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Electrostatic fine fiber generation equipment such as for forming nano-fibers from polymer solution Is provided. The fine fiber
generation equipment includes a strand that may take the form of a stainless steel beaded chain. The beaded chain can be an
endless chain entrained upon two guide wheels and driven about an endless path perpendicularly relative to the collection media.
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o (57) Abstract: Electrostatic fine fiber generation equipment such as for forming nano-fibers from polymer solution is provided.

media.

The fine fiber generation equipment includes a strand that may take the form of a stainless steel beaded chain. The beaded chain
can be an endless chain entrained upon two guide wheels and driven about an endless path perpendicularly relative to the collection
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FINE FIBER ELECTRO-SPINNING EQUIPMENT, FILTER
MEDIA SYSTEMS AND METHODS

FIELD OF THE INVENTION

[0001] The present invention generally relates to electrostatic spinning of fine fibers
from a polymeric solution in an electrostatic field created by a voltage difterential between a
spinning electrode and a collecting electrode and more particularly relates to a new spinning .
electrode equipment arrangement and/or electro-spinning methods. Other aspects of the
invention may also relate to filter media production systems and methods, that 1s application
of fine fibers to filter media so as to create a high efficiency layer upon the filtration media

for filtering contaminants out of a fluid stream.
BACKGROUND OF THE INVENTION

[0002] The production of fine fibers from polymeric solution through electrostatic
spinning (a.k.a. "electro-spinning") via an electric field created by a voltage differential
between a collecting electrode and a spinning electrode 1s known. For example, as shown in
U.S. Patent No. 6,743,273, polymeric solution i1s pumped to a spinning electrode in the form
of a rotating emitter in which the pump solution 1s pumped from a reservoir and forced
through holes in the emitter. Upon exiting, the electrostatic potential betWeen a grid and the
emitter imparts a charge which causes the liquid to be "spun" as thin fine fibers where they'

are collected on a substrate as an efficiency layer. During this process, the solvent 1s

evaporated off the fine fibers which draws down the fiber diameter during their flight.

[0003] Another example of an electrostatic spinning device 1s shown in Patent
Publication Nos. US2006/0290031 and W0O2006/131081. The spinning electrode designs
disclosed 1n these applications are in the form of a rotating drum-like body that may take

- several different forms. The drum 1s situated and bathed within a polymeric solution
reservoir and is rotated about an axis perpendicular relative to the path of a collection media.
By rotating the drum through the polymer solution, the spinning surface of the charged

electrode 1s coated with the polymeric solution. Various drum like body variations are
1
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shown throughout these two patent publications providing multiple pointed tips to create

discrete spinning locations where fine fibers are generated.

[0004] The present invention provides for improvements over the existing state of the art
as 1t relates to electrostatic fine fiber production and spinning electrode design and/or in

relation to the production of fine fiber filtration media.
BRIEF SUMMARY OF THE INVENTION

[0005] The present invention has several aspects that may be claimed and stand as

patentable individually or in combination including but not limited to the following.

[0006] A first aspect of the present invention is directed toward an apparatus for
production of fine fibers onto a suitable collection media. The apparatus includes two
electrodes which are spaced apart in which the spinning electrode includes a strand that is
entrained upon at least two guides. The apparatus has an entrance region and an exit region
that are spaced apart along a first path such that the collection media 1s adapted to be driven
along the first path from the entrance region to the exit region in spaced relation from the
spinning electrode. A drive unit is adapted to drive the strand along the at least two guides
for movement along a second path that is transverse to the first path (e.g. crosswise and may
be perpendicular according to certain embodiments). A voltage source 1s arranged to

generate a voltage ditferential between the first and second electrodes for generating an

electrostatic field for the spinning of fine fibers.

[0007] The strand may take the form of a chain, band, strip or other strand structure.
According to a preferred embodiment, the strand can take the form of an endless strand that
1s driven about an endless continuous path. The second path mentioned above 1s a part of

this endless path. The endless path further includes a return path in spaced relation with the.
endless strand that 1s further away from the collecting electrode along the return path as
compared with the second path where electrospinning of fine fibers occur. Additionally,
according to certain embodiments, a dipping basin is provided which 1s adapted to contain a

suitable polymer solution. The endless strand along the return path runs through the dipping

2
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basin for dipping into the polymer solution and thereby coats the endless strand with the

polymer solution.

[0008] Another aspect of the present invention 1s directed toward a filter media
production system. The system includes a roll of substrate material that supplies a sheet of
substrate material along a first path through an entrance region to an exit region of fine fiber
generation machine. The sheet has opposed side edges generally parallel to the first path.
The fine fiber generation machine includes at least one strand and a drive unit driving the
strand along a second path from a first guide to a second guide that is transverse relative to
the first path. The strand is wetted with a polymer solution and subject to a voltage
differential to provide an electrostatic field for generating fine fibers that are subsequently

deposited upon the substrate material.

[0009] According to certain embodiments, such an aspect may also involve an endless
strand which 1s run along an endless path and may also relate to dipping a portion of the
endless strand at any one given time within a basin of polymer solution to replenish the

coating of polymer solution upon the endless strand.

[0010] Another inventive aspect includes an apparatus for the production of fine fibers
onto a collection media, wherein at least one spinning electrode has a linear segment
maintained at a constant spacing relative to a planar collection electrode. According to this
aspect, a collection electrode has a planar support surface for supporting the collection
media, at least one spinning electrode has a linear segment adjacent the planar support
surface and a drive unit drives the spinning electrode, while maintaining a constant spacing
between the linear segment and the planar support surface when driven by the drive unit. A
voltage source 1s arranged to generate a voltage differential between the first and second

electrodes for generating the spinning of fine fibers.

[0011] According to certain embodiments, the apparatus can include an entrance region
and an exit region spaced apart along a first path, wherein the collection media is adapted to
be driven along the first path from the entrance region to the exit region in spaced relation

from the spinning electrode. The spinning electrode is driven about an endless path with a
3
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dipping basin provided to contain a polymer solution. At any one moment, part of the
spinning electrode is run through the dipping basin for dipping into the polymer solution and
thereby coating the spinning electrode with the polymer solution, and part of the spinning

electrode being exposed for fine fiber generation.

[0012] Yet another inventive aspect relates to a method of generating fine fibers while
maintaining a constant spacing. A method according to this inventive aspect includes
electro-spinning fine fibers from an electrode at a plurality of spinning locations arranged in
a linear array from a polymer solution coating on the electrode; facilitating relative
movement between the collection media and the spinning locations with the spinning
locations in spaced relation to the collection media; depositing the fine fibers on the
collection media; maintaining a constant spacing between the spinning locations and the
collection media; and periodically regenerating each of the spinning locations with polymer

solution coating.

[0013] Yet another inventive aspect relates to a method of generating fine fibers that
includes arranging a first electrode and a second electrode in spaced relation wherein the
second electrode includes at least one strand; generating a voltage differential between the
first electrode and the second electrode; wetting the strand with a polymer solution; running
collection media 1n spaced relation to the second electrode along a first path; spinning fine
fibers of polymer material onto the collection media along a plurality of spinning locations

along the at least one strand due to the voltage differential; and running the strand along a

second path transverse to the first path.

[0014] According to certain embodiments, the methods above may involve entraining an
endless strand upon at least two guides, which may take the form of guide wheels; running

the endless strand along an endless path around at least two guides; generating fine fibers

from a first portion of the endless strand that is exposed and facing the collection media; and
dipping a second portion of the endless strand into the polymer solution and thereby
periodically regenerate spinning locations. Even further, fine fibers can be generated

typically from a plurality of discrete segments that are separated by gaps across the electrode

4
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strand. The spinning locations can migrate across the media transversely relative to the first

path along which the media runs as the endless strand 1s run along the second transverse

path.

[0015] Other aspects, objectives and advantages of the invention will become more
apparent from the following detailed description when taken in conjunction with the

accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The accompanying drawings incorporated in and forming a part of the
specification illustrate several aspects of the present invention and, together with the

description, serve to explain the principles of the invention. In the drawings:

[0017] FIG. 1 1s a partly schematic side elevational view of a fine fiber generation

machine which may be used for production of filtration media in accordance with an

embodiment of the present invention;

[0018] FIG. 2 1s a partly schematic plan view of the machine shown in FIG. 1;

[0019] FIG. 3 shows an 1sometric view of a plurality of polymeric solution basins and
electro-spinning electrodes and appropriate drive mechanism for driving the same in
accordance with an embodiment of the present invention and which may be incorporated

and used in the schematic illustration shown in FIG. 1:

[0020] F1G. 4 1s a enlarged view of a portion of the apparatus shown 1n FIG. 3;

[0021] FI1G. 5 1s an enlarged and different i1sometric view of a portion of the apparatus

shown 1n FIG. 3 to better illustrate an example of a drive unit;

[0022] FIG. 6 1s an enlarged side view of one of the individual units ot the apparatus

shown in FIG. 3:
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[0023] FIG. 7 is a cross sectional view of one of the electro-spinning cells or units

shown in FIG. 3;

[0024] FIG. 8 is a close up demonstrative illustration ot a pdrtion of the endless chain
electrode used in the aforementioned figures for use in explaining how at least two spinning
locations are typically formed from a polymeric solution coating on each of the individual

chain segments during operation;

[0025] FIG. 9 is perspective illustration of a serpentine belt electro-spinning apparatus

according to an alternative embodiment of the present invention; and

[0026] FIG. 10 is yet another alternative embodiment of the present invention involving
two guide wheel pulleys driving an endless belt with a single needle dispensing location for

wetting the belt with polymer solution during operation.

[0027] While the invention will be described in connection with certain preferred
embodiments, there is no intent to limit it to those embodiments. On the contrary, the intent
is to cover all alternatives, modifications and equivalents as included within the scope of the

invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

[0028] For purposes of illustration, an embodiment according to the invention 1s

illustrated in partial schematic form as a fine fiber production machine 10 as part of a filter

media production system 12 in FIGS. 1 and 2. The production system includes a replaceable
master roll 14 of fine fiber collection media substrate shown in the form of a filter media
substrate roll 14 that is arranged upon a unwind machine 16. The continuous substrate sheet

18 is fed from the filter media substrate roll 14 through the fine fiber production machine for
collecting fine fibers and is rewound by a rewind machine 20 on a filter media roll 22 having
a filter media substrate layer 24 and a high efficiency fine fiber layer 26. After the master
substrate roll 14 is depleted, a new filter media substrate roll can be replaced thereon as

needed.
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[0029] As shown, the sheet 18 of media runs along a first direction 30 through the fine

fiber production machine 10 generally from an entrance region 32 to an exit region 34. The

sides 36 of the filter media sheet generally run parallel with this first direction 30 naturally.

[0030] The fine fiber production machine includes an electrostatic field that 1s generated
between first and second electrodes to include one or more spinning electrodes 40 whereat
fine fibers are generated on the one hand and a collection electrode 42 to which the fine
fibers are drawn under the force provided by the electrostatic field. As shown, the media
sheet 18 1s typically run between the spinning electrode 40 and the collection electrode 42
such that the fine fibers are usually not deposited upon the collection electrode 42 but
instead deposited on the filter media sheet 18. The collection electrode 42 1s preferably a
conductive perforated plate of substantial surface area for maximizing locations to where
threads are collected. Many small holes 46 are formed 1n the perforated plate to facilitate
vacuum suction ot evaporated solvent through a blower driven ventilation hood system 48
that evacuates evaporated solvent to an external location such as outside a facility. As
schematically shown, the collection electrode 42 spans at least the width of media and the
length of spinning electrodes 40, collectively, as does the ventilation hood system 48. The
filter media substrate layer runs in contact and 1s supported against the collection electrode
42 under suction pressure against gravity. Preferably, this support arrangement 1s flat and

planar as illustrated.

[0031] To generate the electrostatic field, a high voltage supply is provided and that is
connected to at least one of the electrodes 40, 42 for generating a high voltage differential
between the electrodes 40, 42 on the order of between 10,000 and 150,000 volts or more
(and more preferably for the production of fine fibers for filter media between 75,000 and
120,000 volts), although other voltage ranges may be possible. Typically, the collection
electrode 42 will simply be grounded however, the voltage generation source may provide a

potential to the collection electrode other than ground such that the spinning electrode may
not necessarily be at such a high voltage potential relative to ground. In either event, a

voltage source 1s arranged to generate a voltage differential between the first and second
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electrodes sutticient for generating the spinning of fine fibers from polymeric solution

through an electrostatic field.

[0032]  In one embodiment, an apparatus includes a single spinning electrode 40. For
example, the single electrode of FIG. 7 may be used to form 1ts own machine. As shown in
the other figures, multiple spinning electrodes 40 can be provided between the entrance
region 32 and the exit region. One or more spinning ¢lectrodes may be assembled as a unit
in an individual fine fiber production cell 50. For example, multiple fine fiber production
cells 50 can be arranged between entrances and exit regions as shown in FIGS. 1-3. Each of
the tine fiber production cells 50 1s coupled to the high voltage supply 44 via an electrical
wire 52 and each of the cells are subject to the same electrical voltage potential and

differential relative to the collection electrode 42.

[0033] Turning 1in greater detail to an individual production cell 50, with reterence to
FIG. 7, each cell 50 includes a dipping basin 54 which may take the form of a plastic walled
box like vessel structure. Each of the walls 56 of the dipping basin 54 are constructed from
insulating material such as plastic (but a plastic or other insulating material that 1s not
considered soluble for the planned solvents to be employed) so as to prevent unintentional
discharge of the voltage communicated into the basin 54 from the high voltage supply 44.
The dipping basin 54 contains a polymeric solution 58, comprising a suitable solvent and a

suitable polymer for electro-spinning of fine fibers.

[0034] Mounted into one of the plastic walls 56 1s the metal electrical terminal 60 that
extends through one of the walls 56 and that 1s connected by an electrical wire 52 to the high
voltage supply 44. The terminal 60 1s in communication with the polymeric solution 58 and
thereby charges the solution for communication of the voltage potential therethrough along

to the spinning electrode 40.

[0035] Additionally, to provide for periodic replenishment of the polymeric solution, a
fluid coupling such as quick connect coupling 62 that conventionally includes a one-way
“check valve is mounted into and through one of the walls 56 to allow for periodic

replenishment of the polymeric solution through the addition of more such solution. This
8
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may be hooked up to a fluid replenishment system that periodically replenishes the basin
with more polymeric solution to include a fluid metering unit 64 and a reservoir 66. Control
valves or individual metering units (on¢ dedicated to each cell) may be provided to

individually control the solution in each cell.

[0036]  As shown, the spinning electrode 40 may take the form of a strand and as shown
in the embodiment, an endless strand in the form of an endless chain 70. The endless chain
70 is preferably made of metal or other conductive material such that 1t 1s readily conductive
and is in electrical circuit with the high voltage supply 44 by virtue of electrical
communication provided by and through the polymeric solution 58. The endless chain 70
preferably includes a plurality of individual discrete segments 72 as shown best in FIG. 8.
Each of the discrete segment is connected and spaced from another adjacent segment by a
oap 74 and spacer segment 76. In this embodiment, the segments 72 are beads that form a
bead chain in which the individual beads that take the form of generally spherical balls 78.

For example, a stainless steel metal beaded chain can provide for the spinning electrode.

[0037] The endless chain 70 is mounted along an endless path 80 around two guides
which may take the form of movable guide wheels 82 that are spaced at opposite ends of the
dipping basin 54. The guide wheels 82 may be sheave like structures as shown and can be
metal, plastic or other suitable material. The guide wheels 82 are mounted for rotation on
insulating axles 84 such as plastic material axles so as to insulate the voltage potential within
the dipping basin 54. The axles 84 are rotatable relative to the walls 56 of the dipping basin
54. The endless chain 70 is entrained about the guide wheels 82 to include a linear spinning
path 86 that is exposed outside of the polymeric solution 58. The spinning path 86 faces and
is closest to the collection electrode 42. The endless chain 70 also has a linear return path 88
which runs through the dipping basin 54 and the polymeric solution 58 for the purpose of
periodically regenerating the segments of the endless chain, that is by dipping the chain and

running it through the polymeric solution. At any one time a portion of the chain 1s being

regenerated with solution and a portion is exposed for electro-spinning.



CA 02705484 2015-04-02

[0038] To drive the endless chain 70 along the endless path 80 about the guide wheels
82, a suitable drive unit is provided, which includes a rotary motor 90 having a rotary output
upon an output shaft 92. The output is then transferred through gearing to a transmission
shaft 94 that transmits through the chain and sprocket mechanism 96 to electrical 1solation
drives 98. These drives 98 include separated but closely arranged housings 100 (See Fig. 6)
containing permanent magnets 102 that are configured in an offset arrangement (magnets
interposed between each other) as shown such that when operated rotation of one of the
housings 100 causes the other housing 100 to rotate due to the interspersed relation of the
permanent magnets 102 among the two housings and the repulsion or attraction generated
thereby. One of the drive housings 100 is mounted to at least one of the guide wheels 82 for
each dipping basin cell so that the guide wheel also doubles as a drive wheel to drive the
endless chain 70 about the endless path 80. Of course, other appropriate drive units may be

provided to drive the endless chain 70 about the endless path 80.

[0039] As can be seen from FIGS. 1, 2 and 7, the linear spinning path 86 portion of the
endless chain 70 extends transversely relative to the first direction for movement along a
second direction 104 that is preferably transverse (that is either perpendicular or otherwise
lying crosswise such as diagonally or obliquely) relative to the first direction 30. As a
result, as the sheet of media is moving along in the first direction 30 from the entrance
region 32 to the exit region 34 the individual segments 72 of the endless chain 70 are

moving along in the second direction 104 across the substrate sheet between opposed sides

36.

[0040] Additionally, as shown best 1n FIG. 7, there can be a constant spacing distance
106 of the segments 72 from the collection electrode 42 and/or the media sheet 18 as the
individual segments 72 move across the entire linear spinning path 86 from one end to the
other. Such a constant target distance may include minor variations due to sag in the endless
chain which do not materially affect the fine fiber production. As a result, the spinning
target spacing distance 106 can be tightly controlled and is not subject to wide variations as
may be the case in rotating drum applications. To the extent there is sag in the endless chain

along the linear spinning path 86 that is undesirable, intermediate guide supports (not

10
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shown) can be provided along the path that which may also periodically regenerate
polymeric coating upon the endless chain. Such additional intermediate support apparatus
may be provided in the event that electro-spinning across much longer spans are desired.
Intermediate regeneration could be accomplished by pumping polymeric solution from a
needle onto the chain and/or through a transfer wheel that picks up solution and transters it
onto the endless chain. In any event, to the extent there is any minor sag in the endless chain
along the spinning path, it still is literally considered to include a constant spacing distance
106 within the meaning and context of the present invention and claims appended hereto,
and the movement along the spinning path 86 will still literally be considered to be linear

within the context of the present invention and claims appended hereto.

[0041] As evident from the foregoing, the linear spinning path 86 and movement

direction of the endless chain 70 is transverse relative to the movement direction 30 of the
collection media sheet 18. Preferably and as shown this transverse arrangement 1s
preferably perpendicular although it is appreciated that other transverse arrangements
including angles other than 90° may be used. Thus, in the context herein, transverse
includes but does not mean perpendicular but is broader in the sense and 1s meant to also
include a strand for electro-spinning generation that moves generally crosswise 1n a

direction generally between the opposed sides 36 of the collection media sheet 18.

[0042] According to an operational mode embodiment, during operation the filter media
collection sheet 18 runs along the first direction continuously as well as the endless chain 70

- moving about the endless path 80 continuously. However, 1t will be appreciated that

intermittent operation of either can be accomplished if desired for various purposes.

[0043] During operation and as shown in FIG. 7 and 8, the endless chain 70 along the

linear spinning path 86 includes multiple spinning locations 108 which are linearly aligned
in an array of at least one row and as shown two rows. The spinning locations are spaced by
the gaps 74 which in the case of the present embodiment are equally spaced gaps 74 such
that the spinning locations 108 are equally spaced along the linear spinning path 86. The

reason is that configuration of the spherical balls 78 generates typically two spinning

11
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locations 108 for the formation of fine fibers 110. As shown, the spinning locations 108 are
on opposite sides of the spherical ball 78 and spaced apart along a lateral axis 112 that is
perpendicular relative to the linear spinning path 86 by virtue of electrical repulsion (e.g. the
charged spinning threads tend to repel each other). Thus the curved nature of the individual
segments 72 is beneficial in producing the desired spacing between spinning locations and
providing multiple spinning locations per each individual segment thereby producing more
fine fiber and controlling the production of fine fiber for uniformity purposes. However, 1t
would be appreciated other configurations could be made such as providing a sharp edge for

the production of a spinning location or a non-segmented strand.

[0044] In the case of water soluble polymers in which water is used as the solvent, the
apparatus may be used in an uncovered state. However, the disclosed embodiment has a
significant optional and preferred feature that provides for significant advantages over
traditional dipping systems by providing a central cover 116 that is arranged to substantially
cover the otherwise open end 118 of the dipping basin. With this arrangement, it can be
seen that the endless chain electrode is driven around the cover to include a first portion
which is contained within the dipping basin and substantially encapsulated therein by the
cover and a second portion that is exposed and capable of generating fine fibers. The cover
116 can be interposed between different parts of the electrode as shown and can
substantially enclose dipping of the electrode. The cover 116 extends substantially between
the spaced apart guide wheels 82 and in the present embodiment may include guide wheel

slots 120 receiving the guide wheels therethrough and providing an opening through which

the endless chain 70 can pass. In the case of the present embodiment, including two endless
chains 70 per cell 50 with only two guide wheels 82 provided for each endless chain 70, a
total of four slots 120 may be provided. Additional slots may be provided for additional
guide wheels where other support apparatus as may be desired or needed. The cover 116 1s
particularly advantageous when the polymer solution involves a volatile solvent and/or a
solvent other than water. For example, certain solvent materials can evaporate more quickly
than water and therefore make it more difficult to maintain a desirable polymer to solution

ratio. The cover 116 minimizes the amount of solvent that is exposed externally at any one

12
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moment and thereby minimizes solvent loss. This is also perhaps more advantageous from a

materials savings and environmental standpoint.

[0045] For example, a comparison of a covered endless beaded chain embodiment
according to the disclosure of FIGS. 1-8 with a commercially available machine that has an
uncovered configuration, namely, an El-Marco NANOSPIDER model NS-8A 1450
machine, available from El-Marco, s.r.o., Liberec, Czech-Republic has shown considerable
solvent savings over a 16 hour testing period. In particular, for spinning polymer fine fibers
from a 12% polymer solution (polymer to solution ratio), such as nylon 6 using a 1/3 tormic
acid and 2/3 acetic acid solvent, replenishment of the local polymer solution in the
uncovered dipping basin of the El-Marco machine has required replenishment of the dipping
basin with a much diluted polymer solution (and hence more solvent) to maintain the 12%
solution in the dipping basin due to evaporated solvent loss. Spe'ciﬁcally, the El-Marco
machine required a solvent rich replenishment solution of a 2% solution. Whereas, an
embodiment has been able to achieve maintenance of a 12% polymer solution with a more
polymer rich solution of a 7% replenishment solution due to less solvent evaporation. In
making this comparison, it is acknowledged that not all of the parameters of the machines
are equal (e.g. among other things: the electrodes are differently configured and driven
differently, the collection media flow rate may be different, the dipping basin tub size can be
smaller in an embodiment of the invention considering it can be thinner in the movement

direction of the collection media as it need not accommodate rotation of a drum-like

electrode).

[0046] Nevertheless, considering evaporation relates in large part to available surtace
area (and such things as surface agitation and air flow — e.g. around the entry and exit
regions of the dipping portion of the electrode), solvent savings is primarily due to the basin

and electrode covering technique disclosed herein. For example, the embodiments of FIGS.
1-8 substantially cover the surface of polymer solution and also the electrode dipping entry
and exit locations (areas of agitation). As such, other parameters are not seen to impact
evaporation loss in a significant manner. In comparing machines, it has been calculated that

the solvent evaporation savings may be up to 60% or more. Much of this advantage 1s

13



CA 02705484 2015-04-02

considered due to the covering of the electrode during dipping and substantially enclosing

the polymer solution. As such, preferably enough covering is provided to reduce solvent

loss by at least 25% and more preferably by at least 50%.

[0047] In practicing one embodiment, the cover 116 can be fastened securely to the
walls of the dipping basin 54 by virtue of screws or otherwise. The configuration and
attachment of the cover may depend upon electrode configuration. Other arrangements or
other types of electrode spinning systems are possible. Preferably, the cover reduces
evaporation from solvent of the polymer solution by at least 25% as compared to an
uncovered electrode spinning apparatus and even more preferably by at least 50%. For

example, savings of approximately two-thirds of solvent is demonstrated by the above

example.

[0048] Additionally, the illustrated embodiment includes end covers 122 at opposed
ends of the cell 50 that are mounted to wall extensions 124 that extend above the cover 116
such that the end covers 122 are positioned over the opposed ends of the endless chain 70
and are disposed over the guide wheels 82. The end covers 122 also serve to reduce solvent
evaporation but also serve as shrouds to limit the span of fine fiber production. As shown,
the end cover span 126 between the inner edges of opposed end covers 1s about the same and
preferably just slightly larger than the width of the corresponding media sheet 18 defined
between opposed sides 36. The end cover 122 may be adjustable and/or interchangeable
with other longer end covers such that the span 126 may be adjustable to accommodate
different widths ot collection media sheets 18 that may be run through the fine fiber

production machine 10.

[0049] Turning to FIG. 9, an alternative embodiment of the present invention 1s
illustrated as a fine fiber production machine 140 that is similar in many respects to the first
embodiment. For example, this embodiment similarly employs a strand that 1s wetted with
polymeric solution and that can maintain a constant spacing of spinning locations relative to

the collection media. Further, this embodiment also includes an endless strand that 1s driven
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about an endless path to provide a spinning electrode. As such, details will be directed

toward some of the more salient differences.

[0050] In this embodiment, the fine fiber production machine includes an endless
serpentine belt 142 that is driven in an endless path around multiple guide wheels 144. The
serpentine belt 142 1s preferably made of a conductive material and may take the form of a
continuous endless metal band as shown to provide for a spinning electrode. The serpentine '
belt 142 includes several linear segments 146 between adjacent guide wheels 144 that each
provide for multiple spinning locations. Generally, the edge 148 that would be disposed
closest to the collection electrode provides for the spinning locations. This edge 148 can be
serrated to provide multiple discrete and equally spaced sharp edges (not shown) and/or can
be configured with pockets and the like to provide for local polymeric solution fluid
reservolrs along the edge 148. Preferably, the guide wheels include teeth 150 or other
positioning structure which engage holes 152 and other similar positioning structure on the
belt 142 such that the edge can be maintained at a constant spacing and thereby maintain a

constant spacing distance 1f such a constant spacing is desired.

[0051] The serpentine belt 142 1s subject to a voltage source to generate the electrostatic
field thereby serving as a spinning electrode. To provide for polymeric solution along the
belt 142, this embodiment includes a wetting supply system that includes one or more
needles 154 having control orifices 155 spaced adjacent to the edge 148 of the serpentine
belt 142. Additionally, the needles are connected along fluid lines to a pressurized
polymeric solution source atforded by a pump 156 that delivers polymeric solution from a
reservolr 158. Thus, the strand generation need not necessarily be dipped but can be
alternatively wetted in other means in accordance with this embodiment. Additionally, this
embodiment also affords the ability for dipping the electrode in a dipping basin. For
example, portions of the serpentine belt can be arranged to run vertically as opposed to
horizontally due to the ﬂexible nature of a serpentine belt. Alternatively, the right hand
portion may be dipped in a dipping vessel containing polymeric solution with the collection

media arranged to run vertical as opposed to horizontally.
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[0052] Yet a third embodiment of the present invention is shown in FIG. 10 as a fine
fiber production machine 160 much like the prior embodiment ot FIG. 9. As such,
discussion will be limited. This embodiment similarly can employ a polymeric supply
system comprising a needle control orifice, pump and polymeric solution reservoir. This
embodiment also employs an endless strand which in this embodiment takes the form of a
more simplistic metal band 162 driven around two pulleys 164. Fiber generation can be
obtained from the edge 166 that is intended be disposed closest to the collection media (not
shown). This embodiment is also much like the first embodiment except that both linear
segments 168 of the band 162 are arranged for fiber production and may not be dipped 1n
polymer solution. It should be noted that it i1s not necessarily that each of the segments 168
be maintained in a constant distance. For example, it may be beneficial to generate different
fibers of different characteristics to have different fiber generation spinning electrode strands
arranged at different distances relative to the collection media. In this embodiment, pulleys
164 may take the form of sheaves or other positioning structure to maintain positioning of

the edge 166 relative to the collection media.

[0053] The use of the terms “a” and “an” and “the” and similar referents in the context
of describing the invention (especially in the context of the following claims) 1s to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value
falling within the range, unless otherwise indicated herein. All methods described herein
can be performed in any suitable order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or exemplary language (e.g.,
“such as”) provided herein, 1s intended merely to better illuminate the invention and does
not pose a limitation on the scope of the invention unless otherwise claimed. No language 1n

the specification should be construed as indicating any non-claimed element as essential to

the practice of the invention.
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[0054] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIMS:

1. An apparatus for the production of fine fibers onto a collection media, comprising:

a first electrode;

a second electrode spaced from the first electrode, the second electrode including a
strand entrained upon at least two guides, wherein the strand 1s wetted with a polymer
solution; '

an entrance region and an exit region spaced apart along a first path, wherein the
collection media is adapted to be driven along the first path from the entrance region to the
exit region in spaced relation from the second electrode;

a drive unit adapted to drive the strand along the at least two guides for movement
along a second path that 1s transverse to the {irst path;

a voltage source arranged to generate a voltage differential between the first and
second electrodes for spinning of fine fibers;

an operating mode wherein the differential voltage draws the fine fibers from the
polymer solution on the wetted strand, wherein a solvent in the polymer solution evaporates
during a travel between the electrodes to draw down a fiber diameter to generate the fine
fibers:

wherein the strand has a plurality of spinning segments separated by gaps in
alternating fashion, the strand at the plurality of spinning segments being closer to the first
electrode than at the gaps, wherein each spinning segment 1s adapted to provide at least one
discrete spinning location wherein polymer fine fibers are electrospun during operation,
wherein all of said spinning locations of the strand define a span of said spinning locations
to facilitate spinning of fine fibers, the spinning locations being regularly spaced in number
across the span so that fine fibers are adapted to be uniformly deposited over the span and
onto the collection media; and

wherein the strand 1s a beaded chain.

2. The apparatus of claim 1, wherein the strand is an endless strand driven about an

endless path, wherein the second path is a part of the endless path, the endless path further
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including a return path spaced from the second path, the endless strand being farther away

from the first electrode along the return path than the second path.

3. The apparatus of claim 2, further including a dipping basin adapted to contain a
polymer solution, the endless strand along the return path running through the dipping basin
for dipping into the polymer solution and thereby coating the endless strand with the

polymer solution.

4, An apparatus for the production of fine fibers onto a collection media, comprising:

a first electrode; a second ¢lectrode spaced from the first electrode, the second
electrode including a strand entrained upon at least two guides;

an entrance region and an exit region spaced apart along a first path, wherein the
collection media is adapted to be driven along the first path from the entrance region to the
exit region in spaced relation from the second electrode;

a drive unit adapted to drive the strand along the at least two guides for movement
along a second path that 1s transverse to the first path;

a voltage source arranged to generate a voltage differential between the first and
second electrodes for generating the spinning of fine fibers;

wherein the strand is an endless strand driven about an endless path, wherein the
second path 1s a part of the endless path, the endless path further including a return path
spaced from the second path, the endless strand being farther away from the first electrode
along the return path than the second path;

further including a dipping basin adapted to contain a polymer solution, the endless
strand along the return path running through the dipping basin for dipping into the polymer
solution and thereby coating the endless strand with the polymer solution;

wherein the endless strand is an endless chain of a plurality of discrete segments
separated by gaps, wherein each segment typically provides at least one discrete spinning

location wherein polymer fine fibers are electrospun during operation; and

wherein each of the segments is a generally spherical ball.
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. The apparatus of claim 4, wherein the guides comprise a pair of spaced apart wheels

rotatable about an axes that are generally parallel to the first path.

6. An apparatus for the production of fine fibers onto a collection media, comprising:

a collection electrode having a planar support surface for supporting the collection
media;

at least one spinning electrode comprising a beaded chain having a linear segment
adjacent the planar support surface, and another segment displaced a farther distance from
the planar support surface than the lincar segment; .

a drive unit adapted to drive the spinning electrode, the linear segment maintaining a
constant spacing from the planar support surface when driven by the drive unit;

a voltage source arranged to generate a voltage differential between the collection
electrode and the spinning electrodes for spinning of fine fibers; and

wherein the linear segment comprises a plurality of spinning locations separated by

gaps.

7. The apparatus of claim 6, further including an entrance region and an exit region
spaced apart along a first path, wherein the collection media is adapted to be driven along
the first path and across the collection electrode from the entrance region to the exit region
in spaced relation from the spinning electrode, and a dipping basin adapted to contain a
polymer solution, wherein the spinning electrode is driven about an endless path with part of
the spinning electrode running through the dipping basin for dipping into the polymer
solution and thereby coating the spinning electrode with the polymer solution, and part of

the spinning electrode being exposed for fine fiber generation.

8. The apparatus of claim 1, wherein the first electrode has a support surface for

carrying the collection media.

9. The apparatus of claim 8, wherein the first electrode comprises a conductive

perforated plate including a plurality of holes, the holes facilitating vacuum suction ot the
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evaporated solvent through a ventilation hood system, wherein the collection media runs on

the first electrode under a suction pressure.

10.  The apparatus of claim 6, wherein the first electrode is formed of a conductive
perforated plate including a plurality of holes, the holes facilitating vacuum suction of the
evaporated solvent through a ventilation hood system, wherein the collection media runs on

the first electrode under a suction pressure.

11.  The apparatus of claim 1, wherein the first electrode and the second electrode are
arranged to generate the fine fibers vertically such that the fine fibers travel vertically
upward from the wetted strand toward the first electrode and are deposited on the collection

media.

12.  The apparatus of claim 6, wherein the collection electrode and the spinning
electrodes are arranged to spin the fine fiber vertically, wherein the fine fibers travel
vertically upward from the spinning electrode toward the collection electrode and deposited

on the collection media.

13. The apparatus of claim 1, wherein the span of spinning locations 1s disposed below
the first electrode at a first constant distance to uniformly deposit the fine fibers, and

wherein the gaps between the spinning segments are disposed below the first electrode at a
second constant distance, the second constant distance being greater than the first constant

distance.

14.  The apparatus of claim 13, wherein the spinning segments are coaxially aligned such

that span of spinning locations are disposed below the first electrode in a linear arrangement.

15.  The apparatus of claim 6, wherein the linear segment is arranged along a spinning
path, and the other segment is arranged along a return path, the spinning path being disposed

above the return path and below the planar support surtace.
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16.  The apparatus of claim 15, wherein the spinning electrode moves in a first direction
along the spinning path and a second direction opposite the first direction along the return

path, wherein the first and second directions are generally parallel.

17. A method of generating fine fibers, comprising:
electro-spinning fine fibers from an electrode at a plurality of spinning locations
arranged in a linear array from a polymer solution coating on the electrode;
facilitating relative linear movement between the collection media and spinning
“locations with the spinning locations in spaced relation to the collection media;
depositing the fine fibers on the collection media;
maintaining a constant spacing between the spinning locations and the collection
media;
periodically regenerating each of the spinning locations with polymer solution
coating;
“wherein the electrode includes an endless strand and wherein the strand has a
plurality of discrete segments separated by gaps, further comprising:
entraining the endless strand upon at least two pulleys;
running the endless strand along an endless path around the at least two
pulleys;
generating fine fibers from a first portion of the endless strand that 1s exposed
and facing the collection media by spinning fine fibers typically from each of the
discrete segments, the spinning locations migrating across the media transversely
relative to the first path as the endless strand is run along the second path; and

dipping a second portion of the endless strand in the polymer solution.

18.  The method of claim 17, wherein the linear array includes multiple rows of spinning

locations, further comprising:
moving at least one first row of the spinning locations in a first direction; and

moving at least one second row of the spinning locations in a second direction.
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The method of claim 17, wherein said periodically regenerating comprising:

dipping the spinning locations into a polymer solution; and

running the collection media over a planar support during said depositing.

A method of generating fine fibers, comprising:

arranging a first electrode and a second electrode in spaced relation, the second

electrode including at least one strand;

generating a voltage differential between the first electrode and the second electrode;
wetting the strand with a polymer solution;
running collection media in spaced relation to the second electrode along a first path;

spinning fine fibers of polymer material onto the collection media along a plurality

of spinning locations along the at least one strand due to the voltage differential;

21.

running the strand along a second path transverse to the first path;
wherein the strand is an endless strand, turther comprising:

entraining the endless strand upon at least two guides;

running the endless strand along an endless path around the at least two
guides;

generating fine fibers from a first portion of the endless strand that is exposed
and facing the collection media; and

dipping a second portion of the endless strand in the polymer solution.

The method of claim 20, wherein the strand is an endless strand having a plurality ot

discrete segments separated by gaps, further comprising generating fine fibers typically from

each of the discrete segments at a plurality of spinning locations, the spinning locations

migrating across the media transversely relative to the first path as the endless strand 1s run

along the second path.
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22.  The method of claim 21, further comprising:

generating typically at least two spinning locations from each of the discrete

segments.

23. The method of claim 20, wherein the collection media 1s filter media substrate,
further comprising:

unwinding the filter media substrate;

feeding the filter media substrate over the second electrode;

depositing fine fibers on the filter media substrate in a fine fiber layer; and

rewinding the filter media substrate with the fine fiber layer integral therewith.

24, The method of claim 20, further comprising:

running multiple strands in opposite directions along the second path.

24



CA 02705484 2010-05-11

PCT/US2008/083219

1/10

WO 2009/067368

18

12
10

42
110

46

o

30

48

ROTHTOT0OT0O 00 00008 D 00000 0"0"0 O

0000000

BADACARACAPACACACATATAPAO AT ATACACACACATAO AT 0.0 O n0n0naCalalaPaCal0Calnlrlalalalat Ot n® O mOnO 00 1000 AT AR MO AD A0 AD A0 AD A0

Q¥orovororoYoraYoYaloror oY oY o o oo 00 00000 0 O 0000 0 0 0 0Ol 0N0 0 0 00 00 000D O 0 QOO0 000020

OO QDO O OO O OO G O 00, 0, 00,0, 0,000,000 0,00 0-0-0.0.0.03.0.0.0.0,0.0,C_0_-0-0"0-0_0"0"0-0-0-0-0.0-0-0.0.0-0.0~0-0.0.0-0~0-,C~0
ClC 0 00 0, 0,0 0 0 070 0 0 000G 0,0 0G0 OOO O 010 0000 OOOOOOOUOOOOOOOUOODOOOODODODODODOUOUOOOUOOOOOOOOOOOOODODODODOOOQOOOUODOOO

02020R02026%0%0%0

>

f

/
!
!

P

|

ol

]

J——

l
*-ﬂ-—‘o
1

-— Eaa

i
]
+4

!

4b

|

i f

|
l.lTlc*l

b b
g

/
!
f
!
}
!
}
}
i
}
J
}
!
I
!
}
!

7N
a

4R

60

il
N

66

24

22




CA 02705484 2010-05-11

WO 2009/067368 PCT/US2008/083219
2/10




CA 02705484 2010-05-11

WO 2009/067368 PCT/US2008/083219
3/10




CA 02705484 2010-05-11

WO 2009/067368 PCT/US2008/083219
4/10




CA 02705484 2010-05-11

WO 2009/067368 PCT/US2008/083219
5/10




CA 02705484 2015-04-02




CA 02705484 2015-04-02

. 9l \s \9
29 S _ 0zl # O og

o | 85
2. ozl 0L g Ve

ﬂ/ ’////"///4”/’////"/’/"//’///// ?’////’////’/////’/’/////’ ’//’//Aﬂ’/”/l
w”ﬂ’l - —_ = - = l
1" '// ﬂ Z5

. i i - . - - - e e BN . e t a4t e a
- AR g . b bt S s e al em . aae = = - e v . . v s
.
A—— wbh— ——
———— ——
e — — "

i’ NG
!.“‘.‘“‘““..““‘.“.-“.‘.‘. ".‘“‘.““‘.“.““““‘.“‘.‘n‘ I. ..'““
.................................... A - .m_..
| oy 9l rcl
142 Nw | i 0Ll o8
pt— — — — il - — — T T e — e — e e — .'._ VAL 8Lt
all cel i 721

tHid K
. YA . A . . .- N8 . . . AR N S D, . R, .. . . .. .
'.\. 7 7 LT B N B LV AN LY LY L LY LN LY AY LY LY LY LY L LY LVLY LY LY LY B LY K r“d‘-‘.‘.ﬁ.‘b‘c‘\d‘r‘o Y LAY AY KV LY LAY AY LY &Y KX &Y ALY

NNIRNENTNNTNNTNENN TN TRNENTNESNTNNVTRNENNTNNENNVENNVENNENNENNVENNENNA NN J;/@m

ot

gl Y¢ ozl 2y oy IV



00000000000000000000




CA 02705484 2010-05-11

WO 2009/067368 PCT/US2008/083219
9/10

SO 000 OO Do

RO O O D




CA 02705484 2010-05-11

WO 2009/067368 PCT/US2008/083219
| | 10/10

164




ag 46 42 126 4 18

%\\ﬁ@& N NN NN AN N NN I NI SN NI NN I N N N IS N P

B BT R o X3 o T B B XV A j““‘i‘ﬁ"?"?ﬁ} Y BT XY Y ZFTAT R DY XX KI LT AT AN T AP AT R B O Lo % I“"A"‘I Y o 2
W . b 6 T W . W S . \,

i
118 82 1 L“*““‘-—-—————-——___.._..__,_ ______2_6__ _______ ,‘_.......________._ 192 118
|

'n‘ FiY AV AV VI v aw i i """'l”"’l

iy

‘ ' AV A Y \-r"""’ p o b L F LTS EELES F e Ly i ’ ’ ’ AN AN A AR A AT A N AT I e A Y \\\ - v ’A‘l

o0 l\g..\ 1\/\

| - - —_——— = — - — — —_ - — —— i \
e _ﬁ\\\? e T e e e o ” s -
bm\\\\“\\\\\“““\\\\““““\x\.“v \\\“\\w.mwm\“wm“n\“\um\\\
. 80 120 72
58 84 70
ny 120 83 54 62

o6 //

0 49



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - abstract drawing

