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t hroughout these two patent publications to include

providing a nultiple pointed
[0003] Another example of an electrostatic spinning device is shown in Patent

Publication Nos. US2006/0290031 and WO2006/131081. 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 publications to include providing a multiple pointed

tips to create discrete spinning locations where fine fibers are generated.
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[0008] Another aspect of the present invention is 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



producti on system The systemincludes a roll of
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to an exit region of fine fiber generation machine.
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[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
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[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 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;
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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 spirit and

scope of the invention as defined by the appended claims.
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on suc
a length of spinning electrodes 40, collectively, as does the Ventllatlon 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
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sul
extends through one of the walls 56 and that is 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 includes a one-way

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



consi dered sol uble for the planned solvents to be
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W0 b@owaidseage communi cated into the basin 54 frper/ukmos/083219
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Addi tionally, to provide for periodic replenishnment of
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nmetal or other conductive material such that
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of the chain is being regenerated with solution and a portion is 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



di ppi ng basin 54. The gui de wheels 82 may be sheave

i ke structures as shown and can be netal, plastic or
worwenesm t abl e material. The gui de wheel s 82 BCEUS2008/083219
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endless chain ?ong 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.



region 32 to the exit region 34 the individual
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[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
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are RRLILE.OEmbREoHBF it s Ehe Sl R s@e ifRWAIFRENE&Red 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).
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substantially encl ose di pping of the el ectrode. The
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and eplocqiians (arcpsdf agitatinn) e Ascueh gther daRMSHYS HEMeE $63P§0 #appct

evap%vaﬁ@nagsen ?}Bfg@lﬁahfﬂﬁhﬂndr h ﬁﬂcowaeiélg mmdag rieharRefvdeulated that
cu 0 eslr

the solye I FEROTALOD SV gt eo T B8 ReRiare, aduch B hitkemage is

conssduracbdite tb hiat covsrleg( pf)tkle @1@»@@3 daingydipping ayd mbetarrﬂatﬂyﬁnclosmg

the &gﬂﬁé&%ﬁﬁ% eI%B %L Qdcﬁ%rl%lélfg ]%P{fl%ie@ Sr%duce solvent

eou S savi nd
loss &yt kéﬁ%%t and @@r@rm@grahty b§[ @d%} 5€6r exanple, a
conpari son of a covered endl ess beaded chain

enbodj ment, according .to the disclosure o GS. 1-
(00474 + h 13 RegsiieEcngIcmpPOd g 4BF €0Rd %%ﬁteﬁ%isseawe% to the
wallsl BE ¢ elifgtin €0a3id HLbRLir@o of @@Bﬁb ¥r otBrwibe: I\er%nﬁguratlon and

ot B carep 1y gt e Rin esuBitRe: RRa afffbments or
oﬂchms$d%ﬂa@k@ﬁSDMngmysamBagaxmﬂbb @ﬁﬁ@ahbuﬂwnssMHﬁgwws
eva@?{‘gieoglgr fnlr‘ gor%?%{t%"é’@é F}ﬁﬂ}{/ nég%%lsuggh '?)P gﬂ &83(453’/”% chﬁoﬁ]«l?ed to an
uncaysradtalesirodasninying §pRasaths ane ¢ sh neprg @rqf@ra ly oyt {egsingQo. For
exatﬁ‘ﬁlb Gaands 8f Spacainatel 2l dthsak e lvert @Rl @S by e 4086c

cal pol ynmer solution in the uncovered di ppi ng basin
exa ®the El - Marco nachi ne has required repleni shnent of
the di pping basin with a much diluted polyner sol ution

[004%ﬁnd K&{] ﬁgnarﬁo ﬁlgsiﬂus\fr% d)e R ATE: e'nrt]tlﬁacl X éhgd 102\%% SP%ZU i iog]gr)]osed
| t he Hg asi n 0 evap ora solven 0SsS.
endsQyghd cqlbﬁ] ﬂhyt arg hr@ulied twmali@xtms;lhnm 824 bguixted ahosothgenver 116

suchrth&nlﬁ%%gi &R]'el?shl@rhtr @élﬁgﬂee r(l)VQIf th@ oﬁ&/ BsS@ Lt e MRBLE @Rain 70

an e eve _maj nt enance of

and gregpspp WF eﬁb‘ﬂ‘iﬂ‘f’]@ﬁ?lwzt h l}; qgé,c@vg@ﬂ%}@}so B¢ R to reduce solvent
evapdedtishi bR aled savd %6 SrePldné SiREmE ssal dftfineTikdy ﬁroﬂﬁcticﬁls $As shown,

the SRR B LD PAAESHIE 1T CEeo D aPped FBT GreToR pp hesame
and preédrabie $usa Blﬂglﬁl@d&igel( they theanidtigofahd esrrdshomiysg metia sheet 18
defiftld@E N QAHpal k8! 4Rt k¥a G 1 94 HRY 13108 HabSRd/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.

[0049] Turning to FIG. 9, an alternative embodiment of the present invention is
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
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differently, the collection nedia flow rate may be
different, the dipping basin tub size can be snaller

wo pooaneBbodi ment of the invention consideri ngPCT/USZNG/083219
be thinner in the novenent direction of the collection
media as it need not accommopdate rotation of a
drumli ke el ectrode).[0046] Neverthel ess, considering

orati elates.in I r 0] avall bl e surface
the QfigG e, Xt Hisembodutiy A g snilgipuapy AR driven
abotft |aﬁ\elndle$ 18th @runide b Ispmﬁmtgreyecarnde eXs suchegétainswidl be dieccted
towa% Bgﬁl”%f%%g;ﬁdr%al?fnﬁhﬁ r&lcgetrode), solvent savings is
i mar| Ue £ the Dagi’R and el ectrode covering
technlque di scl osed herein. For exanple, the

[OOSQFJO 0 dﬂnr{ﬁl@ teﬁlbgfimlfeln%e ﬁn@ﬁ%fkﬁ‘(t) &H&lbﬁ‘ bla¥h B0 ViRiuded ﬁn endless

face ol ymer solutignand also the electro
Serp%ntmsmb 1é% ﬁw 1%#&6@@ fn Pl@f&@%ﬁ.paﬂsarw}de%lﬂ@#e de 8??%}44 The
serp&gingheh, 140t eefpey ARRHE bSa a6RIub@Yc BeRHal @dlﬂ‘l@at@ke the form of a

contRRRT Rt Fre Bind BufhoB o araf St RaD e LGOBRE The fpentine
belt é%pmhmibi; savesdlincry segragnthb &4 dipet tvoerbfiecent gmdewhddle Mbthat each
prox{i ﬁ ?ﬂ?é %ﬂﬁrghg l&cgﬁozﬂ o %e%gra@lgeth% %gé{' F4§t?1¥ﬁe\f/61ﬂg bgfdisposed

d su
closesél B icolieating clsstrgdropros oyt o, shishing bRatiqee Tiisadly 148 can be

serra@&?ﬂlé)ggoﬁﬁé’ ﬁfu‘ltﬂge Hﬁc@f%ﬁ%ﬂaﬁy"sﬂa@%ﬁrﬁé&g%? Mot Eﬁb%ﬁl) BY¥.d/or can

5% and eferaq | east 50%
be cpr wqu ‘fVH BPEREts 4 ﬁé Bgf‘etoéi’fﬁﬂg? @ﬁ?ca?taﬁlém@%& splutiap fluidy
rescB@irk asahg mlﬁbdgequs eP:;efér@bltyhﬁe\gaidlestElstlhkﬂudB fepthvg obiRsi N
virtue 0 cre
posifigni suckiri v, PR EE RSt L SR SimT oS ARt Py & on he
belt M:Muoguhatthmdge@m be rramrrtangrémtsnctoslst@nt spahieg any fescbyfmaintain a
cons? n?g Jcﬂ%‘r? 1§th1 nl'O%gf ﬁ%ﬁtaec'gﬁstgﬁt%??égl?gistqegﬂef referably,

reduces evaporation sol vent of the
polyner solution by at |east 25% as conpared to an

[oosanc OVﬂ{eeQr&lnﬁﬁé pad F4251l§ 's b&tdo aRBRARL s‘éﬁrc@ N8 g@¥@dte MRS &ectrostatic

abI at le %, For ex savi ngs of
ﬁeld&b et & %SR%% o TPy R o R R V{igngtlongyhe belt
142 tthig eﬁﬂmdﬁn@m airhldes a h&&ﬁ&] suﬁﬂl@h systennahétynclﬁdtm one or more needles
Ll lustr .enbodi-nent rs.122 .
154 b B PR P R B R g TAERD 0 SRl et 142

Addgionelhs ithesccted atdmnneotccteaidn&ﬂmdehrteheo & pressurizgd pelyoisric solution
sourE@QFfoﬁiQ@b? quﬁl?vlgg%a]t %%ll@é@p&gﬁfehb 951§g019ﬁr8ﬁ1 d € rvoir 158. Thus,

opp ose | ess chain and are I Sp osed
the strpad g@rﬁ»‘éatm nged fpterscessply bFH’éPR?ﬁd’u& Wbl?esaltfz@tlaﬁlwetted in other

meaﬁﬁﬁ%@cérﬁaﬂc@%ﬂﬁtbﬁ@érﬂ&ﬂﬁm@rﬁaI@Qfdﬂldn@ b eﬁib%@uﬁ&ilf ¥Bo @ffords the
obi SRR e el <XBRS Dbt %éeéﬁ%wp Pfier ool s&bentine
belt odn lopgpomsgdd ermilnoi@ntmaﬂy asoloeed totHueizemtkty 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.

[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 of 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
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and preferably just slightly larger then the w dth of

the correspondi ng nedi a sheet 18 defined between
wopposeesi des 36. The end cover 122 may be adpepUsin&083219

and/ or interchangeable with other |onger end covers

such that the span 126 nmay be adjustable to

acconnndate different widths of collection nedia

oo S 5 I 1 P RS o
obtagtlet] ronathic\cdge o thatts mmmmiedttiee;hmoeabmsesmem tadlectien media (not
shovlilrhlat’tsh:i% e%él?o%irﬁgl}tqs Iillsg %mch ?EE tlpe rgt e%ﬁﬁot%ﬁm%%@c{b? tli'a4 goth linear
segnagniroth &nafiihe bﬁzdrl@mm@ged lﬁwrsﬁmmun@qn arglj miy motlbg dipped in
polyﬁf&) E&ﬁﬁo@ ﬁtsﬁ&hn&i b@ Rétkd kst W% ﬁ&qle\%stszthl? QLYHE thé segrnen{‘_cs 168 be

tion and can_mal ntal n a constant spacin

mal@ﬁpﬁ%}%cqné@at qhéﬁ%gcer dios CRYEDIE ot sy DSIEBEI G0 Bt age different

ﬁbetEld)lfHH‘gfrenttchat‘éct%ﬂttﬁﬁ itdBile EffSeni fMsdr Yo@S atddh @ﬁﬁhl@gﬁ&ectrode
strand th

stranéis é’lHIalPﬁﬁ d eé%t{q n ab?aglozg on thggzgh?cﬁ%n\%%cf LI% this ernbo?hrnent
pulldisriéé nexy thloahe cﬂomonﬁsheﬁves l@dleltrpozﬁtlsrahg stinictuicfid enende positioning

ofth[e%ggé?ké Irélat,t{y geg{g‘%ﬂw}& &ipe fine fiber production

ne i nc s an endl ess serpentine belt 142 that
is driven in an endless path around nultiple guide

[005‘@? eel g1 H‘érena_é@em%ﬁﬁiﬁ%dbﬁgat%k Ipaddhl apicRii&se Eﬁpﬁa)feﬂwg?ed
a_conductive g@{)erla and y t ake the form

hereGHE NAGBU S CEMI HES DY N G T ) ﬁﬁwegféem&rwere
mdladﬁamyrumkirsgecﬁﬁ@alyrlﬁaheatea kebsmembtatddebyoetdrentd 2nd Rekdigde forth in
" sevg,r Linear segnents 146 between adjacent guide

1S GW{S "T%4 that each provide for multiple spinning

| ocations. Generally, the edge 148 that would be

[OOSQLS poﬂ%qls% lo?ﬁ?estg P Iaﬁd GQA A a%‘fc;l “itﬁ%n ﬁh g%gag qg@%&%‘ﬂl ‘Ei?escontext

spinni ng [ocati ons.

of dessribiagdlp MEcionvpepsciglly 1 ﬁhﬁéoer%t@fégfef%lﬁwuwﬂalmsy is to be

cons?iied &ﬂc@@ﬁ&ﬂht@lﬁgﬁﬁh §gu(lzﬁr§htnd$ Qhal a:{ﬂl‘l’is@ 6th%ﬁﬁs@ﬁ1d1cated herein or
onfigured w S an e.like.t

cleayly gogt %1 forht fant Eﬁ? B | SRy VR laﬂgdlflﬁ and
corﬁa:ig@g’l 4&.toBe ef)ﬁast@bdi s opdmecrglad cemeities) raeamm:g ‘udeluﬂlagnhlt not
i PR B8 AR S Do PLABET R 5 0

mtenm:Q tesrhic ehashortheneogthod af rdferrmgiindizidnalty @tcagh sepastantlue
fallil?j?%hHIQh@%gg hﬁﬂ&?%tﬂéﬁbﬁ& Bl dicafe dARRSH 2R 207 ngtte \aalue is

st ance such a constant s aC|n IS
incoreasaq intp, ﬁleﬁ%ﬁ?ﬁtwﬁéls Biaf weregpdividually ff‘é&?d h%relal \/%uhl mgeds
desciBed B&cinaf ®B Eﬁbl@nddhﬁ aBY SGitabRSErabi wnldds %H@r\fvﬁeﬁrﬁiﬂ%ted herein or
serve a?

otheEHsS Flsfh %g@ﬁﬁpab?o? FRBHG 1 LS b1 28930 o puTbn ar fsspptary
langhangel (age S'sechvast'x prng1dsd1 pgrein, ssyisteaded martely todlettcieitlummetothe

|
e
clalrne No language in the spemﬁcatlon should be construed as indicating any non-

claimed element as essential to the practice of the invention.

[0055] 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
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Addi tionally, the needles are connected along fluid

lines to a pressurized polyneric solution source
w@tdoonemses by a punp 156 that delivers pol yneriBCT/US2008/083219

solution froma reservoir 158. Thus, the strand

generation need not necessarily be di pped but can be

alternatively wetted in other neans in accordance with

speclfdely Genpiad Bt SepElie ybltinydian S1ebes Bl aqigons and

cquidalpipts bﬁtﬁ&&&bjﬁct rhatter ee@atﬂn lirethe pouiik ap;&ndéd hdretoss |ppﬁmi1ttie¢h by
rr rt

appl c%lPleZlon i %ﬁ%eoavg u%ﬂ?%%?}%ﬁla iSlﬁ] of %16 élbé:] get {ijér/sgg%}doéfgrggn%gm A possible

varigmnp grerdafes @@btnpamed by ﬁwtmv@thpn unkpss plhghyishiadebatsd hieieamor

otheme PRady BRRAdided® cﬂéo’?ﬂ%x@g vessel containing polymeric
sol utlon wth the [1ection nedia arranged to run
vertical as opposed to horizontally. [0052] Yet a
third enbodi mrent of the present invention is shown in
FIG 10 as a fine fiber production machine 160 nuch
like the prior enbodinent of FIG 9. As such
di scussion will be limted. This enbodinment simlarly
can enploy a polyneric supply system conprising a
needl e control orifice, punp and polyneric solution
reservoir. This enbodi nent al so enpl oys an endl ess
strand which in this enbodi nent takes the form of
anore sinplistic netal band 162 driven around two
pul | eys 164. Fi ber generation can be obtained fromthe
edge 166 that is intended be disposed closest to the
coll ection nmedia (not shown). This enbodinment is also
much |i ke the first enbodi nent except that both |inear
segnents 168 of the band 162 are arranged for fiber
production and nmay not be dipped in polyner solution.
It should be noted that it is not necessarily each of
the segnents 168 be maintained in a constant distance.
For exanple, it may be beneficial to generate
different fibers of different characteristics to have
di fferent fiber generation spinning el ectrode strands
arranged at different distances relative to the
collection nedia. In this enbodi nent, pulleys 164 may
take the form of sheaves other positioning structure
to mai ntain positioning of the edge 166 relative to
the collection nedia. [0053] Al references, including
publ i cations, 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 terns "a" and "an" and "the" and siml ar
referents in the context
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of describing the invention (especially in the context

of the followng clains) is to be construed to cover
wheiob/061368 si ngul ar and the plural, unless ot heP@i/B582008/083219

i ndicated herein or clearly contradicted by context.

The ternms "conprising,"” "having," "including," and

"containing" are to be construed as open-ended terns

. e. ing "including, but not limted to,")

VVH%#HS§QJgﬁﬁEb3gse noted. Recitation of ranges of val ues

herein are nerely intended to serve as a shorthand

method qf [ Lodi vi t -

valite. £ a1 FRa R AL PR ANEN ihd R EE6 o RIBL LR modia,
compriglhg:at ed herein, and each separate value is
inc?fgorateg'into the specification as if it were
i nAifUHEREFPYSr eci t ed herein. Al methods descri bed

het, gLnQ Nk cREdPSIE B8 thO iR Y¥lcSiddca Qe MR ccHBHE fR luding

ot herw se indicated herein or otherwse clearly
strarelomtraactid opew atdyast ome exitles; The use of any and al

exanmpl es, or .exenpl ary | anguage, (e.qg., "sS as" .

o B PaE o et Nl R s 6Py Pitgnp B, Wherein the
colldckibhl Pt i€ alidpRed VRN iveR aRAM tOMSt Rtk fBAS@e dntrance region to the

[imtation on the scoEe of the invention unless

exit gy Wispeced Irelatierifromahe sesgndglecirede he speci ficati on
shqul d _be. egd. | ndi cati nonGc
I A N R ——

a se{dn@p2ih tRuek ennwdrse b adifireragh;of this invention are
descri bed herein, including the best npbde known to the
i NG &RttBEeSORERC aprgngsd tagentrptCanolipgs diffcreial ke e the figst and

seco;r.l?I efelaf?&fes HoE e%%fa‘?lﬂg E{%ﬂ}nﬁiﬁﬁm&f come apparent to

ose of ordrnary e art upon reading the
foregoi ng description. The inventors expect skilled

artisans.to enplo uch_ vari ati ons as.appropriate,. and
thé i nveff BPRTHE é%%al_ﬁb}’ Yhigeipibetiang i e S5y PN Ggn
abo?tafl %ﬁé{‘l‘eﬁeplaﬂﬂ FhefSrR H%%bédtfd%altlyis%ﬁﬁgﬂdfl?ﬁéljeﬂﬁésg bhth, the endless path

Accordingly, this invention includes all nodifications
furthen éhedling/atetumpathf spaersl fserbjtlecteconst path, theeidiesd sirand being farther

o e FROSREE T SR BT SRR |

el ements in all possible variations thereof is

enconpassed by the invention unless otherw se.
i ndi cat ddc Hppasiths of clanhdriwtier ia¢lading g dipmng basircadagtagyo

t ; .
TGP BLA, SRR LS B SRRB ATy 0 o
dipptiesinsiondippagfintoghe pblgaicr adetiomransabanbly edaging tiadkendless strand

] sEaced fromthe first el ectrode, the second el ectrode
with; the PRIIMSESUYHYhd entrai ned upon at |east two guides;

4. The apparatus of claim 3, 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.

5. The apparatus of claim 4, wherein each of the segments is a generally

spherical ball.
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an entrance region and an exit region spaced apart

along a first path, wherein the collection nedia is
w@ampherieg o be driven along the first path froPeT/082008/083219

entrance region to the exit region in spaced relation

fromthe second el ectrode; a drive unit adapted to

drive the strand, along the at two guides for novenent

al gng aThE ﬁﬁ&qatﬁﬂ)polﬁiﬁ?& Wﬁeréiﬁgﬁ]eg%lﬁﬂésec risEEa ééif St spaced

path; a voltage source arranged t® generdte a Vo taé%
apardwhéés endthlelb abattwearcd thet dre paterdlydpasd bd rdthe fieg tpathde s

for generating the spinning of fine fibers. 2. The

apparatus of claim1l1l, wherein the strand is an endl ess

strand dnk ‘éﬁﬁhr@tﬁQHf cl@ith mﬂh&&ﬁ tR&dthnd W &ldlest B&pentine belt

second path is a part of the endl ess path, the endl ess
entr@mmuﬁourthm or Mmoes glldd¢ﬁgf0an10§@m¢mt a;hatglﬁnsqmdtﬁ@ﬁpafthdhﬁ: tindess

t he. e ess r and ing fart a

sernf G HE Nink PR kS B RET G Plplrt ST istptive to he
firsth@. second path. 3. The apparatus of claim2, further

i ncl udi ng a di ppi ng basin adapted to contain a pol yner

solution, the endless strand along the return path

rugni ng i ppi

b0 :@y o T‘gg %ﬁ@’a‘}%ﬁé gﬁcc}%ﬁg rf{e}gh&gcg)gﬂ%mﬂl taﬁh&%@gﬁuﬁl{‘ EShinkBEd to a
suppsy faankk polyiet Sodutpml ander leas dmbldmpenéng ddvelcappargainusitiof arranged

claim 3, erein the endl ess strand is an endl ess
to wehay sigsof fieseinerting §eliof di screte segments separated by

gaps, wherein each segnent typically provides at | east

one discrete spinning | ocation wherein polyner fine

fiBers dheappeatts obgaum §fuithg coperiatigen. un5/ind|' imechine and a

tus of claim4 erein each of ment s
rowi R GRB Frnesghigp T il BarTatee SEo b RO el
and Rolls\YREil@dtIdn tr&liHh BRUNGINPha&RSe #ndP@b kewihd %Eh@ﬁi%@ @P@b1ts being
wheel s rotatabl e about an axes that are generally
connsgicd by éhe ¢adleptien micdigtwhsaably, duving Pheratipp fttet mediafs wivedungd from
the uen’vsfn\{\@ %nel e t h OHg?I{]dﬁrstS %gﬂ] fr%n tlhg Séﬁtr?sn% %(t)n {05 th% gmltt relglon and
rmmﬂmdemdh@ﬁﬁmﬁ@hﬂgmhﬁe endl ess serpentlne bel t |nclud|ng
mul tiple generally linear spans running transversely
relative to the first path. 8. The apparatus of claim
7, further conprising a netering unit connected to a
su@@ly PAarapphrtysdbytire prasokuen efifimmigbas onteasvllesion media,
ComprISIBensmg needl e having an outl et arranged

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

at least one spinning electrode having a linear segment adjacent the planar support
surface

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 first and

second electrodes for generating the spinning of fine fibers.

11. The apparatus of claim 10, 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
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to wet an edge of the serpentine belt. 9. The

apparatus of claim@8, further conprising an unw nd
wore@biosmesand a rew nd machi ne arranged proxi meREI/Uk®08/083219

entrance region and the exit region respectively, and

rolls of filtration nmedia on the unwi nd machi ne and

the rewi nd nmachine, the rolls being connected by the
reglalﬁg u?&%&ﬁgm ﬁ% V‘f'ﬂ@ Bﬁﬁ%{mg lé[écﬁlﬁdég g{%& ?H;P‘bg}gg %a!gﬁltq{%igﬁ%g k&
contﬁmraspolpaemsotmwm whﬁemrthe spmmng e@ictmdd 10 dtiwen gbdut am enydlesrs path

rewound .on the rew nd ppar at
withTgit o gt £GP e TR b G Pl Pedippy into the
polyﬂfé?l kAutiGOARS theicBY cozﬁm%cihé §RAiOR cRLBSIS W tﬂéef)‘()'lﬁﬂer%olutlon and
| anar support surface for supporting the coll’ection
pwinﬁﬂmapmau@kéagpdoh@nspxmmcﬁ@n Ingdtbevdencietionng a | i near
segnent adj acent the planar support surface a drive
unit adapted to drive the spinning electrode, the

|i ngar gegi@HhediBprotactiinngsteme ostapadihg: SPat! GFhubstRime bRrial
pl anar support surface when driven by the drive unit;

suppéylvg pishess o5 pthstatc ey elone g fyamatatheough igintrapes region to an exit
o SRR 1 S PP AR ert
parapipa Iﬂ&t first pdth, ahaﬁm ﬁBer geumfaheﬂi madieih& tichglignateedst am:mrand and a

regi gn and an e region sp d apart along a fi .
dﬂvi)al@lﬁ drivifig ds sirep éfoesm feeqmdghtama st @o dploeaseren giide that is

trangfrefs% ?&aﬁ‘éf@t?ghé ﬁlest hth Sthe RREAY t?eg\‘% @%é?isv?ltﬁ Q%oﬁrﬂ{elr eGhtiGand

l'ectrod romthe entrance on to the exitregion
subJecn te packaperdffatitod té porordth éins fibensitieg aed deposideipoatitt wbstrate
di ppi ng basin adapted to contain a polymer solution,
matflér ei n the spinning el ectrode is driven about an
endl ess path with part of the spinning el ectrode
runni ng through the di pping basin for dipping into the
pollyner The rﬁiﬂet mndla rp@octmémewtemaf ¢lpign 12xevly|mln thenfggst path runs

betweleg ﬁ{ero(ri)gg &gs ngd YWikLei 91 hd]f%ss st n 1 q%lretéld?ess Ehaefn ofa

€’bei ng exp os

plurgaga oF aistiett seéﬁlenté\sépalrét@d byrg@b sawné@dmabh @égrﬁetﬁ tﬁﬁ&ally provides at
conprising: a roll of substrate materia

leastugetiscattc sRipaing MNcetipmpvdeicd) PAVBapine fives @reﬁiﬁtcﬁowmdlwgﬁ
opet@tl&{] taﬁ{l’ %@reﬁt?@ejhcﬁ'alstcpetﬁgeblﬁﬁh% lJcEﬂbﬂ)Hlo%s lgte{rdlgeovfef B8 substrate

genérati on machi ne avi ng opposed side
matetil) demgeresidel ddge pathaloltelr sido ctifkeoff the sibspatchmattdid. fi ne

fi ber generation machine including at | east one strand

and a

14. The apparatus of claim 12, 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 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.

15. The apparatus of claim 14, 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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drive unit driving the strand al ong a second path from
a first guide to a second guide that is transverse
wo edoanees to the first path, the strand bei ng R&ET/US08/083219
with a polymer solution and subject to a voltage
differential to generate fine fibers that are
deposited upon the substrate material. 13. The filter
a pr, erein the first
patﬁ ruﬁ%ggﬁ?gggﬁé¥%£§%gg%ggJ dé dﬁ% and wherein
t heleemd-lsplsmngtfmrfdmmfr(an ap ﬁtblceed;e am;;plmrahfy & spinnirgy Iptations

of discrete se nents ted ere|n each
arraisg iR ARy eIy pPov s ol eee R ERPe
SPiNitAgnd REAE %ﬂeéﬂ%@hﬁn@@ét%@&f thbicBBedtioR @ﬁ&il@zﬁﬁi spinning
el ectrospun during operation, and wherein each
locatj@rsscwléh éle§pmnmgrlgcat1@natn Wacatksion & theabllgctionencdidie
str si de edge to the other
de sl B B Bt AR IR EReER 147 e appar atus
of ntaluﬁalang?a, cotb@niepacih ectordh efsspsini@Ndctfond bhd 812 collection
about an endl ess path, wherein tﬁe first path is a
HWdﬁa?Bdof the endl ess path, the endl ess path further

PSR LB PRSI SO SRR gon
come@ectrode along the return path than the second path.

15. The apparatus of claim 14, further including a
di ppi ng basin adapted to contain the polyner solution,

t h Q7 endhgs ﬁleﬁ{Jdmlaﬁ‘llnCl%gvﬁl il t‘ﬁ% Y BarRt) i s liltiple rows of
hrough the di pping basin for dipping inhto the polyner

qnnmmgmeunngﬁMﬂKMeombymn@at|ng the endl ess strand with

poI Iutlo t hod .of erati fi.ne.
BT € diast o gt rout 4R SreRe AR the T e om

an nRIvaft dt Qéil@t e Redtldubdl ditte §finSiRy Whiichs!iRG@abdAAYirection.

arranged in a linear array froma pol yner sol ution

coating on the electrode; facilitating relative |inear

MOy gITe ntl"hg Glopean %ftc?a?mcl%l lw%g}elnosnalﬁ rlo%lcaﬂy re;'éielngr% 1n§J comprising:

| ocations Wt

I eldidpirthé 1hﬂ1@g¢@ﬂahs§§ infa pﬁsimer sdtﬁm bhd ng the fine
fibers on the collection nmedia; nmaintaining a constant

s pAEIRE e coRRSHOR B ShR RRNROYRPPTS H4Tian tp1¢ Hepositing.
col l ection nedia; and periodically regenerating each
of the spinning |ocations with polymer solution
coapi ngThd ﬁletﬁﬂtﬂeofmmiﬂnd@, wﬂleltehatihmelbﬁtroclm cleides dnhendless strand
ear array, incl ltiple rows of
and wlheregl the strart/d hasap ura 1tyn01% d&scpete 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 is 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.
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spinning | ocations, further conprising: noving at
| east one first row of the spinning |ocations in a

WO 2008067368 ect i on; noving at | east one second rPUT/US20081€83219
spinning locations in a second direction. 18. The
met hod of claim 16, wherein said periodically
regenerating conprising: dipping the spinning
o6gti ons,, r running the
co??ect?bnbﬁégpggggg¥ﬂgfhﬁg%§%§gﬂ%ﬁ@ﬁ? during said
d eposingingg first Qlecf’r'h@ arelt shsedoraf cledtaidmin Shacedeiaion, thhaecond

0 $ctroﬁe |n | udes an endl ess strand and wherein the
clecipdeifgiu a& w&wﬁﬁﬁﬁvfof di screte segnents separat ed

by c@@Rsting Mélﬁgé dﬁ%ﬂ&ftﬂaﬁbé’i@eerﬁﬂk TRt el 8 BiRd |s@&)‘ﬁd electrode;
strand qun at "l east two pulleys; running the endl ess

st matithgd @ﬁgmmhw@mdPQEQWpaﬂhU@%ound the at |east two

pul | neratl om a

b iR P i PRed o O Pord R lopRd firs
path¢ol | ection media by spinning fine fibers typically

fromeach of the discrete segnents, the splnnln?

| ospipnBAdIngifhertalmglyars Gaxcrifhenivehe goltockinr pedweligng a plurality

I
of Sﬂll%lllﬁ% 00?1‘[16 5@ tLE L teasq %hg stg%éi ‘gﬁ% Ft)(g :ﬂ%g\%gtﬁ%ez Ecl:lgt%ge%tlhﬁ and

econ
PO Fdirindi t;hé strlmﬂ Aol @ses:oﬁd pathdransvetdeao fial fygepath.
sol ution.20. A nethod of generating fine fibers,
conprising: arranging a first electrode and a second

el 6t r ogf, h%tl?o?iacﬁ‘%@alﬁleioa‘év'h%m hBSrSREQAA KU sﬁ%ﬁ’&f further

including at |east one Strand; generating a voltage
comgfi§ifigr ent i aI between the first el ectrode and the

second eI wettin strand with a pol ymer

Softit1Big ﬂﬁi?% s{5g1 wnat %Eaﬁm&u}dﬁ&spaced rel ati on

to rﬁlﬁlﬁl%itﬁg %ﬂ&ie@' sﬁﬁhdl 9dBg ah eRdled fattf SbuRBhB at RR{t MWD Reides;

fine fibers of polyner material onto the collection

nedﬁ@r@tumwf@leaﬁhﬂrmfram a fyrsoportipn ahtha gndlossattiand thagiseagosed and

t rand due to the voltage
ﬁm%ﬁ?# 8%%533 e(a‘ﬁf“fiﬁséunnlng the strand al ong a second

patppiansaeeidportion bhthefehdsts @ahh in . poleerIelukies of
claim 20, wherein the strand is an ené1ess strand,

further conprising: entraining the endl ess strand upon
at oh eastryt W e srim 21, wherein the strand is an endless strand having a

plurality of 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 is run along the second path.

23. The method of claim 22, further comprising:
generating typically at least two spinning locations from each of the discrete

segments.

24, The method of claim 20, wherein the collection media is filter media
substrate, further comprising:
unwinding the filter media substrate;

feeding the filter media substrate over the second electrode;
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runni ng the endl ess strand al ong an endl ess path

around the at |east two guides; generating fine fibers
WO e@a06r368 r st portion of the endl ess strand the€T/US2008/083219

exposed and facing the collection nedia; and dipping a

second portion of the endless strand in the polyner

solution. 22. The method of claim?21, wherein the

st n i ol i :

ai SRR B R e T PR R AP M Y and
c onprindingghghemaddingubbirae wWithatbe $int Yiperclaydryntegahthesstith.
of the discrete segnents at a plurality of spinning
| ocations, the spinning |ocations mgrating across the
nmedsa t TRRsENCIRINEIiRI R Ftthet Sorhigsifd:r st path as the
endi ess strand is run along the second path. 23. The
metyrodnofultipts sirapgds infappositr ditssthiprs Aommpthe geavad apihng
typically at |east two spinning | ocations fromeach of
the discrete segnents. 24. The nethod of claim 20,
wherein the collection nedia is filter nmedia
substrate, further conprising: unwinding the filter
nmedi a substrate; feeding the filter nmedia substrate
over the second el ectrode; depositing fine fibers on
the filter nedia substrate in a fine fiber layer; and
rewi nding the filter nedia substrate with the fine
fiber layer integral therewith. 25. The nethod of
claim 20, further conprising: running nultiple strands
in opposite directions along the second path.
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