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11 Claims.

This invention relates to the production. of

artificial fibers, and more particularly, relates to

& new process and apparatus for electrically

spinning artificial fibers. By “electrical spin-

5 ning” is meant the dispersion or shattering of

a stream of spinning solution by means of a high
electrical potential.

It has been disclosed in Formhals U. S. Patent

No. 1,975,504 that solutions of filament-forming

10 materials may be spun into fibers by causing the

spinning solution, in the form of g stream, to be

extruded between two electrodes bearing electri--

cal charges of high potential and opposite po-

larity; one of the electrodes being the spinning

18 jet, and the other electrode comprising a moving

collector for the fibers. The high potential elec-

tric charge on the spinning jet is apparently

transmitted to the spinning solution and causes

the same to be shattered or dispersed to produce

20 2 multiplicity of charged fibers or filaments

which are attracted to and collected on the mov-
ing electrode, '

Some difficulty is experienced in this method

of electrical spinning from the annoying tend-

25 ency of certain stray fibers to become electro-

statically charged with a charge of the same po-

~larity as the collecting eleéctrode as it approaches
the same, whereby the fibers tend to travel back
into the electrical field surrounding the solution
30 feeding device. For example, a fiber leaving the
spinning jet may be charged negatively, but as it
approaches the field of the collecting electrode,
the fiber may become positively charged from the
collecting electrode before it reaches the latter.
35 In this case the positively charged collecting
electrode will revel the positively charged fiber
which, as a result, never reaches the collector.
In some cases the fibers may temporarily adhere
to the collecting electrode, but due to' the high
electrical potential thereon, are repelled and
thrown back to the jet electrode. Other fibers,
after reaching the collecting electrode and par-
tially adhering thereto, are positively charged
45 and the ends thereof which have not had an
adequate opportunity to attach themselves to
the collecting eiectrode are projected outwardly
at an angle to the collecting electrode and gen-
erally give a sliver having poor characteristics.
56 The stray fibers which happen to fly back into

40

the proximity of the jet electrode tend to become

attracted and attached to various parts of the jet
electrode. The fibers may thus accumulate
around the spinning jet electrode to a suffi-
55 cient extent to cause serious interference to the

(Cl. 18—8)

tion, .

In copending application to Anton Formbhals,
Serial No. 88,431, filed July 1, 1936, the difficulty
due to stray fibers is overcome to g large extent
by maintaining the electrical potential of the

collecting electrode substantially lower than the.
. electrical potential on the spinning jet electrode. -

This lower potential on the collecting electrode
is secured, for example, by means of an air gap
placed between the source of the electrical poten-
tial and the collecting electrode. Such a pro-
.cedure is a decided improvement over that of
Formhals U. S, Patent No. 1,975,504, but has still
the disadvantage that the collecting device is
charged and therefore dangerous from the stand-
point of fire hazard and the safety of the oper-
ator. In addition, the air gap has to be fre-
quently adjusted since the charge on the col-
lecting electrode varies with such factors as the
type of solution being spun, the temperature and
humidity of the air, the distance between the
collecting electrode and the spinning jet elec-
trode, and the total electrical potential between
the two electrodes.” Moreover, if the air gap is
too large between the source of the electrical po-
tential and the collecting electrode, one is faced
with the disadvantage of the fibers overshooting
the collecting electrode with resultant waste from
the fibers flying about the spinning room.

It is therefore one object of the present inven-
tion to provide an electrical spinning process
wherein good collection of the fibers is secured
primarily by the position of the collecting device
with respect to the spinning jet electrodes rather
‘than by the amount of electrostatic potential on
the collecting device.

Another object of the present invention is to
devise a novel process for the electrical spinning
of fibers. . :

Still another object of the invention is to over-
-come the difficulty due to stray fibers in the elec-

trical spinning of fibers. . ‘

Specifically, the object of the invention is to

* electrically spin fibers from oppositely charged

sets of jet electrodes, the said sets being placed
on opposite sides of a moving collecting device.

Accordingly the invention embraces a process
comprising electrically spinning a spinning solu-
tion from sets of jet electrodes, each set having
preferably a substantially equal but opposite
electrical charge from that on the other, collect-
ing the oppositely charged fibers on a moving
collecting device that is placed in the electrically

Iree and continuous delivery of the spinning solu- '
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neutral area between the oppositely charged, rel-
atively symmetrical elecirical fields.

By the term “electrically neutral area’” we refer
to the area of zero poteniial between oppositely
charged electrical fields.

By the term “non-electrode” as applied to the
collecting device, is meant a collecting device
which is not charged with e high electrical poten-
tial and which, therefore, may be touched by an
operator without danger.

in the preferred embodiment of the invention,
the spinning solution is extruded from two sets
of spinning jet electrodes, each set bearing &
high electrical potential of equal and opposite
charge, and the charged fibers are collected in

the form of & sliver on the tips of a plurality of

metallic prongs fastened to a belt which may be
constructed of rubber, leather, canvas, cambric
or other suitable material. The belt with its
prongs is preferably grounded and sc positicned
with respect to the two sets of spinning jet elec-
trodes that it moves through the electrically neu-
tral area between the two oppositely charged
electrical fields. Each of the two sets of spinning
jet electrodes is regulated to deliver substantially
the same amount of spinning solution.

In order to more clearly set forth the present
invention, reference is made to the following
detailed description taken in connection with
the accompanying illustration, in which:

Figure 1 is an end elevational view, partially in
section, showing the oppositely charged spinning
jets and the collecting device of an apparatus
constructed in accordance with this invention.

Figure 2 is a top plan view of the apparatus
shown in Figure i; .

Figure 3 is a top plan view of an electrical spin-
ning apparatus including & means for grounding.
the collecting device;

Figure 4 is an end clevational view, partiglly
in section, showing 2 medified form of clectricel
spinning device;

Figure 5 is & dlagrammastic illustration of &
modified form of the invention;

Figure 6 is g side elevational view of the appa-
ratus shown in Figure 5.

Referring to the drawings, o spinning solution
from storage tanks (2 and 12* is supplied to 2
plurality of metal spinning jets 16 and 10°, which
are connected respectively to the pipes i1 and
{{’. The spinning jets 1§ and {8’ and pipes 1!
and i1’ are charged with 2 high electrical poten-
tial of equal and opposite charge by being elec-
trically connected to opposite poles of & device
13 for producing high potential electric current.
Device 13 may be a transformer and rotary con-
vertor for changing ordinary line current, such
‘as 110 volt-60 cycle, alternating electric current,
into a high voltage, pulsating, electric current,
or 13 may be any suitable device for producing
o high potential direct current. For obtaining
special effects in the shattering of a stream of
spinning solution, 13 may be a suitable device for

-producing an alternating current of high poten=

tial of any desired or varying frequency. -
Spaced equidistant from the two sets of spin-
ning jet electrodes i0 and 18’ is a long, endless
belt 14 preferably comprising rubber or any other
suitable, non-conductive material, aithough an
electrically conducting material such as metal
may be used. The belt is provided with spaced
metal prongs or lugs {5 which are fastened to
the belt so as to project from both sides thereof.
The prongs 15, which are preferably pointed at
their ends projecting from the sides of the belf,
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are disposed substantially within the plane of the
belt, with the projecting ends extending perpen-
dicularly from the side of said belt. The belt is
driven by pulleys {6 and {7 which are preferably

_ composed of wood or some other suitable, electri-

cally non-conducting material. The oppositely
charged sets of jet electrodes {8 and 19’ are po-
sitioned a distance apart at least equal to and
preferably more than the distance between the
jet electrodes and the collecting device, and far
enough apart to prevent sparks jumping across
between the sets of jet electrodes and creating a
fire hazard. The collecting- belt is positioned at
such a distance from the electrodes that the
spinning solution will be well dispersed or shat-
tered into separate filaments before they contact
with the prongs 15. The belt is furthermore po-
sitioned somewhat lower than the spinning jets
and with the points of the prongs projecting
from one side of the belt spaced at substantially
an equal distance from jets 10 as the oppositely
projecting ends of the prongs are spaced from
jets 1@’. In this mannmer, the fibers produced
from the solution flowing from jets 18 will collect
on the ends of the prongs projecting from one
side of the bhelt and the fibers from the soluticns
issuing from the opposing set of jets are collecfed
on the opposite ends of the prongs in the form
of continuous slivers 20 and 20’.. The electrical
charges on the fibers collecting on one side of the
belt are oppasite to those collgcting on the other
side and will neutralize each other to maintain
the belt collector substantially neutral.

In the preferred embodiment of the invention,
an elecirically conductive element 18 is positioned
on the collector belt to electrically connect the
individual prongs 15 to each other. An electri-
cally grounding mechanism 19 can be contacted
with the element (8 so as to prevent the pres-
ence of an electrical’ charge on the prongs or
Lelt in case the belt is inadvertently forced clos-
er to one set of spinning jets than to the other
set. The grounding mechanism may comprise &
trolley with the trolley wheel having continuous
rolling contact with the element 18. It is to be
understood, however, that the apparatus will be
operative without the element 18 and the ground-
ing mechanisin. .

The electrical potential on the jet electrodes
between the sets of jet electrodes may be- varied
between 10,000 and 100,000 volls and preferably
is maintained at a potential of at least 30,600
volts. Since the resistance from the device {3 to
the sets of jet electrodes is equal and since there
is no leakage of the voltage, the potential charge
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on each set of electrodes is substantially equal

and opposite in charge.
Potential stabilizing and directing means 30
and 88’, comprising, for example concavely

_ curved metallic screens or strips are preferably

positioned in back of the jet electrodes {8 and
1§’. The means 30 and 30’ are connected to &
charge of high electrical potential of the same
polarity as the potential on the corresponding
sets of jet electrodes. The directing means serve
to direct the charged fibers towards the prongs
of the belt and to overcome any difference in
symmetry of the electrical field surrounding the
jet electrodes.

The potential stabilizing and directing means
is the subject of my copending application Se-
rial No. 88,430, filed July 1, 1936, and reference
is made to the said application for details thereof.

The following detailed example of one embodi-
ment of & process for carrying out the present
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~ mentioned hereinbefore.
positely charged fibers sufficiently attract one’

- 2,188,418 o
the spinning solution is extruded from oppositely

invention is given as a specific iNlustration and is
not to be considered as limiting the scope of the
invention.

Ezample ' i

A solution having a viscosity at 25° C. of 35.7
poises and consisting of 150 grams of cellulose
acetate, 600 grams of acetone and 300 grams of
the monomethyl ether of ethylene glycol is forced
through two opposing sets of single hole jet elec-

.trodes, the orifice diameters of which are ap-

proximately 0.0180 inch. Opposite poles of a
source of pulsating, direct current of 50,000 volts
are connected to opposing sets of jet electrodes.
The streams of cellulose acetate - solution are
broken under the influence of the high electrical
botential existing between the charged jets and a
moving collecting belt into numerous fine fila-
ments which are deposited on and carried away
by the prongs of the moving belt. The charged
fibers from one set of jet electrodes, upon deposi-
tion, apparently impart a charge to the opposite
tip of the metal prong upon which are attracted,
collected and neutralized the oppositely charged
fibers from the other set of jet electrodes. The
net result is that the belt remains substantially
electrically neutral and two essentially uncharged
slivers are collected on the tips of the prongs. To
insure that the streams of solution and the
fibers produced therefrom are properly directed
to the prongs, the belt is placed in the electrically
neutral area between the electrical fields sur-
rounding the oppositely charged sets of jet elec-
trodes and below the electrode jets at & distance
which essentially represents a balance between
gravity and electrical forces exerted on the soluy-
tion and the fibers. The fibers may additionally
be directed upon the prongs by means of metallic
screens positioned back of the jet electrodes and
Dossessing an electrical charge of the same sign
as that of the electrode. During the dispersion or
shattering of the stream of solution and deposi-
tion of the fibers, the solvent evaporates, the
fibers quickly drying as they are carried away
from the spinning zone. The fibers are thus
oriented in a position substantially parallel to the
direction of travel of the belt and due to their
rapid drying and substantial freedom from elec-
trostatic charge, adhere neither to the nrongs nor
to one another, to any objectionable degree. The
continuous sliver thus formed is removed by a
stripping device and deposited in a suitable con-
tainer or wound on a reel. Prior to drawing or
twisting, and preferably prior to winding the
sliver, it is treated with a suitable textile finish
in a fashion similar to the treatment of wool
rovings so as to facilitate the ease and smooth-
ness of drawing. ‘The sliver treated with g suit-

able textile finish is drawn and/or twisted to
 yield a yarn of any weight desired. :

In another form of the present invention the
oppositely charged sets of jet electrodes are posi-
tioned relatively close together and at a consider-
able distance from any ground, such as the belt
As a result, the op-

another and as tl}ey come in contact they neu-
tralize the charge on each other. The neutralized
fibers fall by gravity and preferably are col-
lected continuously in the form of a sliver-like
bundle on a collector, for example, an endless
belt. ' This mode of operating the invention also
offers an excellent procedure for producing staple
in a fluffed form. )

Referring to Figure: 5 and 6 of the invention,

3

charged sets. of spinning jet electrodes 10 and
10’, each set consisting, for example, of 20, 50,
100 or more jet electrodes. The spinning solu-
tions are electrically dispersed into fibers which
are attracted to each other along a line inter-

" mediate the sets of spinning jets. As the fibers

‘contact each other, they become neutralized and
fall to the belt 40 and are carried away to a
confainer or wind-up device. If desired, the
fluffed staple fibers may be permitted to.fall by
gravity to the floor and then removed by suction,
by a stream of air or fluid, or by a belt or other
mechanical means. The fluffed staple may be
converted into g sliver by the usual textile opera~-
tions.

Referring to the modification of the invention
iltustrated in Pigure 4 of the drawings, reference
numeral 58 designates a source of high potential
alternating current such as a transformer in
which low potential alternating current such as
110-120 volt 60 cycle current is transformed to
10,000 to 100,000 volt 60 cycle current. Lead Wwires
52 and 54 connect to a source of low voltage
alternating line current and to the low voltage
side of the transformer 56. Lead wires 56 and 58
are connected between the high voltage terminals

.of the transformer 55 and the alternating current

poles of rotary converter 65. I.ead wires 64 and

66 are connected between the direct current poles .

of rotary converter 65 and to the pipe lines ({
and |1’ respectively. A lead wire 60 is connected
to lead wire 58 (or 56) and to trolley 710. The
wheel 72 of the trolley contacts the element 8
which connects the various prongs 15 or belt | 4.
In this modification, it may be desired to place
an air gap or other resistance designated by 61
in lead 60. The function and utility of such an
air gap or resistance is specifically disclosed in my
copending application Serial No. 88,431, filed July
1, 1936. .

In operation the prongs will be alternately
charged with a positive and negative high poten-
tial in accordance with the frequency of the al-
ternating current. The prongs 15 will therefore
have an alternate attraction and repulsion for
the fibers. ;
alternation is a small fraction of a second, it will
not prevent the adherénce of the fibers to the
prongs for the formation of a sliver thereon. The
alternations, however, have the desirable func-
tion of giving a curliness or crimp to the fibers

since they are alternately attracted and repelled’

before the solvent has been evaporated therefrom
and while they are still in a plastic state.
The modification shown in Pigure 4, there-

Inasmuch as the frequency of the-
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fore, does not have some of the desirable features -

of the other modifications in which the belt and
brongs carry no dangerous high potential charge
of electricity, but has certain other advantages
not possessed by the previously described modi-

fications. The various modifications are all com-

mon to each other, however, in that they have
opposing sets of jet electrodes connected to op-
posite poles of a source of a high electrical po-
tential. ‘ ’

While the rate of delivery of the spinning so-
lution from the sets of jet electrodes may be
varied with respect to one another within a lim-
ited range, still it is preferred for mos* satisfac-
tory operation that the rate of delivery be sub-
stantially the same from each set of jet elec-
trodes. Likewise, while preferred, it is not ab-

-solutely necessary to have the potential equal on

the oppositely charged sets of electrode jets, some
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difference in potential being overcome by the use
of directing means, such as the electrically
charged screen mentioned hereinbefore, or a cur-
rent of air. The collecting device, however, is
preferably placed in the neutral zone between the
electrodes even though in cases where the sets
of jets have unequal potentials it will necessitate
positioning of the collecting device nearer one
set than the other set. .

The present invention may also be advanta-
geously applied to the spinning of solutions of cel-
lulose acetate in solvents other than acetone or
the monomethyl ether of ethylene glycol. Certain

. solvents in the spinning solution will cause 2

greater or lesser shattering of the liquid sfream
than others and some solutions will require &

_ higher potential than others for the satisfactory
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breaking up of the stream and the formation of
fibers. Solutions of other cellulose esters, for in-
stance cellulose propionate, cellulose aceto-pro-
pionate, cellulose aceto-butyrate, cellulose aceto-
stearate and solutions of cellulose ethers such as
ethyl or benzyl cellulose may also be spun by the
procedure of the invention. Generally, solutions
of resins, molten glass or other materials which
may be formed into fibers may also be spun in
accordance with the method of the invention. It
has been found that polymerized resins of alkyl
esters of acrylic acids, and specifically polymer-
ized methyl methacrylate resin, can be electrical-
ly spun to produce particularly desirable fibers.

These acrylic acid resins may be dissolved in suit- .

able solvents, such as acetone together with a
suitable plasticizer if desired and electrically dis-
persed or shattered in the same manner as the
spinning solutions above qbescribed.

The moving collecting device which may or
may not be grounded, on which the fibers are
collected in a continuous sliver, may be driven at
any desired speed to obtain varying eifects. How-
ever, when it is desired to coilect the fibers in a
compact, coherent sliver, in which the fibers
are arranged substantially parallel to each other,
it is essential that the linear speed of the collect-
ing device be at least as high as, and preferably
higher than the speed of the freshly formed fibers
in.their travel towards the collecting device. I%
is preferred that the collecting device be a con-
tinuance belt with prongs. However, it may com-
prise any other form of collecting device such as &
wheel, in which case one sliver is continuously
formed. Or, the collector may be some other de-
vice provided, like the belt, with prongs around
its circumference, which prongs are adapted to
mesh with a suitable means for removing the
sliver from the collection device. If desired, suit-
ably positioned air jets may be used to remove
the sliver or may be used in conjunction with
various mechanical devices in removing the sliver
from the collecting mechanism.

Suitable delustering agents such as pigments,
oils, organic solids and similar materials may be
introduced into the spinning solution to produce
delustered, semi-lustrous and other effects. Like-
wise, dyed filaments or fibers may be spun by.in-
troducing suitable dyes or other coloring matter
into the solution.

The process of the invention as illustrated in
Figures 1, 2, 3 and 5 offers greater ease in con-
trolling the uniformity of the electrical spinning
operation in that it utilizes a collecting device
that is not an electrode in the sense that the col-
lecting device is not connected to an electrical
potential, either directly or through an air gap.

2,156,416

As @ resuit, the operating conditions may be
varied over a wider range than in previous meth-
ods since inherently the procedure is not affected
so critically by factors such as humidity and tem-
perature, the distance between the jet electrodes
and the collecting device, and the fluctuations in
electrical potential, and changes in the electrical
potential. Since there is no high electrical po-
tentiz] wire relatively close to the collecting de-
vice, the danger of operators suffering from elec-
trical shock or from explosions due to electrical
sparking i the presence of solvent vapors is
practically eliminated. ;

The process of the inventionr as illustrated in
Figure 4 has the advantage of forming a sliver
composed of very curly or highly crimped fibers
which more nearly simulate wool.

Fconomically, the process of the jnvention in
accordance with all of the modifications affords
a relatively cheap and efficient mode of elec-
trically spinning and collecting fibers and also
utilizes ficor space efficiently.

1t will be obvious that many changes and modi-
fications can be made in the above described ap-
paratus and processes without departing from the
nature and spirit of the invention. It is there-
fore to be understood the invention is not to be
limited except as set forth im the appended
claims.

I claim: : .

i. In an apparatus for the electrical spinning
of fibers a set of spinning jet electrodes, a sec-
ond set of spinning jet electrodes spaced Jrom
said first set, means for connecting said sets of
jet electrodes to opposite poles of a source of
high electrical potential, & moving collecting
means positioned substantially in the neutral
zone intermediate said sets of jet electrodes for
collecting fibers from both of said sets of jet
electrodes, the space between said sets of jet
electrodes being sufficiently great to prevent the
passing of a spark therebetween due to their
opposite charges of electricity and being suffi-
ciently small to cause an attraction to each other
of the oppositely charged fibers spun from the
said jet electrodes.

2. In an apparatus for the electrical spinning
of fibers a set of spinning jet electrodes, a sec-
ond set of spinning jet electrodes spaced from
said first set, means for connecting said sets of

- jet electrodes to opposite poles of a source of high

electrical potential, a moving collecting means
positioned below and substantially in the neutral
zone intermediate said sets of jet electrodes, the
space between said sets of jet electrodes being
sufficiently great to prevent the passing of a
spark therebetween due to their opposite charges
of electricity and being sufficiently small to cause
an attraction to the collecting means of the op-
positely charged fibers spun from the said jet
electrodes.

3. In an apparatus for the electrical spinning'

of fibers a set of spinning jet electrodes, a sec-
ond set of spinning jet electrodes spaced from
said first set, means for connecting said sets of

. jet electrodes to opposite poles of & source of high

electrical potential, a moving collecting means
having prongs projecting from opposite sides
thereof positioned below and substantially in the
neutral zone intermediate said sets of jet elec-
trodes, the space between said sets of jet elec-
trodes being sufficiently great to prevent the
passing of a spark therebetween due to their
opposite charges of electricity and being sufii-
clently small to cause an attraction of the fibers
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spun from one set of electrodes to the prongs
projecting from one side of the collecting means
and an attraction of the fibers spun from the
other set of electrodes to the prongs projecting
from the other side of the collecting means.

4. In an apparatus for the electrical spinning
of fibers as defined in claim 1, means connected
to said collecting deévice to maintain the same
electrically grounded.

5. In an apparatus for the electrical spinning
of fibers as defined in claim 3, means connected
to said prongs to maintain the same electrically
grounded.

6. In an apparatus for the electrical spinning
of fibers as defined in claim 3, means connected

to said prongs to alternately impart thereto a

high potential of opposite sign.

7. In a process for the electrical spinning of
fibers, the step which comprises imparting a high
electrical potential of opposite sign to spaced
streams of spinning solution whereby to cause
them to be electrically shattered into fibers, and
collecting said fibers on a collecting means com-
mon to said spaced streams.

8. In a process for the electrical, splnning of
fibers, the-steps comprising extruding a plurality
of streams of spinning solution from one Zone,
extruding a second plurality of streams of spin-
ning solution from g second zone, imparting high
electrical potentials of opposite sign to the
streams of spinning solution in said two zones

. respectively, sald zones being separated a dis-

35
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tance sufficient to prevent electrical sparks being
created therebetween but which will permit the
resulting spun fibers to be attracted to each
other, and collecting said fibers on & collecting
means common to said plurality of streams.

9. In a process for the electrical spinning of
fibers, the steps comprising extruding a plurality -
of streams of spinning solution from one zone,

8

extruding a secoud plurality of streams of spin-
ning solution from a second zone, imparting high
electrical potentials of opposite sign to the
streams of spifining solution in said two zones
respectively, said zones being separated a dis-
tance sufficient to prevent electrical sparks being
created therebetween, and collecting the fibers
from said two zones on opposite sides of a collect-
ing device positioned therebetwegn to form two
independent siivers of-fibers. -

10. In a process for the electrical spinning of
-fibers, the steps comprising extruding a plurality
of streams of spinning solution from one zone,
extruding a second plurality of streams of spin-
ning solution from ‘s second zone, imparting
high electrical potentials of opposite sign to the

streams of spinning solution in said two zones -

respectively, said zones being separated a dis-
tance sufficient to prevent electrical sparks being
created therebetween, and collecting the fibers
from sald two zones on opposite sides of a collect-
ing device positioned in an electrically neutral
zone - therebetween to form - two independent
slivers of fibers.

11. In a process for the electrical spinning of
fibers, the steps comprising extruding a plurality
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of stresms of spinning solution from one zone, .

extruding a second plurality of streams of-spin-
_ning solution from & second zone, imparting high

electrical potentials of opposite sign to the’

streams of spinning solution in said two Zones
respectively, said zones beihg separated a dis-

tance sufficient to prevent electrical sparks being

created therebetween but which will permit the
-resulting spun fibers to be attracted to each other,

- and collecting said fibers in the form of a single

sliver substantially in a neutral zone intermediate
said extruding zones. '
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