically disperse the stream into fibers and
direct the same towards said collecting device,
and an electrically charged fiber influencing plate
of the same polarity as that of the feeding device
positioned below and adjacent the feeding device,
said plate having at least a portion thereof posi-
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tioned in a vertical plane passing through the
space between the feeding and collecting devices
and being of a shape as to direct the fibers onto
the collecting device, thereby foreing stray fibers
onto -the collecting device and preventing said
fibers from leaving said -collecting device and
flying back to the feeding device.

4. In an apparatus for the electrical spinning
of fibers, a solution feeding device for forming a
stream of spinning solution, a moving fiber col-
lecting device horizontally spaced from said feed-
ing device, means for creating a high electrical
potential between said devices whereby to elec-
trically disperse the stream into fibers and direct
the same towards said collecting device and an
electrically charged fiber influencing screen of
the same polarity as that of the feeding device
positioned below and adjacent the feeding device,
said screen having at least a portion thereof
bositioned in a vertical plane passing through the
space between the feeding and collecting devices
and being of a shape as to direct the fibers onto
the collecting device, thereby forcing stray fibers
onto the collecting device and preventing said
fibers from leaving said collecting device and
flying back to the feeding device.

5. In an apparatus for the electrical spinning
of fibers, a solution feeding device for forming a
stream of spinning solution, a moving fiber col-

lecting device horizontally spaced from said s
feeding device, means for creating a high elec-

trical potential between said devices whereby
to electrically - disperse the stream .into fibers
and direct the same towards said collecting de-

vice and an electrically charged fiber influencing «

rod of the same polarity as that of the feeding
device positioned below and adjacent the feeding
device, said rod having at least a portion thereof
positioned in a vertical plane passing through the
space between the feeding and collecting devices
and being of a shape as to direct the fibers onto
the collecting device, thereby forcing stray fibers
onto the collecting device and preventing said
fibers from leaving said collecting device and fly-
ing:-back to the feeding device.
ANTON FORMHALS.
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