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 differential between a
spinning el ¥R38E4ATHE collecting electrode and more particularly relatd< @ HEH EHihhing electrode
equipment arrangement and/or clectro-spinning methods. Other aspects of the invention may also
relate to filter media production systems and methods, that is 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. BACKGROU KBS FHBE RMERHRON IO ki 26 dEMERN b5 ke HBBrs from polymeric
solution through electrostatic spirMEDI(@ &6 TeRISrepiMBRTI)OMEan electric field created by a
voltage differential between a collecting electrode and a spinning electrode is known. For example, as
shown in U.S. Patent No. 6,743,273, polymeric solution is pumped to a spinning electrode in the form
of a rotating emitter in which the pump solution is pumped from a reservoir and forced through holes in
the emitter. Upon exiting, the electrostaticipeientiak hetweenagrid 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 is evaporated off the fine fibers which draws down the
fiber diamé&®8PHuring tRarighinsoBe LB aciiple sleaosiaitrsimmeifing&vice is shown in
Patent Pulfilicatigro Nosric) 58006402 90031 tarmdaWdR006/4:8¢0 81 a Thiagpidiifageiechadecdesigns
g??fclosi(i wsﬁlﬁﬁrﬁhg%ﬁ%@&@aﬁdaer%dnemg;%%rib@é@e}@{@mecga&mmpegzﬁéb&5 matake several |
ifferent forms.. rum is situated and bathed within a polymeric reservoir IS rotate
about an S e e T R e vougn the
polymer sOILBSHPYSBLESIHHN §leUHE t@ffﬁ%f Ahegaudraitra e e RS AW e Kb Kimeric solution.
Various drempllikeidodffuaridtionsditcsnowi toreughoertthebeiwlipatent prdligatichs to include
providing gmuiiple.R@ntediRsiie craaleidistiele spinning desations where fine fibers are generated.

BACKGROUND OF THE INVENTION

[6002] The production of fine fibers from polymeric solution through electrostatic
spinning (a.k.a. "electro-spinning") via an electric ficld created by a voltage differential
between a collecting electrode and a spinning electrode 18 known. For example, as shown in
U.S. Patent No. 6,743,273, polymeric solution 18 pumped to a spinning electrode in the form
of a rotating emitter in which the pump solution is 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 is
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 WO02006/131081. The spinning electrode designs
disclosed in these applications are in the form of a rotating drum-like body that may take
several different forms. The drum is 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 is coated with the polymeric solution. Various drum like body variations
are shown throughout these two patent pubiic.ations to include providing a multiple pointed
tips to create discrete spinning locations where fine fibers are generated.



[0004]Embodiments of the present invention seek to provide for improvements over the existing state
of the art as it 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] Thd {@Kent inveRtithefisscats efdhe spetestthuteniipedidimpdadd Sanap paretable
individuallwer theembinatiaatinciudiagdbuisnotrimiteddoctberfoltaningn 0006 s arpeehof the
present invent ide. s f ductj f fine fiber llection. media,
comprisi%é?gﬁ%%ﬂ%%%o%eﬁgs%%on %(3:- e%{r%gigﬁégaég%ogrlﬁgﬁ%tﬁgt eﬁ@é%gaeﬁgt éﬂ;tgaébggld electrode
including Wfhid entrained upon at least two guides, 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
including a return path spacedBiiktitd 36k HatH, Thd: dhte8¥ 18 d being farther away from the
first electrode along the return path than the second path; an entrance region and an exit region

spaced apadfjong a fimmm&emhammelmlt@ﬁm meelia @ﬁdﬁ@% tdade el iveh stdadgdhe firsF
path from e, prifenca sralan, o e cxlbingion InRasEbPIIAnIRE g oesadlectiode; a drive

unit adapted to drive the strand, along the at least two guides for movement along a Second path that
is transveyse to the first path; a voltage squrce arranged to generate a voltage differential between the
first and s@?gﬁh .electro‘é)eaérfsotr %Sé)ﬁgra?ifﬁé ﬁ1$ rseﬁfar%ir%vg?%@é ﬁ;ﬁ%‘%ﬁ;egnana%%%ﬁ%&so %Tntg%apted to
contain aprosmtessififion, fiherenate s entigaidonl oref thecrsnmmsinatharlinslinlgehrsiagts tseadidping basin
for dippinglitethespalymebsoluton-anetiviah xiroating dhacendirsm stiand Withahenelywer solution,
wherein ”-%% %”Qr'eféassﬂ(a‘?‘é]d 'is(ill‘%‘é‘ Sdless ¢ Qas@a%h%sp%,g{%'{ﬁfe%I; %@%&t&ﬁe@%@ﬁé‘&% SeRakRted by gaps,
wherein each segment t p%a y provides at least one discrete spinning location wherein E%gmer fine
fibers areRABetiRFGH dRntF et aidh o oart [0ddBrasrdinss aspuctist trdlsrederb ifvehtion

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; 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 is 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; and 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.
[0007]

[G008) Another aspect of the present invention



provides a filter media production system, comprising: a roll of substrate material supplying a sheet of
substrate material along a first path through a entrance region to an exit region of a fine fiber

generation agting. dg:shireshaying.opapssdiaie edash arperaliyparpliahiodie fistpatn, the fine

fiber generation machine including at least.orie strand_and a drjve unit driving the strand along a

second patRISHEA Y GhE Tl ERierghrienh a s 2aty B AR IR the strand
being wetted withoa pdlymiénsdibtiozardsobjecttbineychagahdiffdrential cpmyeneéradefindgéibers that
are depogitad-4ipenHe SUBSHate-faiehiah IR eihine-ROdIGSS SlanddsHIiaRARaiaRendless path,
wherein the first path i agart.of the engillessﬂpa%ﬁ, lthe endless gath fixther mglu?%ﬁg r?turn path
spaced rOHHHe Bcb At Bt L SHAEES SIARG) HSG aFRaP el EHP (el P Bisias along the
return patteehash gredscbohis prahs 0ot 00 EODAhstNertazpbotior shianstdsard invdedionbraévides an
apparatupioithe psadustionPkiibrdibers onacdigetianimnediapemnrising mistpiectrode; a
second elgone spaced fromife.frsh sleatiode the sspond, slecode inaluging. steang epirained upon
at least two'gui €s; an entrance region And an exit reg%gn space apéiPt along a firs path wherein the

collectioniEera Rathd apiedito the Bridathibng MRE Mishisndiesnnns.chesnélevegih B exit region
in spacediselation fioratihe setosshetdcirogietir devendnjiaailaniediolesiventnel Sikang  fattrg the at

least two gy J&rtﬁ‘eoﬁ?épél%@é?@%%ﬁfﬁ%’}%tﬁﬁ{'b&ﬂ?%ﬂﬁ&@l@%‘é%ﬁ% g%&(‘.e first path; and a voltage

source arranged to generate a voltage differential between the first and second electrodes for
generatirr1TEl())t!f§=9 spinning of fine fibers; wherein the stand is an endless serpentine belt entrained upon
three or duides for movement along an endless path, the endless serpentine belt including
multiple generally linear spans running transversely relative to the first path. [0011] [0012]The

disclosurd®i&8lrelates PathstrSREST §ErBF RGeS MHEERNHIE HidtahifnP A ehsiaht&pacing. A
method apeatditgiomihéndisitlasusatineludéstlectnegpinnimgpiinénfiberifroceamodiecirederat a plurality

of spinning localoRsALAAYRH i alINGALAAY TR A-PRY S RAILIRNLRALNE A1 DR GIREIrOde;

facilitating relatlviemovemen,t between the collection ‘Tr%jla and the spinnipg locations V\fgth the
spinning [BeAtiGh &R IS BB P ERa A8 PRy HHEC SRR SR RE A S BT FRg e Al dite collection
media; maithainihgrarctrstabiespacimydetivesianted $pihaidy Yoralions tnditkt pediléeiothwedia; and
periodicallyrggeneraiingieash stithe BinHngiReatiRntivAlBRIMCESAMIIQNER88H 0 drive

unit adapted to drive the strand, along the at least two guides for movement along a

second path that is transverse to the first path; and a voltage source arranged to generate a

voltage differential between the first and second electrodes for generating the spinning of

fine fibers; wherein the stand is an endless serpentine belt entrained upon three or more

guides for movement along an endless path, the endless serpentine belt including multiple

generally linear spans running transversely relative to the first path,
[0011]

[0012] The disclosure also relates to a method of generating fine fibers while
maintaining a constant spacing. A method according to the disclosure 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



[0013]The disclosure also relates to a method of generating fine fibers that includes arranging a first
elecfrode and a second electrode in spaced relation wherein the second electrode includes at least

one strand geneiatingiavaliaos flisieniatbelieaninedust slegieods ANddheserARd sigctode

wetting the strand with a polymer solution; running collection media in spaced relation to the second
electrodePAISRY LS ASHBAKREi#ning 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®¥bHg a secdi phisslasmsvalsse 1eatee fissepmethob i) Keeerding drmdibrsedatire, the
methods akdwemapaiieie £nlraising dnaddiessdsitiasideupds at dpastdwegisidedadiicthenay take the

form of audghaclyHntlande shiless sUandAlongaaRdeSR AR AIRLAdALISRN byp guides:

generating fine fibers from a tirst portion of the en that Is exposed and facing the collection

media; arfioiBitratasorie pBritss Gitrteeratiss sttt it S TRBD BT MR PSSR i tHereby
periodicaﬂynl;ﬁggneﬂaie:ismj nnidel dcathens] Edetidurthehdfinediberd cande gengratbtypitally from a
plurality of discrete Segants thal AR SeRaralRd ik aaps sateasihacisckiods stapdiifipespinning
locations can migrate across, the n%%dla L'Lansversel\é re:g\t%e%to the firs athg'lfﬁng whjch the media
runs as tHEBAMRSOAHING RIP8R ASnd thedetBRd dPhatR. [DHE1BthE ’étéf)iec?g, objectives
and advantageg dfekeandehtiunasicbetpate maosecapptrdt frohpatle following detailed description
when taken in conjunction with the accompanying drawings. BRIEF DESCRIPTION OF THE

DRAWI N{®814016]Thesmcoaipanying dﬁmwmgsﬁ imm}natﬁohhowd}ﬁyumngf@@ﬁﬁiﬁfﬂgampecifica_ltion
nlustrate SEYRIAl ASRRFRALNE PESelNBHIon Oy URINERWIRAG P RATRIAN. SANMGI0 explain
the principles of the mver?tlon. In the drawfngs; [0017]FIG. 1 is a [i)artlyschem_ Ic side elevational view
of a fine fmgp@grﬁgpaﬁgﬂess 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 strand. The spinning locations can migrate across the media
transversely relative to the first path along which the media runs as the endless strand is

run along the second transverse path.

[0615] 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

[6016] 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:

[06G17] FIG. 1 is 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;



machine which may be used for production of filtration media in accordance with an embodiment of the
present invention; WO 2009/067368PCT/1JS2008/083219 [0018]FIG. 2 is a partly schematic plan
view of the machine shown in FIG. 1; [0019]FIG. 3 shows an isometric view of a plurality of polymeric
solution bastid H¥elEetro-spinning electrodes and appropriate drive meEENEHFHEBAYiIng 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]FIG. 4 is a enlarged view of a portion of the
apparatus shown in FIG. 3; 100211FIG. 5 is an enlarged and different isometric view of a portion of the
apparatus ¥la8In in FIiG. 23it@ bettersthrsneiie rianeramplid¢hefraadhive shaw002XFIG. 6 is an enlarged
side view of one of the individual units of the apparatus

[0019] FI1G. 3 shows an isometric view of a plurality of polymeric soiution 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 schematfic illustration shown in FIG. 1;
[06G2¢] FIG. 4 1s a enlarged view of a portion of the apparatus shown in FIG. 3;

[6021] FIG. 5 is an enlarged and different 1sometric view of a portion of the apparatus

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

[06022] FIG. 6 1s an enlarged side view of one of the individual units of the apparatus
shown in FIG. 3;

[0023] FI1G. 7 is a cross sectional view of one of the electro-spinning cells or units
shown in FIG. 3;

[6024] FIG. § is a close up demonstrative illustration of a portion 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 cach of the individual

chamm segments during operation;

[0025] FIGS. 9 1s perspective illustration of a serpentine belt electro-spinning apparatus

according to an alternative embodiment of the present invention; and

[0626] FIG. 10 is yet another alternative embodiment of the present invention involving
two guide wheel pulieys driving an endless belt with a single needle dispensing location for
wetting the belt with polymer solution during operation.

[6627] 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 spirit and
scope of the invention as defined by the appended claims,



shown in FIG. 3; [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 of a portion of the endless chain
electrode used in the aforementioned figures for use in explaining how at least two spinning locations
are typicaly¥SrMEHHEAT a polymeric solution coating on each of the indi¥AdUEF & Edgments during
operation; 100251FIGS. 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 dispErdiHgEBdaHSR RSP Wit tHEIERN WA A Mmer solution during operation.

[0027]While the invention will be described in connection with certain preferred
{0028] For purposes of illustration, an embodiment according to the invention is
iltustrated 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 medta substrate shown in the form of a
filter media substrate rol! 14 that is arranged upon a unwind machine 16. The continuous
substrate sheet 1% 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 lngh efficiency fine fiber
layer 26, After the master substrate roll 14 1s depleted, a new filter media substrate roll can

be replaced thereon as needed.

[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.

[6030] The fine fiber production machine mcludes an electrostatic field that is generated
between first and second electrodes to inciude 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 is 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 is preferably a
conductive perforated plate of substantial surface area for maximizing locations to where
threads are collected. Many small holes 46 are formed in the perforated plate to facilitate
vacuum suction of 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 clectrode 42 spans at least the width of media and width
a length of spinning electrodes 40, collectively, as does the ventilation hood system 48, The
filter media substrate layer runs in contact and is supported against the collection electrode
42 under suction pressure against gravity. Preferably, this support arrangement is 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



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 spirit and scope of the invention
as defined by the appended claims. DETAILED DESCRIPTION OF THE INVENTION [0028]For
purposes of*Hh 36 En embodiment according to the invention is illustfek8FIPPREHHEPschematic
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 contifuess BiibsERie 8hBstrTedectsn fofneHe titdon{dtiamatbabaiess /2dMroithh the fine
fiber producioomesinineltasedlletiingding dibetsamedyis¢ uoibie biypicelvinddmatibinen?0 on a filter

media roll 22y ST MEChR suRsliele IAVEI:24R ARG eAlFISRGYIRe IbepiaugL 26. After the
master substrate {oll 4 IS@%B etg , a new filter, media sgbsojﬁie r%ﬁl can be reﬁl(%g%g thereon as
e

|
needed. [OSZEAY & s\\TTyM s ??fé’%er e&i‘?%%&f’&i‘ g ¢ 8t S SRHBR S0 TSGR fine fiber
productionteiaekiseuily heseranly Froeh an it ancatiaioAtz? to srwdit leGidieBaeThe sides 36 of the
filter media-shaet generalyrrnaqoaradalavith dRisifirst difection| 3G matur gty {i[003@]Ihedie fiber

productionmachine dneltidesianoelreipsiaticficldiMalis.aencated eMMeRL s anghsecond

electrodes to include one or more Etplnnlng electrodes 40 whereat fine fibers are generated on the one
hand and &' COHELHDA &TERHDYE ifé o which the fine fibers are drawn under the force provided by the
electrostatic field. As shown, the media sheet 18 is typically run between the spinning electrode 40 and
the collectift3dpctrdaded2catichiiinatithe tinpafibersnaiedusualhproipilepositeditpionr thdeollection

electrode 42 butiinsieathdenpsiied ooringsfierPediasheeild ikheaalleslian. eleciiods f2 is

preferably gco ductive perf ra}ed late of subsfganggl su&face arée% or maxi izing locations to where

threads aré'&d) %ecrtellg.g arlﬂ/usfﬁ%aeﬂg 0 elél%%'%;%o Stmedin th rﬁéfir Srate %‘fﬁte totadititate vacuum

suction of EXEPLPRERISBRTE tRRIGg P8 DI WO SFeRREAGRIsIs Hoad by Atem i sltint Bl4cuates
evaporatednselvetit-icvaniaxtéiraplodatiomstetiht s Bettsidenal fasilityiplaSiscligrmatiodtytsinown, the
collection %@Q%ﬁ@m@ﬂ%ﬁ%&h@nw%téwm%Q-f%-@%ftgnwaitg;@mgth@fssﬁuﬁn@gcglﬁctrodes 40,
collectively, as.dogs the vi%nglatlo hg8d system 48, The filter media subsrate layer runs in contact
and is suppqcr &t algglfﬁ’é? & Chifection éﬁept?%ge Zfé (inder gﬁp np ggsurevﬁgains gravity. Preferably,
this suppoftafranhaeshsash /f His coila PrarEics indaesrag oggsaTeliesardtaibagtectrostatic field, a
high voltagéfSttpptitliscpriowide chand kaiois electrode 42.

[6033] Turning in greater detail to an individual production cell 50, with reference 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
msulating 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 46.
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 is the metal electrical terminal 60 that
extends through one of the walls 56 and that ts connected by an electrical wire 52 to the
high voltage supply 44. The terminal 60 is 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 inchides a one-way

check valve is mounted into and through one of the walls 56 to allow for periodic



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 rand¥8 g/ BEossible. Typically, the collection electrode 42 wif SR EHiBEnded
however, the voltage generation source may provide a potential to the collection electrode other then
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 is arranged to generate a voltage differential

between tﬁél’iﬁ@t*&ﬁ’@%@éé‘#ﬂ’élé@t@@@é@@%@ﬁﬁ’@ﬁﬂ@ﬁb@ﬁ@éﬁ?ﬂg’fﬁé%%ﬁ%lhtj’h‘ﬁ%‘e fibsrs from
polymeric sohitemdbkedgh an dleictioplatishfieidr $GQ32}hHaqre @fithbdirmeni; sasappasains includes a

single spingiqgigleciione:df. EAURATRIGuRS siols elesi) e@mﬁﬂ& 108y Be diseeaaidarm its own

machine. As shown’in Eﬁqt er figures U|tl%l sdpltnnlng ctrodes Ocan b@&)rowded between the
entrance réioH 30 AR IS ST %ﬁwﬁlﬁé bfleegp?n%lngcg HBHBE FAYHE Bssembled as a unit
in an indiviadalifiwdlfilserprbhdcesrieainsacketiéxample, multiple fine fiber production cells 50 can be
arranged between entrances and exit regions as shown in FIGS. 1-3. Each of the fine fiber production

cells 50 is %ﬁs@';ed t%ﬂﬁl&@h me'éﬁg&ﬁg RRIYAHVIR %ﬂﬁﬁmﬁ@fw@?% ang.each fdhsgells are

subject to ejectrical vo tial and differential rel the coll tlon electrode 42.
10033]Turhrin8 ﬁgi e tRiF é?g &J\I/(lf(}n t\“p?o%ct%ﬁ %%%:lﬁb Wi %t&fgfgnce 7, each cell

50 |nc|ude§%1ﬁr§9fﬁrglﬁaﬁﬁd3@m% ﬁﬁ%l@éﬂﬁ@fﬁﬁﬁ’@f@@ﬂlé‘ﬁkt%l@ﬁ Eﬁ‘&sélmkéoyégg%}’%tructure
Each of thentall snaficofritie dippingitiatinhhdhard tegnsippcied! rpmiitsulfitiirgtmaterial such as plastic
(but a p'asy&ﬂaeﬁ&%wé&;@%@9@{&&9@@%@&%@@&@%&%6 for hrielannsd solvents to be
employed) So-as tp t prevent unélr%e_ﬂéo(?al IS alrge of tthe voltaggfom unlcb c%d '%‘ggkﬁ basin 54
from the hIE]Iﬁ erarPa%éngﬁlpB E)%lh“ Sasin 54 COREAINS a po Srgnerlc SoIUtio comprising a

suitable so%ht%ﬁ%ﬁé@@%%ﬁtﬂ%ﬁeﬁ@ﬁéﬁ@%ﬁ@d%ﬂﬁﬁ%@% ﬁﬁ@hﬂ?é‘t‘gafe@tﬁﬁﬂﬁﬁh@&mto one of
the plastic yuallstB6dsphe:metalaictiricalierminaltocthathe xtemdsithfGugh leadsehihfbmals 56 and that

is ConneCt%gaEyc%ﬂﬁgﬁ'ﬁﬂlt%rﬁé@l&ﬁdﬁ%ﬂ'%%@ﬁﬁ@%@‘i‘&%@% Jhatepminal H0454ns.
communlcgtlon with the mer| o u ﬁ%%%gy&lthereb C[gre%gﬂe solutlon or.co munication of
e

the voltag Blb?éﬁ?lg this eatln}(%ﬁg along splnal%?n%a% adiro ‘[68%‘&]%8.%0% Yy, to provide for

periodic replenishment of the polymeric solution, a
[6637] The endless chain 70 1s 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 axels 84 such as plastic material axels so as to insulate the voltage potential
within the dipping basin 54. The axels 84 are rotatable relative to the walls 56 of the
dipping basin 54. The endless chain 70 1s 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 is being regenerated with solution and a portion 18 exposed for electro-spinning.

[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 isolation
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



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 may be hooked up to a fluid replenishment
system that WEYR88EKI¥Feplenishes the basin with more polymeric soluti&f tdH7EFdE33 luid metering
unit 64 and a reservoir 66. Control valves or individual metering units (one 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 chatarPoscTistenencssichidi) 70 shprafsrabManybencisieted srotheptemdacthite material such
that it is rehcifygandoctivecanct istinreélecttigal Wreuibwithithadighiveiagesstipplyidd diyhértue of
electrical commuinigation Rravisies by Aty aualbeAeMORYs SRIHtPN 8. Jis.endiess chain 70
preferably | cILEIYes a g LE lity ofrlr?églw.duglbgh’screte se%emen,tfﬂ 2 as sgovyn best in FIG zf’a Each of the
Ciscrere SATTRERE 1O LbAbCEE 1 LB o T SO A P E S REb IS5 e spacer
segment 76:dh diiBiesisodiasEre th SegvdntyIrelaieoiadictatfdricarbesld CHENS isvhich the
individual keatdsstbatitakethafarorofiganeraly spifaioal Hallsv Brfrofrexadiple uaistaialass steel metal
beaded chaig,camRIQJE dr M8 Spning flaciede. I3 A sndless 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 a##P&hn béntatabe pestiosrdiher sditmsld AstEns: THangwdethhesrrsm sfdhnounted for
rotation oncinulatthgiarels@bsuehasplagtclamataiahalels decasotofinsulaterthe voligge potential
within the dippingihasinpfed e xgreddniaipiaiable delativede e walls 26k hedinging basin 54.
The endlesIs.cham 70.s ent alngd abouyt the |d(_-j:1 he {s 82 19 in lude a Itl.ne%r spjnning path 86 that
is exposed %13%%%8%‘?%669%% Vinerie Solution 58 §%|ahlﬁier}lgopa?h1§é g%%éogng is &18sest to the
collection é@éﬁ?o@é@é@ﬁé’gﬁﬁ@%iﬁ%ﬁg@l&@%ﬁ@ Anrheapeeurs i 8B \WhiERYUINs through the
dipping basé#gibd #ht the pdlyegenicigahstiod bd dor thenprrptdefafperniticicalyinetenerating the
segments gfdha £NdiRst ahaib.dhalizBydiPpinghs shaimendsunaing.itiuough, be aalymeric
solution. Aggny one time a portion of the chain is being regenerated with solution and a portion is
exposed for électro-spinning. 10038]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 upofdediiputputdiadh @2, Thehowipbtdsithigifitranstesred threughsgeasngiig dittansmission shaft

94 that trangmiis dhyrugh.taeehaim andspreakatdmeshanismf [aRlarlicakisglation dgves 98. These
drives 98 inc qu g?garate_% %Jt closel arrg{mg%%gclusm%s 100 Se% Ehgﬁg contai ng tgglmanent

magnets 1 ltY1a aree ’%ﬁxﬁgureﬁ?ﬁeaan rgﬁcée eaerran élllﬁaé p(lrl%lnén g% one e
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 shown) can be provided along the path that which may also periodically
regencrate 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
transfers it onto the endless chain, In any event, to the extent there is any minor sag in the
endless chain along the spinming 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.



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 100928t to at least one of the guide wheels 86 for each BTG B&E%2ERIl 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 chA¥D extdhasdeahSpardbhioataning ttheHafirsspitaetiorfo Sorovenvenaing a second
direction 1@#thatis iefendhly traisversenihatkiseitherpemnaadicubaior othenvisslyingcrosswise

such as digganialiy AfRIGHEINelAE A MAJISLIERYON A0rAs & 18aLAR IR Sheet of media s

moving alogn]g %eflrst di ection 0 from the entranc i}i%on 2 to the exit region 34 the individual

segments the BRE iR TREUe R HRORRRE SrSRG ﬂ@%%%&%f?eﬁ%i‘ﬁﬁ“ﬁ?cross the
substrate 3ﬁ‘ééﬂﬁ€t9\7@éﬁ ePsodud 8fienmabsonad) Addiion iy cesshbwabdsin EIG. 7, there can be
a constantispladingdisiencalas.aitipcadumentsi? fromdha oallestionelectreds 42.ad/or the media

sheet 18 aﬁl&hﬁxwﬂmg&&@#&%@wﬁ@@% a%{%%%ﬁwgeg'é%%ﬁ?l%@é@%%'é 86 from one end to
the other. %uch a constan tdl ance ?a) Frpclgg nor variations due to s in the endless
chain which g5 KBS HETE I g& SRR HHEFBIoaath %C%lf%’?géﬁﬁd% ihfing target spacing
distance 106 can be tightly controlled and is not subject to wide variations as may be the case in
rotating drj@n4pplicationsiing thenextant therenisisag o dhecandesscchainaong:thrdingatspinning
path 86 thahirundesitebie. dneumediaie e SBRAR ARKSNONT AN B BIRYIACH alprg the path
that which me% als ? LOdI Eeﬁ%)é %Er@rate\}p éynhrﬁgcoatm? upogé e endless ¢ a|n Such additional
intermediate’s appa atu ?ﬁ}ay b B?B IS e st thay! %ﬁ@’g‘jﬂfﬁfﬁ% 3cross much longer
spans are H’é@?ﬁéﬂ?%f&ﬁf?@@i&ﬁé pebRferabiorreomRl i corhiptis e d yoBs mPphegasolymeric solution

from a needle onto the chain and/or through a transfer wheel that picks up solution and transfers it

e spimr i o ﬁ%%ﬁ?yegmgﬁ*ﬂ”i%?ﬁé B within the.
inni it still i i inclu i i withi
meaning Qrﬁ SRt BRE §Pﬁ %rﬁ e}Hﬁ%%?H’%}aﬁi%c%%&n é‘i?éfld% gﬁﬁafﬁ'ea}?%\?gment along
the spinniri§ ’ﬁhﬁrﬁf%q}?/ﬂt Kariraeany setendidereiviorpastineg shithimeHecebarexrosbrePresent
invention andkictaians 2ppéided tereta: o2 gﬂ@%@&ﬁsa&a@ﬁvusa@mm&&zw 42 kAchevident
from the foiegaingythedinRALSHINNINGRAY.S6,A qg&%%%&}gmﬁﬁ@%&@l?w@a'n 0is

transverse relatlve &% tggn oi%gnrréle]nt flrECthen q ;?co ec‘tllton media sheet 18. Preferably and as
shown this Transverse ara gementis pr araph ?) b ?16 FAIHBEYH 18 %BPéI(lﬁated that other

transversel@ftHAle & AES m?:lf%]iﬁﬁl%@fé@’étﬁ]é?fﬁﬂdﬁ Qé?ﬁh?"ﬁé hsesgumHEslorntivascHitent herein,
transverseoimofyadegdnit e noipimeanl pelpehaidularcbd bisubroeces inithe sengelamdtis meant to also

include a E@ﬁ@:é&r electraspigninagenatation ¥H‘?§%\{%5x&%‘@6?'é}’ chasswd Si%[bﬁ‘ iregtion generally
between tﬁ;% sLéd S|de]l 36.0ft (% olle&ﬁtlon érnrb%dl Sll‘]ﬁet &1 004%LAccor @ %P?ratlonal
&Irg S us 11] 1V1

§p1émm i read each ofher rved nature o
mode embo uri aration 1
segments 72 s bcnc icial in producmg the desn‘ed spacing between spinning locations and
providing multiple spinming locations per each individual segment thereby producing more
fine fiber and controlling the production of fine fiber for uniformity purposes. However, it
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 1s contamed within the dipping basin and substantially encapsulated therein by the
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collection sheet 18 runs along the first direction continuously as well as the endless chain 70 moving
about the endless path 80 continuously. However, it 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" &@%ided chain 70 along the linear spinning path 86 incld&&sRiliEHE Einning
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 res@h 1 driatcerdigoraem hufiargsme aeaIcpaml 7 of generites BBy tWESHIRIng locations
108 for thel fermaterméfoedibers bl Asshpanm; dichspinhipgiacaiions 4@8-armdnaapposite sides of

t_he Sphe_”%ﬁ_iyé%éﬂti%ﬁ @@éﬁ%ﬁ@%ﬁt tﬁ@ﬁ@cé&@&?@h@&ﬁz&lﬁl Mﬁ&&%ﬁ%%@&ﬁ?%@l@é@{? to the
linear spin |Q%ggayﬁ|1 ergé}u tue oflelggtrr_h%all(rﬁpul$lonm(eigbt e charged s n&mr{%hregd? tend to repel
each other{}. iy E’gj‘&q 804 _S?eso fHe Rdivi b%eseﬁmeonl.sn? IS elrrlle_lllm% n p():rg S_?:lng the
desired spaelhddeisresipgphsrinigtorktrdndesdysnshdmouiding eprinigadestishs beteach
individual segmeéntikéntbjiradpainglmbrecistenfiber mactcontiallingcieipebdugtiovw ehfiasfiber for
uniformity pUrRESESHAWENEkih WaKdRe.ARR e iRIed s sanfigurationaicould e made such as
providing & sharpedac for he production ot eainping lgcation ot & nongseqmentad siand. [00441in
the case of wa er Soiiple po ymgrs i Which water is tsed” asn%ﬁsé so‘fveng the apparafbs_may be used
in an unco¥erlsdreterts. KSTHVEFT thendid apxBe enmb Bt askrsREHRANt BptvisalldAdspreferred
feature thatqprioviadp ddvsigrificantzohvhntagesovelttiaditiond dippivigtdy stémsthydiooviding a central
cover 116 {hrkis airanged {asubsianiialincovaiheotheiwiar-Sneand L8R the.dipring basin. With
this arrangt%rénen,t it can 3Ege seen th%: tbe en "%ﬁ%u‘f ain electrode is dkri'kven aroqul thle cover to include
ping

a first portion‘nwvﬁf(t:% is %on%ﬁr?é%%_ fin {ged%f) tgsr?ﬁ 1353 sf‘h Stan |8W§) lgﬁ%épsa?a'fggntherein by the
cover and B4 cdht (HRIdA QB Eesss Sae arana Qirabiend thyé HeysERigire SipRRs 2y @%er 116 can
be interposaechizetwed thelifferent pairtss b thmsprngidiectrede asisipownrrndcamsubstéotially enclose
dipping of theelegttademlhenaousidiaxiendssubsatantially 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/@ibodini8hEHERBIAGINBERNSES cREFHRIFT Hersdsidy shtitsinp i gtlide wheels 82
provided fereadhmendtbssistammZ®, & 1Gtallof foilh slotsiiRicmby heiptdvidedhiAdthtidral slots may be

provided fop, aslditionahgisidanvhesmuhere el s RROTCHINBRIUS AR MY De desired or needed. The
cover 116 is R rti_cularly d\fant IS when tf*f:. oleén@r sgl tionbilnvglve a volatile,so vent and/or a
maciing, aval ab TOIN B -Midrco, S.1.0,, L1DCT ZCCH= public has §hown considera
solvent other thern’ water. For examp:e, certairi solvent materials’ can evaporate more wcekly than
water and RO SRR A FEIFIEHTS Brafstall BHHEHAL IS THHIHEE R YBISTIGAT 266" The cover
116 minimizes thE &npolymbof sdivient( tivitisexposathe xaivialiychzanylomé nsome it aidithereby
minimizes olvant 1058k dtialnopeRARs IS adyARIRAEPHS fIM BiMAleHARsavings and
environmental staradgﬂoint. [9045 FE ﬂeeéﬁwé%%% g%mp%rison of a,covere end{e headed chain

. UnCoOvere 1n a8 CI1IC 5 required replénisnmeni of the .
embodlmen? accordlnapto%he disclosure o "SWith & comme C|§I1Ty avallable machine that has

an uncovefdPEStgitatigh Rattely i BrMERESNARIS S BEERE Mot NS No H8E iBchine,
available ftbenl EleMantmasi g dibmred,Sretiv-Republivnidsdhowheonsiderfabléysdlvdnt savings over
? 1|6 hour mmml R, rﬁhﬂ@éﬁ%@@!‘vfﬂﬁgﬁiB@[&i@ﬁgﬁﬂﬁﬁoﬁiﬁ%ﬁbﬁ@g@gQ??i@t&)%%\’pﬁ?é)’éﬂ?fr solution
polymer tq solution ratio), such as.nylon,6 using.a. 1/3 formic acetic acid solvent,
repIenishmaélnetI3[:11:{‘0%3(15n %é?fﬁgfer%gﬁigo?u%fgﬁcrﬁ {H%el rﬁfﬁ%%n\?ecr%%dd?gjﬁg%q ase/fnb%fﬁ e g#ﬁ/l%rco machine
has requiré?PFeBRIHRHHSAEBIIRY Gibbing AR FAUKIUAtEY FShINSFRORIBRHAEY hence more
solvent) tolmaiktaig the cb29pasehationsrdhedippied asimtiibdbieypporatedssdlirentiegsicSpecifically,
the El-Marge ayaehing resuiredtacseivent fichreplenishroentrseiuionefignldd sRlutioes Whereas, an
embodimepi-{ §n§§%ﬂea%'ﬁetc%‘§?ﬁ%é{%| RATERa el’bgfd?ﬂ%fgé% RHQ’E?%&&?L%@%Y&Q%‘E% fagre polymer

rich solution o 9% replenishment solution due to less solverit evaporation.,

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 & drum-like
clectrode).
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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 co§ld&ts 1¥e%an be thinner in the movement direction of the cBfi€GtfBAYREdM %s it need not
accommodate rotation of a drum-like electrode). WO 2009/067368PCT/1JS2008/083219
[0046]Nevertheless, considering evaporation relates in large part to available surface area (and such
things as surface agitation and air flow - e.g. around the entry and exit regions of the dipping portion of
the electrotf@#&olvelesertinlpssiscprivisariledierwrahenbalsiivandaetsarode eavfisgre@snique disclosed
herein. ForexampgleydhenaipbadimentsgfttieSink-Sstibstantially sovahthasueiacesaf polymer solution

and also the Llactpre dippihg Shn Hhe LIRS (RIFa% Al AALRIRNk A%V tR, parameters

are not seen to impact evaporation loss in g signjficant manner. Tn compaying machi It has been
calculated TRACHH CONAIE B0 B N SRASGE SR Be U (56001 o ar oA o b Acvantage i
considered duglbstehieadiz\asragtes shetskeetirlsreminadmping dstbuplsaardallinpiedositiy the polymer
solution. Asngugl, iprefeiatiyenedghicovaring dspiqted iaieduce solvanktoss ymtieast 25% and
more prefesably.hy,atiast 20%IRA47Hn-Practsing.oaeEMBRdimen thewoyer Lifcathe fastened
securely to,}ghe alls of the gl(%Plng. basin 5% %}/ vwgg /of screws%ir;J %r%ﬁrﬁuse The configuration and
attachment'Sf [ ge%\e/‘éarpﬁ%)} esﬁt H@%@Sﬁ & &e gé(fﬁﬁﬁffreati ¢ é%@ﬁﬂ%ﬂéﬁts or other types
of electroderspitfifslaysechiscarsrpseibhe dmetedaidyinialtoies rod seessaataborativhiidm solvent of
the polymehselitimeriylatiieass 2% hasrefamaparethigiatouatoy ey echelg¢eirededpitingmpparatus and
even morepreferally, by ad/least s, EQLS ElSavipes 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 1984dlich thapwié @ng erbad e tho SRS d vy théasippesseswalisoftthe endless chain
70 and arevdisposead dirpith®guide wheels-87. sthe eadotiverscl 2Phalsm Sgtvaita edduce solvent

evaporationhu, alse SaneavF HRVES B NG ERaa AofiRe fikes PreptationAsRhevs. the end
cover span 126 betwefeq the inner edges of opposed g&d CRVErS IS a?out the same and preferably just
Slightly IardSHERHE SISO AT R SGRENAG RS s 78 Vot B Eau pposed sides 36
The end cEVaPI2POMEYBEAMNsLALIS BATew faripARY ehlss Wit oothe ToWERs @88 covers such that
the span latcvarcbeladjustabliainaappimmedatecdifierent widthsbdf bolettiensttedibosheets 18 that
may be run{hrolgh e Jng et Rraduelianmaraiae LR JA0dAEnina.4a ) @ Ipgi.alternative

embodiment of tpe present invention is
exampie.

[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 is about the same
and preferably just slightly larger then the width of the corresponding media sheet 18
defined between opposed stdes 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 of collection media sheets 18 that may be run through the
fine fiber production machine 10.

[6649] Tuarning to FIG. 9, an alternative embodiment of the present invention is
illustrated as a fine fiber production machine 140 that 1s similar in many respects to the first
embodiment. For example, this embodiment similarly employs a strand that is wetted with
polymeric solution and that can maintain a constant spacing of spinning locations relative to
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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 is wetted with polymeric
solution and that can maintain a constant spacing of spinning locations relative to the collection
media. Furthé?, A% Mtfodiment also includes an endless strand that is §fy&fr A9 HEEAendless 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 istpeefltapigmmades of adndbetivatndiasnl dyoinshyiake ehalssriraidieentidises endless
metal bandiasishowditespravidepiora spipiinghglaetiade. Thesserpendievitlbd d24netides several
linear segments; 146 between.adiagent gride,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 shi¥58tgestribrsiawaiamd/ redas bbednfigireenwisihae ket éisdadiessto provide for
local polymerierselvton fuidiesedrbics alangdbiewdgt 148 rafdiablyuiie ghids Waeelddnclude teeth
or other pasitianing siVearg WhicheHIALR lae@&&é&e&@ﬁ&e{aﬁm&%ﬁq%%wm@aure on the
belt 142 such that the gge can, e maintained at a cqnstant spacin her g malntﬁﬁn a constant
spacing dlg?éﬁigél%g %Hl%tcon fia?‘ﬁ t% cm&i?éo ESir 5‘3’!255 e nghtln BelT425s subject to
a voltage Stifréd2énejades stsciabiBlestroSmatshicla ey faeiaiemh?ﬁﬁgl éfelbgiotéhTo provide
for polymepiwrsiditfignmalont tpmbeig lt2tithis dnbadiment intdudes haveting sepiphosystem that

includes 0@ﬁ')@q{?&{ﬁe%ﬁ%ﬁér@é&%&w&%&%?EH@M%Q@&&Q@%@&H& e £dge 148 of the
serpentine belt 142 Addi |ona§% §needle are ¢ &nect d.along,flui I|ne r(e/ssunzed

polymeric R A ﬁcémuarlnl RS \/Selflsrpp il P 50?1% rom a reservoir

158. Thus bm%ﬁa%%eﬁbm&%%ﬁ%k%&&%ﬂy 196 ippeal bmeeeﬁ%élanékﬁénvew wetted in
other meansstivatsaidante vtk this. enkfedishe it Adiditionall, ithis: émbolblisnetitcalso affords the ability

for dlpplngmeﬁﬁg%c&eregmm iR 01 SXamRIg-POriARS RS RE PEInR BRIt Gan be

arranged t %1 as oppose horlzonteillé}/ due t(% the erX|bIe ature, of a se{reentlne belt.
l ? 0?1 §PD can amgamed dt a C(al ant spacin ercb nl
Alternatively. e 1] nm ippedina f)pln VEUTEontanm §'poiyméric solution

with the cocﬂeeﬁeﬁ sﬁe‘dﬁe éﬁ*&ﬁ@%é%lfdﬂ%ﬁeﬁ?%%t spoRel 85 HGHzontally. [0052]Yet a third

embodiment of the present invention is shown in FIG. 10 as a fine fiber production machine 160 much
like the pr'%(ﬁnbod'me%%ﬁ@e 8e16§4§q9@u153e%e@9&1wg'& @&P&M@gc@%%eemmme&t@mllarly can

employ a cbsusppvg system comprisin eedle. gorgtrol quflce RYMP meric solution
gere fl Opmnm]% ectro c 0 ro () n d QO E
reservoir. |s emb ment alsoem s an endle his em m% %a es the form

of a more éﬁ'ﬁpi@ﬁ@%fhﬂﬁ&h@@ﬁ@eﬂﬁ%t@mlwmé%t 1@411%@?@%@?&%@?@6%% be obtained
from the ed§é H6Gnthairsdntetfoed 156 dispabed closestito thigecoltecfitie maaiai(rdteshiG\@N). This

em bOd'meﬁ‘d'cﬁtﬁlﬁﬁ’lIW ugh.likaithefirst&mhod m%@tfﬁ%@ﬁﬁt-m@ta%é@qﬂﬂ%ﬁ ﬁgﬂﬂ@r@%o‘f@&%}f the band
162 are arrang:ed ttlpr &ll%eb f%%d%f“?gé%ﬁg [p?x i@é}é eP‘% Oluqlg (r)nnea %%Igtlef)ré I%§h9Hld be noted
0 i

that it is nobt necessarl e segments maln ained in a constan stance uf:OI‘ example,

it may be JBR&fHe4) &e@eﬁ@fh@eeéuﬁefré%ﬁeﬁbewé\eéme%é@%ﬁeréetéﬁeﬁée‘tem%ﬂ&fw&ﬁrfuber
generationmsginiingeetedtioderstiahdsarahigedt at\difficrentdistancedsdiatireasothfediléation media.

In this embagiment MyplaysHt4-mrandake mﬁ»fﬁgma%sw\é%@éﬁe HRRRIPBING:SEHRIMIRLO Maintain

pOSItlonmgbce){ttpa% gdgga:}ltéggdr (}I%Hr\{%etl%ggﬁy as g;%'c%@ gorizontally 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 coliection media arranged to run vertical as opposed

to horizontally.

[6652] 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 of F1G. 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

embediment also employs an endless strand which in this embodiment takes the form of a
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[0053]All references, including publications, patent applications, and patents cited herein are hereby
incorporated by reference to the same extent as if each reference were individually and specifically
indicated to be incorporated by reference and were set forth in its entirety herein. [0054]The use of the
terms "a" antiCa*@AG%he" and similar referents in the context of descriiigHHaMHEERLdbN (especially
in the context of the following claims) is 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 limitedmery vreissiotheiphisah e dirRetretiog BFYatgessditdallidshereimare peiEly intended to
serve as agshoriafenmeihddeofae tearing indikid balyidmeatcticeparate: calire talling didthiat the range,

unless othgrwisg n%%&%gohﬁaem qémo%ﬁtlhﬁmetmamedm%me}ﬁqhnteomerlﬁpfrc'flcat'on as if it
were |nd|V|duaII % I}} ge%%ﬁ%nethods de d her in can b erform rééswtable order

unless othe‘? ?ﬁ%%ﬂﬁ?g e&?ﬁ? IR %?e’x "of any and all
examples,mﬂm@fﬁﬁlﬁﬁyﬂaﬁgihag@ ks goted by ééﬂ)“ﬁF@?%%ﬁﬂbfré?ﬁh Bﬂﬂl%ﬁﬂ%}?ﬁ*}"e}éﬁ/% better

illuminate theiimieationaandscaoe disehaoStoa dinniipiioi anite sengicaf thednventidifferetess otherwise
claimed. Nﬁﬁe@e@aﬂe}&mﬂ&e&%@%ﬂw@ﬁf@eﬁm @He%%m%ﬂgg%%t@@&daimed element

as essentlal to he rac hei |n ention. l[BOSS%Pr ferre embodn;nenﬁs %tfgs \C/lentlon are

described AEHR 6‘%# “bes ﬁ'\taacefkno%ﬁr $ USSR TS

othe IMVeHtors it rcarrylng out tiﬂe vention.
Variations fdﬂ’t?ﬂfﬁsbﬁﬁ)ﬁ@?ﬁr@@ & FUENPEHaaHeA Y AT BRNEIRHPE AEHCTH BHE SBABT HFIRRAINCSIIE in the art
upon readintylibedgradointdeseriptiaollfheinvedtors expect skilled artisans to employ such variations
as appropriate, and the inventors intend for the invention to be practiced otherwise than as specifically
described @%ﬁ' Ac& thls in %ntlonﬂ cludes aII modifi tltons anocl1 \{alentg of the subject
matter reci the c pCB%r%HC \&rétd a“éaﬁ(eirlo’ %yp cabre faw *Moreover, any
comblnatld%?@ﬂItWéGé’lﬁff%( HeeBIBagehy TRPHE S QI%@%@V&%&Mé’%?@%f%@W& passed by the
invention untEskicthe anvisesadicaiedrdersinl os bthscwise alebslyrefintradietddvibye confexh. tWHAT IS

CLAIMED |R%ntirety herein.

[0054] 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) is to be
construed to cover both the singular and the plural, unless otherwise indicated herein or

kA BETS

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, and each separate value 1s
incorporated into the specification as if it were individually recited 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, is intended merely to better illuminate the
invention and does not pose a limitation on the scope of the invention unless otherwise
claimed. No language in the specification should be construed as indicating any non-

claimed element as essential to the practice of the mvention.

|8055] Preferred embodimenis 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
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I.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 strand entrained
upon at least two guides, wherein the strand is an endless strand driven about an endless path,
wherein the ¥&HH%atPEis a part of the endless path, the endless path fREFEFSHBRIEHPR] % 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; 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 Feepdirilsgatseided lzajon fronverénsprchy sleontdencludesdiiveadnicatierpteadto drive the
strand, alopgthecatieastdwbpuidesdorropyement along appesenchpaib b!aqie}%ﬁt@mxerse to the first

path; 3 gﬂsso%ﬁgwc&a;ésl@eqegngpcgﬁmmﬁs@M@Q@O%ff&é&%%db%é}%gﬁn hefistagg second

electrodes for. generating the spinning of flnal ers; and asin a a e to contain a

polymer soititB e ERotdss %655?8&5 f E%ﬁ}}ﬂoﬂéﬂﬁhﬁ{m&‘f}ﬁ%‘ﬁﬂmﬁg H?ﬁ‘fﬂharbasm for
dipping intetiisevpetyhser s ehutiodieikd bastiy<éoating 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. 2.The apparatus of claim 1, wherein each of the segments is a

generally
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spherical ball. 3. The apparatus of claim 2, wherein the guides comprises a pair of spaced apart
wheels rotatable about an axes that are generally parallel to the first path. 4. 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 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 Yerdtid rbmARMEEChNd electrode;  a drive unit adapted to drive the strand, along the at
least two guides for movement along a second path that is transverse to the first path; and a

voltage source arangedhip-generaters: vltaariciiiorestiahbetvwesoie: fist aumd sarans electrodes for
generating the spinning of fine fibers; wherein the strand is an endless serpentine belt entrained

upon thre&BIHSHEguides for movement along an endless path, the endless serpentine belt including
multiple generally fngafi&panirunning transversely relative to the first path.

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

an entrance region and an exit region spaced apart along a first path, wherein 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 second electrode;

a drive unit adapted to drive the strand, along the at least two guides for movement
along a second path that is 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; and

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.

2. The apparatus of claim 1, wherein each of the segments is a generally

spherical ball.
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5. The apparatus of claim 4, further comprising a metering unit connected to a supply for the polymer
solution and at least one dispensing needle having an outlet arranged to wet an edge of the serpentine
belt. 6. The apparatus of claim 5, further comprising an unwind machine and a rewind machine
arranged proximate the entrance region and the exit region respectively, and rolls of filtration media on
the unwind machine and the rewind machine, the rolls being connected by the collection media

whereby dring qperation filer meclas AOUNA ARSI MASNDS P g e st patr

from the entrance region to the exit region and rewound on the rewind machine. 7. A filter media
productioapsystemelsontpiablagbavoihches ot grasall qustiyig heheestBubstrate material
along a first path through a entrance region to an exit region of a fine fiber generation machine, the
sheet having opposed side edges generally parallel to the first path, the fine fiber generation machine
including at leastone stharmbpardrasdeivthenivdviing widioedienlonty 4 seleptippatsdom a first guide

toa secorégl uide that is transverse relative to the first path, the strand being wetted with a polymer

solution an §)Jbsjlél<,g[ to a voltage differential to generate fine fibers that are deposited upon the
substrate materialfivehelasitidtthes endless strand is driven about an endless path, wherein the first path is

@ part of the endlecs g, (e A1dleas PAUIDAHICIUCINGA FRIR AR SBRSSC ATt second

path, the endless Stra eing farther away from the first electrode along the return path than the
second pathand enBaiTlké apparatessofatadmdesiurther including a dipping basin adapted to contain the

polymer solution, {ne, gudless stpRtale g esielp-nat fnni I aneNyie dinios Basin for
dipping into the polymer solul‘(igon and thereby Coating the endless strand with polymer solution.
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 is transverse to the first path; and
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 serpentine belt entrained upon three or more guides

for movement along an endless path, the endless serpentine belt including multiple

generally linear spans running transversely relative to the first path.

5. The apparatus of claim 4, further comprising a metering unit connected to a
supply for the polymer solution and at least one dispensing needle having an outlet arranged

to wet an edge of the serpentine belt.

6. The apparatus of claim 5, further comprising an unwind machine and a
rewind machine arranged proximate the entrance region and the exit region respectively,
and rolls of filtration media on the unwind machine and the rewind machine, the rolls being
connected by the collection media whereby during operation filter media is unwound from
the unwind machine, run along the first path from the entrance region to the exit region and

rewound on the rewind machine.
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7. A filter media production system, comprising: a roll of substrate material
supplying a sheet of substrate material along a first path through a entrance region to an exit
region of a fine fiber generation machine, the sheet having opposed side edges generally
parallel to the first path, the fine fiber generation machine including 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 being wetted with a polymer solution and
subject to a voltage differential to generate fine fibers that are deposited upon the substrate
material, wherein the endless strand is driven about an endless path, wherein the first path is
a part of the endless path, the endless path further including a retumn path spaced from the
second path, the endless strand being farther away from the first electrode along the fetum

path than the second path.

8. The apparatus of claim 7, further including a dipping basin adapted to
contain the 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 polymer solution.
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