087011840 A2 |0 00T O 0 R

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O O A 0 0

International Bureau

(43) International Publication Date
31 January 2008 (31.01.2008)

(10) International Publication Number

WO 2008/011840 A2

(51) International Patent Classification:
DOID 5/00 (2006.01)

(21) International Application Number:
PCT/CZ2007/000074

(22) International Filing Date: 23 July 2007 (23.07.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

PV 2006-477 24 July 2006 (24.07.2006) CZ

(71) Applicant (for all designated States except US): EL-
MARCO s.r.o. [CZ/CZ]; V Horkédch 76, 460 07 Liberec
(CZ).

(72) Inventors; and

(75) Inventors/Applicants (for US only): MARES, Ladislav
[CZ/CZ]; Sramkova 22, 460 10 Liberec (CZ). PETRAS,
David [CZ/CZ]; Pertoltice 42, 464 01 Pertoltice (CZ).
SAMEK, Libor [CZ/CZ]; Manesova 567, 463 42 Hod-
kovice nad Mohelkou (CZ). CMELiK, Jan [CZ/CZ];
Klostermannova 466/3, 460 01 Liberec (CZ).

(74) Agent: MUSIL, Dobroslav; Cejl 38, 602 00 Brno (CZ).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:
—  of inventorship (Rule 4.17(iv))

Published:

without international search report and to be republished
upon receipt of that report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: COLLECTING ELECTRODE OF THE DEVICE FOR PRODUCTION OF NANOFIBRES THROUGH ELECTRO-

STATIC SPINNING OF POLYMER SOLUTIONS

~J

61
97 o

k 62
Y

(e
\ 10
19 7

73

7

& (57) Abstract: The collecting electrode (1) of the device for production of nanofibres through electrostatic spinning of polymer
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least one holder (3) of electrode (1) connected with at least one brace (5) fastened in the spinning chamber, while the holder (3) of

=
=

electrode (1) is arranged behind border (7) of the opening (4).
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Collecting electrode of the device for production of nanofibres through

electrostatic spinning of polymer solutions

“Technical field

The invention relates to the collecting electrode of a device for production
of nanofibres through electrostatic spinning of polymer solutions.

Background art

Collecting electrodes used at present for creation of electrostatic field
applicable for production of nanofibres from polymer solutions are designed
mostly as sheet metal, metallic plates. Nevertheless their main disadvantage is
that after the high voltage is brought to such collecting electrode, in the vicinity
of its sharp edges or peaks, but also in vicinity of contact of a conductive body
of electrode with non-conductive elements, on which the body of electrode is
mounted in the spinning chamber, there is created a corona, which is the
streamer electrical discharge, that has a negative impact on electrostatic field
being created between the collecting electrode and against it positioned
spinning electrode — destabilizes it and reduces its intensity, thus also the

output of the whole device for electrostatic spinning.

The goal of this invention is to remove the disadvantages of present
state of the art and to create such collecting electrode of the device for
electrostatic spinning, during its application there are no corona discharges on
its surface with undesirable affect on an electrostatic field.

The principle of invention

The goal of the invention has been reached by a collecting electrode,
whose principle consists in that, it contains a conductive thin-walled body of
electrode, in which there is performed at least one opening, on whose
circumference there is arranged the border, while in the inner space of the body
of electrode there is mounted at least one holder of electrode connected with at
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least one brace fastened in the spinning chamber, while the holder of electrode -

is arranged behind border of the opening. The advantage of such structure of
collecting electrode is that the triple point — i.e. contact of non-conductive holder
of electrode, conductive body of electrode and the surrounding air, possibly of
another gas depending on technology, is hidden in the inner space of body of
electrode, and so if a corona is created in this point, it will not influence an

electrostatic field in any way.

In most applications, for which the collecting electrode is designated, it is
connected with a source of high voltage, nevertheless in some applications
with respect to the technology of production process: of nanofibres it may be
more advantageous, if the body of the spinning electrode is grounded.

To make the separation of corona created in an inner space of the body
of electrode from electrostatic field as ideal as possible, and to prevent creation
of corona in other point of body surface, all openings in body of electrode are on
their circumference provided with a border with rounded edges, which is in the
structurally most advantageous solution according to the claim 4 performed by
an addition of material on the inner surface of body of electrode.

In another embodiments the border of openings is performed by bending
of a portion of a wall of body of electrode to its inner surface, nevertheless the
most advantageous solution guaranteeing a permanent access into an inner
space of body of electrode is performing of a border of an opening as an
independent removable part of annular shape, whose shape copies the shape
of opening in the body of electrode. In this case it is advantageous from the
point of view of assembly and disassembly of the border, if the border is to the

body of electrode attached by means of a thread.

Under presumption of a low frequency of disassembly of collecting
electrode, the connection between the border and body of electrode may be
realised by means of a friction forces, which is less economically demanding
than the thread connection.

In applications when the body of electrode is connected with a source of
high voltage it is advantageous, if the lead of high voltage is placed in cavity of
a brace, which opens in an inner space of body of electrode, and thanks to the
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opening in a wall of the brace it is connected in a conductive manner to the -

inner surface of body of electrode , as in this case the lead is not exposed to
acting of electric field, either it itself does not influence the same. At the same
time it prevents creation of corona in a contact point of high voltage lead and
the body of electrode. In a more advantageous alternative the brace cavity is
connected to the cavity of holder of electrode and the lead of high voltage
passes through these both cavities and it is in a conductive manner connected
with inner surface of body of electrode in the space behind the holder of

electrode.

At all applications of electrode it is undesirable, that on its outer surface
the coronas are created, due to this it is necessary, that the outer surface does
not contain any sharp edges or peaks, so that the transitions between the
neighbouring walls of body of electrode are performed by rounding. The most
advantageous shape of body of electrode is then a cylinder.

Holders of electrode mounted in an inner space of body of electrode may
be with the corresponding braces connected directly, but from the point of view
of supposed installation and certain cycles of assembly and disassembly it is
advantageous especially in a case when the body of electrode is formed by a
oblong formation, if the holders of electrode are connected by a supporting
tube, whose length is greater than the length of body of electrode, and which
protrudes from the body of electrode through openings on its opposite walls to
outside. The protruding ends of supporting tube are after then in some of known
manners in a demountable manner connected with braces attached in a

spinning chamber of the device for production of nanofibres.

Especially in cases when the borders of openings are formed by
separate detachable parts it is advantageous if the supporting tube is formed
from several mutually detachable parts, out of which some may be used for

securing the border against an undesirable movement.

Due to the fact that to the body of electrode in most cases the high
voltage is supplied, from the point of view of stability of electric field created
between the collecting electrode and the spinning electrode, and from the point
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of view of safety and economy of the device for production of nanofibres it is

advantageous if in vicinity of the collecting electrode there are no electrically
conductive parts, so that the holders of electrode, braces and eventually also
the supporting tube are made of electrically non-conductive material, mostly

plastic.

Description of the drawing

Example of embodiment of collecting electrode of the device for
production of nanofibres through electrostatic spinning of polymer solutions is
schematically shown on the enclosed drawing, where the Fig. 1 shows a
longitudinal section through the collecting electrode in one of the possible
embodiments, the Fig. 2 a section of the collecting electrode in another of
possible embodiments, and the Fig. 3 shows a section of alternative way of

hanging of the collecting electrode.

Examples of embodiment

The collecting electrode of the device for production of nanofibres
through electrostatic spinning of polymer solutions will be clarified on an
example of embodiment schematically shown in the Fig. 1, where is shown the
collecting electrode 1, which comprises the body 2 of electrode 1 formed by a
thin-walled cylinder from electrically conductive material, e.g. steel, in whose
inner space are mounted fwo non-conductive cylindric holders 3 of electrode 1,
whose outer diameter is close to inner diameter r of the body 2 of electrode 1.

In each base of the body 2 of electrode 1 there is performed a circular
opening 4, by means of which into the inner space of the body 2 extends the
brace §, which in the inner space of the body 2 is connected with the holder
3 of electrode 1. Diameter of opening 4 is close to the outer diameter of the
brace §. Opposite end of the brace § by means of the thread on its outer
surface, of the upper button die 61 and the lower button die 62 is attached to
the ceiling 6 of spinning chamber of the device for production of nanofibres,
while sections of braces 5 extend above the ceiling 6 of spinning chamber and
in connection with the manner of attachment they enable, in dependence on
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technology and conditions of nanofibres production, to adjust an optimum -

distance between the body 2 of electrode 1 and the not represented spinning
electrode, which is mounted in spinning chamber under the collecting electrode
1.

Undesired sharp edges of opening 4 are covered by a border 7, which is
performed by an addition of material from the side of inner surface 8 of the
body 2, arranged along tﬁe whole circumference of the opening 4, while inner
transition 87 between the inner surface 8 of the body 2 and the border 7 in the
represented example of embodiment is formed by a sharp edge, while the outer
transition 97 between the outer surface 9 of the body 2 and the inner surface
72 of the border 7, which is a part of the border 7 closest to the brace 5, is
formed by a rounding. -

Both braces 5§ are along its length provided with a cavity 10, while in the
cavity 10 of one of the braces 5 there is placed a lead 11 of high voltage, which
in the inner space of the body 2 of electrode 1 passes through the opening in
the wall of the brace 5§ and in a conducting manner ends on inner surface 8 of
the body 2 before holder 3 of electrode 1. In another example of embodiment it
is advantageous if the cavity 10 of the brace 5§ merges into the cavity of the
holder 3 of electrode 1 and the lead 11 of high voltage passes through the
cavity 10 of the brace 5 and through cavity of the holder 3 of electrode 1, and in
a conducting manner ends on inner surface 8 of the body 2, in the space
behind the holder 3 of electrode 1.

Further not represented examples of embodiment from the example
shown in the Fig. 1 differ e.g. in that the border 7 of opening 4 is performed by
bending of a section of the wall of body 2 of electrode 1 in direction to the inner
surface 8 of the body 2 by an angle, which guarantees parallel alignment of at
least one section of the bending wall section with longitudinal axis of the body

2 of electrode 1.

In example of embodiment in the Fig. 2 the body 2 of electrode 1 is made
of thin-walled tube of electrically conductive material. In the inner space of the
body 2 of electrode 1 there are mounted two holders 3 of electrode 1 made of a
non-conductive material, which are connected by means of the supporting tube
12 of a non-conductive material, whose length is greater than the length of the
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body 2 of electrode 1, so that the supporting tube 12 protrudes on both sides

from the body 2 of electrode 1, and each of its ends is inserted into and
connected with the hollow brace 5, which is attached in the spinning chamber
of the device for production of nanofibres in the same way as in example of
embodiment shown in the Fig. 1. In the wall of the supporting tube 12, in inner
space of the body 2 of electrode 1, there is performed an opening for lead 11 of
high voltage, which passes through the cavity 10 of one of the braces 5§ and
through the inner space of the supporting tube 11 and in a conductive manner
ends on the inner surface 8 of the body 2 of electrode 1 between the holders 3

of electrode 1.

The border 7 of the opening 4 in this example of embodiment is
performed as an independent removable part of electrically conductive material,
formed by an inner collar 71 with rectangular cross section, whose outer
diameter is identical with inner diameter r of body 2 of electrode 1, and which
concentrically continues in the outer collar 73, whose outer diameter is identical
with outer diameter R of the body 2 of electrode 1, while the inner diameter of
inner collar 71 and of the outer collar 73 is close to diameter of supporting tube
12 and it creates a continual cylindrical surface. Cross section of the outer
collar 73 is formed by a rectangle, whose edges, which are opposite towards
the inner collar 71_ are rounded, and at mounting the inner collar 71 in inner
space of the body 2 of electrode 1 it forms a rounded outer transition 97
between the outer surface 9 of the body 2 and inner surface 72 of the border 7.

In example of embodiment shown in the Fig. 3 the electrode 1 is
performed in the same way as in the above described example shown in the
Fig. 2, while the braces 5 are not attached to the ceiling of the spinning
chamber, but their ends are bent above the collecting electrode 1 paraliel with
its longitudinal axis, so that the shape of braces 5 resembles the letter C. Ends
of braces 5 are interconnected by means of a strut 13, made of electrically non-
conductive tube, which is arranged parallel with longitudinal axis of the
collecting electrode 1. To the strut 13, approximately in its centre, there is
connected the bearer 14, formed by a tube from electrically non-conductive
material, whose inner space is with inner space of the strut 13 connected
through a hole in a wall of the strut 13. In an inner space of the bearert 14 and
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in the section of inner space of the strut 13 there is placed the lead 11 of high

voltage which is further through a cavity 10 of one of the braces 5§ brought into
an inner space of electrode 1. The bearer 14 is by means of a thread on its
outer surface and the upper button die 61 and the lower button die 62 attached
to ceiling 6 of the spinning chamber of the device for production of nanofibres. A
section of the bearer 14 protrudes in a space above the ceiling 6 of the spinning
chamber and enables thus, in connection with a manner of attachment, to
adjust an optimum distance between the collecting electrode 1 and the not
represented spinning electrode, which is in the spinning chamber arranged
under the collecting electrode 1, in dependence on technology of nanofibres

production.

In further not represented variants of example in the Fig. 3 the strut 13 is
not parallel with longitudinal axis of the collecting electrode 1, but it makes with
it an acute angle, whose size depends, same as mutual arrangement of the
strut 13 and bearer 14, especially on the structure of device for production of

nanofibres and on space arrangement of its parts.

In another not represented variant of solution shown in the Fig. 3 the
braces 5 and/or strut 13 and/or bearer 14 divided into several demountably
connected segments, through which placing of the lead 11 of high voltage upon
installation of the collecting electrode 1 is simplified considerably.

At further not represented variant of example of embodiment according to
the Fig. 3 the body of electrode is performed according to an example

represented in the Fig. 1.

In described examples of embodiment the body 2 of electrode 1 is made
by an thin-walled cylinder, nevertheless in another examples of embodiment it is
possible to create it substantially as any thin-walled body, whose outer edges
and peaks are rounded and do not cause creation of corona after bringing the

high voltage.

In other examples of embodiment the supporting tube 12 is divided into
several parts, which are mutually interconnected e.g. by means of a threaded
coupling, while some of these parts of the supporting tube 12 are used for

securing the border 7 (for example by means of a flange created on the border
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7 and/or the given part of the supporting tube 12) formed by an independent -

removable part against an undesired motion.

Further examples of embodiment may from the described and
represented examples differ e.g. by that the mounting of inner collar 71 in inner
space of the body 2 of electrode 1 and/or mounting of holders 3 of electrode 1
in inner space of the body 2 of electrode 1 may be performed as a clearance fit.
Further variations may e.g. relate to the shape of holders 3 of electrode 1, which

may be performed in various manners.

Also the suspension of collecting electrode 1 in the spinning chamber
may be performed in different ways and means than in the above described
manner, while with respect to usability of collecting electrode 1 it is
advantageous if this joint is demountable and if it enables to adjust the distance
between the collecting electrode 1 and under it positioned spinning electrode.

Further constructional modifications, which are nevertheless for a correct
function of the collecting electrode 1 negligible, may occur e.g. in such cases,
when the cavity 10 is provided only in that brace 5, in which the lead 11 of high
voltage is placed, or when the shaping of braces § and possibly also of the
struts 13 and bearer 14 substantially differs from the described examples of
embodiment shown in the Fig. 1 to 3, or in cases, when connection between the
braces 5 and the supporting tube 12, possibly between the braces 5 and the
strut 13 is performed differently than by inserting.

In other examples of embodiment, with respect to the structure of the
device for production of nanofibres, it may be advantageous, if the collecting
electrode by means of braces 5 or by means of the bearer 14 is attached to
the frame of this device or to other wall of the spinning chamber than to the

ceiling 6.

However, the substantial aspect for all solutions is that the connection
between the conductive body 2 of electrode 1 and the non-conductive holder 3
of electrode 1, which together with surrounding air creates so called triple point,
is positioned in an inner space of the body 2 of electrode 1, so that corona,
possibly coronas, which originate in this point after a high voltage is brought to
the body 2 of electrode 1 are hidden, which minimises their negative affecting of
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an electric field created between the collecting electrode 1 and the spinning -

electrode.

Another substantial feature of all solutions of the collecting electrode 1
according to the invention is that on an outer surface of electrode 1 there are no
sharp edges or curvatures with a small diameter, on which another possible
coronas may originate.
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CLAIMS

1. The collecting electrode of the device for production of nanofibres
through electrostatic spinning of polymer solutions, characterised by that it
contains a conductive thin-walled body (2) of electrode (1), in which there is
performed at least one opening (4), on whose circumference there is arranged
the border (7), while in the inner space of the body (2) of electrode (1) there is
mounted at least one holder (3) of electrode (1) connected with at least one
brace (5) fastened in the spinning chamber, while the holder (3) of electrode (1)
is arranged behind border (7) of the opening (4). |

2. The collecting electrode according to the claim 1, characterised by
that the body (2) of electrode (1) is connected with a source of high voltage.

3. The collecting electrode according to the claim 1, characterised by
that the body (2) of electrode (1) is grounded.

4. The collecting electrode according to the claim 1, characterised by
that the border (7) of opening (4) is formed by a bending of a portion of a wall of
the body (2) of electrode (1).

5. The collecting electrode according to the claim 1, characterised by
that the border (7) of opening (4) is formed by an addition of material.

6. The collecting electrode according to the claim 1, characterised by
that the border (7) of opening (4) is formed by an independent removable part.

7. The collecting electrode according to the claim 6, characterised by
that the connection between the border (7) of opening (4) formed by an
independent removable part and the body (2) of electrode (1) is secured by a
thread.

8. The collecting electrode according to the claim 6, characterised by
that the connection between the border (7) of opening (4) formed by an
independent removable part and the body (2) of electrode (1) is secured by

friction forces.
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9. The collecting electrode according to any of the claims 1,2and 4108, -

characterised by that at least one brace (5) is provided by a cavity (10), in

which there is placed the lead (11) of high voltage.

10. The collecting electrode according to the claim 9, characterised by
that at least one holder (3) of electrode (1) is provided with a cavity, in which
there is positioned the lead (11) of high voltage.

11. The collecting electrode according to any of the previous claims,
characterised by that the transition between the neighbouring walls of the
body (2) of electrode (1) is on an outer surface (9) performed by rounding.

12. The collecting electrode according to any of the previous claims,
characterised by that the body (2) of electrode (1) is formed by a hollow

cylinder.

13. The collecting electrode according to any of the previous claims,
characterised by that the brace (5) is with holder (3) of electrode (1)
connected directly.

14. The collecting electrode according to any of the claims 1 to 8,
characterised by that the brace (5) is with holder (3) of electrode (1)
connected by means of the supporting tube (12).

15. The collecting electrode according to the claim 13, characterised by
that the length of the supporting tube (12) is greater than the length of the body
(2) of electrode (1) including borders (7) of openings (4) positioned in direction
of the supporting tube (12), while the supporting tube (12) is in the wall
provided with an opening for passage of the lead (11) of high voltage.

16. The collecting electrode according to the claims 14 or 15,
characterised by that the supporting tube (12) is electrically non-conducting.

17. The collecting electrode according to any of the previous claims,
characterised by that the holder (3) of electrode (1) is electrically non-

conducting.
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18. The collecting electrode according to any of the previous claims,

characterised by that the brace (5) is electrically non-conducting.
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