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Description
Technical field

[0001] The invention relates to a device for manufac-
turing nanofibrous or microfibrous materials, comprising
a combined nozzle connected to one of the electric po-
tential points of a high-voltage power supply and linked,
by means of distribution channels, to a device for pro-
portioning a polymeric mixture, said nozzle being passed
by the air flowing in close vicinity to the appropriately
shaped polymeric mixture.

Prior art

[0002] The method of electrostatic spinning used for
producing nanofibrous or microfibrous materials is based
on the utilization of two electrodes connected to reversed
electric potential points. One of said electrodes serves
for proportioning a polymeric solution and for shaping the
same into curved forms having small radiuses of curva-
ture. Due to the action of the forces induced by a strong
electric field, a so called Taylor cone is formed and, si-
multaneously, a fibre is created, the latter being attracted
by the electrostatic forces to the other, i.e. opposite elec-
trode having reversed polarity and serving for capturing
the flying fibres. After having been captured, the fibres
successively form a continuous layer on the surface of
said opposite electrode, the layer being composed of ran-
domly arranged fibres with a small diameter (generally
ranging between tens of nanometres and several mi-
crometres). In order to actually enable the creation of a
fibre in the strong electric field, a number of conditions
must be met with respect to the physical and chemical
properties of the polymeric solution itself as well as to
the ambient influences and the geometry of the elec-
trodes.

[0003] In the electrostatic spinning method, the indi-
vidual fibres are formed from the surface of the polymeric
mixture under the action of electrostatic forces. Liquids
or viscous solutions are subject to internal cohesive forc-
es and capillary forces. The capillary forces are depend-
enton the surface tension and on the size of the element
of surface of the respective liquid in direct proportion and
on its radius of curvature in inverse proportion. If the ra-
dius of curvature is reduced, the internal forces in the
liquid, which act on the surface layer of the liquid among
others, will rise, causing the pressure inside the liquid or
viscous polymeric mixture to rise accordingly. Such re-
duction of the radius of curvature takes place, for exam-
ple, in thin capillaries where the effects of capillary ele-
vation or depression occur. The above mentioned effects
(particularly that of capillary depression) are preferably
used for adapting the shape of a polymeric mixture prior
to starting the spinning process itself. In order to enable
the creation of the Taylor cone and jetting of the proc-
essed polymer, the external electrostatic forces must
overcome the cohesive and capillary ones. The creation
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of the Taylor cone is primarily supported by the curvature
of the surface of the polymeric mixture accomplished by
means of an appropriately shaped nozzle (the reduction
of the surface curvature will give rise to increased capil-
lary forces that will, in turn, cause the pressure inside a
drop to increase and act towards the breakage of the
surface layer of the drop and thus to the destruction of
the drop itself). In this respect, the usage of a thin capil-
lary, into which the processed polymeric mixture is
forced, will be most beneficial for the electrostatic spin-
ning process. The mixture is then formed into a very small
drop in the area around the orifice of the capillary. The
mixture will be caused to jet forth (and the initiation of the
process itself will be enabled, when polymeric mixtures
with unfavourable spinning properties are to be proc-
essed) under the action of the electrostatic forces that
are weaker than those acting in a free-formed drop of the
polymeric mixture (having a greater diameter of surface
curvature). Therefore, the essential and most commonly
applied principle of a spinning nozzle involves a thin hol-
low needle in combination with continuous proportioning
of a polymeric mixture that is forcibly pressed into the
nozzle. For the above reasons, a plurality of principally
different types of spinning nozzles have been developed.
In this respect, the following basic arrangements are fea-
sible:

Primarily, a thin capillary needle used as spinning
nozzle is known. In all likelihood, this type of nozzle
is the most widespread one as far as the preparation
of nanofibres and microfibres in laboratory condition
is concerned. The main advantages include simplic-
ity, relative ease of proportioning and shaping of the
processed polymeric mixture into the form of a drop-
let having a very small diameter facilitating the cre-
ation of the Taylor cone as well as of the subsequent-
ly produced fibre (which is also supported by a
marked gradient of the electrostatic field generated
in the area of the tip of the needle, where the locally
acting electrostatic forces are multiplied, thus mak-
ing the creation of fibres easier). Capillary nozzles
are frequently used in laboratory devices but are not
efficient enough for the needs of industrial produc-
tion. A similar solution was disclosed in the original
U.S. patents nos. 0705691 and 0692631 published
in the years 1900 and 1902 respectively and relating
to the liquid dispersions, wherein the processes are
based on the principles that are equal to those un-
derlying the contemporary electrostatic spinning
method.

[0004] Another known spinning nozzle consists of a
displaceable capillary needle. The capillary needle per-
forms lateral movement (similar to that of a printing head)
in order to cover a larger area of the opposite electrode
during the application of the fibres forming a coating layer.
In principle, however, the embodiment is based on the
foregoing type. Although the needle is capable to pro-
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duce fibrous materials in increased volumes, its overall
productivity still remains very low.

[0005] Furthermore, manifold nozzles are known.
Such nozzles are also based on the first type described
above, the individual capillary needles being grouped to-
gether in higher quantities in order to increase the pro-
ductivity of the corresponding spinning processes, as dis-
closed, eqg., in the patent applications
W02007035011(A1), W0O2004016839(A1), and
W02007061160(A1). The main disadvantage of such
manifold nozzles is posed by the problems related to the
uneven distribution of spinning solutions and to the ten-
dency of the nozzles to get fouled (clogged) which re-
quires exacting subsequent cleaning and makes the
overall maintenance more demanding.

[0006] Anotherknown spinning nozzle is a coaxial noz-
zle. Thin double capillary coaxial nozzles are supplied
with two polymeric mixtures that are different in type.
Hence, the final fibres have their cores and sheaths made
of different materials.

[0007] Needleless spinning electrodes are also known
in the art. Such electrodes utilize the natural ripple (cur-
vature) of free surfaces or thin layers of polymeric mix-
tures in order to transform the latter into fibres by means
of the forces induced by electrostatic fields. For this type
of nozzles, a higher level of processing productivity is
expected. Thisis based onthe assumption thatthe Taylor
cones can be simultaneously created in multiple loca-
tions of a free surface. Nevertheless, the above assump-
tion has not been experimentally proven so far. Moreo-
ver, the application of such systems is limited to a narrow
range of easily spinnable polymers. The main disadvan-
tage, which is critical in terms of large-scale production,
consists in the variation of the properties of solutions dur-
ing spinning processes because the latter are carried out
under open climatic conditions where the components of
the solutions are subject to natural evaporation and to
uncontrolled changes in physical and chemical parame-
ters.

[0008] In such cases, the formation of Taylor cones
occurs directly on the free surface of the polymeric mix-
ture. Alternatively, Taylor cones are formed from larger
drops which assume natural shapes in smaller areas of
the spinning electrode. All the above needleless (or jet-
less) spinning systems are undoubtedly based on the
original U.S. patents nos. 1975504 and US2048651
(published in the years 1934 and 1936 respectively)
which are also fundamental to the contemporary electro-
static method used for the preparation of nanofibres and
microfibres. Such nozzles are formed, for example, as
cups filled with the polymeric mixture in which a rotating
cylinder is partly immersed. The rotation of the cylinder
causes the polymeric mixture to wet the outer surface of
the same, causing Taylor cones to form on the opposite
side. In this way, the formation of the fibres is enabled.
Later patent documents, such as EP1409775(A1),
W02005024101(A1), W02009156822, and
US2008150197(A1), describe a very similar jetless ar-
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rangement having the same working principle. The main
drawback of such rotating needleless nozzles consists
in the variation of the parameters of polymeric mixture
during the spinning process. Thisis due to the occurrence
of continuous surface reactions and evaporation of the
components of the spinning mixture both inside the cup
and on the extensive surface of the cylinder. Thus, the
spinning mixture is subject to considerable changes dur-
ing the process (particularly in terms of concentration,
viscosity, chemical composition etc.). For this reason,
the properties of the fibres being applied also vary. Such
variation in properties (diameter, chemical composition
and morphology of the fibres) cannot be influenced in
any controlled manner. In many cases, the spinning proc-
ess spontaneously ceases after a few minutes and the
entire volume of the spinning mixture has to be replaced.
Hence, the production is ineffective and costly since the
composition of the incompletely processed spinning mix-
tures is entirely unknown and the recovery of the same
is not feasible. Another disadvantage arises from the nu-
merical simulations of the distribution of the electrostatic
field which were performed by the applicant. This disad-
vantage consists in that the active surface, on which the
Taylor cones may develop, is relatively large (in compar-
ison to the use of a capillary nozzle). There is a markedly
smaller gradient on the surface of a needleless nozzle
and the external electrostatic forces are not sufficiently
strong for starting the spinning process. This technology
cannot be used for processing of difficultly spinnable ma-
terials.

[0009] This category may also include a so called
flooding electrode that enables the fibres to be formed in
the areas where the polymeric mixture is flowing over a
convex body or is flooding the same
(PPVCZ2009-0425A3). However, the latter method con-
sumes a considerable quantity of the polymeric mixture
and does not provide any suitable possibility of recovery.
There is no sufficient gradient of the electric field on the
convex surface of the conductive body which makes the
processing of difficultly spinnable polymeric mixtures
completely impossible.

[0010] A special group includes those spinning mech-
anisms which support the formation of the Taylor cone
in a more efficient manner and also employ other princi-
ples supporting the initiation and progress of the spinning
process. This is especially desirable with respect to the
mixtures which cannot be transformed into nanofibres or
microfibres by means of classical techniques. The effect
of the electrostatic forces may be further supported by
the tangential component of the air flowing in close vicin-
ity of the capillary nozzle, as published in the documents
W02005033381, WO 2010143916(A2), WO
2010144980(A1) and also by Ji, Ghosh et al., 2006, Me-
deiros, Glenn et al. 2009, or Larsen, Spretz et al. 2004.
Such hot-air nozzles combine the utilization of thin cap-
illary needles around which preheated air is blasted in.
The tangential forces created by the flowing air act on
the surface of the polymeric solution, thus supporting the
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formation of Taylor cones and, in turn, the formation of
fibres. Therefore, the hot-air nozzles are used for
processing of difficultly spinnable polymeric mixtures.
The advantage of the latter arrangement consists in that
the temperature of the flowing air can be controlled so
that the air can, e.g., actively support the rapid solidifica-
tion of the polymeric ray (fibre). That is why the above
principle is very desirable. Moreover, the preheated air
favourably influences the climatic conditions inside the
deposition chamber, thus accelerating the evaporation
of the solvents contained in the polymeric mixture. In
terms of the physical and chemical properties of the pol-
ymeric solution, the latter technology does not require
frequent use of toxic solvents or surfactants. Neverthe-
less, the main disadvantages of this technical solution
consist both in the low efficiency of the spinning process
and in the complicated maintenance and cleaning of the
capillary nozzles, as mentioned above. Further disad-
vantages of all the above technical solutions include com-
plex shape designs of the nozzles. The thin nozzle is
enclosed by a conductive material, which substantially
suppresses the gradient of the electrostatic field gener-
ated around the orifice of the nozzle where, as a matter
of principle, the action of strong electrostatic forces is
particularly desirable. Such reduction of electrostatic
forces will prevent the spinning process from being start-
ed, notwithstanding the additional action of the forces
created by the flowing air. Another disadvantage is relat-
ed to the direct contact of the preheated air with the me-
tallic nozzle where the transfer causes the polymeric mix-
ture to warm up and, as the case may be, to solidify.
Then, the solidified mixture accumulates inside the orifice
of the nozzle causing clogging the same and subsequent
discontinuation of the process.

[0011] Another known spinning nozzle is a bubble noz-
zle. The bubble nozzle is composed of two coaxial tubes,
wherein the inner portion server for air blasting and the
outer part serves for the dosage of a polymeric solution
which is, due to the effect of the flowing air, shaped into
thin-walled bubbles. Such forming of thin-walled bubbles
contributes to the initiation of the process and to the sub-

sequent creation of fibres, a described in
W02009042128.
[0012] Finally, combination of the above types are also

known. An exemplary version may comprise a rotating
wire helix, as described in WO2010043002(A1).

Summary of the invention

[0013] The objective of the present invention is to
present a novel design solution of a combined nozzle
which is usable for the electrostatic spinning method and
intended for the production of nanofibrous or microfibrous
materials. The spinning nozzle according to the invention
should eliminate the drawbacks of the nozzles known in
the art. The above objectiveis, to a large extent, achieved
by means of a combined spinning nozzle for the produc-
tion of nanofibrous or microfibrous materials, wherein
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said nozzle comprises a thin-walled electrode and a first
non-conductive body adjoining the first wall of said thin-
walled electrode, said first body having its wall, which
faces said thin-walled electrode, provided with an array
of grooves formed therein and leading to the distal end
of the combined spinning nozzle. Said grooves have their
proximal ends connected to a supply of spinning mixture.
A collecting electrode is arranged in a location having a
given distance from the distal end of the combined spin-
ning nozzle and a voltage supply is wired between said
collecting electrode and said thin-walled electrode.
[0014] Inapreferred embodiment of the presentinven-
tion, the combined spinning nozzle further comprises a
second non-conductive body adjoining the second wall
of the thin-walled electrode and directing the air from the
proximal end towards the distal end of the combined spin-
ning nozzle.

[0015] Inanother preferred embodiment of the present
invention, the thin-walled electrode assumes the form of
a cylindrical shell, in which the first non-conductive body
having cylindrical shape and being provided with grooves
on its surface is accommodated, while the second non-
conductive body serving to direct gaseous media from
the proximal end towards the distal end of the combined
spinning nozzle is shaped as a cylindrical sheath. The
thin-walled electrode is accommodated in a cylindrical
casing made of a non-conductive material. Between said
cylindrical casing made of a non-conductive material and
the second non-conductive body, there is a coaxial inner
space, the latter being arranged for directing the air to-
wards the distal end of the combined spinning nozzle.
[0016] This embodiment is particularly advantageous
if the distal end of the cylindrical casing made of a non-
conductive materialis situated below the level of the distal
end of the thin-walled electrode.

[0017] In another preferred embodiment of the present
invention, the thin-walled electrode, the first non-conduc-
tive body and the second non-conductive body have
plate-like shapes, the first wall of said thin-walled elec-
trode being adjoined by said first non-conductive body,
the surface of the latter adjoining said thin-walled elec-
trode being provided with grooves leading towards the
distal end of the same. Opposite the second wall of the
thin-walled electrode, the second non-conductive body
is arranged which defines a space between itself and the
thin-walled electrode, said space serving for directing the
air towards the distal end of the combined spinning noz-
Zle.

[0018] In a still another preferred embodiment of the
combined spinning nozzle for the production of nanofi-
brous or microfibrous materials according to the inven-
tion, said nozzle is provided with the third and fourth non-
conductive bodies, the thin-walled electrode as well as
the first, second, third and fourth non-conductive body,
respectively, have plate-like shapes. The second wall of
the thin-walled electrode is adjoined by the first wall of
the third non-conductive body, the surface of the latter
adjoining the thin-walled electrode being provided with
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grooves extending from the proximal towards the distal
end of the thin-walled electrode. Opposite the second
wall of the first non-conductive body, the second non-
conductive body is arranged which defines a space be-
tween itself and the first non-conductive body, said space
serving for directing the air towards the distal end of the
combined spinning nozzle. Opposite the second wall of
the third non-conductive body, the fourth non-conductive
body is arranged which defines a space between itself
and the third non-conductive body, said space serving
for directing the air towards the distal end of the combined
spinning nozzle.

Brief description of the drawings

[0019] For more detail, the invention will be further de-
scribed by means of the accompanying drawings wherein
Fig. 1 is a perspective cross-sectional view showing a
single-ended linear combined spinning nozzle according
to the invention, Fig. 2 is a top view showing the single-
ended linear combined spinning nozzle of Fig. 1, Fig. 3
is a perspective cross-sectional view showing a double-
ended linear combined spinning nozzle according to the
invention, Fig. 4 is a top view showing the double-ended
linear combined spinning nozzle of Fig. 3, and Fig. 5 is
a sectional view showing a cylindrical arrangement of a
combined spinning nozzle according to the invention.

Exemplifying embodiments of the invention

[0020] An exemplary embodiment of a single-ended
linear combined spinning nozzle according to the inven-
tion is shown in Figs. 1 and 2. The first wall of the thin-
walled electrode 1, which has the form of a thin plate in
the present embodiment, is adjoined by the first wall of
the first non-conductive body 2, the latter also having the
plate-like form. Opposite the second wall of the thin-
walled electrode 1, and in parallel with respect to the
same, the second plate-like non-conductive body 4 is
arranged, said wall being separated from said second
body by the inner space 3. The thin-walled electrode 1
is connected to a high-voltage supply (not shown). The
first non-conductive body 2 is provided with the grooves
5 which are substantially parallel to each other and ex-
tend from the proximal to the distal end 6 of the linear
combined nozzle. The distal end 6 of the combined noz-
zle means that end of the linear combined nozzle around
which the polymeric solution is spun after having been
fed into the nozzle. In the present exemplary embodi-
ment, the dimensions of the cross-sectional area of the
grooves 5 are 1 x 2 mm. However, any other dimensions
are conceivable, depending on the properties of the pol-
ymeric solution being spun. The inner space 3 serves for
supplying the air and for directing the flowing air towards
the distal end 6 of the linear combined nozzle. A collecting
electrode (not shown) is arranged in a location having a
givendistance from the distal end 6 of the combined spin-
ning nozzle and a high-voltage supply (also not shown)
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is coupled between the collecting electrode and the thin-
walled electrode 1.

[0021] When the nozzle is working, the polymeric so-
lution is pressed out through the grooves 5 towards the
distal end 6 of the combined nozzle. Subsequently, after
having reached the edge of the thin-walled conductive
electrode 1, the polymeric solution is formed into small
droplets or into a continuous thin layer having a small
radius of curvature. Since the capillary forces are de-
pendent on the surface tension and on the size of the
element of surface of the respective liquid in direct pro-
portion and on its radius of curvature in inverse propor-
tion, a small droplet poses an ideal source for the pro-
duction of microfibres or nanofibres in a spinning proc-
ess. A significant gradient of the electrostatic field gen-
erated at the distal end of the thin-walled electrode 1
induces the extraction of the droplets, which will form a
fibre, from the polymeric solution. Then, the droplets
move towards a collecting electrode, the latter having
zero voltage in the present embodiment. This movement
of the droplets is also supported by the air stream which
is forced towards the distal end 6 of the linear combined
nozzle. The number of the microfibres or nanofibres be-
ing simultaneously formed is approximately equal to the
number of the grooves 5. Thus, the number of fibres is
only limited with respect to the practical feasibility. The
use of the single-ended linear combined spinning nozzle
according to the invention increases the efficiency in pro-
duction of microfibres and nanofibres having stable com-
position and quality properties. This is due to the fact that
a single-ended linear combined nozzle protects the pol-
ymeric solution being processed against harmful effects
of the surroundings since the polymeric solution does not
come into contact with the ambient air before a droplet
is formed at the distal end of the linear combined nozzle,
the development of droplets being immediately followed
by the formation of a microfibre or nanofibre. Thus, the
individual constituents of the polymeric solution are pre-
vented from evaporating and no variations of the consti-
tution of the microfibres or nanofibres being formed can
occur. Another advantage is related to the easy mainte-
nance and cleaning of the linear combined nozzle since
the individual parts of the latter can be dismantled in a
simple manner making the planar surfaces of the first
non-conductive body 2 with the exposed grooves 5 as
well as the surfaces of the thin-walled electrode 1 acces-
sible for cleaning.

[0022] An exemplary embodiment of a double-ended
linear combined spinning nozzle according to the inven-
tion is shown in Figs. 3 and 4. The first wall of the thin-
walled electrode 1, which has the form of a thin plate, is
adjoined by the first wall of the first non-conductive body
2. Opposite the second wall of the first non-conductive
body 2, and in parallel with respect to the same, the sec-
ond non-conductive body 4 is arranged, said wall being
separated from said second body by the inner space 3.
The first wall of the first non-conductive body 2 is provided
with the grooves 5, which are substantially parallel to
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each other and extend from the proximal to the distal end
6 of the linear combined nozzle. The second wall of the
thin-walled electrode 1 is adjoined by the first wall of third
non-conductive body 7. Opposite the second wall of the
third non-conductive body 7, and in parallel with respect
to the same, the fourth non-conductive body 8 is ar-
ranged, said wall being separated from said fourth body
by the inner space 3. The first wall of the third non-con-
ductive body 7 is provided with the grooves 5, which are
substantially parallel to each other and extend from the
proximal to the distal end 6 of the linear combined nozzle.
The thin-walled electrode 1 is connected to a high-volt-
age supply (not shown). A collecting electrode (not
shown) is arranged in a location having a given distance
from the distal end 6 of the combined spinning nozzle
and a high-voltage supply (also not shown) is coupled
between the collecting electrode and the thin-walled elec-
trode 1. In the present exemplary embodiment, the first,
second, third and fourth non-conductive bodies 2, 4, 7
and 8 also assume plate-like shapes.

[0023] In operation, the function of the double-ended
linear combined spinning nozzle according to the inven-
tion is similar to that of the single-ended linear combined
spinning nozzle according to the invention. Again, the
polymeric solution is pressed out by the grooves 5 to-
wards the distal end 6 of the combined nozzle. Subse-
quently, after having reached the edge of the thin-walled
conductive electrode 1, the polymeric solution is mixed
and formed into small droplets or into a continuous thin
layer having a small radius of curvature. A significant
gradient of the electrostatic field generated at the distal
end 6 ofthe thin-walled electrode 1 induces the extraction
of the droplets, which will form a fibre, from the polymeric
solution. Then, the droplets move towards a collecting
electrode, the latter having zero voltage in the present
exemplary embodiment. In the present embodiment, the
number of the grooves 5 is increased twofold which may
lead to an increased efficiency of the spinning process.
This may also create new possibilities for improvement.
In the exemplary embodiment of the invention, which is
shown in Figs. 3 and 4, the grooves 5 formed on the
surface of the first non-conductive body 2 and on the
surface of the third non-conductive body 7 are arranged
directly opposite each other. In this case, the grooves 5
formed on the surface of the first non-conductive body 2
and those formed on the surface of the third non-conduc-
tive body 7 may be used for feeding different liquid mix-
tures. The preparation of reactive mixtures can immedi-
ately precede the initiation of the subsequent spinning
process. This enables undesired reactions of the mix-
tures to be prevented during the spinning process. The
inner space 3 serves for supplying the airand for directing
the flowing air towards the distal end 6 of the linear com-
bined nozzle.

[0024] Again, the number of the microfibres or nanofi-
bres being simultaneously formed is approximately equal
to the number of the grooves 5. Thus, the number of
fibres is only limited with respect to the practical feasibil-
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ity. The use of the double-ended linear combined spin-
ning nozzle according to the invention, similarly to that
of the single-ended linear combined spinning nozzle to
the invention, increases the efficiency in production of
microfibres and nanofibres having stable composition
and quality properties. Both the single-ended and the
double-ended linear combined spinning nozzles protect
the polymeric solution being processed against harmful
effects of the surroundings since the polymeric solution
does not come into contact with the ambient air before a
droplet is formed at the distal end of the linear combined
nozzle, the development of droplets being immediately
followed by the formation of a microfibre or nanofibre.
Thus, the individual constituents of the polymeric solution
are prevented from evaporating and no variations of the
constitution of the microfibres or nanofibres being formed
canoccur. Another advantageisrelated to the easy main-
tenance and cleaning of the linear combined nozzle since
the individual parts of the latter can be dismantled in a
simple manner making the planar surfaces of the first
and third non-conductive bodies 2, 7 with the exposed
grooves 5 as well as the surfaces of the thin-walled elec-
trode 1 accessible for cleaning.

[0025] An exemplary embodiment of a cylindrical com-
bined spinning nozzle according to the invention is shown
in Fig. 5. This spinning nozzle comprises the cylindrical
thin-walled electrode 1 which gradually passes into a
shank towards the proximal end and is accommodated
inside the hollow cylinder 10 made of a non-conductive
material. The cylindrical thin-walled electrode accommo-
dates 1 the first conductive body 2 that is formed by a
solid cylinder provided with an array of grooves on its
outer surface, said grooves extending towards the distal
end 6 of the cylindrical combined spinning nozzle. The
proximal end portion of the first non-conductive body 2
is provided with the feeding channel 11 having the form
of a ring encircling the first non-conductive body 2 and
receiving both the proximal mouths of all the grooves 5
and the mouth of the feeding line for the polymeric solu-
tion.. The collecting electrode 9 is arranged in a location
having a given distance from the distal end 6 of the com-
bined spinning nozzle and a high-voltage supply (not
shown) is coupled between the collecting electrode and
the thin-walled electrode 1. The cylindrical combined
spinning nozzle is embedded into the retaining cup 12.
The proximal end 13 of the thin-walled electrode 1 carries
the nozzle holder 14 which is provided with the channel
15 for accommodating a high-voltage supply line of the
thin-walled electrode 1.

[0026] With respect to all the above embodiments of
the spinning nozzle according to the invention, it be-
comes apparent that the voltage, i.e. the electric potential
difference between the thin-walled electrode 1 and the
collecting electrode 9 is important for the function of the
combined spinning nozzle according to the invention,
rather than the individual electric potential of the thin-
walled electrode 1 itself.

[0027] Inoperation, the function of the cylindrical com-



11 EP 2 617 879 B1 12

bined spinning nozzle according to the invention is similar
to that of the aforesaid linear combined spinning nozzle
according to the invention. The polymeric solution is
pressed out through the grooves 5 from the feeding chan-
nel 11 towards the distal end 6 of the combined nozzle.
Subsequently, after having reached the edge of the thin-
walled conductive electrode 1, the polymeric solution is
mixed and formed into small droplets or into a continuous
thin layer having a small radius of curvature. A significant
gradient of the electrostatic field generated at the distal
end 6 of the thin-walled electrode 1 induces the extraction
of the droplets, which will form a fibre, from the polymeric
solution. Then, the droplets move towards a collecting
electrode, the latter being arranged opposite the distal
end 6 of the cylindrical combined spinning nozzle and
having zero voltage in the present exemplary embodi-
ment. This movement of the droplets is also supported
by the air stream which is forced through the inner space
3 towards the distal end 6 of the linear combined nozzle.
The number of the microfibres or nanofibres being simul-
taneously formed is approximately equal to the number
ofthe grooves 5. Thus, the number of fibres is only limited
with respect to the practical feasibility. The use of the
cylindrical linear combined spinning nozzle according to
the invention increases the efficiency in production of mi-
crofibres and nanofibres having stable composition and
quality properties. This is due to the fact that a cylindrical
combined nozzle protects the polymeric solution being
processed against harmful effects of the surroundings
since the polymeric solution does not come into contact
with the ambient air before a droplet is formed at the distal
end of the linear combined nozzle, the development of
droplets being immediately followed by the formation of
a microfibre or nanofibre. Thus, the individual constitu-
ents of the polymeric solution are prevented from evap-
orating and no variations of the constitution of the micro-
fibres or nanofibres can occur. Another advantage is re-
lated to the easy maintenance and cleaning of the cylin-
drical combined nozzle since the individual parts of the
latter can be dismantled in a simple manner making the
planar surfaces of the first non-conductive body 2 with
their exposed grooves 5 as well as the surfaces of the
thin-walled electrode 1 accessible for cleaning.

[0028] The combined spinning nozzle according allthe
above described embodiments of the invention enables
the fibres to be formed from diverse types of synthetic
and natural polymers which are not easily transformable
into nanofibres or microfibres. Owing to the use of the
thin-walled electrode 1, the combined spinning nozzle
according to the present invention multiplies the gradient
forces of electrostatic fields, thus enabling higher forces
to act on the polymeric solution. This, in turn. makes the
formation of fibres markedly easier. The additional tan-
gential forces, which act on the surface of the polymeric
solution, facilitate the formation of fibres, particularly
those manufactured from difficultly spinnable polymers.
The spinning nozzle according to the invention will in-
crease the overall productivity. It will be usable in the
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industrial production of nanofibrous or microfibrous ma-
terials by means of the electrostatic spinning method. At
the same time, it will minimize the risk of clogging in the
areas of the channels for distributing polymeric solutions
inside the combined nozzle and facilitate the subsequent
cleaning even if multiple nozzles are used. Prior to the
spinning process in itself, the polymeric mixture is not
subject to higher temperatures. Moreover, the mixture is
processed inside a closed space which prevents any
changes in the physical and chemical properties of the
polymeric solution to occur before the beginning of the
spinning process.

[0029] This was achieved by means of the structural
arrangement of the nozzle which is based on the results
of the numerical simulation performed with the intention
to demonstrate the distributions of air streamlines and
electrostatic lines of force in the vicinity of the combined
spinning nozzle according to the present invention. The
above results have been verified by means of numerous
spinning experiments involving both the synthetic poly-
mers and the natural ones, the latter being difficultly spin-
nable. The design of the nozzle according to the invention
overcomes the existing problems related to the nozzles,
which are known in the art, namely inadequate distribu-
tion of electrostatic fields, frequent clogging and difficult
cleaning of nozzles, low productivity, and varying prop-
erties of polymeric mixtures during the spinning process.
The combined spinning nozzle according to the invention
implements the optimum ways of proportioning and form-
ing of polymeric mixtures, favourable distributions of
electrostatic lines of force when being subject to a high
voltage and favourable distributions of air streamlines.
Thus, the influence of the air, which is fed into the nozzle,
cam be minimized.

[0030] The polymeric mixture is proportioned through
the thin grooves 5 formed between the metallic thin-
walled electrode 1 and the adjacent first non-conductive
body 2 or, as the case may be, the adjacent third non-
conductive body 7. When being pressed out, the poly-
meric mixture is spontaneously formed into small drop-
lets at the edge of the conductive thin-walled electrode
1. Such initial formation of the polymeric mixture creates
the conditions which are favourable for the development
of Taylor cones and for the subsequent initiation of the
spinning process in itself. After having been prepared in
the above manner, the polymeric mixture remains con-
fined inside a closed space. Thus, any desirable changes
in the physical and chemical parameters of the polymeric
mixture due to the evaporation of its components can be
effectively avoided. Another advantage of the combined
spinning nozzle according to the invention consists in
that all the components of the nozzle are very easy to
clean because the latter does not contain any thin and
long apertures (such as capillary tubes and the like) which
would be inaccessible. The design of the combined spin-
ning nozzle in itself is devised in such a way that the
nozzle is very easy do dismantle and larger components
of the same are easy to wash.
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[0031] When the thin-walled electrode 1 is connected
to a high electric potential, which generates a strong elec-
trostatic field, the strongest gradient of that electrostatic
field develops in a small area of the thin-walled electrode
1,i.e.inthe areathat corresponds to the spot at the distal
end of the thin-walled electrode 1 where a droplet of the
polymeric solution is being formed. Such significant gra-
dient forces of the electrostatic field are essential for the
formation of a Taylor cone and for the initiation of the
subsequent spinning process. The design of combined
spinning nozzle is favourably based on a thin capillary
nozzle which has several distinct advantages including,
among others, easy cleaning and negligible risk of clog-
ging during the spinning process along with the incom-
parably higher productivity.

[0032] Another advantage of the arrangements de-
scribed with reference to the presentinvention consistin
a high efficiency of the combined spinning nozzles which
cannot be achieved by any of the known types of spinning
nozzles without being accompanied by the drawbacks of
the prior art, such as clogging, changes in parameters of
polymeric solutions during the spinning process, subse-
quent complicated cleaning, or the like. Such high effi-
ciency level is achieved by the multiplication of the dis-
tributing channels on the flat surfaces of a single-ended
or double-ended linear combined spinning nozzle or on
the curved surface of a cylindrical combined spinning
nozzle, and by the resulting development of numerous
miniature droplets from which Taylor cones and, subse-
quently, the fibres in themselves are formed.

[0033] Moreover, all the above embodiments of the
combined spinning nozzle utilize an additional flowing air
component supporting through its tangential forces the
development of Taylor cones and the subsequent forma-
tion of the fibres without affecting the properties of the
polymeric solution to be spun due to increased temper-
ature. The flow rate of the air can be controlled to increase
the volume of the polymeric solution being spun, thus
improving the productivity of the overall process. Besides
that, possible temperature control favourably influences
the climatic conditions both in the points, where the indi-
vidual fibres are formed, and inside the whole deposition
chamber. Thus, the physical quantities related to the
properties of the air, such as flow rate and temperature,
are regulated parameters which enable the process to
be controlled with the aim to obtain the desired morpho-
logical properties of nanofibrous and microfibrous mate-
rials.

Example 1

[0034] In a preferred embodiment of the invention, the
single-ended combined nozzle for performing the elec-
trostatic spinning method comprises three parallel plate-
like components, as shown in Figs. 1 and 2. The first non
conductive body 2 having a thickness of 5 mm is in a
close contact with the thin-walled electrode 1 which is
connected to the electric potential of a high-voltage sup-
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ply. The wall of said electrode has 1 mm in thickness. On
its surface adjoining the thin-walled electrode 1, the first
non-conductive body 2 is provided with the grooves 5
having the dimensions of 1x2 mm a serving for the dis-
tribution of the polymeric mixture. The polymeric mixture
is fed by the grooves 5 towards the edge of the thin-walled
electrode 1 where it is mixed and formed into small drop-
lets or into a continuous thin layer having a small radius
of curvature. The second non-conductive body 4 is situ-
ated in the distance of 8 mm from the second wall of the
thin-walled electrode 1, thus delimiting the inner space
3 which enables the flowing air to be supplied.

Example 2

[0035] In another preferred embodiment of the inven-
tion, the double-ended combined nozzle for performing
the electrostatic spinning method comprises five parallel
plate-like components which are arranged in the follow-
ing order: second non-conductive body 4, first non-con-
ductive body 2, thin-walled electrode 1, third non-con-
ductive body 7, and fourth non-conductive body 8. Thus,
the middle component is the thin-walled electrode 1
which is formed by a plate having 1 mm in thickness, 50
mm in height and 100 mm in length and which is con-
nected to the electric potential of a high-voltage supply.
On either side, the surfaces of the thin-walled electrode
1 are closely adjoined by the first non-conductive body
2, which is formed by a plate having 5 mm in thickness,
and by the third non-conductive body 7, which also has
5 mm in thickness. On their surfaces adjoining the thin-
walled electrode 1, the first and third non-conductive bod-
ies 2, 7 are provided with the grooves 5 having the di-
mensions of 1x2 mm a serving for the distribution of two
different liquid mixtures. Each mixture is individually fed
by the corresponding grooves 5 towards the edge of the
thin-walled electrode 1, which is centrally situated at the
distal end 6 of the double-sided combined spinning noz-
zle, where the mixtures are blended and formed into small
droplets or into a continuous thin layer having a small
radius of curvature. The second non-conductive body 4
is situated in a longitudinal distance of 8 mm from the
first non-conductive body 2, the inner space 3 formed
between the two bodies serving for supplying and direct-
ing the air that flows towards the distal end 6 of the com-
bined spinning nozzle. Likewise, the fourth non-conduc-
tive body 8 is situated in a longitudinal distance of 8 mm
from the third non-conductive body 7, the inner space 3
formed between those two bodies serving for supplying
and directing the air that flows towards the distal end 6
of the combined spinning nozzle.

Example 3

[0036] In still another preferred embodiment of the in-
vention, the combined nozzle spinning nozzle comprises
the thin-walled electrode 1 assuming the form of a thin-
walled hollow cylinder, which has the diameter of 50 mm
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and the wall thickness of 1 mm. The inner side of the wall
of said cylinder is adjoined by the first non-conductive
body 2 having the form of a solid cylinder. The surface
of said solid cylinder is provided with 16 grooves 5 having
the dimensions of 1x2 mm and serving for feeding the
polymeric mixture. The polymeric mixture is fed from a
storage tank through the feeding channel 11 encircling
the first nonconductive body 2 into the grooves 5 and
subsequently pressed out through said grooves as well
as through the orifices, which are arranged downstream
the latter, towards the edge of the thin-walled electrode
1 where the mixture is subsequently formed into small
droplets. The flow rate of the polymeric mixtures ranges
between 10 and 10 000 pl/min. The second non-conduc-
tive body 4, also having the shape of a hollow cylinder,
is affixed in a certain outward distance from the thin-
walled electrode 1. In this exemplary embodiment, the
distance of 8 mm between the thin-walled electrode 1
and the second non-conductive body 4 delimits the inner
space 3 thatservesfor supplying the stream of preheated
air, the temperature and flowrate of the air ranging from
20 to 100°C and from 0 to 1000 I/min, respectively, The
inner space 3 accommodates the hollow non-conductive
cylinder 10 having electric and thermal insulating prop-
erties. Thus, the gradient of the electric field is better
focused and amplified, the heat transfer from the flowing
air through the thin-walled electrode 1 into the polymeric
mixture is prevented from occurring and, moreover, the
external circumference of the envelope of the electric
field is suitably shaped to retain the superfluous polymer-
ic mixture.

Industrial applicability

[0037] The invention is particularly useful for the labo-
ratory preparation and industrial production of fibrous
materials, such as materials composed of nanofibres or
microfibres, by means of the electrostatic spinning meth-
od.

Claims

1. Combined spinning nozzle for the production of na-
nofibrous or microfibrous materials, characterized
in that it comprises a thin-walled electrode (1) and
a first non-conductive body (2) adjoining the first wall
of said thin-walled electrode, said first non-conduc-
tive body (2) having its wall, which faces the thin-
walled electrode (1), provided with an array of
grooves (5) formed therein, said grooves leading to
the distal end (6) of the combined spinning nozzle
and having their proximal ends connected to asupply
of a spinning mixture.

2. Combined spinning nozzle for the production of na-
nofibrous or microfibrous materials according to
claim 1, characterized in that it further comprises
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a second non-conductive body (4) adjoining the sec-
ond wall of the thin-walled electrode (1) and directing
the air towards the distal end (6) of the combined
spinning nozzle.

Combined spinning nozzle for the production of na-
nofibrous or microfibrous materials according to
claim 2, characterized in that the thin-walled elec-
trode (1) assumes the form of a cylindrical shell, in
which the first non-conductive body (2) having cylin-
drical shape and being provided with grooves on its
surface is accommodated, the outer surface of said
first body adjoining the inner surface of said cylindri-
cal shell, while the second non-conductive body (4),
serving to direct the air towards the distal end (6) of
the combined spinning nozzle, is shaped as a cylin-
drical sheath, the thin-walled electrode (1) being ac-
commodated in the cylindrical casing (10) made of
a non-conductive material, the latter and the second
non-conductive body (4) defining the coaxial inner
space (3) therebetween for directing the air towards
the distal end (6) of the combined spinning nozzle.

Combined spinning nozzle for the production of na-
nofibrous or microfibrous materials according to
claim 3, characterized in that the distal end of the
cylindrical casing (10) made of a non-conductive ma-
terial is situated below the level of the distal end of
the thin-walled electrode (1).

Combined spinning nozzle for the production of na-
nofibrous or microfibrous materials according to
claims 1 or 2, characterized in that the thin-walled
electrode (1), the first non-conductive body (1) and
the second non-conductive body (4) have plate-like
shapes, the first wall of said thin-walled electrode (1)
being adjoined by the first non-conductive body (1),
the surface of the latter adjoining the thin-walled
electrode (1) being provided with grooves leading
towards the distal end of the thin-walled electrode
(1), and the second non-conductive body (4) being
arranged in parallel with respect to the second wall
of the thin-walled electrode (1), thus creating the
space (3) between itself and the thin-walled elec-
trode (1) for directing the air towards the distal end
(6) of the combined spinning nozzle.

Combined spinning nozzle for the production of na-
nofibrous or microfibrous materials according to
claim 1, characterized in that the nozzle is provided
with the third and fourth non-conductive bodies (7
and 8), the thin-walled electrode (1) as well as the
first, second, third and fourth non-conductive body
(2, 4,7 and 8respectively) having plate-like shapes,
the second wall of the thin-walled electrode (1) being
adjoined by the first wall of the third non-conductive
body (7), the surface of the latter adjoining the thin-
walled electrode (1) being provided with grooves ex-
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tending from the proximal towards the distal end of
the thin-walled electrode (1), the second non-con-
ductive body (4) being arranged opposite to the sec-
ond wall of the first non-conductive body (2), thus
defining the space (3) between itself and the first
non-conductive body (2), said space serving for di-
recting the air towards the distal end (6) of the com-
bined spinning nozzle, and the fourth non-conduc-
tive body (8) being arranged opposite to the second
wall of the third non-conductive body (7), thus defin-
ing the space (3) between itself and the third non-
conductive body (7), said space also serving for di-
recting the air towards the distal end (6) of the com-
bined spinning nozzle.

Patentanspriiche

1.

Kombinierte Spinndiise zur Herstellung von nanofa-
ser- und mikrofaserartigen Werkstoffen, dadurch
gekennzeichnet, dass sie eine dinnwandige Elek-
trode (1) und einen ersten nichtleitenden Kérper (2),
dersichander ersten Wand derdinnwandigen Elek-
trode (1) anschliesst, umfasst, wobei der erste nicht-
leitende Korper (2) eine der dinnwandigen Elektro-
de (1) zugewandte Wand hat, die mit einer Vielzahl
von Nuten (5) ausgebildet ist, die zu dem distalen
Ende (6) der kombinierten Spinndise filhren und die
sich im Bereich ihres jeweiligen proximalen Endes
an einen Einlass des zu verspinnenden Gemisches
anschliessen.

Kombinierte Spinndiise zur Herstellung von nanofa-
ser- und mikrofaserartigen Werkstoffen nach An-
spruch 1, dadurch gekennzeichnet, dass sie einen
zweiten nichtleitenden Korper (4) umfasst, der an
die zweite Wand der diinnwandigen Elektrode (1)
anliegt und der die Luft in der Richtung zu dem dis-
talen Ende (6) der kombinierten Spinndise fiihrt.

Kombinierte Spinndiise zur Herstellung von nanofa-
ser- und mikrofaserartigen Werkstoffen nach An-
spruch 2, dadurch gekennzeichnet, dass die
dinnwandige Elektrode (1) die Form einer zylindri-
schen Umhillung aufweist, in der der erste nichtlei-
tende Korper, der eine zylindrische Form hatund der
an seiner Oberflache mit Nuten versehen ist, ange-
ordnet ist, wobei die aussere Oberflache des ersten
Korpers an die innere Oberflache der Umbhdillung an-
liegt, und wobei der zweite nichtleitende Koérper (4)
zur Fhrung der Luftin der Richtung zu dem distalen
Ende (6) der kombinierten Spinndise dient und die
Form eines zylindrischen Mantels aufweist, wahrend
die dinnwandige Elektrode (1) in einem zylinderfor-
migen, aus einem nichtleitenden Werkstoff beste-
henden Gehause (10) gelagert ist, und ein koaxialer
Zwischenraum (3) zwischen dem Geh&use und dem
zweiten nichtleitenden Kdrper (4) angeordnetist, der
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zur Fihrung der Luft in der Richtung zu dem distalen
Ende (6) der kombinierten Spinndiise vorgesehen
ist.

Kombinierte Spinndise zur Herstellung von nanofa-
ser- und mikrofaserartigen Werkstoffen nach An-
spruch 3, dadurch gekennzeichnet, dass das dis-
tale Ende des zylinderférmigen, aus einem nichtlei-
tenden Werkstoff bestehenden Gehauses (10) un-
terhalb der Ebene des distalen Endes der diinnwan-
digen Elektrode (1) liegt.

Kombinierte Spinndise zur Herstellung von nanofa-
ser- und mikrofaserartigen Werkstoffen nach An-
spruch 1 oder 2, dadurch gekennzeichnet, dass
diedinnwandige Elektrode (1), der erste, aus einem
nichtleitenden Werkstoff bestehende Korper (2) so-
wie der zweite, aus einem nichtleitenden Werkstoff
bestehende (4) Kérper jeweils eine plattenartige
Form aufweisen, wobei der erste nichtleitende Kor-
per (2) an der ersten Wand der diinnwandigen Elek-
trode (1) anliegt und an seiner an der diinnwandigen
Elektrode (1) anliegenden Oberflache mit den sich
in der Richtung zu dem distalen Ende der diinnwan-
digen Elektrode (1) erstreckenden Nuten (5) verse-
hen ist, und wobei der zweite nichtleitende Korper
parallel zu der zweiten Wand der plattenformige
dinnwandigen Elektrode (1) (4) angeordnet ist, und
wobei der Zwischenraum (3) zwischen dem zweiten
nichtleitenden Korper und der

diinnwandigen Elektrode (1) zur Fihrung der Luft in
der Richtung zu dem distalen Ende (6) der kombi-
nierten Spinndiise ausgebildet ist.

Kombinierte Spinndise zur Herstellung von nanofa-
ser- und mikrofaserartigen Werkstoffen nach An-
spruch 1, dadurch gekennzeichnet, dass sie mit
einem dritten und einem vierten nichtleitenden Kor-
per (7 und 8) versehen ist, wobei die dinnwandige
Elektrode (1) sowie der erste, zweite, dritte und vierte
nichtleitende Kérper (2, 4, 7 und 8) eine plattenartige
Form aufweisen, wobei der dritte nichtleitende Kor-
per (7) mit seiner ersten Wand an der zweiten Wand
der plattenférmigen diinnwandigen Elektrode (1) an-
liegt und seine an der diinnwandigen Elektrode (1)
anliegende Oberflache mit sich in der Richtung von
dem proximalen zu dem distalen Ende derdiinnwan-
digen Elektrode (1) erstreckenden Nuten versehen
ist, wahrend der zweite Korper (4) gegeniber der
zweiten Wand des ersten nichtleitenden Kérpers (2)
angeordnet ist, wobei ein Zwischenraum zwischen
dem zweiten nichtleitenden Korper (4) und dem ers-
ten nichtleitenden Korper (2) zur Fihrung der Luft in
der Richtung zu dem distalen Ende (6) der kombi-
nierten Spinndise (3) ausgebildet ist, und wobei der
vierte nichtleitende Korper (8) gegenlber der zwei-
ten Wand des dritten nichtleitenden Korpers (7) an-
geordnet ist, wahrend ein Zwischenraum (3) zwi-
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schen dem vierten nichtleitenden Korper (8) und
dem dritten nichtleitenden Korper (7) auch zur Fih-
rung der Luft in der Richtung zu dem distalen Ende
(6) der kombinierten Spinndise ausgebildet ist.

Revendications

La buse de filage combinée pour la production des
matériaux nanofibreux ou microfibreux, caractéri-
séeen ce qu’ellecomprend une électrode (1) a paroi
mince et un premier corps (2) inconducteur qui ad-
hére a la premiere paroi de ladite électrode (1) a
paroi mince, ledit premier corps (2) inconducteur
ayant la paroi, qui est tournée vers I'électrode (1) a
paroi mince, munie d’un systéme de rainures (5) for-
mées dans la paroi et orientées vers I'extrémité (6)
distale de la buse de filage combinée et reliées a
leur extrémité proximale a 'amenée du mélange de
filage.

La buse de filage combinée pour la production des
matériaux nanofibreux ou microfibreux selon la re-
vendication 1, caractérisée en ce qu’elle aussi con-
tient un second corps (4) inconducteur, qui adhére
a la seconde paroi de ladite électrode (1) a paroi
mince et qui conduit I'air vers I'extrémité (6) distale
de la buse de filage combinée.

La buse de filage combinée pour la production des
matériaux nanofibreux ou microfibreux selon la re-
vendication 2, caractérisée en ce que I'électrode
(1) a paroi mince a la forme d’'une enveloppe cylin-
drique, dans laquelle le premier corps (2) inconduc-
teur ayant la forme cylindrique et muni des rainures
sur sa surface est logé, la surface extérieure du pre-
mier corps adhérante vers la surface intérieure de
l'enveloppe cylindrique, tandis que le second corps
(4) inconducteur servant pour conduire I'air vers 'ex-
trémité (6) distale de la buse de filage combinée a
la forme d’'une enveloppe cylindrique, tandis que
I'électrode (1) a paroi mince estlogée dans une che-
mise (10) cylindrique en matériau électroisolant, la
chemise (10) cylindrique et le second corps (4) in-
conducteurdéfinissants 'espace (3) intérieur coaxial
entre les deux pour conduire I'air vers I'extrémité (6)
distale de la buse de filage combinée.

La buse de filage combinée pour la production des
matériaux nanofibreux ou microfibreux selon la re-
vendication 3, caractérisée en ce que I'extrémité
distale de la chemise (10) cylindrique en matériau
électroisolant est située au-dessous de I'extrémité
distale de I'électrode (1) a paroi mince.

La buse de filage combinée pour la production des
matériaux nanofibreux ou microfibreux selon les re-
vendications 1 ou 2, caractérisée en ce que I'élec-
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trode (1) a paroi mince, le premier corps (2) incon-
ducteur et le second corps (4) inconducteur présen-
tent une forme similaire a une plaque, le premier
corps (2) inconducteur adhére a la premiére paroi
de I'électrode (1) a paroi mince, tandis que la surface
du premier corps (2) inconducteur adhérant a I'élec-
trode (1) a paroi mince est munie des rainures con-
duisant vers I'extrémité distale de I'électrode (1) a
paroi mince, et le second corps (4) inconducteur est
disposé parallélement a la deuxiéme paroi de I'élec-
trode (1) a paroi mince, en formant un espace (3)
entre le second corps (4) inconducteur et I'électrode
(1) a paroi mince pour conduire I'air dans vers I'ex-
trémité (6) distale de la buse de filage combinée.

La buse de filage combinée pour la production des
matériaux nanofibreux ou microfibreux selon la re-
vendication 1, caractérisée en ce que la buse est
pourvue de troisieme et quatriéme corps (7, 8) in-
conducteurs, ladite électrode (1) a paroi mince, le
premier, deuxiéme, troisieme et quatrieme corps (2,
4, 7 et 8) inconducteurs ayant une forme similaire a
une plaque, la premiére paroi du troisieéme corps (7)
inconducteur adhérant a la deuxieme paroide I'élec-
trode (1) a paroi mince, tandis que la surface du troi-
siéme corps (7) inconducteur adhérante a I’électrode
(1) a paroi mince est munie des rainures (5) condui-
santes a partir des extrémité proximal vers I'extré-
mité distale de 'électrode (1) a paroi mince, tandis
que le deuxiéme corps (4) inconducteur est disposé
contre la deuxiéme paroidu premier corps (2) incon-
ducteur, en définissant 'espace (3) entre le deuxié-
me corps (4) et le premier corps (2) inconducteur
pour conduire I'air vers I'extrémité (6) distale de la
buse de filage combinée, et tandis le quatrieme
corps (8) inconducteur est disposé contre la deuxié-
me paroi du troisieme corps (7) inconducteur en dé-
finissant 'espace (3) entre le quatriéme corps (8)
inconducteur et le troisieme corps (7) inconducteur
pour conduire I'air vers I'extrémité (6) distale de la
buse de filage combinée.
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Fig. 4

Fig. 3
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