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(57) Abstract: Method and device for production of nanofibers by electrostatic spinning of polymer solution or melt The invention
relates to a method for production of nanofibers by electrostatic spinning of a polymer solution or a polymer melt in an electric field
of high intensity created by a potential difference between a spinning electrode (31) and a counter electrode (32), which are com -
posed of mutually parallel oblong bodies, whereby spinning is performed from the surface of the polymer solution or the polymer
melt on the spinning electrode (31) and the created nanofibers (5) are by to the action of the electric field carried towards the counter
electrode (32). Spinning is carried out from the surface of the polymer solution or polymer melt on the spinning electrode (31)
against at least one pair of counter electrodes (32), which are in relation to the spinning electrode (31) arranged in the same distance
and the angle between the planes interlaid by the spinning electrode (31) and both counter electrodes (32) of the corresponding pair
of counter electrodes (32) is in the range of 40° to 180°, whereby streams of nanofibers (5) which are directed to each of the counter
electrode (32) are before falling on the corresponding counter electrode (32) deflected by the action of the additional force acting in
a direction across the stream of nanofibers (5) and are carried by this additional force towards a collecting place (4) of nanofibers
(5). The invention also relates to a device for production of nanofibers.
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Method and dé\)ice for production of nanofibers by electrostatic spinning

of polymer solution or melt

Technical field

The invention relates to a method for production of nanofibers using
electrostatic spinning of a polymer solution or a polymer melt in an electric field
created by a potential difference between a spinning electrode and a counter
electrode, which are formed by mutually parallel oblong bodies, whereby
spinning is performed from the surface of the solution or polymer melt on the
spinning electrode and the created nanofibers are carried towards the counter

electrode by to the action of the electric field.

The invention also relates to a device for production of nanofibers using
electrostatic spinning of polymer in an electrostatic field of high intensity
induced between a spinning electrode and a counter electrode, which are
formed by mutually parallel oblong bodies, on whose surface a layer of a

polymer solution or polymer melt is created repeatedly or continuously.

Backgound art

In known electrostatic spinning devices, the created nanofibers are
deposited into a layer of nanofibers on a substrate arranged between the
spinning electrode and the collecting electrode, between which an electrostatic
field of high intensity is created for spinning. In some cases there is a
requirement that the place of depositing nanofibers should be outside the space

between these electrodes, which is solved in different ways.

From EP 1673493 there is known a method for production of nanofibers
from a polymer solution by electrostatic spinning in an electric field created by a
potential difference between a rotating charged electrode and a counter
electrode, in which the polymer solution for spinning is supplied to the electric
field for spinning by means of the surface of the rotating charged electrode,
which is by part of its surface immersed in the polymer solution, whereby the

created nanofibers are carried away from the rotating charged electrode
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towards the counter electrode by the action of ihe electric field and
subsequently the nanofibers are deposited on a means for depositing of
nanofibers.The counter electrode may be formed by a plate, a rod or a system
of parallel rods. Nanofibers are created from the surface of cylindric or
quadrangular or multiangular prism charged electrode, wherein the counter
electrode is located égainst the free part of the circumference of the charged
electrode and the air between the charged electrode and the counter electrode
is sucked off. In one of possible variants of embodiment of invention the
nanofibers are by sucking the air off deflected from their direction towards the
counter electrode and are led to the means of depositing nanofibers, which is

arranged outside the space between the electrodes and is pervious to air.

With respect to the fact that in order to deflect the nanofibers from their
course between the spinning electrode and counter electrode the air is sucked
off from the entire space of the spinning chamber, this method of depositing
nanofibers outside the space between the electrodes is energetically
demanding.

JP2005264374 describes a device for production of fibres similar to
cotton using electrostatic spinning from a polymer solution, in which the
spinning proceeds in a spinning chamber between a spinning nozzle and a
counter electrode, which are arranged horizontally, whereby the fiber stream is
deflected by an air stream which passes across the spinning chamber, whereas
the air is led to the chamber at the top and sucked off at the bottom through a
substrate material on which the produced fibers are deposited. This device

appears to be as energetically demanding as the method described above.

WO 2010/055693 discloses a method for production of nanofibers in
which nanofibers are created by a means of electrostatic spraying, which
consists of a spinning nozzle connected to one pole of a high voltage source
and a collecting electrode connected to the opposite pole of the high voltage
source, whereby an air stream is fed in the direction perpendicular to the mouth
of the spinning nozzle and is directed towards the surface of the collecting
electrode, the air stream blowing the polymer solution from the mouth of the

spinning nozzle to the surface of the collecting electrode and facilitating the



10

15

20

25

30

WO 2014/079400 PCT/CZ2013/000147

3

creation of nanofibers, which are deposited on the surface of the collecting

electrode.

The drawback of this method is mainly that the spinning nozzle is subject
to clogging and that leads to a short-term service life. Another disadvantage is
irregularity of the deposited layer of nanofibers as a result of using a narrow air

stream for spraying.

WO 2012/066929 describes a device for prod'ucing nanofibers, which is
configured so that a spinning nozzle is created for spinning a polymer material
between the aperture of a spinning nozzle and a metal sphere arranged
opposite, both of them being connected to a high voltage source, and between
them an electrostatic field of high intensity is created, thus on the surface of the
polymer material outgoing from the spinning nozzle there are creatednanofibers
which are carried out by the electrostatic field towards the metal sphere. A high-
speed air stream jet nozzle leads to the space between the metal sphere and
the spinning nozzle, the air stream from the jet nozzle being directed
perpendicularly to the path of the nanofibers between the spinning nozzle and
the metal sphere. The air stream scatters the nanofibers towards a collecting
device whose collecting surface is grounded and is used for gathering and
collecting the nanofibers. A plurality of units formed by spinning nozzle, a metal
sphere and a high-speed air stream jet nozzle are situated in a row next to each

other.

The disadvantage of this device is low productivity of materialpoint
spinning, the difficulty in setting a plurality of spinning units so that nanofibers
created by each of them would have the same parameters and characteristics,
and especially the fact that it is impossible to achieve homogeneity all over the

surface of the resulting layer of nanofibers.

EP 2173930 describes a method of spinning the liquid polymer material
in an electrostatic field between at least one spinning electrode and one
oppositely arranged collecting electrode, whereby one of the electrodes is
connected to one pole of a high voltage source and the second electrode is
connected to the opposite pole of the high voltage source or is grounded, at
which the liquid polymer material is in the electrostatic field on the active

spinning zone of the cord of the spinning means of the spinning electrode.
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During the process of spinning the active spinning zone of the cord has a stable
position in relation to the collecting electrode and the fluid materialis carried to
the active spinning zone of the cord either by coating onto the active spinning
zone of the cord, or by moving the cord in a direction of its length. This method
of spinning has been successfuly applied for coating the polymer onto the
stationary active zone of the cord, whereby the resulting structure, quality and
homogeneity of the produced layer of nanofibers surpass the above-mentioned
methods and devices. The spinning process is performed in a spinning
chamber, in which several spinning electrodes formed of cords are arranged
and against each of them there is one collecting electrode formed of a rod or
wire, or the collecting electrode is formed by plate common to all the spinning
electrodes. It is necessary to keep the required working atmosphere in the
extensive space of spinning chamber, which involves sucking off the air
containing solvents and supplying clean air, so that the concentration of the
solvents would not exceed a set value. The air sucked from the working
chamber must be subsequently cleaned so that the solvents are removed and
then it can be released into the surrounding atmosphere or it can be reused.
Considering the amount of the air, this method, too, is rather energetically

demanding.

There are also other known methods and devices for production of
nanofibers using electrostatic spinning from a polymer solution or a polymer
melt in an electric field created by a potential difference between a charged
electrode and a counter electrode which are composed of oblong bodies which
are located across the spinning chamber and are mutually parallel, whereby the
spinned polymer is during spinning on the surface of these bodies situated in
time of spinning against the collecting electrode or the spinning takes place
from the free surface of the polymer outgoing from orifice of a oblong body of
forming the spinning electrode. The created nanofibers are carried from the
spinning electrode to the collecting electrode, in front of which they are

deposited on a substrate material.

The method of spinning according to EP 1673493, EP 2173930, as well
as other methods, in which the polymer is during spinning on the surface of a

body of oblong shape which forms the spinning electrode, have proved to be
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successful both because of their productivity and because of the repeatedly
achievable uniform quality of nanofibers and homogeneity of the layer of
nanofibers. On the other hand, productivity, that is the amount of nanofibers
produced per unit time, is physically limited and in principle it cannot be

increased on the existing electrostatic spinning devices.

The aim of the invention is to propose a method of electrostatic spinning
and a device to carry out the method, which would improve the producticity of
nanofibers production as well as reduce the demands for production in terms of
energy and ecology, while preserving all the advantages of currently the most

advanced electrostatic spinning methods and devices.

Principle of invention

The goal of the invention has been reached through a method of
production of nanofibers using electrostatic spinning of a polymer solution or a
polymer melt, whose principle consists in that spinning is carried out from the
surface of the polymer solution or the polymer melt on a spinning electrode
against at least a pair of counter electrodes which are arranged in relation to the
spinning electrode in the same distance and the angle between the planes
interlaid by the spinning electrode and both counter electrodes of the relevant
pair of counter electrodes is in the range from 40° to 180°, whereby streams of
nanofibers directed towards each of the counter electrodes are before falling on
the corresponding counter electrode deflected by the action of the additional
force acting in a direction across the stream of nanofibers and are carried by

this additional force towards the collecting place of nanofibers.

The pair of counter electrodes ensures that spinning is performed from
one spinning electrode in two directions, in the bove described method, and
thus it increases productivity compared to the background art. This results in
better utilization of the solution or the melt of the polymer. If the spinning
electrode has a circular cross section, the spinning process runs even from half
of its surface.

In the embodiments in which the surface of the solution or the polymer

melt is created on the entire circumference of the spinning electrode it is
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possible to perform spinning from one spinning electrode towards two pairs of
counter electrodes. In this manner, the productivity increases even more and a

more uniform consumption of the solution or polymer melt is achieved.

So as to reduce demand for energy, it is advantageous if spinning
proceeds in an auxiliary spinning chamber, which is arranged in the main
spinning chamber, surrounds the spinning electrode and the counter electrodes
along their entire length and is open towards the collecting place of nanofibers
arranged in the main spinning chamber. Due to limiting the spinning space by
means of the auxiliary spinning chamber the space, in which it is necessary to
keep high quality working atmosphere for spinning, has become smaller and the
demands for the quality of the working atmosphere in the main spinning

chamber are therefore not so high.

Furthermore, it is advantageous if the additional force is generated by the
action of at least one air stream entering along the entire length of the spinning
electrode to the space between the spinning electrode and the corresponding
counter electrode of the corresponding pair of counter electrodes and leading
across the space between the spinning electrode and the corresponding
counter electrode towards the collecting place of nanofibers. After the streams

of nanofibers are deflected, both air streams merge into one.

Additional force may be also generated by the action of the electrostatic
field between the spinning electrode and the collecting electrode arranged on
the collecting place of nanofibers or/and by the action of underpressure on the
collecting place of nanofibers. Additional forces ensure reliable transportation of
the nanofibers from the space between the spinning electrode and the
corresponding counter electrodes to the collecting place of nanofibers and

prevent their scattering, especially in the space of the main spinning chamber.

In the collecting place of nanofibers the nanofibers either are deposited
into a layer on a substrate material or on a deposition means by which they are
transported outside the space of the main spinning chamber, or they are sucked
off into a reservoir of nanofibers.

In order to meet requirements for manufacturing variously modificated

nanofibers, nanofibers containing various additives and/or nanofibers with
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different properties of the surface, aii streams contain at least one modificaton
agent adhering to the surface of nanofibers and/or react with the material of
nanofibers, or, as the case may be, with the particles, which are contained in
the material of nanofibers and/or on their surface, whereby the modification

agent is chosen from a group which includes at least antimicrobial and/or

~ antibacterial agents, for example silver, TiO,, oxides, salts, or agents with

hydrophilic or hydrophobic effect, for example silicone or chlorine groups.

For the purpose of achieving other properties of nanofibers it is possible

to feed an additional gaseous medium to the auxiliary spinning chamber.

The principle of the device according to the invention consists in that
assigned to the spinning electrode is at least one pair of counter electrodes,
which are in relation to the spinning electrode arranged in the same distance
and the angle between the planes interlaid by the spinning electrode and each
of the counter electrodes of the corresponding pair lies in the range of 40° -
180°, whereby into the space between the spinning electrode and each of the
pair of counter electrodes there are lead air nozzles being distributed paraliel
with the spinning electrode and the corresponding counter electrode along their
entire length and the direction of the mouth of the air nozzles intersects the
connecting line of the spinning electrode and the corresponding counter
electrode of the corresponding pair of counter electrodes and is directed to the
collecting place of nanofibers. The device according to the invention ensures
increasing productivity and better utilization of the polymer subjected to spinning
while keeping the quality of nanofibers, since spinning is performed from a

greater part of the surface of the polymer on the spinning electrode.

In order to reduce demand for energy, the spinning electrode, together
with at least one pair of counter electrodes assigned to it, is along its whole
length surrounded by an auxiliary spinning chamber which is arranged in the
main spinning chamber and is opened towards the collecting place of

nanofibers arranged in the main spinning chamber.

Other advantages and features result from the remaining dependent
claims on the device.
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Description of drawings -

Examples of embodiment of the invention are schematically represented
in enclosed drawings, where Fig. 1 shows a cross section of the main spinning
chamber of the device in an example of embodiment for spinning in an upward
direction, Fig. 2 represents a cross section of the auxiliary spinning chamber
and the collecting place of nanofibers comprising a collecting electrode for
spinning in a downward direction, Fig. 3 shows a cross section of the auxiliary
spinning chamber and the collecting places for spinning in an upward and also
downward direction comprising corona electrodes, Fig. 4a is a cross section of
an example of embodiment of the device with one pair of counter electrodes, in
which the angle between the planes interlaid by the spinning electrode and both
counter electrodes of the corresponding pair of counter electrodes is 180°, Fig.
4b provides a view of the embodiment according to Fig. 4a from the left-hand
side, Fig. 5 represents the arrangement of the auxiliary spinning chamber, to

which the sucking and collecting device of nanofibers is assigned.

examples of embodiment

In the example of embodiment shown in Fig. 1 the device for production
of nanofibers comprises the main spinning chamber 1, into which a substrate
material 2 is fed in a known manner, for example a textile or paper, serving for
depositing a layer of nanofibers, the substrate material being drawn from the
main spinning chamber 1 in a known manner, whereby it is kept tight in the
spinning chamber 1. In the example of embodiment shown in Fig. 1 in the main
spinning chamber 1 three spinning units are arranged, each of them comprising
an auxiliary spinning chamber 3 composed of an oblong body, located along the
whole width of the main spinning chamber 1 and of the collectoing place 4 of
nanofibers 5, which is in the illustrated embodiment formed by a collecting
electrode 41, which is formed by an oblong body located along the whole width
of the spinning chamber 1 and is arranged in a direction away from the auxiliary
spinning chamber 3 behind the substrate material 2. The auxiliary spinning
chamber 3 is open towards the collecting electrode 41.
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In the lower part of the auxiliary spinning chamber 3 is along iis entire
length arranged a spinning electrode 31 formed by an oblong body and parallel
with the collecting electrode 41. Parallel with it and in the same distance from it
there are in the upper part of the auxiliary spinning chamber 3 along its entire
length arranged two counter electrodes 32, which are also composed of oblong
bodies and are arranged outside the connecting line between the spinning
electrode 31 and the collecting electrode 41. The angle between the planes
interlaid by the spinning electrode 31 and the corresponding counter electrodes
32 is in the range of 40° - 180, preferably in the range of 60°- 180°. The
spinning electrode 31 is connected to one pole of a high voltage source and the
counter electrodes 32 are connected to the opposite pole of the high voltage
source or are grounded, by which means between the spinning electrode 31
and each of the counter electrodes 32 an electrostatic field of high intensity is
created, which is indicated in the drawings by dash-dotted lines. Also the
collecting electrode 41 is in this embodiment connected to the opposite pole of
the high voltage source than the spinning electrode 31, thus an electrostatic
field is created between them, although its intensity is lower due to the distance
between the electrodes, which is greater than the distance between the
spinning electrode 31 and the counter electrodes 32, in spite of the fact that the
difference in voltage between the spinning electrode 31 and the collecting
electrode 41 is greater than the difference in voltage between the spinning
electrode 31 and each of the counter electrodes 32. To the space of the
auxiliary spinning chamber 3 there are led air nozzles 33, which are distributed
along the whole length of the auxiliary spinning chamber 3 and further lead
across the connecting line of the spinning electrode 31 and the corresponding
counter electrode 32 to the space between the counter electrodes 32 and the
air streams created by them are directed after merging into one to the orifice of

the auxiliary spinning chamber 3 and towards the collecting electrode 41.

On the spinning electrode 31, using any of the known methods, the
surface of the polymer solution or polymer melt is created continuously or
repeatedly and from this surface in a direction towards the corresponding
counter electrode 32 the polymer is subjected to spinning. The spinning

electrode 31 can be created by any known method according to the background
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art. Nowadays the most suitable spinning electrode appears to be the cord
spinning electrode according to EP 2173930, on which the polymer solution is
repeatedly applied by a coating device moving parallel with the cord along its

active spinning zone.

The counter electrodes 32 can also be created by any known method
according to the background art, for example they can be composed of a plate
or a rod or a group of rods or a cord or a group of cords, whereby the most
suitable type appears to be a rod or cord counter electrode. If cord counter
electrodes are used, they may be coupled with means of their winding and/or
cleaning for the purpose of possible removing nanofibers 5, which were not
deflected by the action of the additional force towards the collecting place 4 of

nanofibers 5, in this case towards the collecting electrode 41.

Also, the collecting electrode 41 may be composed of at least one of any
collecting electrodes known from the background art, whereby nowadays the
most suitable type appears to be a rod or cylindric collecting electrode, which is
in contact with the substrate material 2, or a corona collecting electrode

arranged out of contact with the substrate material 2.

The substrate material 2 may be in all embodiments replaced with a
known conveyor belt arranged on the collecting place 4 of nanofibers 5 and
forming at the same time a collecting electrode 41, as is shown in Fig. 5.
Assigned to the conveyor is a collecting vessel 6 of nanofibers 5 or of a
nanofibrous layer 51 and unillustrated means of taking off the nanofibers 5 or

the nanofibrous layer 51 from the conveyor.

The air nozzles 33 are formed for example by flat nozzles which are
distributed along the whole length of the auxiliary spinning chamber 3, or they
may be formed by a system of nozzles arranged along the whole length of the
auxiliary spinning chamber 3 or in another suitable manner that enables to
create along the whole length of the auxiliary spinning chamber 3 a suitable air
stream which is in principle flat and which is directed across the connecting line
of the spinning electrode 31 and the corresponding counter electrode 32 to the

space between the counter electrodes 32.



10

15

20

25

30

WO 2014/079400 PCT/CZ2013/000147

11

During spinning the surface of the solution or polymer mélt is created on
the spinning electrode 31 continuously or repeatedly. The spinning electrode 31
is fed by the voltage U; and the counter electrode 32 is fed by the voltage U,.
The difference between these voltages, whose polarity is usually opposite, or
one of the electrodes is grounded, creates between the spinning electrode 31
and the counter electrodes 32 an electrostatic field of high intensity, by whose
action from the surface of the solution or polymer melt nanofibers 5 begin to be
created on the spinning electrode 31. The nanofibres 5 are by the action of the
electrostatic field carried towards the corresponding counter electrode 32,
whereby create in principle regular stream of nanofibers § along the entire

length of the spinning electrode 31 and the corresponding counter electrode 32.

On the stream of nanofibers 5 between the spinning electrode 31 and the
corresponding counter electrode 32 is acted by an additional force created by
an air stream from a corresponding air nozzle 33, by which the nanofibers are §
before falling on the counter electrode 32 deflected from their original direction
to the direction towards the collecting electrode 41, whereupon both air streams
merge into one and the nanofibers 5 are in front of the collecting electrode 41
deposited on the substrate material 2 or a means of depositing. The movement
of the nanofibers 5 towards the collecting electrode 41 is facilitated by an
auxiliary electrostatic field created between the collecting electrode 41 and the
spinning electrode 31 after the voltage U; is fed to the collecting electrode 41.
However, due to the great distance between the collecting electrode 41 and the
spinning electrode 31 the auxiliary electrostatic field has a lower intensity than
the electrostatic fields created between the spinning electrode 31 and the
counter electrodes 32, and so the auxiliary electrostatic field does not interfere
with the spinning process of creating nanofibers on the surface of the polymer
solution or melt on the spinning electrode 31, but it facilitates the drifting of the
nanofibers 5 in a direction towards the collecting electrode 41 after being
deflected by an air stream and thus increases the additional force created by

this air stream.

It is assumed that the intensity of the auxiliary electrostatic field between
the spinning electrode 31 and the collecting electrode 41 can be set in such a

manner that in the portion in front of the falling of streams of nanofibers § on the
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counter electrode 32 the auxiliary electrostatic field is able to act upon the
nanofibers § by an additional force towards the collecting electrode 41 and
deflect at least some of the nanofibers 5§ towards the collecting electrode 41.
However, for the stability of the process it appears to be more simple and/or
more suitable to employ the auxiliary electrostatic field so as to support the

additional force created by the air stream, as described adee.

with respect to the fact that spinning takes place in the auxiliary spinning
chamber 3, in which both the spinning electrode 31, and the counter electrodes
32 are arranged, the requirements for keeping the desirable working
atmosphere for spinning are limited to the auxiliary spinning chamber 3,
whereas in the space of the main spinning chamber 1 the requirements for the
working atmosphere are not so strict, since the nanofibers 5 are only
transported through this space by an air stream from the auxiliary spinning
chamber 3 and deposited on the substrate material 2. Although the air carrying
the nanofibers 5 from the auxiliary spinning chamber 3 contains solvents in
amounts approaching the maximum possible value, but the air is scattered
within a greater space of the main spinning chamber 1, by which means the
concentration of the solvents in the air decreases and the air in the main
spinning chamber 1 can be replaced more slowly and in lower amounts, which
decreases energetic demands for this replacement and the whole process of
spinning. At the same time, the air flows through the main spinning chamber 1
in a known manner through the inlet orifice 11 from the side of the outlet of the
substrate material 2 with the deposited layer 51 of nanofibers towards the side
of the main spinning chamber 1 with the inlet of the substrate material 2,
whereby it can be taken out both from the space under the substrate material 2
and from the space above the substrate material 2, for example through the
outlet orifice 12. The inlet orifice 11 and the outlet orifice 12 are formed for
example by an aperture along the whole width of the main spinning chamber 1
or by a system of orifices along the width of the main spinning chamber 1. The
air that is removed is cleaned in a known way and subsequently either released

to the surrounding atmosphere, or taken back to the machine.

To the air fed to the auxiliary spinning chamber 3 it is possible to add a

suitable modification agent adhering to the surface of nanofibers 5 or reacting
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with the material of-nanofibers 5 or with the particles whicn-are contained in the
material of nanofibers 5. Modification agents may be agents from the group of
antimicrobial and/or antibacterial agents, for example silver, TiO,, oxides,
salts, or agents with a hydrophilic or hydrophobic effect, for example silicone or
chlorine groups, by which means on the surface of nanofibers 5 a hydrophilic or
hydrophobic layer is created, and so the created layer of nanofibers will have
hydrophilic or hydrophobic effects. At the same time it is possible to add from
each air nozzle a different modification agent in the auxiliary spinning chamber
3 and to carry out this in all the auxiliary spinning chambers 3 in the same
manner, or to apply a different modification agent in each auxiliary spinning
chamber 3 according to the requirements for the resulting properties of the
nanofibrous material. Modification agents can be supplied in gaseous, liquid or
solid form, whereby they are scattered to the  corresponding air stream in a

suitable known manner.

The auxiliary spinning chamber 3 may be provided with auxiliary nozzles
34 of a any suppiementary gaseous medium into the working atmosphere of
the auxiliary spinning chamber 3, as is shown in Fig. 5, whereby the
supplementary gaseous medium may be additional air, either clear air or air
containing modification agents, or CO, or another gas that would be required or
suitable from the technological point of view, for example inert gas, whereby the
temperature of the supplied medium, too, may be adapted. For example, when
feeding compressed gas into the auxiliary spinning chamber 3, the working
atmosphere will be cooled during expanding of the gas, which results in

changes in the crystalline structure of nanofibers 5.

In the above-described embodiment of a spinning unit illustrated in Fig.1
the auxiliary spinning chamber 3 is open in an upward direction, the collecting
electrode 41 is arranged above the orifice of the auxiliary spinning chamber 3
and above the spinning electrode 31 and the process of spinning proceeds in

an upward direction.

Fig. 2 shows an example of embodiment of a spinning unit, in which the
auxiliary spinning chamber 3 is open in a downward direction, the spinning
electrode 31 is arranged in the upper part of the auxiliary spinning chamber 3

under its upper bottom, the collecting electrode 41 is arranged in the lower part
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opposite the orifice of the auxiliary spinning chamber 2.-and spinning proceeds

in the opposite direction than in the embodiment according to Fig. 1.

The example of embodiment according to Fig. 3 represents integration of
the embodiments according to Fig. 1 and 2. The auxiliary spinning chamber 3 is
open in an upward direction as well as in a downward direction, both orifices
being arranged opposite each other. Arranged in thé middle of the auxiliary
spinning chamber 3 is a spinning electrode 31 formed in the illustrated
embodiment by a cord, which is provided with a known device for applying liquid
polymer on its entire circumference. Around the spinning electrode 31 four
counter electrodes 32 are arranged in a cross, between each of them and the
opposite surface of the polymer on the spinning electrode 31 an electrostatic
field of high intensity is created and the process of spinning starts. The
nanofibers 5 being produced are carried towards the corresponding counter
electrode 32 and before falling on it they are deflected by air streams which are
emitted from air nozzles 33 arranged on the wall of the auxiliary spinning
chamber 3 along its entire length. In the upper part of the auxiliary spinning
chamber 3 nanofibers are deflected towards the upper orifice of the auxiliary
spinning chamber 3, through which they pass and are deposited on the
substrate material 2. The collecting place 4 of nanofibers § is in this
embodiment composed of a corona electrode 42, which creates a stream of
electrons, which is directed towards the spinning electrode 31 and is deposited
on the substrate material 2, which then acts as a collecting electrode. The
substrate material 2 is in this embodiment out of contact with the corona
electrode 42. The lower part of the device works in the same manner as the

above-mentioned upper part.

In the example of embodiment according to Fig. 4a, 4b a pair of counter
electrodes 32 is assigned to the spinning electrode 31. The angle between the
planes interlaid by the spinning electrode 31 and both counter electrodes 32 is
180°. Also in this embodiment, air nozzles 33 lead askew against each other
and the streams of air coming out of them merge into one and carry the
nanofibers 5 towards the collecting place 4 of nanofibers 5. In this embodiment,
too, it is advantageous if the spinning electrode 31, as well as the pair of

counter electrodes 32, are surrounded along their entire length by the auxiliary
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spinning chamber 3, which is arranged in the maiii spinning chamber 1 and is
open towards the collecting place 4 of nanofibers 5. The auxiliary spinning

chamber is not shown in Fig. 4a, 4b.

In the example of embodiment according to Fig. 5 the collecting place 4
of nanofibers 5 is formed by a sucking and collecting device 43 of nanofibers 5,
which is coupled with an underpressure source. Further the device si equivalent

to the device according to Fig.1.

It is apparent to persons skilled in the art that all the described
embodiments can be turned to both sides by the angle of up to 90°, that means
when spinning in a vertical direction — upwards or downwards — becomes

spinning in a horizontal direction — to the left or to the right.

Similarly, it is evident that the counter electrodes 32 may be arranged
displaceably in relation to the spinning electrode 31, as to the distance from the
spinning electrode 31 and also as to the angle between the planes interlaid by
the spinning electrode 31 and both counter electrodes 32 of the corresponding
pair of counter electrodes 32. The direction of the mouth of the air nozzles 33 is

adjustable as well.

Also, it is obvious to persons skilled in the art that the spinning electrode

may be composed of a system of known spinning nozzles.
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PATENT CLAIMS

1. A method for production of nanofibers by electrostatic spinning from a
polymer solution or a polymer melt in an electric field of high intensity created
by a potential difference between a spinning electrode (31) and a counter
electrode (32), which are formed by mutually parallel oblong bodies, whereby
spinning is performed from the surface of the solution or polymer melt on the
spinning electrode (31) and the produced nanofibers (5) are by the action of the
electric field carried towards the counter electrode (32), characterized in that
spinning is carried out from the surface of the solution or the polymer melt on
the spinning electrode (31) against a pair of counter electrodes (32), which are
arranged in relation to the spinning electrode (31) in the same distance and the
angle between the planes interlaid by the spinning electrode (31) and both
counter electrodes (32) of the corresponding pair of counter electrodes (32) is
in the range from 40° to 180°, whereby the streams of nanofibers (5) which are
directed to each of the pair of the counter electrodes (32) are deflected before
falling on the corresponding counter electrode (32) by the action of an additional
force acting in a direction across the stream of nanofibers (5) and due to this
additional force the nanofibers are carried towards the collector (4) of

nanofibers (5).

2. A method according to Claim 1, characterized in that spinning takes

place against two pairs of counter electrodes (32).

3. A method according to Claim 1 or 2, characterized in that spinning is
carried out in an auxiliary spinning chamber (3), which is placed in the main
spinning chamber (1), surrounds the spinning electrode (31) and the counter
electrodes (32) along their entire length and is opened towards the collecting

place (4) of nanofibers (5) arranged in the main spinning chamber (1).

4. A method according to Claims 1 to 3, characterized in that an
additional force is generated by the action of air streams which enter along the
whole length of the spinning electrode (31) to the space between the spinning
electrode (31) and the corresponding counter electrode (32) of the
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corresponding pair of counter electrodes (32) and which are directed across the
space between the spinning electrode (31) and the corresponding counter

electrode (32) towards the collecting place (4) of nanofibers (5).

5. A method according to Claim 4, characterized in that the additional
force is generated by the action of electrostatic field between the spinning
electrode (31) and the collecting electrode (41) arranged on the collecting place
(4) of nanofibers (5).

6. A method according to Claim 4 or 5, characterized in that the
additional force is generated by the action of underpressure in the collecting
place (4) of nanofibers (5).

7. A method according to any of the preceding claims, characterized in
that nanofibers (5) are deposited on a substrate material (2) or a depositing
means arranged in front of the collecting place (4) of nanofibers (5), which is
composed of a collecting electrode (41) or a corona electrode (42) connected to

a high voltage of opposite polarity than the spinning electrode (31).

8. A method according to any of Claims 1 to 6, characterized in that the

nanofibers (5) are in the collecting place (4) sucked off by a collecting device
(43) of nanofibers (5).

9. A method according to Claim 4 and any of the following,
characterized in that the air streams contain at least one modification agent
adhering to the surface of the nanofibers (5) and/or reacting with the
nanofibrous material (5), or with the particles that are contained in the
nanofibrous material (5) and/or on its surface, whereby the modification agent is
selected from a group including at least antimicrobial and/or antibacterial
agents, preferably silver, TiO,, oxides, salts, or agents with a hydrophilic or

hydrophobic effect, such as silicone or chlorine groups.

10. A method according to Claim 3 and any of the following,
characterized in that into the auxiliary spinning chamber (3) an additional

gaseous medium is fed.



10

15

20

25

30

WO 2014/079400 PCT/CZ2013/000147

19

11. A device for production of nanofibers by electrostatic spinning of a
polymer solution or a polymer meilt in an electrostatic field of high intensity
created between a spinning electrode (31) a counter electrode (32), which are
composed of parallel oblong bodies, on whose surface a layer of the solution or
melt is created repeatedly or continuously characterized in that assigned to
the spinning electrode (31) is at least one pair of counter electrodes (32), which
are arranged in relation to the spinning electrode (31) in the same distance and
the angle between the planes interlaid by the spinning electrode (31) and each
of the counter electrodes (32) of the corresponding pair of counter electrodes
(32) is in the range from 40° to 180°, wherein into the space between the
spinning electrode (31) and each of the pair of the counter electrodes (32) there
lead air nozzles (33), being distributed parallel with the spinning electrode (31)
and the corresponding counter electrode (32) along their whole length and the
direction of the mouth of the air nozzles (33) intersects the connecting line of
the spinning electrode (31) and the corresponding counter electrode (32) of the
corresponding pair of counter electrodes (32) and directs to the collecting place
(4) of nanofibers (5).

12. A device according to Claim 11, characterized in that two pairs of

counter electrodes are assigned (32) to the spinning electrode (31).

13. A device according to Claim 11 or 12, characterized in that the
spinning electrode (31) with at least one pair of counter electrodes (32)
assigned to it are along their whole length surrounded by the auxiliary spinning
chamber (3), which is arranged in the main spinning chamber (1) opened
towards the collecting place (4) of nanofibers (5) located in the main spinning
chamber (1).

14. A device according to Claims 11 to 13, characterized in that the
counter electrodes (32) are arranged displaceably in relation to the spinning
electrode (31).

15. A device according to any of Claims 11 to 14, characterized in that

the air nozzles (33) are arranged displaceably in respect to the spinning
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electrode (31) and to the corresponding counter electrode (32) of the

corresponding pair of counter electrodes (32).

16. A device according to any of Claims 11 to 15, characterized in that

the direction of the mouth of air nozzles (33) is adjustable.

17. A device according to any of Claims 11 to 16, characterized in that
the collecting place (4) of nanofibers (5) is composed of a sucking and

collecting device (43) of nanofibers (5).

18. A device according to any of Claims 11 to 16, characterized in that
the collecting place (4) is composed of a collecting electrode (41) connected to
a high voltage source of opposite polarity than the spinning electrode (31),
whereby arranged in front of the collecting electrode (32) in a direction away
from the spinning electrode (31) is a substrate material (2) or a means of

depositing nanofibres. (5).

19. A device according to any of Claims 11 to 16, characterized in that
the collecting place (4) is composed of a corona electrode (42) connected to a
high voltage source of opposite polarity than the spinning electrode (31),
whereby in front of the corona electrode (42) in a direction away from the
spinning electrode (31) is out of contact with the corona electrode (42) arranged

substrate material (2) or a means of depositing nanofibers (5).

20. A device according to any of Claims 13 to 19, characterized in that
in the auxiliary spinning chamber (3) there is arranged at least one auxiliary

nozzle (34) for feeding the supplementary gas.

21. A device according to any of Claims 11 to 20, characterized in that
the collecting place (4) of nanofibers (5) is arranged above the spinning
electrode (31) and the corresponding pair of counter electrodes (32) and the
produced nanofibers (5) are carried in an upward direction to the collecting

place (4) of nanofibers (5).

22. A device according to any of Claims 11 to 21, characterized in that
the collecting place (4) of nanofibers (5) is arranged under the spinning

electrode (31) and the corresponding pair of counter electrodes (32) and the
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produced nanofibers (5) are carried to the collecting place (4) of nanofibers (5)

in a downward direction.

23. A device according to Claim 21 or 22, characterized in that it is

turned by an angle of up to 90° in any direction.
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