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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.

[0004] Additionally, in relation more specifically to fine fibers for filter media, there is
U.S. Patent Publication No. 2007/0163217, the entire disclosure of which is hereby
incorporated by reference as this application shares a common inventor with the present
application. The '217 publication provides filter media cellulosic/polyamide composites
with solvent bonding between the fine fiber layer and the substrate layer. As disclosed

therein, cellulosic/polyamide composites were produced by way of pumping and forcing
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substrate layer in which the fine fiber layer includes
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[ 0008] Anot her aspect of the present invention is
directed toward an i nproved efficiency property due in
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applications.

[0008] Another aspect of the present invention is directed toward an improved
efficiency property due in part to a fine fiber layer. According to this aspect, a filter media
includes a substrate layer of permeable media and an electrospun fine fiber layer carried by
the substrate layer in which the combination of the substrate layer and the fine fiber layer
apart from other layers have an efficiency of at least 90 percent for .75-1.00 micron sized
particles. Additionally, this is achieved while at the same time having less than a 15 percent
difference in pressure drop when comparing the combination of the fine fiber layer and

substrate layer relative to the substrate layer alone (and even more preferably much less).
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[0014] 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;
[0015] FIG. 2 is a partly schematic plan view of the machine shown in FIG. 1;

[0016] FIG. 3 shows an isometric view of a plurality of polymeric solution basins and

electro-spinning electrodes and appropriate drive mechanism for driving the same in



enbodi nent of the present invention; [0015] FIG 2 is

a partly schematic plan view of the machi ne shown in
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plurality of polyneric solution basins and

el ectro-spinning el ectrodes and appropriate drive

mechani sm for driving the sane inaccordance with an
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portion of the apparatus shown in FIG 3; [0018] FIG

5 is an enlarged and different isonetric view of a
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illustrate an exanple of a drive unit; [0019] FIG 6
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el ectro-spinning cells or units shown in FIG 3;

[0021] FIG 8 is a close up denponstrative illustration
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FIGS. 9 is perspective illustration of a serpentine
showgein F16) dct r o- spi nni ng appar atus according to an

al ternative enbodi nent of the present invention; and
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[0028haki Ng. 40 sayqplarother dlwoptigpyinbadiowhbd! the prmsetitigvention involving
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wettiethp belt pith pelynmyr eplutign during epesetiqnonal ef fi ci ency
graph data that provides a conparison between

[0024] FIG. 11 is a pore size distribution histogram for a known prior example of a
filter media including a fine fiber and substrate filter media composite according to a

commercially available product from Donaldson Company, Inc.;

[0025] FIG. 12 is a pore size distribution histogram for the filter media substrate of the
media used for FIG. 11 (in that the fine fiber layer has been removed by soaking a sample in
isopropyl alcohol according International Standard EN-779) so as to illustrate the effects the

fine fiber coating of the known prior example;



t he uncoated and coated nedias for FIGS. 11 and 12
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genération equi pment for filter media production and
then turn to new fine fibers, filter

[0032] FIG. 19 is a scanning electron microscope image taken at 40,000X magnification
of a fine fiber layer example produced in accordance with an embodiment of the present
invention (e.g. with test results shown in FIGS. 15 and 16), with measurement observations

being indicated on the image.

[0033] 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.



medi as and net hods that may be acconpli shed thereby.
For purposes of organi zation and readability,
walrdobeeBrs section and subsection titles have PEENS2008/083206
provi ded. Attention will first be provided to
enbodi nents of fine fiber production machinery that
can create fine fibers and filter medias in accordance
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illustration, an exanple of fine fiber production
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one or. nore . spinni electr 40, wher eat
flie} P4 Fb s Lodre S Jfemstiagy el ad e dnangTency e fiber
layecdb.| &€kt tho nelsee bultsdetc4all tl ¢ isdupbdicd, Aarch fileer indder sibstr@e roll can
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| ocations to where threads are coll ected. Many snal
[0038D] esTHEG i@ fEbefr pradadtiommbtiengparciudeatedegtatatictfrld that is generated

bethe@ﬁ k“llrét LR Second electrodes to include one or more spinning electrodes 40 whereat
fine fibers are generated on the one hand and a collection electrode 42 to which the fine
fibers are drawn under the force provided by the electrostatic field. As shown, the media
sheet 18 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



vacuum sucti on of evaporated sol vent through a bl ower
driven ventilation hood system 48t hat evacuates
werapoeassed sol vent to an external |ocation sSuRtI/ES2008/083206
outside a facility. As schematically shown, the
collection el ectrode 42 spans at | east the width of
media and width a | ength of spinning el ect rodes 40,
col |l ecti vel s.does the ventilation hood, s m 48.
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Plan?ﬁ il 1&%Tat“‘éige d| fferential between the el ectrodes 40,
42 on the order of between 10,000 and 150, 000 volts or
and ef er abl or, t roducti an_of
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elec&?&gq{lﬁ% 6&%or g )gﬁg%gfnﬂﬁlﬁgﬁtglﬁlﬁg b%fsgPA Pﬁ%ﬁ%ﬂ' Psglutlon

throm@ndeﬁwtaﬁéﬁ@@ed to formits own machine. As shown
in the other flgures mul ti pl e spinning el ectrodes 40

e prOV|d bet ween the.entrance region 32 and the
100405 b%“ SHOFRENG AP LS il 45 SSinEs hiaes %‘ﬁ 487 For
exanasis gid hlagleaﬂ;ec&od@ of FI(h 7anay bhduseddcu &drod itsn@wit niaehilne As shown in
the &ﬁerg“&l%es ﬁlé)llef ssplrgtBn Fglrec oc?enab can dpxéo (ieﬁ bejtwee the entrance

e arrange vveen entranc ]
regl@mw and the crigiregnen. a@n@bmmmel spinAin@3:lectrodes May he @$setnh@d as a unit

in arf fnﬁ?vufldalp fihe BB&%S&dc@ien ceh 5’? eﬁQr éx%nﬁo‘?é’ H{&(iiple @ink tPi%elhbtgﬁ'uc‘uon

vol t age suppl via an electrical wre
cellspy) Qaﬁ%e@éqapgedébwéqmné@ﬂcqs@n@ Rt SagiRnsa sbawn ol FGS T3, Bach of
the ﬁ’rﬁJ ﬂi‘tf&@ 9rdmbﬁ<sﬁ ¢ctlls sendcslipidda e high vo Rl gatsupslyUa viheh electrical
winSEL LSO RLESHY D9E 42, L0021 Tirpu 40 Brsatel
diffareftet ehaoctto thel Glledtionedaddroded?. 50 | ncl udes a di ppi ng

basin 54 which may take the formof a plastic walled
[0041] 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
insulating material such as plastic (but a plastic or other insulating material that is 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.
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insulating material that is not considered soluble for

the planned solvents to be enployed) so as to prevent

uni ntentional discharge of the voltage comunicated
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] s ﬁﬁgﬂ&ﬁgh kg connected by an electrical wire
aonéggtosﬁ h vo?tage supply 44. The termnal 60 is

i n communi cation with the polyneric solution 58 and
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indiyagidlBdonabl the kelptiemisdaes ctihe basin with nore pol ymeric
solution to include a fluid netering unit 64 and a
reservoir 66. Control valves or individual netering

[004¢dhi t sA{ shoevnd 8dti spatnend ¢lectedce 40 oedyl thkanthy féren pff ostraddand es shown
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e spinnin ec ro
70 ispreferaly msde afimetal ok momducttm ety |Wﬁéﬁilat law T@WélYé?@@dUCUVe

and fsﬁﬁ @1&6%@1 élﬁ@ufvgmh@hgmo@ﬂagé lyfﬂrlb}nw?@le of BRc@REl ess
chal n | S er nmet a

compRIALLT rovidse B aaf qgﬁwq? &P ymerwéowaaa 3% The selessichain 70

prefa'abllyilﬁclhdtbsal Iﬂmiahtyoa’ﬂ individoal disonett hegﬂi\a&ltdWMB sholvihagst in FIG. 8.

Eac%?@t@eé 8rebe é’egﬁ%ﬁ{%?gﬁnelf t %%Ei rs;'())efc%cringrrollg%ansoo e(r: aajggqu éegnﬁ]nt by a

gap é‘ihelmésmccfrsagmeﬂtd op rlefdss almbgdlmnt, ttessgrepts Gﬂam beadefhat form a

bead aﬁin 1'11%1@ mﬁﬁﬁﬁlgfdﬁals&gﬁrﬁﬂﬁtstalz@thgsfoﬁﬁ8 n@?&?ltyahﬂeri:clapballs 78.

. di screte segnent 1s connected
For %WH%%I afstopeEbich BYctad Bpaded ﬁhalg@g%lfﬂwwoath@épmmgéﬁ@tmde
spacer segnent 76. In this enbodi nment, the segnents 72

e ads hat, fo a bead haln in mhl he .
00435 ol et oS SR PRSP ng o Spynd two guides
whighnhey iakathchfatth of #Bvablopuiikarhekls 82ahataai spaeakatoppesitc ends of the

dippgfgtle@altsirn%glg dﬁl% g%li]cf"e' \Qhe%ﬁr%?ﬁlgy bg ghefa% lif{@ &nf&ﬁlrgpésrk%own 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 is entrained about the guide wheels 82 to include a
linear spinning path 86 that is exposed outside of the polymeric solution 58. The spinning
path 86 faces and is closest to the collection electrode 42. The endless chain 70 also has a
linear return path 88 which runs through the dipping basin 54 and the polymeric solution 58

for the purpose of periodically regenerating the segments of the endless chain, that is by



[ 0045] The endless chain 70 is nounted al ong an
endl ess path 80 around two gui des which nay take the
w0 oooaoeBesovabl e gui de wheel s 82 that are spackdI/E$2008/083206
opposite ends of the dipping basin 54. The gui de
wheel s 82 may be sheave |ike structures as shown and
can be netal, plastic or other suitable nmaterial. The

. guide wheels 82.are nounted for r.otati.on on insulatin }
dippSEfe clis Spdpingint wlRiED e pefngiC sIbiian (8 o g 5 R flortion
of therthuainds Beihf ecgendrh@d evithadotnionaind wipohtiion i kepadi forretectro-spinning.

basin 54. The axels 84 are rotatable relative to the
wal | s 56 of the dipping basin 54. The endl ess chain 70
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mechanism 96 to electrical isolation drives 98. These
drives 98 include separated but closely arranged
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si'on or rac
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- doubl es as a drive mheel to drive the endless chain 70

about the endl ess path 80. O course, other

propri.ate drive units b rovided to r|ve t he

004BRT REdiBR! whab B REYan GrBud s Bhe st isirtaistance
106 ofitheBegraaen72 from tht Gdleclipn 2leatnalde/42 drdéorlthermadiaspheatiBagthe
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spim(l)lng ?e{r\émetss%acing 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
regenerate polymeric coating upon the endless chain. Such additional intermediate support

apparatus may be provided in the event that electro-spinning across much longer spans are



| ying crosswi se such as diagonally or obliquely)
relative to the first direction 30. As a result, as

wao bwosbses of media is noving along in the firBCT/US2008/083206
direction 30 fromthe entrance region 32 to the exit
region 34 the individual segnents 72 of the endless
chain 70 are noving along in the second direction 104
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event; tot ere is any mnor sag In
endless chain along the spinning path, it still is

[0050] t € r&&doymﬁ% Etﬁérﬂ&ife@ﬁlotnﬁl mb&d S8 AmEAN Gy o@@ﬁwnnge filter media
di.st nceﬂ% and cont ex

he neanin
collgstign %ﬁrsa ﬂﬁ?%ﬂ&%ﬁ%@@&ww l&s t%ﬁqfald%%% chain 70
movirpvabaanthe ah@llg IiaHeS(smnmmw@lja atlbwBaerynit Wil B¢ mppreciated that
1nterm1%t$ntao|lplel%%191? A eglﬁlr Lg : L eed:ilctﬁ\gl ] Efshg%qg cﬁe 1rV\qi g?l}lr}]@riélgsg%ur%oes S.
hereto. [0049] As evident fromthe foregoing, the

[005'1] ne"’!ﬁu @M%n%was SN FT@VQ'EEHJ% kK ﬁ&l%bsodﬁaﬁf 70 16ng the

| ess |1 S transverse rel atlve to
hne%p@ﬁﬁxgtpa&} $eciugps moltple sarnipg |acaliqnsdf8 Wéﬂ%ars thigearly aligned

in anl&@rayrfek @efa@tttln)é réRdndss Wv&wos«st TABSYIRhHE locations are spaced

vy GLLEDOTSRY. LS REA BET RSk ol SLUIPSAD b
that thecspintimgloeaigne $ 09 bivexuslhaspadél atenyy the lmsadspmﬂm@path B6. The
reas&hl% tﬁﬁ%%ﬁfféurgt% 6fn[he Eﬂh%ﬁ%%ﬂ%‘ﬁﬁ? 78 generates typically two spinning

locations 108 for the formation of fine fibers 110. As shown, the spinning locations 108 are
on opposite sides of the spherical ball 78 and spaced apart along a lateral axis 112 that is
perpendicular relative to the linear spinning path 86 by virtue of electrical repulsion (e.g. the
charged spinning threads tend to repel each other). Thus the curved nature of the individual
segments 72 is beneficial in producing the desired spacing between spinning locations and
providing multiple spinning locations per each individual segment thereby producing more

fine fiber and controlling the production of fine fiber for uniformity purposes. However, it
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i ncl udes but does not nean perpendicular but is
broader in the sense and is neant to al so include a
W@ eooane73bdr el ect ro-spi nning generati on that nPYBEES2008/083206
generally crosswise in a direction generally between
the opposed sides 36 of the collection nedia sheet 18.
[ 0050] According to an operational node enbodi nent,
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the firbéuceind lo€ s spinhiaignocdfionow a ngn-adymuintéderaaddl ess path 80

conti nuously. However, it will be appreciated that
intermttent operation of either can be acconpli shed
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fiber and cont roduction
parciep iy api WRPFOY it U palvEBE s e £5aivp lpahgat andiora
solvappries lednedatot i ceanple grertain smh&ncmuiedabeamaetq)osaﬂe moasquickly
thanl%acg a%d ﬂgefrgfo§ h%%ﬁe 1? gr%?e dlq’f‘lcull1 o IRalﬁ%%J cl gesuragle pfglé%eé Fonlution

rat10t %emsq o mmtrerzesthle @biognmﬂ s;bhv@nsthatnls wkipashd eicenally ¢t any one
montRF gn(?ﬁ’le%'ﬂg mifl nYl%ktsol\IeH?IOQ{p pﬂﬁ@isuﬁ éf)@ iRVt ous from

uncovere tate. However, the di sc? osed enbodi ment
a mageriglyyvings apd %\ﬁfqnar?aral aﬁa}a dpsvigdf erred feature that
provides for si gnl fi cant advant ages over traditional

i 116 .t
0033} P2y P8 SURPEDT ctiadtiant phi P Re SRR GRH Ehoip Emgfient
accoeclhdg 1d B disctdsercdif pidGRgl -Basithna chﬂnbrcidll]iysaVa]rla‘tﬂmgmntﬁnct that has an
uncda;ere%g%ng orﬁﬁcgﬂ‘ n%ﬂl%@o é@ r%l %oﬁgﬁl\gﬁ’@lﬁfﬁi &ga&%’ﬁ SASI 450
machyng.ctyajlable GatmalInEdrom $.npm Lthﬁ’éecd Coppibrigervhbe hasasi@wn considerable
solveHRetiap! bk b ceReARSH ARt 18 hekiBulRY, f6:\Qinning polymer fine fibers

from a 12% polymer solution (polymer to solution ratio), such as nylon 6 using a 1/3 formic
acid and 2/3 acetic acid solvent, replenishment of the local polymer solution in the
uncovered dipping basin of the El-Marco machine has required replenishment of the
dipping basin with a much diluted polymer solution (and hence more solvent) to maintain
the 12% solution in the dipping basin due to evaporated solvent loss. Specifically, the El-

Marco machine required a solvent rich replenishment solution of a 2% solution. Whereas,
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cover and a second portion that is exposed and capabl e
of generating fine fibers. The cover 116 can be
wo paoeopssed between different parts of the sprPeguS2008/083206
el ectrode as shown and can substantially encl ose
di pping of the electrode. The cover 116 extends
substantially between the spaced apart gui de wheels 82
d.int resent enbodi ment may i.n ui de whee
an PRttt Beer P A A gt Bl & Teltra? VAP Bt o
morPpolyindt rich sotutdgaesti a7l trépl onigiimart iselintidh ductodbasslvehiadvaporation.

In malgln%%ﬁs Bgl%ﬁarlgoﬂh?j hseacﬁgg leﬁ%e(f tht 10t gﬁ Fh[eepgga(%%tﬁ% %Lf) ’hl}eyrnachines

ess
are qqnel (@ d@on&e@brsthagsyﬂlwlea‘@dddsare @é@rﬁnelmb@fé@r@maidwdﬁven

dlffezgltly?tﬂe%ﬁkct% thQH& ﬂ§'!7vc1‘51§ AR RS, B{eod‘i{)[?ﬁ% basin tub 51ze can

ional slots pr.ovi ded f.or  addi gui d
be sipplberia apebedigicnbet fila w@mwramwﬁmg itqn ynwrdwerwement
dire@fonFetesblcdtidh @eyie ks khocd BotRREdrh@UlaE kota@dshvei @gaOlls
I §$ the pol ynmer solution involves a volatile sol vent
clectidd®or a sol vent other then water. For exanpl e,
certain solvent materials can evaporate nore qui ckly

an [ I
[005}14,2I N tlﬁ@e%elg 06&%{6?1](1% yﬂr?gér(t?otnorjélglo lag%g ﬁra{rﬁ% atVafl_%)le surface
arcagydeyuch tgngy asi smfz@sagtlﬂqtéomwnimt flow sfog \espundrthg entpysand exit
regiGRSRAIRANIBNHE Bﬁloltn%f @he ﬁé‘d{ro‘a@f smeﬁr&wﬁ@@lﬁtﬂ?ﬂeﬁ@y due to the basin
and g&&&ﬂ":@éﬁf}& t\églgm% Fil %%65 by aﬁ%rf?géma{?d%esém%dlmems of FIGS.
1-8 ﬁib‘s(ﬂaﬁt@dll}ﬁdﬁvaﬂ ths bafistR@if Ipblyn{e@ @51311%159)1’? zﬁXcaﬂ’iale&ctrade dipping entry

ari so ver eaded

and G RRRIaR St GG ASa 0T SRRG 1 e Patseen tyimpact
evapairdtiondossomasrgnifadahtymanmgir] db¢enpraimiginmeshinkstit lmsdeamcalculated that

the 51'(\5&%'\&%; E%F%ﬁgﬁ]g WWl%g%%%/ {ﬁlgreEl MJaYaf &@lhls afdvantage 18

consideraghdusdo the goviting pf theclestrods dumeriipring ped sibstagtalirenclosing
the Mﬁﬁétds%hﬁ‘féhe A%?'u&’lf—‘ l'f)%f‘éﬁ%lyr@l%ugl{/ %Veﬁnéﬁsl ﬁl@%ﬁe&fi 55t solvent
rticu or spi nn pol ymer fine
foss By pbRest2p Gt @%pﬁ%vﬁ@ bl 5‘5}9( pol yner to
solution ratio), such as nylon 6 using a 1/3 fornic

[Oﬂﬁggl d &' ?c%{cmlgaogl%len}%o f:rflecrjlt S[ﬁ% \ce/oevﬂe%g%(l\g/ gaf le‘t%an &itlgrrlre?cp sec%relgl tQ %he
wallppf thh eillﬁimg\mswdffa‘x:hme Oﬁ sgewequothenivisee oI @mosﬁmtlom and

attactlﬁlr'f‘en{ji)1 A né QQV& %’f‘dyrﬂ ﬁdqulfl)n og.é k&ﬂ reRR)lny r@fletsa‘ﬂlaﬁ érﬁé}lts or

ce nore - sol vent to maintal th % sol ut
other typehel degida gripawe sy seds e RosEplsr éﬁr@caraébq t}f@rﬂowrd@éuces

evapSpcﬂfolnfﬂcﬁﬁ kdlyenttolt ﬁle@oiyrh@frsgmtﬂasﬁcbblan ReabteFeh hecbnipas&d toamt

ni shnent sol utio 2% sol
uncdyg L ERgF NRUEE s e heEH iyf vty deast 50%. For
exampele daemgs oLampiroxamhys {yad-shirels of edludnit dndemhdnistratedrby ¢he above
exmgﬁkyner rich solution of a 7% repl eni shnent sol ution
€ to |l ess solvent evaporation. In making this
conparison, it is acknow edged that not all of the

[0058RT 2Ry & liSnaDfy, tHa81IMTRGRINBSHodiment 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
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are equal (e.g. anong other things: the electrodes are

differently configured and driven differently, the
waeeibeesdn nedia flow rate may be di fferent, PEEUS2008/083206

di ppi ng basin tub size can be smaller in an enbodi nent

of the invention considering it can be thinner in the

novenent direction of the collection nedia as it need

not., accommodat e tion of a dr i | ec
iR RApBr i ot dBReRbeiicng Sras E At SRblandiEs
intericharlgaslge wptardthdrcborsgea ehddlverssuch drmetherspan (2mhag behdjustable to
accoﬁjﬂ'lﬁ&%?ei gi%fe?eli% ?(ﬁﬁ% gigéotllgétlo% ?cﬂ? ﬁﬁée ds 1f§ tﬂx\f ma ebeqfun%flf)o]ygg the

and
ﬁneﬁh@}ﬂbé@ﬂmumeyhnsdmvent saV|ngs is prlnarlly due to
the basi n and eIectrode covering techni que discl osed
rein. For e he .enbodi nents of FIGS.  1-8
[005§ b bst Bning|te 1@%@? a!tﬁ@a%tﬁr srabedigent ol thgresaab nyentinn is
illusetdd ab & Gint Fi®cehroaldtidvdendthpRi 120 teAty Mm@lﬁﬂm&ﬁﬁﬂy respects to the first

embp b B APERT IE ol el e bRERs a P B paydg wetted with

polyanesic golutibo and thabeememaintam € corpeant S@Cﬂﬂg(df |spmm,ng| ilbcatiass relative to

the J%ﬁ%&bo%%gd{% af:@%bﬁrr qﬂ{s e%%dﬁ%n\f Ef&) fu?c\fﬁcpeg hgl@%sss@r\éh&] YRt is driven

abowt g §11@Ié$semlﬂdt9epr@ﬂdﬁ hepigpingrclastyods. fhsuch) é@m&&)‘d&l bRuirastpd

toweﬁla@&h@efﬁﬁqn&e%te%naifelré&eencI osing the pol yner
solution. As such, preferably enough covering is

provi ded to reduce solvent | oss by at |east 25% and

[0058pr e Iprtkis %ﬁ@bhiy‘nehhy thd ﬁheﬁsélr f%@&@cnbﬁ) ahadhint Iihoﬂlfjc&@ th ehd’lgss

he .cover ned,se
sormP e dap P by i F G Bl o g nffORNEHASERAC1 . he
serpstmes1tdA2 ot prefomtd e madh ef € omfduguyamitenaleand reayt akdhtherform of a
contguro]{lbgncﬁ&g %{etmndj Qyﬁﬁq/nﬁB ?fb\g&eeﬁ)'f Bg&%flﬁlg%ﬁécgidaé‘t Tﬁ)@serpentme

er arrangenents or ot

belt 4472 msludgs ssystab igcasespadsiH ‘éetwwrbqt(h@c‘@at guide wacedp |44 that cach

provi®Hee ﬁ'ﬁlltﬁ){@ﬁiﬁﬁﬁhg Qrafis M GRMER! thefed s e4PBhWBIId be disposed
| east 25W ¢o ared f an un

sol ution, b e
closeyf @c{hﬁ aalée%lﬁp SlseHgdsRRY IR logqns @fseerdgm ¢8 can be
serrdwyd @tprbeds tnuﬁﬂﬂ’e diéareteeanamqhaly ﬁﬁﬂéd’ﬂjﬁr@édgﬁp(ﬂo@ xhdmi)ah&/or can

be c&ﬁ@a%%?d quﬁ ng%:? \éijﬂ hféen %ol Hrowﬁ? %or%cfalq bli(rme{lg aglugor? fluid

reseeobyso diome thte ¢dgelld8e greéwdbl(vohhe gsideagheats ingpdstedhendhcof
posi{iﬁrgng %ctég wihat i e c IRLOY @aﬁdootﬁ\ﬁ’l sllrnﬁa)& Qﬁﬂoﬁﬁ% staéture on the

t-exte e cover such

belt ¢ e ﬂlazzheaffdeeﬁé% ?0? n@ﬁéaned/@ra qqﬁlétaefpwé%@a apgh H@ff‘&b’ mpg{gtain a

cons@mlk $hoCithite 1Q6anglcBheoditsRepedn @kalesivhte gui de
mhee 2. The end covers 122 al so serve to reduce

solvent
[0059] The serpentine belt 142 is subject to a voltage source to generate the electrostatic

field thereby serve as a spinning electrode. To provide for polymeric solution along the belt
142, this embodiment includes a wetting supply system that includes one or more needles
154 having control orifices 155 spaced adjacent to the edge 148 of the serpentine belt 142.
Additionally, the needles are connected along fluid lines to a pressurized polymeric solution
source afforded by a pump 156 that delivers polymeric solution from a reservoir 158. Thus,
the strand generation need not necessarily be dipped but can be alternatively wetted in other
means in accordance with this embodiment. Additionally, this embodiment also affords the
ability for dipping the electrode in a dipping basin. For example, portions of the serpentine

belt can be arranged to run vertically as opposed to horizontally due to the flexible nature of
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evaporation but also serve as shrouds to limt the

span of fine fiber production. As shown, the end cover
WG p@n/0d7365 bet ween t he i nner edges of opposed ePCI/US008/683206

is about the same and preferably just slightly |arger

then the width of the correspondi ng nedi a sheet

18defi ned bet ween opposed sides 36. The end cover 122

may. b dj stabl e a nt er chan
o serpapi bl ot S (e ek et Sy 0o dinkay Mbdipping vessel
contmdjngsﬁoajﬁherld wlawnomito thateellehitioh el arvdngtt & @ih vertical as opposed
tohr? g?] ion media sheets 18 that may be run through the

TR ber production nmachine 10. [0057] Turning to

FIG 9, an alternative enbodi nent of the present

[006'0[‘V e n‘f’étoﬂhiré ehfbb&l‘ﬂeﬁl@of"ﬂ{e g%s&tflh%tloh Re&hoRMaA W@ ' Rﬁas a fine

nmachi ne I's siml respects to

fibey prpé@ct@mh%ﬂ@ npgh like Ahgypréor @1@% 88 FHent As such
disc@dstoinl vaillll ¢ 1RRIRIIOYEhiSeribs@mentt Jiatlarly catedrisdly WipbRmeric supply

syt D SETRES 6% & Sarn oy G GHET 50 o PURTEGOLiEn feseioir. This
embodineat tls@empiegs an ekdiedsisernd thich e thodnbaditnent tskes the form of a
mord Eﬁﬂpﬁﬁgﬁém%{%% 8{1{%{ %%Sdrﬁlgﬁ %Fb%nh W\gh Hﬁeﬁ[l'eﬁte @1‘%? g&ksrﬁ{bn qan be

obtaget 4i Olnsthm cdpe beod ‘dma‘r @G@@@@&W@OSMO@M toHke erdlegtion media (not
shov%?)l 'T@l‘ikt erﬁ'l‘)cfdfhﬁéﬁrw 880 nu®f 5&1: tﬂerﬁtj'sthéﬁbo%'f@&g' thatt B6th linear

fi'ne roducti on machi.ne_i ncl ud es an en
Segf%f‘élﬁspmq ﬁé E@é}dt 16%&26 pranged forfihey @Wduuﬁt%ar@rfa% %ﬁéjﬂﬂ‘i’ed in
polyafcd usldtisall It sidudd gelheted e ﬁll§nd¢4fécesﬂnﬁy$:eﬂp@frthd: B@rﬂi&kﬁ 168 be

maifiifed S BEERF Sitkn 45r Bimbo oD IS oriradRifiut Sincp gifroren
fibera®f diftamenticbarpetonstits té bavealiffpienniilmg geh@etiorogennimhelcctrode
stran}‘% rgﬂgﬁ‘%é\,c\igz ﬁlﬁgééént Jd%ﬂc@ﬂegﬂf% to?'ﬁll\é%gls% ohriﬁé"lﬁa Sﬁ%ﬁr‘% itbodiment,

J acent
pullgyis J it apayrtalee tha |f@mp1>%sh§p\re§ otheg PPEteRing ﬁt:c:ucﬂ@é i@ Feintain positioning

oftlfe%g@%@relaﬂﬁiett@ﬁfe conudtdnagedd sposed cl osest to the

coll'ection el ectrode provides for the spinning
| ocations. This edge 148 can be serrated to provide
[0061Y t i bw tidit sEplenaioarod peafetaéd squipaae dasbenpreddeals attemaion will
nowsolg%%%;teg r‘E‘odv{zacl)rd rhl%? e fl ki Ii%y rf%jerém aI{(P m ﬁgé etthat?1 ndbet hr%duced by
"T"Ke provi de Vior foca ymeric so Pon 11 uraP
the quoierand disslostdoabgve heotédtgesems Preferably, the guide
mheels include teeth or other positioning structure

ch_en Rglﬁl hol es 152 and other simlar positioning
Wo@iruclflﬁrr EIHASHaENERALLSuch that the edge can be

mai nt ai ned at a constant spacing and thereby maintain

co acin ce 106 if such const.ant
0063 2 oMo HBE Fieiths ot Eri bR e Soht 18R gfien carry
partisullafes that b @Etenaintlegpabkawnteihontgemaiigidan theefluid stream. Filters are

com 0‘131@; J@@B%dﬁ% rgﬁlglfed%)qlf&eaki’%fstﬁ%ﬁh&ﬁ atcs ﬁ’?{nntﬂé ﬁﬁld stre?%l For

rovi Ion a
exar@@lp,t air filtration systerns are used to ter gaseous streams for a wide Varlety of

applications. Examples of such systems include: combustion engine air intake systems;
vehicle cab air intake systems; HVAC (heating, ventilation and air-conditioning) systems;
clean room ventilation systems; various industrial applications using filter bags, barrier
fabrics, woven materials; power generation systems; gas turbines systems; and combustion
furnace systems to name a few of the more common air filtration applications. Similarly,

liquid filtration also involves a wide variety of applications to include filtration of: water,
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142, this enbodi nent includes a wetting supply system
that includes one or nore needles 154 having contro
w@riobioemss 155 spaced adj acent to the edge 148 pET/UkI®08/083206
serpentine belt 142. Additionally, the needles are
connected along fluid lines to a pressurized polyneric
sol ution source af forded by a punp 156 that delivers
pol yneri.c | uti ma res 158. Thus, .th
fuct S0P A it BB LA B EaLSihe PPt eoraimgh di gy hat are
ﬁheﬁﬂn be alternatively wetted in other neans in
accordance with this enbodinent. Additionally, this
enbodi nent al so affords the ability for dipping the
[006d] ect Flodeatierypicalygpiotypbadifiter Pediaexafast adpgrmeding lof.

barre ﬁltlsa%ﬁﬁf Rhé Q&R FddiL Emlrpal%e ?Ja[i ggﬁ&hé Qetfeﬁﬂl Wﬁ{gg Eﬁﬁ Jole¥ on the

as gpposed to 'horizontall o the flexrb ature
surfage of Sherpetit ity layer iy Wh@rt WW@P}PS re¢fpiged fogta fHigk gake. Often

the mwrtcawlagz@foilaﬁs & mﬁﬂktﬁﬁtﬂo%rdﬂl@fﬂ:‘cﬁg?é&@ S»ﬁhcl@@d’mt‘t%l peeRrd away
r SOol.utl on W (0] ec on ned rran

usual Wil RSl BReBintL ki SRishPeubRbalpi ScBsENGgpulse
applavatitng theditteo dakvein butomatitdlytrleseneft thevidd inodid Sirfsbow a reverse
puls%; BLa's:é ci"“al %e@ﬁ%lg%cfn A}%ec?[a@?%%g%i‘%g&%hﬂ ﬁgd %1169 wasE h
recepfiaglgu Qﬁe@rﬁlrWSI the fidter ispimple repthgod adiebedTighent filkr wikeluildup.
DepfiAfleTBh ik Gh AN RIS B SHRARIL ATRIMGNS Fap particles
mtemé@éwamr he ﬁ?ﬁpéh”é%%mﬁ@ﬁt gép @ﬁﬁvw%deéﬁfvléhmre%@ates
throgghoantheWoluahe driiepth Gecepibo B ievhediakes the form of a

nore sinplistic netal band 162 driven around two

pul | eys 164. Fi ber generation can be obtained fromthe
[0065¢ige HiB6r papat isiasvidelyencethrinefdidpadedlicg owdit Int genttad filter

papdt %hﬁﬁfge{( %n%erg 2 of PQul nié@gwggs sﬁﬂﬁeﬁlcﬁiﬂ%ﬁ hﬁ@gr[ hér f?tle?@oriented

I rst e ment except
genas@fhissecrseplafveafiuig sirepm. dhe dilsr prncs ggoacrady cpn&ﬁ@ﬁted to (1)

be pBinRABtth e AN fI3RY @Eha&% SifRASH1y findIry 5BE tosﬁhﬂ)‘iﬂ tﬁ@Fassage
It. shoul d ?g/noted t

£ %35@ not” necessari |%/ ﬁ g
of pyrijgles SRR G PESTIRNE SRS i (3 BavS 4PPEORG ISR IP Sllaw dae
passkgy of&haﬁ’pides,ufﬁidleﬂfm fdee tiiefhet Ire‘qtﬂﬂenteﬁtsg)é ey faltee system or

eren [s i.f f ch ra rist.ic
apphd;a‘ttl?ne r%n %’Iu%dsg) SS thIoo ﬁjt ihe fgl%e% i h]i%n u}%gtf @m %1% déf til ﬁtl]t%{jﬁaper
operafes shrg@h diffusipﬁ faed mmrceptl@nacm cqﬁune@hémtme stloctiefh @ized particles
ﬁonﬁ%%' HRredia. In this enbodi ment, pulleys 164 nmay
take the form of sheaves other positioning structure
to maintain positioning of the edge 166 relative to

[omhe COhd @hen pﬁﬁﬂieﬂ’ﬁ cﬁﬁg&éﬂlstmmﬂaaﬁle@pspé ﬂféa'bfffé[bn@fr" of the
it e Eo i da T QR Aoty 1F PG P 48T s Fiopepegd t
allowaing tiepdrocddates toadot ba Iﬁltb&dmmddimmmﬂ phays thtveigk dhd odiat Another
comﬁloﬁ%%%@t@ri@tpco% %re%gurgtdtb%r ?Wr(?‘sﬁ the media, which often has traditionally
related to the porosity of the media. The pressure drop relates to how restrictive the filter
media is to fluid flow. Larger pore sizes typically have allowed for greater fluid flow, but
also unfortunately typically result in more particulates being passed. As a result, often
efficiency is at odds with pressure drop. In particular, while it is often desirable to trap a
large amount of particulates, providing such a high efficiency often has had the undesirable
effect of increasing the restrictiveness of the media and therefore the pressure drop across

the media.
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[0062] FILTER MEDI AS GENERALLY [0063] Fluid streans
such as liquid flows and gaseous flows (e.g. air
wo bawey73ef t en carry particul ates that are oft ePCT/US2008/083206
undesirabl e contam nants entrained in the fluid
stream Filters are commonly enployed to renove sone
or all of the particulates fromthe fluid stream For

100655 e cishrE alien FseT AP A By GRS it Ghaticiency of
the fﬂmmmdd%pcmf manefactayesthue peiot tmlsu@keaqddmf@lshdemnmhngmﬁeulates
Dur@'%,'&éé :}L ea%ésc} 1i1d %%Febg ﬁ)?ck% 31% 34 tragp%aq’hgulgtgsc‘ 5 8MBust cake

I ng, alr-c¢ I on
and/ggl@thetmse witkiarhe m@dmav dhesd ftarahowymsttemiatesdng th@slarger holes in

the Ih&ﬁ&‘ lcbd! préritih ﬁ&l‘e??b? si‘h%ll afrﬂlélésetﬁ &hd tQé}%By ftlcreases the
o

fabrics, ven terials; ene ation systens;

efficigney of tsimedia ey tigigsto aame@aﬁfge %ﬁygmaf?aé@ns% retial

efﬁdiéhc? AR wavEe By gfuggﬁng i ﬁowqmﬁans@h rﬁlﬂ‘etddtduabmeulates also
tration

i cati liq
climif el umiosch Placienspesy -l nkisby GReSS iR dro across
the thedis makingnt mbre nesttietiyd toefluid ool ant, oil, and hydraulic
fluid to nane a few of the nore conmon quuids t hat
are filtered. 50064] There are typically two types of
[0068] | t fsuatlpli falter difiespae s detramiingg byeth¢ pregsurk degp ageass therfilter. As

moré bhd {I@fe: @ﬁ%erlgsgifg ggkr@it%'lagugﬁplﬂg@ ﬂu@éﬂ&;\ﬁ?fﬁd 'tr@ﬁ%drlgr tfe{@ @niggrl media, the
fltey fegia %Mnersarp%fﬁ B PutCan: Aracons imstrovs G geross the
filtef inkdiebec@ks. higldre Ev&xh&alfy tHeahedi@beconay eso feottidEv@Sedulting in

. Ki i @, Whi ch b |
sl o iRy Fid RS L0 oS e OhElnRt el PGS Ranee
interivals sonelaypptd watoimmde appodximstetyewih sechpul eyent (e.g. prior to reaching
t |
an ARG ER IR Bony Lfaloh). Pl Glfies InaVIIGHRY o8 ek fhrongh
sensgys thatrmqasyre prosere A loadeerors the meithani cal force) and
collected in a waste receptacle. Oten tines, the

10063}, 1 e Vel RripmeFEica e @ sl ke et et e GRTy i

the I%b(ﬁtddl"MERﬁea\:smu_ﬁuﬁﬂﬁﬁﬁﬁdqaRépbrﬁﬁgiﬁama)‘ tHagdogSistic accordlng to
ASHI{'Adﬁ %ldla ég dée' gh?ls ﬁthc?udegi?%eaﬁur of Eﬁlﬁcwn %ﬁega&%vte)e[ﬁ pressure drop

rats icu rou

resisyagicemd loghed éﬂ)Ethommr gehelivt lﬁ@ltrf@s iadhighe0 @BEE offilteremedia,

whld?latggcal'lfls‘?n&% gﬁééﬁs%e@tof‘ Sl rpgé tﬁé"fofll%%é tgﬁg'sgtg fFRdiR MERV

ener al er paper conprises dense nmats o

IEpOgEY ‘tﬂl‘éi‘sfé‘@#lif%@?%s synthetic fibers, and/or other
fibers oriented generally transverse relative a fluid
stream The filter paper is generally constructed to
(1) be pernmeable to the fluid flow, (2) have a
sufficiently fine pore size to inhibit the passage of
particles greater than a certain size; and (3) have
appropriate porosity to allow for
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passage of the fluid sufficient to feed the fluid

requi renents of the filter system or application.
wo bwwpderspass t hrough the filter paper

the u

As
PSPCBHS2008/083206

side of the filter paper operates through diffusion

and interception to capture and retain selected sized
particles fromthe fluid stream
paraneter characteristic of filter nedia is the

"effic

i ency"”

of the filter

medi a.

[0066] One

Efficienc
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y is the

propensity of the media to trap particulates as
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One problem with dustcake formation, in the case of surface loading filtration, is

that dustcake can rapidly build up and quickly limit the lifespan of the filter. As a result,

the filter paper is often pleated, fluted or otherwise constructed in a similar bunched up

manner to increase the amount of media and surface arca media for a given volume.

Accordingly, the fine fiber coated medias according to surface loading embodiments of the

present invention are typically pleated, fluted or otherwise bunched up in suitable filter

element construction manner to increase filtration capacity.
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intervals are cal culated to coincide approxi mately
Wi th such an event (e.g. prior to reaching an
w0 p®af6i3es ent fluid flow situation). Filter che@myes2008/083206
intervals may al so be determ ned t hrough sensors that
nmeasure pressure drop | oad across the nedia. [0069]
One useful paraneter for filter nedia that is often
ed | Lter dustr t he reported MERV
00781 i AP gty R ebeode pRER ek e gesdilter
lifetmeg @mc:lhl sugfat ©loAGHRAIR cSt@ndacttbnS Rave lirhitatsonsn Ebtithésreason (and

I f..ef
conf R0 e LRIP LS A PRESHHE 58 s i
appl@aho@wlnergma@lletlﬁly faw V@lr>01tteﬁﬁhapug\hhh@ﬁ1twp¢cta pteyinyaved, often
not Iﬂglﬁé? tRAPAIIRI y(?feef: r nERAERE ty dat f.8bh O §9 Otf@Q d)% r &ffuie or less.

th the MERV ortin wrmmms
For et e HE inTIErravel @%@98 R@B@H mj PEBMFELE: I\Tlﬂ_ﬂR\P?l‘m 'velocity"
as udArharah esfers [Ohé bl e@bevElbeibl @roushtihe gk ¢iak &lohovdTaink PBs media
n the case of surface |loading filtration, is that
arca hustcake can rapidly build up and quickly limt the
lifespan of the filter. As a result, the filter paper
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rength I SSU , sur ace
designadregadient. LB{fargnirseiony obdificranamediislontits epipsitel ohfi¢igyyand/or

othel EUr¥@&REics EASvd froidedotdrend ddpieind Rslide 3F thel RYD MESa.
of ten not higher than about 30 feet per m nute and

typically about 20 or 10 feet per minute or |ess. For
[007dxa npl])q)th hede iabéech Olvuridt@‘ized @mteincnab'f naporasioy densltyfapdtsolids

cont| S pteF] en{J er ao;lgl; ee;%e\llr%el lgtall ?()//0 Eg X}ﬁd heeua?%g glaggtgol%it g%r ?eﬁf tg\erN 8verall
Volunwl qq’nrtprlpefr soigel{ g é"rbe@z)s m@t@@??ls)] anldrthmuider tsevoidrepica that is

ﬁlle@B air%@%ﬂféf‘ ﬁuldaRQOfB@f Edrﬁﬁ{b §|u¥ egatﬂh Heﬁl‘ﬁl c'h%ta@terlstlc is ﬁber

't cati gns, dept dia | pl ca e
dlanrfsé% Scagipy |S§1é§eradl‘l*f@13tﬁli fikcap }‘prtarﬂ%q@ %aﬁﬂb@lédwelb?%%?heéﬂter

medfhftofbb&grﬁ?lﬁlof@éfﬁbieﬁi withtHeyddiilgo GaH yrﬁﬁl‘ldr@ﬁﬂicld@le [M(hre smaller
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a nmeasured fro
Fberg g B RFSTIRACTIA PP COTeY S e Qe g B e e et thr
sma]$¢refd:1efs talad Uiy lest hauohe nisint lyrgof fibdre dept h nmedi a remai ns
substantially constant throughout its thickness but

for m nor
[0075] Because depth media loads with particulates substantially throughout the volume

or depth, depth media arrangements can be loaded with a higher weight and volume of
particulates as compared with surface loaded systems over the lifespan of the filter.
Usually, however, depth media arrangements suffer from efficiency drawbacks. To
facilitate such high loading capacity, a low solidity of media is often chosen for use. This
results in large pore sizes that have the potential to allow some particulates to pass more
readily. Gradient density systems and/or adding a surface loading media layer can provide

for improved efficiency characteristics. For example, a surface loading media layer can be
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fluctuations in density as may be caused for exanple
by conpression and/or stretching around periphera
w0 eg@poese6tiue to nounting of the nedia and t he PCRES2008/083206
Gradi ent density depth nedia arrangenents are al so
known in which the density of the nedia varies
according to a designed gradient. Different regions of

di fferent. nedi a densit porosity, efficienc nd/ ar
sty conbiPaReicbes oao s BRR TSR rite oA Hel R dptpoveen
upstesath andl donrséant fieedap fvremel cicidn00.7Zhis Beghde lovdh@mnicdia layer is
smn&n%&ﬂgf9%§§§é§§gé@ﬁlhn terns of its porosity, density

centage For exanple, a 5%
solidity media neans that about 5% of the overal

[Oﬂ%ﬁl UNG GOMEsB @S 1990's o1 p){\;ger& fidd 4R ‘I‘a%efﬁq{a% 'b@énsé)tte d to be

e remal nder Is void e that 1s alr
emplyRe inte filfeymedia @t’lﬁ’égeﬂ&f‘élﬁ%fﬁﬁ]ﬂ 9r1%9é“aat&rér&thp%my cg for depth media
and ﬁhﬁic@%a@[ﬂg&hédia [ fSudCH ey ﬁlﬁiﬂrﬁﬂf}fe&feen ERoiese ds}be&f@rb@!ced through
rs a qiv SO use
cleciiotilEs e graat for Gttt Fibs 3 Slhbditing pr BOE Sy, fine
fibett foltdrmagalis apdrigemepialatd dibassed b beS. Sragdnk Blos.f4, @) 506cta Bales ct al.;
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1nveﬁﬁ‘6ﬁ ﬁ‘la#r %@%oﬂéotrﬁedpﬁﬁé bRUbAhER tﬁé‘ﬁﬁ&ﬁﬁédl@ Lnlré(ngteﬁfeﬁ’tégh&!ﬂsed
ume or th, .depth nedi a arrangenents can be
ther% APYQr Qihetsugh ﬁwgqbéer lkmer. 12 AN e cite %éifiltWélﬁltlY dEpEgvsments

discRSedlsrpiaragdappilitibls w ﬂhafﬁrdt@@%ﬁhé‘a}t@hemﬁcl@y@lrmtﬂh‘@e prior patents

and Fr P AR Rkl el bl e Pt So S Ry By aldutives,

resirfsani Ithd latcedisaeted tiggéin ((wabiidmyg wapdcgddimpeotedinediticdinagerials)
rnayq)fe Lﬁ&ginacehﬁmoefrﬁ‘tfolalﬁ ﬁf]thg %f B'r?thveLIﬁbﬁ {eelﬁféh&ﬁ fo'be covered

|'arge pore sizes t ave 't he potenti a OW sone
herepgrti cul ates to pass nore readlly Gradi ent density
systenms and/or adding a surface |oading nedia |ayer

n provide or [ ved efficiency characteristjcs.
10072}, e&%ﬂﬁ‘ﬁ’r sasogﬁ%”?égesq a09¥ W@OWédﬁy ing fibgyepandgmade from
diffdveampohmgeid m@mQQHMmﬂabMeisEghnp&sumhmembawﬁqmnmbﬁéaﬁﬂxb,
pols sty BuiFp LIS Gl bR PR KB AR vl raplierytene
oxidk oy sudfone dnedified/ealy sudfos o relymessandgfodyatiadenteo pelgpropylene,
polW%l §1@oﬁcﬁ}’%ou£ 99139& (3 a}’lﬁﬁd&tsulzl?gie fylbhe, rily%;rp6 %’and otht?r nylons),

yneric T1ne ers nave en atte

PV fg(ﬁmowwen% p@lywmoaktﬂl@eéw& PY eﬁ%ﬁfﬁ‘sarwkSﬁ amﬂﬁ% varigty of
solvé'ﬁt& @Wlaﬁleﬁhzﬁ\élaﬁl edec g[oy@@ PThe midén@ cHdSb@n Shd ﬁ@@i&ieb@fﬂﬁlluﬁ)@n the

ne fi ve. hee . osed,. as

desifTAga it i BRI &N OB FSQE A1 FEoP i Qua i oa e the polymer.
Pbrémmmﬂ@n%ﬂmkmanwdﬁehehemwmﬁémmmmmngﬂ%meﬁondemagpbmnmnnybn

fi ' fi di I
(e. gdlu@? a%ﬁa}%igﬁ ? oklgil.%{l g’%ésgr?%l% ﬁﬂ%&g? Eﬁlé‘[h@{ s%l?én? gl!tc% %qmlnﬂc acid
may be chosen for polymers such as common nylon. Solvents for rnakmg a polymeric
solution for electrospinning may include acetic acid, formic acid, m-cresol, tri-fluoro
ethanol, hexafluoro isopropanol chlorinated solvents, alcohols, water, ethanol, isopropanol,
acetone and N-methyl pyrrolidone, and methanol. The solvent and the polymer can be

matched for appropriate use based on sufficient solubility of the polymer in a given solvent.
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5,672,399 to Kahl baugh et al.; and 6,743,273 to Chung
et al.. The entire disclosures of these patent

WO efoenersces are hereby incorporated by referene@rl/Us2008/083206
their entireties as the invention may be incorporated
into one or nore the filter nmedia arrangenents
di scl osed therein and/or other such suitable filter

ditionally, inprovenents
[ooﬁfscla%@éé%ﬁgre@ﬂ*@? pplicable to the filtration
applications disclosed in these prior patents and

[007f9g|r t hﬁ% 11%5 aﬁﬂ &?argétgfslﬁc %?érg %n%loglrﬂeﬂg ltlﬁia{tnlge i@% %ﬁggg ﬁee]g to be

ven I'ves reS|ns an
formgidgutoagdter m@éraeﬁon u@a v fiigkir etprzany: Bhd Boebdrmutonadslakifpened on

and Edlﬂ%%d tgﬁtsﬁﬁétﬁité‘}haﬂﬁ%brggra\ﬂ it} rﬁ&ﬁé ﬁib@tr&mﬁggé ﬂ%ﬂs?sdﬁfle

he resent I hvent | are’i nt ended covered
ﬁltrqﬁ@ﬁé@pabﬂfmﬁﬂ}h%h P sbbsirate ygh %@r@crm O’E ﬁf@%noabﬁkv@twn layer is

possﬂﬂ@ ONAgy filteN@cdia REbsratR RoRPris@stecdst R drfig Fi@nhatural cellulose

ﬁbets i()gﬁ%%;%: n@nﬁ}tl géqlsg)élst(eﬁ%)mc TAh nglffﬁé n%# gfélélée{t]%:f%er substrates, to
inchphl syes bended dahrias) mmewevd”neﬁablaarsobfeynthet;c filadryaldkydnemevens made
fromstlﬁ fbie‘%ﬁ% 0994113(1 Xln?a?e?la?sx éﬂﬁh?tﬁgl ﬁ& gfagsoﬁ?eg ﬂ V\f/dv%ﬁ and woven

one
glaS@Eﬂbgﬂvs rpiﬁstlgmrmluke m@netl@ia otrh;ﬂx@"néed( sl lgnéﬁnplmhe @@ﬁ Valsous
pol yﬁi@n@ @ne@rrlberﬁﬂééso %lﬁofgtgfsréﬁgﬁ&?zrﬁg ty‘@%aﬁ@me RVE¥ect forrn tléat ac?% be
y Ptri
readﬁv SHrehasg( dp rq}ﬁ?% UG MR e BN f&gwgapﬁfqﬁ &t0 pafprped into a
filteegticaye that khgacealiv e lﬁlmd:dmsmnnaudjmg aedirdepands ligpidntrtde for the

d d pol h bl
purpgs o P Besitey e Satedfied Bt Rh PGl anpl ¢
water is not usable as a solvent for many poI yners

[0082()}?CI Ll‘dc%r%garﬁg%n?&oﬂy iR rﬁ@dlgma WGl oeﬁh Y %(f)efbo(}é( hl%rkenerally

nst ances, anot er sol ve SucC
comﬂ@fmlty ayeilableriy vaswus Hugleressos Kusyally Her enggehbaiscaoiigmto 0.020
1nch8§’d)ﬂﬁwk&%'s)’ﬁﬂ&%ufaﬂ[erﬁﬁ'élu’d%gaanﬁtﬁing’fﬁ‘érb ALSAoH E8And Plltration,

LechofFleBRhflf s o Btastngn X Raxsi Peios: FSuy dpaioba. Fine

fibes hdcm’rdmgtt@ émbﬁdlM&ﬁtsSJ,f tled inobroios, caindt epphedtthaum:ﬂ porous filter media
in whl g‘%heoﬁ er}’ dlaa Ss;e ne sf‘f‘tr)]s‘ij l[\l- rﬁgttelhléﬁ f01D er rfcr)le f%%p gfﬁcf‘eng\é lgyer. For

vent
example, mp@r@qoma@t@dwélﬂam suph gw\hlstrpmmm@lcﬂt obyinbérs OV 1 or

23th1 Q\Fﬁ @'3N"E Br NI 93%"@%&1@11‘(&%&&1@&5 §4V1%§E@F&a%grﬁ§cs

{ ngprtant characteristic mbodj ment_1's
simifes & tllpﬁf‘etabvlﬁ dfin belpy. pEERF 4564 B@cToH Frivipiqeh Qs cASINF pirdiltrations):
media for use as a filter elenent. The fine fiber
matdistins 1 QY4 HiblemMdadian and adhered to a substrate
t hab0%scphulesefibdsby a filter nedia substrate have at
| e®atis seight+70 pouvatls per J0apabudre fdces, al t hough a
SUPSt Klade€ cAllpeh=1aSS milscri m or other non-filtration
| ayRboved sheet caliper=18 mils
Frazier (CFM) 11-19, preferably 14
SD Gurley Stiffness (mg)=3000

Ahlstrom 23N-3 Filter Media

100% cellulose fibers

Basis weight=55 pounds per 3000 square feet
Flat sheet caliper=13 mils

Non-grooved sheet

Frazier (CFM) 11-19

SD Gurley Stiffness (mg)=1300
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possi ble. Many filter nedia substrates conprise at
| east in part or in full natural cellul ose fibers.
wabh@peesse many possibilities to include naturedT/i51968/083206
and synthetic fiber substrates, to include spun bonded
fabrics, non-woven fabrics of synthetic fiber, and
non-wovens nmade fromthe bl ends of cellul ose
nagﬁﬁg AF? ﬂﬁh@tlcs and gl ass fibers, non-woven and
SdsBb@SEHETSCr een like materials
lgﬁﬁ% qﬁ f ‘%gsﬂg and various polyneric
s typically cone in
ﬁQ{ E% e readlly purchased in roll form
Su §FF§t ™M with a fine fiber | ayer can be fornmed

|n€@hﬁﬂfppﬂ%ﬁ(§ﬂﬂaﬁﬁﬁre that is placed in a fluid
st S&Anvileychtifdiassy 1900 ginm)MGeam or |iquid stream for

t he purpose of renoving suspended or entrained
panthilthaAEE23FWM t hat stream [0080] For exanpl e,
poBakis Wibktem-gEsiuadyBder $@lF. of the types listed
ab@‘éﬁbl@@%nﬁ@fi‘@ lBBle CoimRnGwat |y available in various

%ﬁﬁﬁ |n a'range of between 0.006 to
O ness) from suppliers including
n§%§“%th§ 24 P%& m Engine Filtration, LLC of
[ gsworth & Voss Conpany,
b Y %ﬁ QQEDJ%tfs according to enbodi nents
of the |nvent|on can be applied to such porous filter
media in which the filter nedia serves as substrate

terial for, the fine fiper effli ayer.
1008]F st BRGUIE RhAR I BaTeG RN L BRERE et Iapls ich sl
groodld ahb@sedimadithe imadienfoe iraprb9Mgldin momatg Spaléihty. TBBse4 gaoves run

Y e
confggamatipas lpgydde(dtlh éh;‘eﬁlmrenq%:ﬁtwture oan bm@sied én germection with fine

fibef I #rérrp%d&ﬁ§ﬁ sé%}hsStA@mcilgé\Foavéa éh%@cﬁ oM%@Hﬁ sﬁQQrc/&eoexamples while

| ose ers asl s welr g ounds per

hter@&i@t@dﬁ@éfﬂﬂ”é@r @ﬁ SBEPOESH h%@@ nq [ ot b uogrf@ﬂcy&%aé @nd prsdshects

can @ludp @fcol 8s, Fotregdtions,i pRéatd &dd\he lifke Afmcep Hiek&ih pBibytoldppBEtion
ﬁnegﬁrley Stiffness (ng)=3000 Ahlstrom 23N-3 Fllter Medi a

6% cel | ul ose fibers Basis wei ght =55 pounds per 3000
square feet

[0082] A filter media according to one embodiment the present invention includes a
first substrate layer, typically a permeable coarse fibrous media that may either be a depth
or surface loading media. The substrate layer may include a sizeable filtration capacity and
efficiency or may have little or no filtration capacity or efficiency relative to the designed
filtration application. The substrate layer provides a surface upon which a layer of fine fiber
media can be supported and secured. Preferably the substrate layer by itself (that is without
the fine fiber layer) has an average diameter of at least 10 microns, typically and preferably
about 2 to about 50 microns. Also preferably the substrate layer by itself has a basis weight
of no greater than about 180 grams/ meter?, preferably about 5 to about 140 g/ meter’. As
for other typical characteristics, preferably the first layer of permeable coarse fibrous
substrate media is at least .0004 inch thick, and typically and preferably is about .005 to
about .05 inch thick; preferably has a pore size distribution generally between about 2 and
about 50 micron; and preferably has a Mullen burst strength of between about 5 and about
70 psi.
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Fl at sheet caliper=13 mls Non-grooved sheet Frazier

(CFM 11-19 SD Gurley Stiffness (ng)=1300Ahl strom AFI
wWQAW4acBesi s Wi ght 52- 64 pounds/ 3000 SQ FT. BedibiUs2008/083206

Point First Bubble: 6.0 (mn.) WG Mill en Cured:

30(mn) PSI Frazier: 19-27 CFM Cali per: 0.010-0.017

Inches SD Gurley Stiffness: 1000 (m n) MG Ahl strom AFI

FW4 Basis \\i ght .70-80 pounds/ 3000 SQ FT. Bubpl e
1005BF; ¢ Fheeratrods i acdig drep o et P ey G PR R
pernRSblcRoasst Eibroub rdidCRnGaistpe matBiaDLBich, B 2valhaiehepaiiely from
rlhey Stiffness. . .1 ' 81) Sone. product
a rerghlEr ohd oo b ERITA p Mich bR e SRIPingh QO e,
woughehiibity pawesbibitibeiss datst Ao i(per sqreate dodtof medi.canidrigpically
betoflih b 01RIshBR000LAP - (YyarT RRFGFmGARPVES. Tun {he | ength

of the sheet and r the filter nedia. Such
nmechani cal grooving and ot her configurations provided

[0084D t hEINE FIBERSEG IFINE! FIBER 1A YBERS % GECERATION

connection with fine fiber |ayer production systens.

As such, grooved sheets of nedia substrate exanpl es
[008&hi | eWhilt éreadquipnocmn desdeibetihéréinabh bé asedithgeperatedbess of different
s SACIGL0 RS B e R Py o
pernfesplesc@atsh éibedus npadisols atlé)}’%|9|‘5nﬁTLOé't%ﬁ@rﬂSfePiﬁéplﬂﬁ%’eb}Se.mmpleS herein

whefDBRIfiAr Havt 8 TsigherEtaf AR&RH AF NBerk XidNBaROPRP - RALIY 88 than

present invention includes.a first substrate | ayer
100 pynamactgrsy Ag S@@rf?f@am@% Cohne ity wah dencders Ak Sk
nanc®hdtf8 fvithen thid@mitdxt lcasdtllemeoncodhdfplizwdnd. (17 Beaverage fiber

P TR BTN G R G
nanometers; and/or (3) at least 25 % of the fibers in the fine fiber layer have a diameter of
less than 100 nanometers. More preferably at least 50 % of the fibers in the fine fiber layer
have a diameter of less than 100 nanometers, and yet even more preferably at least 70 % of
the fibers in the fine fiber layer have a diameter of less than 100 nanometers according to
one embodiment disclosed herein. According to a one embodiment, at least 70% of the
fibers have a diameter of between 50 and 100 nanometers and typically between 70% and

90% or more.

[0086] It will be appreciated that it is plausible to use and generate other fiber diameters
larger than 100 nanometers in combination with a significant amount of fine fibers less than

100 nanometers.

[0087] It is also useful to consider the fine fiber filtration media characteristics that can
be achieved through finer fibers and/or through uniformity improvements in equipment.
Coverage and fiber generation uniformity advantages achievable with the embodiment of
new fine fiber generation equipment disclosed herein which can be used to generate other
larger fiber sizes. As a result, fine fibers rather than being characterized necessarily by size
can be characterized in addition or instead by filter media layer characteristics as will be
evident from the examples provided herein. New and improved fine fiber filtration layer
properties have been achieved that are superior to a known fine fiber filtration product.

Accordingly, claims are made as to characteristics of a composite filter media.
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efficiency or may have little or no filtration
capacity or efficiency relative to the designed

wo 2dovet3sdN appl i cati on. The substrate | ayer prPOWUSHES/683206
surface upon which a layer of fine fiber nedia can be
supported and secured. Preferably the substrate |ayer
by itself (that is without the fine fiber |ayer) has

aver a di er of .at .| east 1 m crons, pi cal | }
r00s8h 4 G Fhabe S Debsterist €t impaREd SHIRIC Geordiak S embodiment
of therpeésentaink ghtiohe Foubsinidt, e I‘ehyleély Riandird édw chfascraylaad hsnce lower
rLea t,. I / e
cost\grel!é%q %dlg b% u%gc{ \ghﬁ% V? hlé? %ffg"t g{yfr éhr%nﬁéh he%‘ine fiber
layept lFmreXtalylp ¢ arhd whﬁn atdaﬁlemp@t qfﬁ@entmubmqt%smoyldt bﬁeJSEd,ras&ubstrate

mediaaﬁ‘l%!f caﬁp&%@%@ﬁab@l&@ﬁg $fitcf hﬁﬂﬁ%ﬂ%ﬁ’éﬁﬁ%ﬁh@y FBEiAnhB75% (c.g.

I nch k, .and typi cal
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Prefetably, the pressure drop difference between the fine fiber and substrate combination

relative to the substrate alone is typically less than 15%, more preferably less than 10%,
even more preferably less than 5% and according to certain examples a pressure drop may
be less than 1%. Another way to determine levels of coverage is base weight. Preferably
the fine fiber layer by itself has a basis weight preferably of about .01 to about 1.0 g/ meter?,

and more preferably between about .01 and about .10 g/ meter”.
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fibers have a dianeter of between 50 and 100
nanoneters and typically between 70% and 90% or nore.
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Anot her enhanced property according to an enbodi nent

of the present invention may be pore size distribution
[0098hd nf@) Eqoiprhentu Ebectnp dedionfigngitidiy&comntangérmemt cointeolled

di'stri byid3Bution of fine fibers)

[0094] A significant factor is production equipment for generating sufficient fine fibers
for filtration media, while also generating sufficiently small fine fibers. Various desirable
equipment characteristics are described herein as well as various equipment embodying
such characteristics to greater or lesser degrees. While prior fine fiber filtration patents
have emphasized pressurized pump emitter systems (e.g. U.S. Patent No. 6,743,273 to
Chung et al.) whereby pressurized polymeric solvent is sprayed/forced through a small

emitter hole, easier, better and/or more controlled fine fiber generation are possible
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of the pore size as opposed to a random or |ess

controlled distribution as per a prior art exanple.
waemondizny t o an enbodi nent of the present i nvRCL/US008/083206
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Additionally, dipping the electrode avoids the potential for pressure differentials in forced
polymer solution systems, which difficulties could be subject to further difficulties

associated with polymer build-up on or around small orifice nozzles.
[0097] Additionally, preferably the substrate sheet is run vertically above the

periodically wetted and dipped electrode. As a result, the thin polymeric coating and film

tends to be thinner under the force of gravity proximate the top region of the electrode
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occupy an area with smaller fiber dianmeter decreasing
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[00100] Accordingly, selecting and/or developing appropriate fine fiber generation

equipment can be advantageous in fine fiber layer characteristics.
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description of this fine fiber generation equi pment
herein. [0095] O her dipping equi pnent that have been

wo ouwntieses ticul arly beneficial for commrercial PCT/US2008/083206
production for filtration nmedia according to
enbodi nents herein include a El- Marco NANOSPI DER
nodel NS-8A 1450 machi ne, avail able from El - Mar co,
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discharge spinning electrode.

[00105] Fine fiber generation should generally occur over a sufficient distance to allow
for evaporation and whipping of the fine fiber strands in Taylor cones from individual
spinning locations. Preferably the filter media substrate is separated from the
electrospinning electrode usually by at least 3 inches and usually not more than about 10
inches, typically between 4-7 inches. For example, for a nylon 6 polymeric solution, the

target distance is preferably between about 5 and about 6 inches for good fine fiber
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fiber threads (also known or referred to as "Tayl or
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wodogremst fil mregi on where fine fibers are | PCT/US1008083206
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t he enmbodi nent of FIGS. 1-8 contenpl ates naintaining a
predeterm ned and equal |y spaced array of spinning
[0010BE at (cp Polynies Sdbextionaded chain type el ectrodes in this
enbodi nent is driven transverse relative to the medi a,
chains driven in opposite directions counteract

[00 1@81 enfiitegtiop appliastipes efinuny e groziire and hew §angasrcold e

env1ﬁ§1nhe‘ﬂ@§) ;’l;glufﬁal rei'ﬁ’rﬂéﬁtr @Mlcﬁ?brﬁtrfbf‘%ﬂé%ggbh 2 ?ﬁ%ﬁiehlcles may
I 0SS e | nmeal a supstrate ur er

not Gy HP%{P%hﬁbora?Ptl PRERnGatss € tahalse SIEP Fékl%?ﬁ gelzﬂre?%ﬁ% the

engineh@d dthier donditioas suhl a8 diigholuneild ¢t deod eaianlowadisket duak that

m01§t1?rre%§115] bg Pearcmg ra,tga,WI} %]éoatﬂg %l P gon%})vnf}q}ge %9 gt?ea%n aIquuf:()iefﬁter

e case
elen@hecadsocrde% heee epmpeibilitp bad n@tgilsaplymle tledtqruublb@ng filtered. Also,

econ%ﬁlﬁé SOt %SQ@FQ@I@E@OI@@@I&? Sl Ol RIS \(}uahty is also a

Mai ntaining target distance as opposed to a variab
consifesstioee facilitates greater control over the fine
fiber whi ppl ng time and therefore t he sol vent

[00 lﬁé]a ?l%? %ﬁ‘ﬁ]g%t gﬁge pr[e E}Bj%{l?\‘\évbg’? maﬂélf{ﬁatlon applications
incluzk:lp@d;tmeng tlmn ddtorallgieimeioo Pissudvaippr apr dratvtenfsubgect to meristure and are
resisH? & ﬁ}b Rhtial temperature swings, including temperatures of up to 100°C or more.
Under such environmental conditions for extended periods as would be experienced in such
filtrations applications, fine fibers made up of such polymers should retain all or at least a

substantial portion of their filtration characteristics.
[00110] For example, certain embodiments of the present invention include nylon

material which satisfies these qualities, including but not limited to Nylon 6 and Nylon 6,6.

For example nylon 6 material has also been spun into fine fibers including a significant
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equi pnent can be advantageous in fine fiber |ayer
characteristics.[00101] (b) Electrostatic Spinning
weoioensided & El ectrode/ Media Spaci ng [ 00102] APOI/0182008/083206
factor in relation to generating a substantial anount
of fine fibers is the potential of the electrostatic
field. For exanple, a comercially avail able
amoptt ynearbes wdgt 100 FerEien e s En g L HaMples se
fortishaeida Hdw&lven; bth@s pelyinerit ineltaiahodre alsb @abntpmplstadied sbyfoath above.
60, 000 volt power supply. In relation to the
commerci ally avail abl e El - Marco NANOSPI DER nodel NS-8A
[0011450 (o Shlvient Setection &dtalymerioSokution Managemant wer e
acconpl i shed by providing additional voltage
ener ati on power supply, .so that an electrostatic

[00 ﬁ?h Oogreaber htﬂlilﬁhp%ﬁo@ obsalumt sclatiye t@olyamr évdstirghan the one
hand, ibaf ﬁh)éo lh[ghra@% pretveﬁat driimtgbit ifBe Fiber @dﬁﬁfdt @nEbRUToo htgh of a

solulify BRPoioB SN Spusg SPylfTing SR boNATE S it e Bk A giption.
Howepomn thehgreaentha soleént fprdpertsong gnt&lrait}eajthnilﬁf) pOI3eF6ine fiber product

is exg)étg{ql%le&’ V\;lg{ Sﬂ%h%o \’69?50 A& enrl@le ¢ ot[lpegh QP]%R%@ ééyaﬁ&%es as it

- C acl vent base sol u a ce
is befing ¢legtraypen Howuthe spianiag ebﬁ@@@tabhqzsmtmté awteriph dooudd; one

fact$Qo BOComR1fcd 1§§cﬁvé~h& ?iﬂp@ﬁﬂ)nf or el ectrospinning and even
nore preferably at [east 95,000 volts. According to

sonme enbodi nents of the present invention, an electric
[001f1BE! dSdredrestle@lonrBylsbe fekbr dndtdepatierdbinPRE upod B2, fobner

selegfP iR ol B i S B e r o by on e
employkd dgeopductivity ahd surdice nens'mnesooEbll te indlyddre lerseoh pelgimer

dissgo% a§9111 qs §1ﬁtaHElf9% éilXS % ﬁ%gfblﬁﬁergsg orfh te ad@@é&ﬁhctwﬁy

|es I ncl udi ng nega

contpd geent glw 'gﬂjugrg thﬁacgpng@ctl‘yg‘ré@nﬂ Guidegedenian Qﬁ«tbe polyrnerlc solutlon to

cont®)1 €k ReMatidCarld @herat fid@ BBk adbordihgRb e l:ﬁﬁb@)chﬁ'lent The
IIect Iectrode is subject to gﬁg{ou

con tl&lﬁw F? fenpinR camrol geery nuAvEpeipdgealisse %tﬂnéathqrag%ms that
affect@bh(agﬁvgjz NRY &icorignaowih oﬁmmb()dlmbhl\l\mee:bnaﬁbtl@np osntied agent

1nclu e F%S?dd’c%vg aﬁc'(t' Eu?%\é %ensmg ??cf“u%ﬂg?e] g%ﬁﬁlg {an a&e{ltethat lowers surface

tensm)taed ﬂcpvaetrs ofndeictinier). & l@wer outéace e¢natqn\p@dtcon@mu~myi harelyeen found
to b@?ﬁb@%p%%ﬁﬁg%tgqhﬁﬁelsﬁb& f?llﬁ{atlloh abccbrélln Qo Qﬁﬁé&lﬁkﬁtsth%rem

evat e trodes lve to gr a sane
Speqifigtiyes Bighcrrandastiityiaar or Reraechersigieh bel‘{ﬁrv@ﬁéq @%e thetfine fiber

thredds tdsmﬁﬁ ﬂ}‘é&f qlicktlp fieviedhd @bﬁnﬂlgsel/&h@ﬂé fovaiml ehe\clit@®@ media and

BTN TR N IR G —
Taylo® %ﬁ&}at@lwiecli rddecesgmvhambalmnnsmfmlfﬂbegﬁn@drabvl dovaccur

over a sufficient distance to allow
[00114] For polyamides such as a nylon 6 embodiment and example, a suitable solvent
includes formic acid as a dissolving agent and acetic acid primarily as a conductivity control
and a surface tension agent. While acetic acid is listed as a potential polyamide solvent, this
is really not correct as it will not break down nylon at room temperature, but instead heat is
required and nylon will tend to precipitate back out of solution if employed. As such, a
combination of solvents is an significant aspect according to some of the embodiments of
the invention. In this example, usually more acetic acid relative to formic acid is desirable

(e.g. greater than 50% acetic acid and less than 50% formic acid). For example, a solvent
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for evaporation and whi pping of the fine fiber strands

in Tayl or cones from i ndividual spinning |ocations.
woe@besmhd y the filter nedia substrate i s sepaPEl/Bs2008/083206

fromthe el ectrospinning el ectrode usually by at | east

3 inches and usually not nore than about 10 i nches,

typically between 4-7 inches. For exanple, for a nylon

havig Bl 261 $r5HE Exidant Abl SIOBAG DS BT UHR PopegBErbly
thin fina ébtishadgerdrmhomotews with verellcsrfidet génehﬂfont(tlﬂﬂ@taﬁqﬂe is at
concteﬁﬁzlt? rt—g o% Iggo fflon‘%nc a HF ‘Eﬂa?hs %%;8;%5]/% t]gm?oe{yi(? ?ﬁd YEO 0 water and

|on e Suc ar ge di'stanc
99.9/sacsfit @@ti; aled knayrn greglediall dogtia #ped)s dmparftignlat, esizeable reduction in
fine ?i‘%ll s‘?&t WQ@Sh%'W%%f 8n 8rwHS B \Qas(rﬂ@d&@oﬂl%ujfeyﬂ%hﬁﬁl dc¥d solvent

qu hin_ rel e to target dlstanceborealve
toa 9‘?fébl§b‘i1‘?ﬂﬁfr?§eféﬁf @tdt forgEs. acgdaoﬂ@@l}ltl%PQS 4 ét@im@éyrﬁ%yeletéve to
solv&ﬁmhaci@ mav/au@%a;@mﬁg li91%h ExAnfpld dfAisbatderbede fRMNHodd FibehfoaMation.

hown, in fi.n neration e ment

Morg A3 R D lp ol Aboyciss ROTP Rt et SRy Hogd fiber formation
and desimablyithiedibteonst ant as each el ectrode segnent

transl ates over the nedia (e.g. it is preferably not

systematically rotated cl oser and farther fromthe
[001t1\§/]r gele) COAmll)éﬂMHO}lmemar get distance al so invol ves

the construction of the collection el ectrode. For

xampl e, |IIustra in FIG 1 and 7, a collection

lﬂﬂléﬁbctwcf@o apiagioring tl%?ﬂlfrtmeﬁvng%m djemperagireWhile other

temm’lrzﬁtu%s Matyibea,lsbca q)gﬁeﬁbryt deacipaatund &dirdlrzaébytosmbil factory
; cestl% (i (ﬁli itate suction I F
empgy %B%rfs%ea o IP%SEW PIRrar é‘s‘?slﬁraflgé”e"“é?fecgnﬁ g ﬁeé‘P?%Pul or
exarnmie,rmqampba tamiparagets @msbtedmo)eee@éOQF and 8QFovate 728k eing typical as
rooﬂlrf%gp% vveen surface portions on the collection
tro [00107] (c) Polyner Selection [00108]
Filtrati on applications often involve noisture and

[OOIHQEt @%@f@?bﬁéﬁtﬁﬁceﬁﬁ}/élﬁt%r%{ﬁ%y ad1@ls f@é‘t@f'ﬂif&fts &la oraiuon and

PRIT Catl or onpus I nes or, v I Cl es
the sy offeat 15915 e bihg HHBYCIBE 15 ot WEBrDF Bei@AvEh Saint qraporates
resuRingan shihigtee Cibettso Aheatatlgehyeif alteeldﬂinyhty ivetoe Mg therathd soltvibetr
evapo?aqgst fob &gf]ckfyg glfthﬁegoﬂfegt eva ora tté/d %ul(g(VYy ha ﬁp)ers% ?ot%llﬂwed to

sture Yy drawn
thin Buﬂf"m@ntlamdlm@l inibelieved duaia ms@haazmi forgecthicgigh whum:nng action, which

unde,% Qﬂﬁ%s%lﬁll@fﬁldﬂélsﬁbé}?&[e% &g&l&h@f hbéry 1%'3 i Q:ttoé1 ira%‘i"dzlgl‘t’(?afford

i qui d_bei ng

fiber dipalopinglrayas §ncshadent PiHGRPIRS agtiones ﬁ% nvijopental control of

humccﬁ i ik &hﬁcéﬁanﬁggl rbItaMVét ﬁurﬁid&9 0B bERREH d@d@ﬂ()%kind[a@@ﬂftoﬁ]% isa
erred enbodi ments of .l nventil on

st [ EXEPT Bn TR TOEdP P OHET o CRRLmEE) § P& ity of

aroundttd¥ald.y. pdeferadty lohitwsol 4246%) watler ingoodkrd vaybhiadibet o

fomﬁ%t?.t ure and are
[00118] (f) Substrate Adhesion

[00119] Additionally, for filtration applications, adhesion of the fibers to the filter media
substrate is desirable. As a result, and in the case of common cellulose based substrates,
depositing the fine fibers on the filter media substrate with some solvent remaining for
evaporation is desirable to effectuate solvent type bonding and/or better integration of the

fine fiber layer with the substrate. Adhesion should be sufficient to prevent fiber layer
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resistant to substantial tenperature sw ngs, including
tenperatures of up to 1000C or nore. Under such
wepooeisnent al conditions for extended peri odsPEFUSIIOS/EB3206

be experienced in such filtrations applications, fine

fi bers made up of such polynmers should retain all or

at | east a substanti al portion of their filtration

chara ristics..[00 For exa certain
releSA SR P SR e ;}1 RS T RS D& prapion or
handimpeifitled media.c Adbastiorsi Ip&SfertahES;E lepsiaduiffidiest to prewbntdi mgnually
applﬁeldtpee r%g %or 1%%9?0r a&'g qﬁl tﬁ aﬂglols\yre %ﬂd ?e{aghi%lgéé éf I$$( %%hfe

as a been ers
Publiicm@bnu Non @0%7/@1 Qa7 ﬁl@tatqdé'ﬁ@UnhosmfPOﬂyamd Cobwosita i &reyl@@l., the
entn@@%m%ﬁl%r&v@ﬁapfsqﬂe% ﬁ%ﬁ? E‘ét%reﬁ&léj exanpl es set
mthhmeu1}hmwe wmnc materials are
al so contenpl ated as set forth above. [00111] (d)

[00120] venwhieltest h@br@pcﬁ@ls}ﬂﬁﬁﬁtﬂfln@i sleaﬁEb Mmﬁlg@msaﬁamg/retenmn
er (0] S 0
syt s SES oy tyieny0p &0 BAETs BaDuneRrD e RaaPe hoding

betweot fino fibergland shet foltqpmeadéntubstrate iyrbvited, iwterdbybafficient solvent

rerna?iRmQ 35" ffé néwagr %é&rﬁbe%)é)m@%sqg c&gta& \5’191 t;ﬂte 'fq)t% L8 B%{IBAU%% when
can-cause mer sol ve ther tha

depaskedtigraonr ﬁmreilamn tmm)@@@ﬁampl@é wathdgrraic aphie ewﬂv@mblvent

bondif 2B SdAPforaRARHIR Ivmh A1 fs8 B %di/é%'bstfrdté‘ 8 f;érkiﬁé 217 patent
I'O uct. i s ex rienced gy@fs her s vent content,

publifghgn. sHOPREST: HITSHCS BPYHS %\9‘&{?@9%&0 uet (G- DSBYGeY
layes) @tk ra@dbérenipleyadt he spinning el ectrode to the

substrate material. As such, one factor to be

controlled is solvent proportion. [00113] Sol vent
[0012#] ecTESE METHQDROLOGH®r and dependent in part upon

the polyner selected. While a single solvent may be

used, preferably a conbination of solvents are
[00122}| Jyeferctsminmiecuemplas bylosn goge pledien el @iveadatas
metHddolddsds YRR cah bk BaFhI f@f‘e@iﬁlaﬁﬁﬂ% FindifSePAnd flger FOAIM pdriidbters

is suitable for dissolving the polyner(s) of choice

and a conductivity control agent that adjusts the
[00128nd uEfficientigs afngkt ﬁ(tlfh‘ lezentienshobe olcadulieal mhg/ffﬁrtioﬁal efficiency

f.lner

test FRUBILRT b PN TR AT 2ERE0E i g iy o
the raetodnlogyaoel th@rmmamn cxanedbelagent may i ncl ude salts,

acids and other agents that affect conductivity. In

accordance with one enbodi ment, the conductivit .
[00 lééht rkar thgyeping li%l!lﬁcﬁé%foathé’@%% dractiona) cHirdensy m%%@ology utilized

"ISO BT f1t ﬁ@@h&@twmeh @@afaﬂatﬂ@ﬁoﬂg&maetr h@bhﬂowgﬁyr EncSYf Ba@Sville,

Minp & Bt A BRI 05 90 ik B inc et T piges such

that b einghi tgstirfim canmbasutchtha perticlel dapturd efificnhcion fadcierdntpgrticde sizes.

Sggﬁg) é %EH}C? Q%’ %J/nrc]entfsa%%ﬁ 'aMi 8@ rk%_’tloﬁl 1§1§h%% in the e%th of FIG. 17.

ension 1Is
Filteg medin tf:ﬁéalfnph:@ (4 ¢ipaar disc of media of 100 square centlrneters as is

conventionally used in the below machine) were subjected to the ISO FINE powder in a
PALAS MFP2000 (available from Palas® GMBH, Karlsruhe, Germany), at 120 I/m at a
dust concentration of 70 mg/m>. The PALAS MFP2000 had with a corona discharge unit
(CD 2000) for neutralizing any charges on the dust to prevent false readings on electrostatic
charge. Pressure drop readings are contemporaneously provided by this test equipment via

pressure transducers built into the equipment that provide the pressure drop information at
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threads to junp nore quickly fromthe spinning

el ectrode toward the collection nedia and el ectrode.
WR2009/06B61l t, |ess tine theoretically may be SPenuUs2008/083206

whi ppi ng in an el ectrospi nning Tayl or cone state,

whi ch reduces mechanical action for fiber size draw

down. [00114] For polyanides such as a nylon 6

enbaodi nent . and a a suitable solv i ncl ude
the RS S i B BeE o0 Ay BT KR Db s drop
meagrrenmvents hiyd eenparsomdtanttbictiabyd @otht karhe asrdman Sloff @eeparameter.
tension agent. Wile acetic acid is listed as a
pot enti al polyamnm de solvent, this is really not
[00126} r eRyre sige distryfiuition dafia con bakncdswed nyhoa paite sizsghstribution test

accotrﬁﬂ‘? & §5ﬁ{fa?d ARbhT LASteath, Iﬂé:‘s%t cohﬁth@(ﬂHérEﬁ%cﬂ’@ ng@H s#bution was

tend reC|P|tate back sol ut1 on

condgigisddyelse fo/il@wg%ﬁle hgdelggpprdiequapment: s BMJ &Rereus Maéﬁﬁlals Inc. of

Itha&i, 3IV)fbr SRINC 23439 Flova P AINEHLERY- ted & ABECPP- 11 DA X-U-08182005-1446.
enbodi ments of the invention. In this exanpl e, usually

nore acetic acid relative to formc acid is desirable
[001R6] g.Fige atreididniaer” HO#Meaortekicofabé pressmd dise]susurbhadl chi}¥ means

and gegé?]ﬂ?e \91%1981‘ thic %ﬁ%sg )6?%?%1% ’a; 8b§é9xlle\ﬁea%55 @&’ 8%%1 sﬁe(rrllﬁing

aci d and ofm c acl een
clectron prerascepe €XiYhmeygsurementof mlivijlyyd nﬁsbeumpnﬂ@mas done and as

can B‘@MH%Faﬁihﬁ:aYP%r tFRIS ekl BNtGdichal, SeARE&hdi@dark tYidlly taken at an
a 'e’is centratjon | evels of: 88%formc
interg e{qg}ﬁnq Ee

T PR thRtRxtengs %twgﬁratriwxﬁﬁtﬁéfm og filper

portﬁ;ﬁs Qs% atgeSEM m:age ﬁgalres(} KESWNE-a9). gMa@Suaémaﬁmm %eﬂ&hl@ not
bl e reducti on nflza ,r Si
r

take%‘égrg?‘r*ovﬁ“? %‘ibﬁﬁ%‘ﬁ Sén%%%’ﬁl 98 %m\%%t T Stprs St in
this t@rtent @nd diedcl solsdens ndgtancangontloesat regnirofhaathetfiberseanel perfectly

roundoglfﬂo‘fl%ﬁl%rg? ﬁaﬁs ﬁlbés‘lrg g%g}eb fc&}%uI%P % 0{ 1&%1% B! shdll %é eﬁetpe fibers

ent | vent I S an exa
and {esbatoey eapsgantsolt igaetently yaknovay yhatitehtruggyess sectional shape is of

fine Pibeise @b h¥suphcd Phat thOfb @S ardhawd a BerlefAyPRFMMR Cro3®kdstibRN
generates good fiber formation and desirably thin

fibers. [00115] (e) Controlled Environment [00116] Yet
[001aMpt HEEST aO¥YD/OR PRODEC TION EXAVIPE HSUmi di ty and

tenperature. Wiile other tenperatures may be used,

preferably, the tenperature correlates to typical
[00128F t dinyth¢ tentperBplas deloan geesfifsbiwa exdmpiasiast cqntiod sanpplonof a

comﬁﬁ?ﬁﬁﬂﬁa@ﬂgb%\@ﬂt&eﬁle&ﬁ?t&fu‘bt 6]%91% td: t‘HE fﬂ?ﬁgg@ﬂeqmt is available

exampl’'e tenperatures can et

fromPepalgsop Granpngyt isi dinneapolip M‘\nfle @1% %&nﬁmésar{lmgw\?]ford
comﬁaﬁﬁvdt 150396%@”11&% b&liched giat ‘e lllcii:édﬁh %Jy])cfr}eafﬁadehh %céoﬁl@fhﬁé with

ClS orati on an a 0
metifdofo SRR 519 & pB6 MaleperrRaforRat i Al G BERE et are
assigned po Datddsanesich bis B iPatenhNok@743,2 TietosChudigtee ln adrisueilar, related
patehtf intsQr%e ?Ml)%'. tRhstPort Qﬁ)alre%\fvml{lﬁﬁ@ tteﬁgen%g Y &Afer and/or isopropyl

alcohol, the fine fibers appear or are believed to be a derivative of poly vinyl alcohol.

[00129] Example 3 is an example of commercially available filter media substrate used
for Examples 4 and 5. Example 4 was made in accordance with a beaded endless chain
embodiment as described above in relation to FIGS. 1-8, whereas example 5 relates to
observations of an embodiment of a filter media composite made with an El-Marco
NANOSPIDER model NS-8A 1450 machine, available from El-Marco, s.r.o., Liberec,
Czech-Republic.
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evaporates too quickly. If the solvent evaporates too

qgui ckly, the fibers are not allowed to thin
wa@edobiogizent |y which is believed due to mechani Pel/USH08@83206

t hrough whi ppi ng action, which undesirably results in

thicker fibers (e.g. the polymer fibers precipitate

too rapidly to afford fiber draw down through

hani cal i ppi ng action). As such, environment al
ngﬁlitrMa ted dity is inportant. A relative humidity
of between about 40% and about 55%is a usabl e range

[001%?{ at | v{(;gp W mpanq?llh? ar oungmﬁ Af@)é! re]walla% t?lgérrgrge{gﬁa co%lposue
prodyet Meedson @@%any,elggl, Miniqapeléo Miand Cvewerum the fned@rwas

contEi‘ﬁEM 4 %rl goﬂ{%&]me(dflé) S&M&t\xlé}% %af%ﬂh@%‘e&@v&(pﬁ%ga] cartrld%e for

ti1onal [tration ] pllcatlons hesi on o
test%eON%‘éart@nﬁ éhqvvf‘éi th@q t’ﬂ%ﬁ“ﬁé&i’%\a §%EQ$t§t1@1P‘?d&e°§aFS§bﬁBer media

subsfgtean4t&Sallahd adz%@r bRfihdfib&adepRitcL BidTON. ARIshowe sxethié@sﬁﬂung

clec IR ERG0E PG SHIF- Sbrtbes B-TBHE OF Qi g @rthe FRE fiber layer
was ebsopordabitgncdlly gleserthinl €0¢ mnefdeerrs arat theiwobasent a sigpdicant
amo %@ﬂﬁ% {js/\Qﬁh BSHte fefrs éﬂ%&‘s%%# L @b tt%?s fine fiber
ervvl the su rate. Adhesion s
suffl cient to prevent fiber |ayerrel ease si rrpl y

[OOIBEI Ouﬁ{b Jdﬁ%sﬁ‘&n@dif '1H&§d[ed0aVI§ar51sté¥glﬁ ANd/oanL4060 9 ; a Frazier
br asi on di a. A%he ion js

r .

HWQHEY ag f3° é‘?FMe@sQ 5'3}’}%@% @fﬂé ﬁtcaflaer;sge’@@% 0 uzﬁﬁtgwg results
1nd1@}ﬁ¢d ﬂh@tdh@ €@k Iﬁ@dlﬁ 6@l quilifyes oMERWCE (bhdch ohl’fﬁictlonal efficiency
dtag | os.ur.e ap a hi?géégg US Pat ent Publication No.

a %‘11855‘19 eé%%’{? 18P PaPY ffosi c/ Pol yani d Conposi t e”

to Frey et al, the entire disclosure of which is
[OOIBSLebP’orE Qce FR(PPQ&?O‘% %’ﬁ&%{l RlCfata 1509%{%9# W&% ak IP&[O%VS and/or
osa or utilizing a separate
are S{h@WGlllihE G2tldrinddd. systems (e.g. U.S. Patent 4, 650 506
to Barris et al), preferably, solvent-type bondlng

fiber nd the filter nedia substrate is
[UOIBEL\A&E"E’éeﬁ\Aﬁg @Hﬁf. ci ent solvent renmining on the
pewly f rned_f_l_beps_con:ec n—contact—wth the filter
k&St a subst Fat e |wheR deppsit3dd tHerMsan 1 r8Dati¢n to
Nuphloar exanpl es with formc acid, |excellent sol vent

baRgi ng| cagp.9ccyr Hgrg exarrpt%vvithmw 0se4 gased
éJa,I a suosgrate as @gl‘ The 8{9!./ %8 pUDI I(():(Iu7l on.

Sovra | aviar ey

SIUURN olies” 08, 0] betdwen| | agePs) |may3 B0 b dfpl byed.

[001Z2I] TEST METHODOCOG ES [00122] Before tur nng to
[00183 NPT e bel@itul SO REL O] PotcWiZl(uk¢ gi ven to test

Test Number 1 2 3 Mean
10% of Flow 15.89 17.8 16.7 16.8
25% of Flow 12.06 13.5 12.7 12.8
75% of Flow 6.38 6.4 6.3 6.3
90% of Flow 4.53 4.7 4.6 4.6

[00136] Table 4 - Fractional Efficiency Results

Range (,um) E (%) OTHER DATA
0.237-0.316 66.66

0.316 - 0422 67.51

0.422 —0.562 73.80 Dust Concentration
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met hodol ogi es that can be useful for evaluating fine

fiber and filter nedia paraneters [00123] Efficiencies
W@g00306736Drth herein that can be measured usi NBCT/US2008/083206

fractional efficiency test nmethodol ogy generally

according to standard ASHRAE 52.2 and nore

partl cularly to the nethodol ogy and equi prent

0.5%&'0' HeRdpel 03’67(bU9144J FOT THIFT TeS], resul ts set

grtp—heret; att rat—efeteney—h (0]
0-7§b Qﬁ SQ %z' tlest nnwripr wl)‘ln ch is a aig|y61b| e
1.00Pom @Mvde' Te¥hool ogy, | nc. lIowHRatasville, |M nnesot a
1.36Rar1.7®. | SOI51@303-[1) . Thi slJwerL/nmal udes
1.79%adpayed :Jart%:gys sizes such that a single te?t run
T | | | i [ ciencie r
23Z|Tf_fi'j 2:‘ har f%ﬂgi ; ;e: bgg:f%szu”l‘&teb ;a:"f f i' eosi ze

31§8mggg7m on 9a9rai‘jgd| stributioS@dBhown in {he graph
4.20f/ F5.62317| Fi99.8F nmedi a test sanples (a cifcular disc

5.608 npdba of 108 suare cemitidTHestiredPrbs

nv nat Ty, a it oW machhRe) Wer e
74§gu1 E(? bg v t%%6§8u i 6287 i P MFP2000

00168V ai kakhglef>r om Pal as(r) GVBH, Karlsruhe, Germany), at
[ 12¥) 17'm—a$|—ea' dust concentration of 70 ng/nB. The PALAS
MFP2000 had with a corona di scharge unit (CD 2000) for

[OOIBS}H I"Bdstszib 18 paffyrnedicdnaas s@crsumeﬁlfw ﬁ{edtacbfré&@fﬁﬁ[étl forh&®oses of

ot S ba b Bl Rieg s G8RHBiiso 0GR Ty i BYebs:
Speefjcillymembples af the essmeridllyavadabde ﬁﬁertmedm compaesitetpeoduct

Dongliag(ﬁp ﬁe&'h filc. %ﬁ%a%%hg hlsli [ gv%feﬁf ifst &faﬁgd inqgcg:{ B@l afdhol to

dissqlsie amﬁb‘thefeby rgpeve thhdine ﬁbersl@mre The é‘me rﬁ@alssmpewéﬁd to campletely

dlss&QSfHﬁ%bﬁ@ﬂy?i amop %vl@&ﬁ@ Qvl@rﬁsdﬂi‘@pﬁ ﬁ%h&mogénoéé’tﬁ@§&vent
neter. Pore size di's but i o?sggat a can

The ﬁ%}a@ } war @?lh@ﬁl Gdp drsioLyappratert %wppr&ﬁy enbandoth Elil

samples staneasdd ASTM - F3 16. For tests conducted herein,
pore size distribution was conducted by the foll ow ng
nmet hodol ogy and equi pnrent: a PM (Porous Material s,

[001B8E. TBtfe subbteatameNiv)intindmich @ai weightyof il O [RGOONEL;erFrazicr

Pem'f{'&gﬁ ty 6915 %@FM @I = )Osallﬁ%(?:gﬁ%ﬁgr%]igkne{sg Qil%eﬂnl F'Tgs@mg results

mdumtésdcqh@tstb@ éltgiacdin pwe aelifiiss %EIRVelﬁe(b@seﬂ l9e fWiCHt)IFﬁl 6fficiency
data$, RiigkpenfiaPprebiub@RpT 39838 PYed and/ or measured by a
scanni ng el ectron m croscope (SEM neasurenent of
i ndi vidual fiber portions as was done and as can be
[001946EN Rprapiat aad fryctidnafdfﬁﬁend}&eatgdat&ﬂ Example,2 werg_as follows and/or
asur are,typi ca taken at an internediate
are s 88?16%%2@@ 1% nfielge?/pport [ gn t hat extends between
transverse fibers or fiber portions (see e.g. SEM

0014TRIeTIHIONL BS 18-19). Measurenents are
[ ggﬁera% 'y not reSI{e |)n areas where fibers strands nay

WD@EL ey e et O OVET i ag- The MJéiaﬁ”':‘ er g]bl
Number
Max 27.4 28.4 28.8 28.183 0.73
Mean 9.0 9.3 9.6 9.27 0.30
Smallest 2.73 2.23 1.90 2.2867 0.42

[00142] Table 6 — Cumulative Filter Flow, Pore size (um)

Test Number 1 2 3 Mean
10% of Flow 16.93 17.3 17.8 17.4
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this context and the clains does not nmean nor does it

require that the fibers are perfectly round, although
wao/oenenl | fibers may be circul ar. Consi der i PQI/UR®08/083206

small size of the fibers and technol ogy constraints,

it is currently unknown what the true cross sectional

shape IS of fine fibers. It is assuned that the fibers
PR R A PR G T - P Sl
75W19WQ hel nmp fi?i-I;\nt\ (57 pleg are Odhi r al
90%enigfles of |a celfdr ci ety a\]gi | abPe fillter deldia

product obtain prior to the filing date that is

[001él\°7h| | Bable7 £ Feretipen difaciencydespliny, I nc., M nneapolis,

Mnn. Such control sanples are for cormarative
Rapge opses. | E (26) bel i eVOTHERIDATRA nedi a may |be made in
0.28gcopdapce| W t4g gpt hodol ogy set forth in ong¢ or nore

03qgte@h2§pp |ca§2& in the field of fine filbers that
ghed—to fratel son suc as—4d-—S—FPatent No.
0422 A@gggu 0 1 et CQ H ritlﬁﬁ'thnegl at ed pat ent
0.568 ~s@#80f afi | v751.-4‘§ased on aDDa?Qent gog/bi | i{y tendency
0.756 Wwa0e6 and/ B2.26oprpopyl al cohol, the fine|fibers
1.08DRERR3AI Are gyeggeved to be fqog,q%&gatlve of poly
IRV I 3 AR X A T R T il R

T T G ToUO G OoUiootC

1728 B4 4 Y D630 Exanple 4 was made in accordance
2.3ilt-h3.d6Reafded ¥hdd ess| chai n ehtoddustnt as descri bed

3.18bovein rel atgppito FI GS. 1- KO Wies eas examnple 5
2r19| a5%§3to oosyfg@tl ons of an enbodi nent of |a filter

UI )Y, DSt l 1 UC . = d |
ST IGTTr (5 TR0 I s Shien, Mwest DR o
7499be1(é@00czrecr9i%%ub| i c. PB8430] ExanpPe 1 [00131]

Tests were performed on of a comercially available
[0016#] + Exapaphed conposite product Donal dson” Conpany,
Inc., Mnneapolis, Mnn. Considering the nmedia was

lﬂﬂlggfe?tﬁnfSSW%E@%&f@%ﬁeﬁdﬁ%ﬁﬂaunea?tﬁ{%faﬁge ¢l forg 20 UL Hiber

matdthas eubsabicdiier stedisabattviatustdas the btletratvadaterid dopibs ifine fiber filter

media (icol %@% ?f %Pa%epﬁg 4bfTIPé 1'31?% tr% l{%r ﬁtéﬁ%at&/%t]p% @%&Lfr@n ﬂﬂgjtrorn of

undetrﬁlee @admedgl desigoatianAR]- %f 540@3184 thargew@fnome@i t0118repare the

sam;lglb*?lﬁﬁug{ aRbFopPfalddiBl §daﬁ%sf\x}a§%6§e foh Exb&: Pe'f‘e fiber
ayer was observed to typically greater than 10

nanoneters and there was not a significant armunt of
[001f4'6pe Thdabsirar i ddiinced&r Sbaafs Weslst dfi3ars 158000 ft”; a Frazier

conposi f.e nedj a included. a ..
PerGELY BEr 5 EP 32055 b 308G poer igkpn O vl 8bing resus
indicated that the filter media could qualify as MERV 12 (based on fractional efficiency
data), with an initial pressure drop of 242.63 Pa.

[ )

[00147] Pore size and fractional efficiency test data for Example 3 were as follows and/or
are shown in FIGS. 14 and 16:

Table 8 - 1 2 3 Mean SD
Pore size
(um)
Test
Number

Max 40.6 39.2 42.6 40.81 1.68
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Perneability of 13.5 (CFM @0.5" W5 ; and a cali per
thickness of .3 ml. Testing results indicated that

wao b@9Ne13ser nmedia could qualify as MERV 14 ( barerdus2v08/083206
fractional efficiency data), with an initial pressure
drop of 362.87 Pa. [00133] Pore size and fractional
efficiency test data for Exarrple 1 were as foll ows

0T BT e BOWI TR G5 T gnd 13, (POISAT papie 2
Smalkﬁst AN SR FE T PRI SN LT A Y

onG8] - S e SIS e S PR -

0138] Tests were
fnr nllrnn affanhflnn to haffar

ta of exanple 1
evaluate the

Test Numhqro eristics qf thd find

10%petch oinc al | es23f3 t hg co@dl ci a

fi héeathyer
: ||y a¥&Rl abl g
25%] bt ElowTe SI tqm oddct DOqral dson Coppany,
S%n&f}ilow n S\Nere TI I'r‘7BI7 soaKeE I F}f 6 sopro
90d ,IL:I{EO e—anfttther cu_y l-glluv the—fitne—fiter
th: f| n her s gnnp rpd Pnn'nl et el Y dissd| ve
[00]\7!215 iﬁ% al coh .S V\,hy |sopropyl al cohol
al |l nvwed

1 chéract
|y, 23367
li a ¢pApqg
1eap0y 1S,

D—CH Di%f‘.l

pyl

t o

T

U

ag AL i@?@%ﬁqcy ssanpl es were then
Rapgehl

wer e

'-lr v to a\lonnr ate t ha | c-nnr r\n\ll c-r_)| vent and
0.20€ ci @.3ilﬁc|

@Eﬁ%mbﬁémg] The s\
s wei ght of 71.27 | b/ 3(

IdedB3basi

O 3"?65126) ap2 Pel

neapib,@ty

of 15.3 (CFM @0.5" WG|;
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D00 ft2;
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a
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”z?f% or
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i al
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1.000act Bd4al
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[00151]

fine fiber layer was prepared using the substrate media of Example 3. The composite media

A filter media composite having a cellulose based substrate layer and a nylon 6

was made with a endless metal beaded chain electrode (an embodiment that used one
beaded chain cell) as described above in relation to FIGS. 1-8. Environmental conditions
were room temperature (e.g. 72°F) and a relative humidity of 44%. Fine fibers were made
from a 12% nylon 6 solution, in which the nylon 6 was dissolved in a 2/3 glacial acetic acid
and 1/3 formic acid solution (the formic acid used had an 88% concentration, while the

acetic acid had a 99.9% concentration level).

[00152]

electrically coupled to a negative 45,000 voltage power source supply and the collection

A 95,000 voltage potential was provided. The metal beaded chain electrode was

electrode was subjected to positive 50,000 voltage power supply. The target spacing was
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under the brand/ nodel designation AFl-23N4. Thus,
there was no need to prepare the sanple through an

w0 s@poapys al cohol soak as was done for Exanpl BCRUS2008/083206
[00146] The substrate nedia included a basis weight of
59.8 I b/ 3000 ft2; a Frazier Perrreability of 23.4 (CFM
@.5" W5 ; and a caliper thickness of .4 ml. Testing

.resul s indicated that e filt oul d uallf .
R BN R RS g\eéﬁ@%%@ getog His:
inchag) with the ahbspaessadieruaradpr afd i243n6dt Wah tHe@dlldotionRd¢otrode.

size and fractional efficiency test data for Exanple 3
were as follows and/or are shown in FIGS. 14 and
[001£38] [ 084 ywiTialihesc@nningglegtren-mierofiopt émag AW 1G9, dibst dameter

of th(e'fme f[b%%:hﬂ%e ﬁfi’@ﬁ@erl%er whak @B§e‘r%atb tﬁédlg' 183G R S meters
Exanpl e

oSl
Wlthr?a%m@caaﬁ AP Qfé@e kfﬁ@w% B@meéar%mi lsvéharah&)n%ﬁnﬁme&ﬁﬁs gFor
rnulfﬁplél eurfsiaB@for bByeevativa SodatieRASEN UsichttibReinglthet tiadt ypically

berwpop i R0t ﬁ@i&@%ﬁﬂ%ﬁ%@?@&éﬁ%@%ﬁ%&d 100

nandnh@¢rsused one beaded chain cell) as described above in
relation to FIGS. 1-8. Environnental conditions were
room t enperature 720F) and a rel ative hum di t]‘y ,
razicr

(001581 44The QonesHe mé@iﬁ@u@edrm@@sfwe;mt@fﬁmrny/ﬁa@pfs a

Perrﬁé?ilbﬂfty 8122.0 ick @ho. 5'hey iy |08 aRaWRs tRibR&AY Mﬁ@ thil @es%fn% results
| acial acetic ac d an /3 for[%,rﬁsam d soI tion

mdl%er%he the FMPRYY W&amg iag @yl d B Bras MERYNL S (Harqderny %@twnal

efﬁo&ﬁﬁﬂr Id@ta)’,ﬁmch zhﬁ@htatl PRsOfke dﬁipc‘cff YR &BiParfc ey &ﬂfﬂeren[c@ OfLR2] than 1%

95 000, v ot ent i was provided. The metal
relatbvee BN aﬁeaqo @%QEE @ s electrically coupled to a
negati ve 45,000 vol tage power source supply and the

[00 1‘5@1 ! eIEJTE 0fe Ghe ﬁﬁ&ﬁ%ﬁl é’@ﬁleﬁ&meﬁc&a@fo‘f %x%ﬁfetél' \%@TG%@ &%chf and/or

e(gower su t'arget spaci ng  wasnai nt ai ne
are Szh@‘fv\‘!ﬂé@sﬁ $re15r?élﬂdl6 beaded chain el ectrode and the
collection electrode at 51A inches, with the substrate

i run.over and in_contact with the collection
[Oolgggcﬁ@i%llo g?ffé?]e(ﬁﬂ@)shom in the scanning

electropn-mcroscope inmage of FIG 19 fiber diameter

oFesthe finelfibars i2n the fide filbeMeaayer wasSD
Naimsterveld to typijcally | egs than 100 nanoneters with a

gRi filcamsy. gm)unt 39f0 f1pe $3bers wat4npijanet erg of

| oy, L han 9L)7J %tfrs I—@I‘ mJI 903%7 uns a60490r
O i V1 at+o A€ a—t+hat
%’ﬁgﬁtal | y 313?\/\” 2@% OO/ZSS% of f| ne fﬁlf@r had

d| arreters bet ween 50 nanoneters and 100 nanoneters.

[00157] Table 12 — Cumulative Filter Flow, Pore size (um)

Test Number 1 2 3 Mean
10% of Flow 17.88 19.2 17.0 18.0
25% of Flow 12.81 14.3 12.4 13.2
75% of Flow 8.02 7.2 7.1 7.4
90% of Flow 6.66 4.8 4.7 54

[00158] Table 13- Fractional Efficiency Results

Fractional Efficiency Results
Range (,um) E (%) OTHER DATA
0.237-0.316 87.71
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[ 00154] The conposite nedia included a basis weight of
61.05 I b/3000 ft2; a Frazier Perneability of 22.9 (CFM
wW@®9H673¢5) ; and a cal i per thickness of .5 m |PCTES10081083206

results indicated that the conposite filter nedia

could qualify as MERV 15 (based on fracti onal

efficiency data), vvith an initial pressure drop of
03483 6?,7122'3 €. 98,8§70| fiference of 'ess than 1% rel ative

o—uhcoatetd—+e Ecarmale [ 664551—+Poet e size and
OA;Z?.’-TPQSEE ef f ~7%nr‘\/ tquuﬁ;\ﬁ’ﬁ?n é;qtrq:‘c lel4 were as
0-568H@>\7(é0an3|/or9?a1‘é shown in FITS 15ngmd 16] [00156]
0.758bl €000 - | Por%.88ze (M) [00157] Table 12 -
1.069Tu] a8 ve| FITgegg FI ow, Pore [rgepi@m [001%8] Tabl e

L33d LIRo Traloddd™ e nge (2 ‘-F/o'f/Lll g:il’dl')ATA 0. 237

oo

1.778 2371g 87 791-%’51591 Exarml e 5 [001601 Adilter
2.3medi 2162nposi t99.54ving a cel | Tesvgdusbased substrat e

3.16ayeq 2and a nygpap6 fline fibershayes was prepared
42lf§i ng@ge >uo§Qb@r0e dia of Exanple 3 according to

rsof—txaapter4—excent —that—different
5623|||a’l7lzr'g§f NaS qﬁiﬁoip7p ; n]z]mrl} ,Tef“:ﬁmqtp.fom/m cO
7 ARBNOSROORR| mpdB0.0Rs- 8A 1248.89ach| ne, Beailabl e from
El -Marco, s.r.o., Liberec, Czech-Republic, and that
[00158Yi fExammpleds were made to the machine by increasing
the vol tage supply to 95,000 volts to increase fine

fibper oducti on. Envi.ronnment condi t e ro
1001l e B i W mpe S e ST lsRe Pidrd SHONEEHA gergnd & nylon 6
fine 480 laférneasfprieral wdethoadsthteantda d:ﬂl%xmqbleﬁ adcording to

paraﬁl% ?.& 69@)&3.1111&{11 W;éx%lg%;t 5 d%férgﬁlt I%g%?e]ngwig’ 8t11¥%e ﬁéﬁaﬁne&f}gnze(n%l-

ormc acC
MaratNdNQ%HD’E&dmadelmﬁéoHé@ meachtnicoavailaple Ifeom FeMuacest, b.¢.0.,

lee'?éE @z@éhdR@pu%ﬁc %@dqgﬁ%lﬁ@a&loﬁg‘wlefevrﬁ!ﬁe to’%ﬁk rnachlne by increasing
[ éctrostatic 11 el vo t%g‘é ferentl al
the w&@gwwiw@d” GﬁQé’Ot“éF(g’é‘Preé Hoy. hEnemnﬁrWl%
concﬁil@fstw&s eocfm d:tn?]ﬂ'éeatﬁl@ (& gcmm alﬁi zﬁfdleftﬁz@ @uafidiby df 4496.hEBe fibers
e r uns

wer FRACHO G ERG hiiBa T PhRt: Biehctkisegineth v fsfuVed R 273 accii
acidiandil Safoedictdvat soytpind@id fprivietaclanscdbaditn 8%co08nohtidhevhile the

acetl% (?8% Held2&Soon gy %%%(&lffez?ll? € A \é\%?e%trgga@caﬁ@l F & g§ 080 @oltage

—

anoneters. erences I NC
diffoserial was pwsledp atherfereghyariagbeoyrsn tlmﬁpnpnm&ﬂ@@rmdeta@d the

collection electrode at 5% inches (measured at the closest point). For multiple runs and/or
observation locations, SEM observations indicated that typically between about 80%-90%

of the fine fibers had diameters between 50 nanometers and 100 nanometers.

[00161] 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.

[00162] 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

2% ¢

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
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herein are hereby incorporated by reference to the

sane extent as if each reference were individually and
wap@eioéizeal |y i ndicated to be incorporated by PEF/ESBNgE83206

and were set forth in its entirety herein. [00162] The

use of the terns "a" and "an" and "the" and simlar

referents in the context of describing the invention

. .(especially in the c ext of the fol OMAn cl.ains) i
limi g WD) s O LB GOy BE R o Feheey A A e Dt prrgherety
interpledt@bervelm s ribbiemethsd off rd‘emgeddlhﬁnﬂilmtowaclc k?ﬁfdtc}/value
falliﬁixﬁv@ﬁ%&bg %a,%gﬁ,glhlje%? :]o]gh,% 1se y&% rl{(}?eﬁrll na%,%a&l%e{ﬁ%fa%eevalue is
incogmmased mt1@§p©cpﬁwti@ndledf it eznerasm(iuwd@lally mesited herein. All methods
descrlb@&héfginr&n b@?@rf&%écﬂ iliah € uita®ic c)rdé‘tnﬁn%cﬁ ofHeRE1sWiRBeated herein or

noted. Recit 1 on ranges of values herein are

othepise Pg?aﬁlhe@ﬁ@é@tqd&oyS@r% ashquseHy epp apdiakhexaipr|cp or exemplary

1angﬁ@gee(e rgl n‘gudhm@l’)/prdwaledl Hereth, gaﬁten&mel@t ovo@hgleﬂlﬁﬁlhﬂat@me
era ss otherw se.indi cat.ed her
invelfier wilL oS BpEREE 4 1P PRt o8 the Re8PH 8F B Gy g Ul Otherwise
clairsqk CN6 langtiagenn dise dpkcilficatier shoitkdievdodstalcldyas ireli¢dtiad any non-
can be perforned
clairE] Qeflon s os B0 TR BT R B 7 c Bt e
hereln or otherwi se clearly contradicted by context.
[001'551e blﬁf%fe?tfed %H%oéﬂ&én@é of (R JRhESH aRrdeSt AR hdfeth |u?c@19;ﬁ§§ﬂ1e best
g al provi ded hgﬁeln S |ntende d
modp S @ CNYCRHAT ST E R HOL MU BRITBHIEH GV BBE M GE 'Iféé% picfprre
embbdhl’ﬁeh@tm@,nbdmnfe fa@pﬁ@@lﬁe tiefse ol erdnmtﬁ gltillam thﬂﬂrﬁ@ﬁon reading the
rW se,.cl

fore iR ANeE B U TS TR SEe ity f SRl it hrions as
apprepeareinddisc mss@nisiiaicnd ﬁorttln@mprmam tode pfactibel othermnsd than as

specJQchﬁ? %% CEI%E& ﬁ&reﬁld &&Bﬁﬁ%@g hi 1RV ttlgh ‘?nc'hﬁié? Efl 'n{mhf%aﬁo?]s and

erern, 1nc nown

oquiv#grin P spbieCtaBRtioyIresiedin t%tewbalmﬁ @Emnid%herv&rﬁs aeaisd by

applRhblehas & MYUred et rad cSﬂfBﬁﬁhBi@ Bf fhe %UV@@&@H&M&%@B In d1Ppossible
.those of ordlnar i.n the ar

ski n readin

varigtig i RCRPRISES by v toa g s Sbgpiss mg it drein or

otheawist siamdy tentewdjvtalbystomiexvar i at i ons as appropri ate, and
the inventors intend for the invention to be practiced
ot herwi se than as specifically described herein.
Accordingly, this invention includes all nodifications
and equi val ents of the subject matter recited in the
cl ai rs appended hereto as permtted by applicable | aw
Mor eover, any conbi nation of the above-descri bed
elenments in all possible variations thereof is
enconpassed by the invention unless otherw se
i ndi cated herein or otherwi se clearly contradicted by
context. WHAT IS CLAIMED I1S: 1. A filter nedia,
conpri si ng:
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a substrate | ayer of perneable nedia; a fine fiber

| ayer carried by the substrate |ayer, the fine fiber
wo 200006736 | udi ng a signi ficant anmount of fi berBCTMISI008083206

di ameter of |ess than 100 nanoneters. 2. The filter

media of claim1, wherein the fine fiber layer is

sol vent bonded to the substrate layer. 3. The filter

La.of .clLaim1l, wherein the significant anobunt means

VVHgﬁ§§QPH&H$jﬁég}iber | ayer includes an average fiber

di ameter of |ess than 100 nanoneters. 4. The filter

nmedi a of [ i n. the significant anmount neans

a (rilrtean ﬁlt&n%d]ra 3 $¥1§1pg1 ess than 100 nanoneters. 5.

The Sﬁbﬂtnamlamdlfaemeableanmla, wherei n the significant

?'T'alffﬁ% Hﬁ%ﬁﬁ%@éanh&ﬁ%ﬁl thé §ubéh%fe 15{@ the '@i‘ﬁé %bbﬂa&&qnélh&‘iﬁg a

ber | ayer have anet er ess
signi{ieAptrasing of Bberyéthra 4%@%%@?%? thyn w%m%wglet%er ein at
| east 50 % of the fibers in the fine fiber |ayer have

medi & of FELFr BT HAPE §. SPOFHALE 17D ST THE I flspanded o

the substtdtelafyeme fi ber | ayer have a dianeter of |ess than
100 nanoneters 8. The filter nedia of claim®6, wherein
at least 70% of the fibers have a dianeter of between
503and Tbhe fikanwadieef slairg 1, wherein the eignifsdntanpfung mghip that the
fine WBEY B & ih1Bds! aﬂ@w&'a%@ Fb&QUTRhESLST 1BssRRAY &S ndnbaetdrs
i nherently hydrophobi c and not water soluble. 10. The
filter media of claim9, wherein the polyner conprises
a l4y | onThd LiltedMedikiolf tRim Medheérchf the kignificant ath@me hdatid¥emean

i_nat ubs rate | ayer and the fine fiber
rbef RO BN B G er s, TF any. has an
efficiency of at |east 90% f or . 75-1. 00 m cron si zed

past i cl %e fifte I'ﬁe!h%%?cfa%ri Wherd? ayeﬁhﬁfkﬁﬁt a{n‘ibdg'i ﬁ%ﬁﬁkf €

drop relative strate | one
at lepst |2t5 ép ohigiftbersrin ghafing fiber layee havap dineciesablepuathpn A0Rf
nandnh@ergubstrate | ayer and the fine fiber |ayer apart
fromother layers, if any, has an efficiency of at
| east 80% for .237-.316 mcron sized particles. 13.
The. fil Tae ﬁltfedﬂmdlafof claih 5 WHereiha eisn5 0 Moo faherfib&rain e fine

ﬁberolayerl'h%vé %'8? % lleas¥ fifan 100 nanometers.

7. The filter media of claim 5, wherein at least 70 % of the fibers in the fine

fiber layer have a diameter of less than 100 nanometers

8. The filter media of claim 6, wherein at least 70% of the fibers have a

diameter of between 50 and 100 nanometers.

9. The filter media of claim 5, wherein the fine fiber comprises a polymer that

is inherently hydrophobic and not water soluble.

10. The filter media of claim 9, wherein the polymer comprises a nylon.

11. The filter media of claim 5, wherein the combination of the substrate layer

and the fine fiber layer apart from other layers, if any, has an efficiency of at least 90% for
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and the fine fiber |ayer apart fromother layers, if

any, has an efficiency of at |east 85%for .237-.316
worR@poer3ss zed particles. 14. The filter nmedi a PET/TER0$83206

12, wherein the conbination of the substrate |ayer and

the fine fiber layer apart fromother |ayers, if any,

has at | east 50% of pore size distribution over a

aration range of 6 mcron. ,..dhe filter media of .
75- B RTron S argriscr i Bantimnas FonifHochdn BEbeft diog lative to
the dubytente Biger dlbvee. f i ne fi ber |ayer apart from ot her
| ayers, if any, have at |east 60% of pore size
distribution over a separation range of 6 micron. 16.
Thé2f i | fTee fiedinadigfof ¢lazh Ml 18heraghe pombihatianorishestbisgate layer

and e AdAGiRY %Flg & oy %fhef“ﬁgelrﬁhﬁ ah¥, s hh PRI éon@yf%f atAB&% R0% for

from ot her, ers, 1f any, has at | east éf%)A)o pore
2375 bemigren pizediPERCHver a separation range of 4 nicron.
17. The filter nedia of claim 16, wherein the

CO 24O O L R R 19 L ah APk 1R LB e
and d%neffibeotagesipae fois bthich layesnif exgrhas as efimicntcy ofiatrlaxst85% for

0 7 ; - e filter nedia of claim17, wherein
'237t'E%aég%narf‘gtﬁ%g?ﬂ1én 100‘&1 he substrate |ayer and the fine
fiber layer apart fromother layers, if any, has at

| eagt 2?’1{% @iﬁt_ep%@ia%'ggﬁi@ i1§,t@%}%&9&@3{@5@@@3&@&9& layer
range m cron, , e fi [ i ,
and {edpsifoer ﬁaa%%pagttfml étheél}é@rshléén&ﬁlaé?ﬁ‘ legst éﬂ‘apafm%%ﬁ
distrithigioh loner £ idpetatibaysize of 6 atichf i ci ency of | ess than 75%
for .75-1.00 mcron sized particles. 20. The filter

medi a of claim 12, wherein the substrate has an
ef ibci edby fiet imodit of hieirh ilAewhérbiarth¢ eyrebinationawf the substrate layer
fq.ci %.f or 5 her sl Z&
and B R o RS, AL Bl il s VR, 826
distriltyéion gmen & separafiely enge ohpmisena cel | ul ose based porous
filter nmedia, the cellulose fiber based porous filter

medi a hayi the fol.l ow characteristics: ( a

Fr 6 er The Flen R ia o) cBim ey g temangii e fubatte laver
and (BeNIn@fitht WG apalt)fran otvetages, ffiabgrhas aolerdt d0%0df foed sieen
. about 2 an Lerons: (c) a base weight of
dlSt@é’?l\‘R}égﬁera %B?r%%ﬁ 5an§eg gE}P“QBo | b/ 3000 ft2 ; (d) a

pore size distribution generally between about 2 and

abeyt  S§,EGHECLRdid ¢ claim 16, wherein the combination of the substrate layer
and the fine fiber layer apart from other layers, if any, has at least 45% of pore size

distribution over a separation range of 4 micron.

18. The filter media of claim 17, wherein the combination of the substrate layer
and the fine fiber layer apart from other layers, if any, has at least 25% of pore size

distribution over a separation range of 2 micron.
19. The filter media of claim 11, wherein the substrate layer has an efficiency
without the fine fiber layer of an efficiency of less than 75% for .75-1.00 micron sized

particles.

20. The filter media of claim 12, wherein the substrate has an efficiency without

the fine fiber layer of an efficiency of less than 40% for .237-.316 micron sized particles.
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(e) a Mullen burst strength of between about 5 and

about 70 psi. 22. The filter nedia of claim 21,
wob@pee736s he fine fiber |ayer nodifies the preRBCSI/US2008/083206

drop across the substrate |layer by less than 10% 23.

The filter nmedia of claim2l1l, wherein the fine fiber

| ayer nodifies the pressure drop across the substrate

| ayer by less than 5% 24. The filter nedia of claim

21, wherein the fine fiber |ayer nodifies the pressure

dr ap. acfas$iltthecdidl$ tlagh 0] wiratinbthelsebsratdiaperk¥mpzise a A
celh%{)egretb% c{ﬁo%l?s dﬁl‘%e?%?é#I éI o 6}18130%§£ %%IJ’ b%tsgq, #Q% & fﬂ%r media having the
folloc?@lngblwa@v‘l&ﬂhe substrate Iayer t he conbi nation of the

Supt r ah o AYPopRBEbiRORbERARh LRSI 11 AU EbARRDICINAS" WG,

| ayers, if any, "having an efficienc | east

9o@b)f or ai ?Sﬂig%@b%d&%efsqf?éﬁveﬁﬁﬁb?‘ttl2ef§1dvﬁ%t3ht -‘tOrmlcrons
c oI nﬁblb@& \Oi&ghﬂ'tﬁ“ Bﬁtvﬁ&nfa?B@tTSO' aahfm%o@mﬂ)oau/gew ate
avi ng e an a er ence press
WL | eR eSS RS SRl oG hEH A i g 4 icrons and
f i (d)er adulendfurstlsaenpti2 bf battvecreatout hand eldait G tpsion of

the substrate layer and the fine fiber |ayer apart

fromother |ayers, if any, have an efficiency of at
| ed3t 809 fiter mpdiz.of glﬁanﬁqlcwbﬁe@th@&n@ﬁbﬁ layas snodfes the

presﬂi@ dfdﬂ dcBdss 'ﬁfedéu%st@efte Glyad 59 RE thwhesrl n the combi nation
of the substrate |layer arid the fine fiber |ayer apart

fromother layers, if any, have an efficiency of at

| east 85‘1»{@ frioter m2@i4-of 3lhfim 1l CWhitei the AnPabér 16y @ Snctlificskhe
t he substrate has an

pres%lfr? fiﬁol)eal%%?gs %l‘etsﬁlgf}fa%? l:?é’erfl?ynlgsﬁ‘tﬁj E " ayer of an

efficiency of Iess than 40% for .237-316 m cron sized

papi cl q‘ﬁe fiftdr mdG off'ciairﬁﬁl 'T\‘/?gér%n‘%fle ﬁh@ﬂ rzléyefrl 10¢ lﬁésn[he

the substrate has an efficiency w I ber

presug éopoicrash therubgrasptay ciolty leasstgan ih"ém 75% for .75-1.00
m cron sized particles. 30. The filter media of claim
wher,ej the substrate | ayer conprise a cellul ose

25
baged p@r%]ﬁ&r 49, SPMREMNE. the cel |l ul ose fiber based
poa@ubstffatel ltaﬁerr df@dﬂr@eabh:vmagat he foll ow ng

¢ b%ll[l,l af%%t?gasirg)g 1tbg1a %691’ KI/I%ZI 3\!&”%? Il!l}llae:il]‘ ytgg Otgﬁln Hlof the
subsfratsdayed iaadrﬁteé"med:ibeb @w\emﬁafmmot@r éﬂydrsaif ey, 151®1ng an efficiency

of atTe&st 98 for .75-1.00 micron sized particles with the combination of the fine fiber
layer and substrate layer having less than a 15% difference in pressure drop relative to the

substrate layer alone.

26. The filter media of claim 25, wherein the combination of the substrate layer
and the fine fiber layer apart from other layers, if any, have an efficiency of at least 80% for
.237-.316 micron sized particles.

27. The filter media of claim 26, wherein the combination of the substrate layer
and the fine fiber layer apart from other layers, if any, have an efficiency of at least 85% for
.237-.316 micron sized particles.
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(c) a base weight of between about 30 and about 200

| b/ 3000 ft2 ; (d) a pore size distribution generally
whedmeerseabout 2 and about 50 micron; and (e) BCIMIE10081083206

burst strength of between about 5 and about 70 psi.

31. The filter nmedia of claim30, wherein the fine

fiber Iayer nndifies the pressure drop across the

tra |.ess an, 5% 32. The filter
IR o e ST inet o Bt 2 HaSing B sybkifgie b i PR ERithout
the ﬁl’[eefﬂ&m tayetoOgm ebicessy dflesssbiisd0atter .L a1 6hyictoasszetlparticles.
1% 33. The filter media of claim31, wherein at | east
50 % of the fibers in the fine fiber |layer have a
di dhet edhofiltcemesdiplodnlaird @5 nahomatthe subs@4te hihan fficieaey without

the fm%dﬁlfér Rlyef B%ﬂ@fﬁé&né@@ﬂr I@ésr’[hzhh% ‘% @R '75‘ atdoMicRin §1£EQ1 opartlcles

substrare [ ayer and fine ber layer apart
ot her layers, if any, has at Ieast 50% of pore S|ze

di gpri bmhb mepmema@fslanﬁaat Wﬂélreﬁlaﬂl@%uﬁﬂctlﬁl& Iy & @pridda
nthe c

celi % thied et At it RS Rise PRETRSRY oy BB fiving the

ﬁﬂkﬁwngrbthﬂmuMayers i f any, having at |east 60% of pore
The% rPﬁ'eH? AtPePH, da%\ﬁ%gfo%bi%t%!%%ﬁ g@&&ﬁ a%ﬁ%g&t%go%m@oﬁ WG;

coﬁlﬁl nagi @ﬁer@ge fibps diampterrafbetviesy aboutidndbont Hmicreresk

g@r apdhic {EQm d}tﬂéﬁﬁeeln%gﬁt%O dnld a@BNtQObqu@()O feast
0%of pore size distri uthﬁgkover a separat i on f ange

of (@ ni @P8Fe 337¢ distHBution geieraliy dictvesn abpufi Znanglgboyinl micHon;

then@onblnatlon of the substrate |ayer and the fine

| b8t 2R oS BB oD sbde ﬁggi,ﬁ%‘f ati on

range of 4 mcron. 38. The filter nedia of cIa|n125

whej ei NP @illt%PHB&h%‘f'cf%ﬂ? 3D, &/H@r ﬁHH?hﬁ@hBexj lévf}’e‘? ttﬁ@

fine fiber Tayer rom ot ayers,
presgre ﬂemsqcrozmeo‘iﬂlbwtelagprz@ lgbssthan Bt i on over a
separatlon range of 2 mcron. 39. Afilter nedia with

r d_pore rlb tion 0 i Si ng: )
SuBdtr atLr cfiligemedip ogg@% bt wherggtithe fiag Hbprday &%&%@S the
presﬁumdrcfpl doedss tlaysmbsteas fayedbyblesd then $ubstrate | ayer, the
conbi nation of the substrate |ayer and the fine fiber

| ayer apart fromother layers, if any, having at | east
5088 0of The filter media of claim 31, wherein at least 50 % of the fibers in the fine

fiber layer have a diameter of less than 100 nanometers.

34. The filter media of claim 25, wherein the combination of the substrate layer
and the fine fiber layer apart from other layers, if any, has at least 50% of pore size

distribution over a separation range of 6 micron.

35. The filter media of claim 25, wherein the combination of the substrate layer
and the fine fiber layer apart from other layers, if any, having at least 60% of pore size

distribution over a separation range of 6 micron.
36. The filter media of claim 25, wherein the combination of the substrate layer

and the fine fiber layer apart from other layers, if any, has at least 40% of pore size

distribution over a separation range of 4 micron.
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pore size distribution over a separation range of 6
m cron. 40. The filter nedia of claim 39, wherein the

w@e evhioessd on of the substrate |layer and the fiPer/i/519e8/083206
| ayer apart fromother |ayers, if any, having at | east
60% of pore size distribution over a separation range
of 6 mcron. 4 1. The filter medi a of claim 39,

wherei n_t he conbi nat.i e su str e lLaye t he

TRt g SR ER AL Bl Sh B rBns cyBb Gat gy oS Whalra teyer
and die flredthicr #90 a;j‘artpfﬁrrﬂ ottie ryeiissif ahiaUtas anleast d6%20f pore size
aistFRBARLONLANSn O oFlglialy 42 The filter media of

eérern I'mati on of the substrate
| ayer and the fine fi ber | ayer apart from ot her

| aygrs, Th Faay meﬁ‘lﬁ%f laith 823 WhARTA Bk BRIbEaSILE BF the su‘té)‘rss‘grate layer

di strlbutlon over sep aration range of 4 m cron

and theding; fbee fay pieanagt ffﬁm ethgr kayars, if mérhélﬁ At lﬁ%ﬁé 28 rfiness $1ah

dlsttﬂfutfbﬁ%vétttbé%?)ﬁﬁhsnirai\tg@bfalﬁdcﬂohe fine fiber layer apart
fromother Tayers, if any, has at |east 25%of pore

size distribution over a separation range of 2 mcron.
44 39The A filtdrencdiedith cofitralediporS8ze duseerbation, colprising:

su P%ﬁs@ltagedlggég%rfﬁ %H s,f; ofla.c€l 1 ul ose based porous

ter 0s& fiber based porous filter
me@n alepesphy fink &ibeblayendarieddiyathe sebsiratstlpyes; the ggmbination of the

subsﬁa@q aﬁmm@ ﬂ)me} Yay®f aRet HGA %ﬂﬁppag%rsllf%ﬁ? 1BRRat 4Q% 50% of

an aver age f| ber ameter of Detween

POT%\‘%" ISt ‘&Fﬂﬂl%‘ﬁbaﬁe@é’ﬁt‘rﬁ’i‘ﬂéﬁw OBICrR- pase wei ght of
betvveen about 30 and about 200 I|b/3000 ft2 ;(d) a pore

t .2 t
G, 9 4F WAL R B0 by, RELUGRD, AB0MLLE A SOl oy
and ﬁiad"ute f’c'beat&yeladmcttfroiﬁ) ofksi laydss, if ahg Havingent laastdiO&o of pore size
distrfhu@blo#é a %%aﬁbﬁre}n €o B%C{?hber layer nodifies the

pressure drop acros e substrate | ayer by |less than
10% 46. The filter msdla of claim45, wherein at

| east 5Qh8/‘f‘Pthr 1}11@@121“& bRIH Sggwhélémfth@ QOIfﬂblB@t'iOI]! MMEE ?Lrb[@%f@te layer
er o es nano e rs. | er
and ol Tt v e ro RGBT SR s 4Pév§rp0re size

dlstr[mmuoﬁloe&at:te@ananessamgeoﬁnmcmnr oss the substrate | ayer
by Il ess than 5% 48. The filter nedia of claim 46,
wherein the fine fiber layer nodifies the pressure
dr p. acilbs $iltthmcdialosclaan ¢ 1) wharinghe t@abinatiemofithe substrate layer

and the fine fiber layer apart from other layers, if any, has at least 45% of pore size

distribution over a separation range of 4 micron.

43. The filter media of claim 41, wherein the combination of the substrate layer
and the fine fiber layer apart from other layers, if any, has at least 25% of pore size

distribution over a separation range of 2 micron.

44. The filter media of claim 39, wherein, the substrate layer comprise a
cellulose based porous filter media, the cellulose fiber based porous filter media having the
following characteristics:

(a) a Frazier Permeability of between about 1 and about 400 CFM @ .5" WG;

(b) an average fiber diameter of between about 2 and about 50 microns;

(©) a base weight of between about 30 and about 200 1b/3000 ft* ;
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49. A nethod of formng filter nedia, conprising:
di ssolving a polyner in a solvent to forma pol yner

w@e ey el ectrospinning fine fibers from t heCpUE2008083206
solvent from an el ectrode under an electrostatic
field; depositing the fine fibers onto a substrate
| ayer; and selecting at | east one solvent and at | east
one polynmer to generate a significant amount of fibers
with a dianeter of |ess than 100 nanoneters. 50. The
met{dyod afpoed siid‘diétﬁbumhegeiliemll?&iee)@dehmboﬁu drelaebouoflemicron; and
sol went _i for t he

f mer a@u(%ﬂnﬁgggééﬁﬁPp %ggaione of H?EQQEZE uct|V|ty

and the surface tension with a control agent. 51. The
meykhod qf ?illt@f e of WREHh @Jﬁl nwﬁ&@mCtR@ EhO hbé}g%‘;gr n'lo%h@es the

sol vent different than dlssoIV|ng agent-.
DresyHEe HEP a6FOSp HnfuRgrate %rrbshlééﬁ hani 0%}t ai m 49, V\/ner e| n
the met hod includes: containing the polymer solution

cl e; he elect ode
pofOrer 15161 B aGClAT A6 WA REbISSGH0 Bl dhifbers in the fine
ﬁbm@@ymﬂwngahnmmﬁmmﬁ&mﬁﬂmnﬂﬂbmamhaﬁtmode over a span;
runni ng the substrate transverse to the span to
collect the emtted fibers.53. The nethod of formng
fi Bfer rbdifidcomediaaf plaBr 46§ wherpiarthe Snp fiber layer sestdyfagstthe
presQR@ didphctdi§ tifd ﬁ%stfdt@?ag& byplckipasyfstrate |ayer. 54.

he met hod of claim 49, viherein the spinning | ocations
are in a generally linear array across the el ectrode

aI q&g arrhe(ﬂiger otdib e crir atsmﬂaeinaﬁe fild eiberEby@andfifics the
|ncludes a

presi}}fg%ﬂp %C{,OSSF es&@f%ﬁﬁ‘é{ﬁ‘i ng%ﬁs @ 56. The net hod

of claim52, wherein a plurallty of electrodes are

ar ygngeq, I‘f%ﬁlﬁd%? gfﬁ‘?er Fﬁ%ﬁ% rse to the

runni ng. e substrate, t rodes spaced
be dize@lMing ) r@tlyra@rdn@@p Vétlttérf@@l dPolyMer selpfiospi nni ng

r egle@ﬂ@spﬁﬂ}ﬁngsﬁ@@ﬁlSéﬁ Gohi4RB ;pBE'rﬂelﬂ kOVE fEdhanh BleBfoRNFdEPan
the o éﬁilﬁt end. 57. The nethod of claim49, further

clecireiiaits g spacing the substrate |ayer is
depositing the fine fibers onto a substrate layer; and

selecting at least one solvent and at least one polymer to generate a significant

amount of fibers with a diameter of less than 100 nanometers.

50.  The method of claim 49, wherein selecting at least one solvent includes
selecting a dissolving agent for the polymer and adjusting at least one of the conductivity

and the surface tension with a control agent.

51. The method of claim 50, wherein the control agent is a solvent different than
the dissolving agent.

52. The method of forming filter media of claim 49, wherein the method
includes:

containing the polymer solution in a receptacle;

dipping the electrode into the polymer solution and emitting fibers at several
spinning locations from the electrode over a span;

running the substrate transverse to the span to collect the emitted fibers.
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spaced between about 4 and about 10 inches fromthe
el ectrode, and controlling the relative humdity
wheimeersenbout 30 % and 50 % 58. The net hod oPCT/IUSI008/083206
57 wherein the polynmer conprises a nylon and wherein
the at | east one solvent conprises an acid, the
sol vent ratio of polynmer to solvent being controlled
bet ween about 8 % and about 20 % 59. The net hod of
clai m58, wherein the at | east one solvent includes a
cofBi naflho meﬂfod&ifébﬂrﬂingcfiﬂtdr andiafodchim Sacfudthebédmpsng solvent
bon. éﬁl%dﬁn%fﬁ I1rsat %ggubs‘%{m aye the at |east one sol vent
rea roportion-of acetic acid than formc
aci d. 61 A fllter medi a made by the nethod of claim
49 54 CON,L S A d dff cﬁiﬁ*ﬁ&@r %@re Iﬁt‘h@ p19£1 %QB{&%@% SRyl b@nerally

a fine fiber [a I ncl Gdi ng l'ectr spun pol ynmer
hneaééff@}/éerowhﬁﬁkec %f‘s%lﬁla&@w%f&f thq%ctlfq Ge fiber |ayer
|nclud|ng a significant amount of fibers with a

medra. oft P! ReoTHOEROTET GH B A R AR Ty of rows
spmnmgm&mnbmi the fine fiber |ayer includes an average

fiber dianeter of |ess than 100 nanoneters. 63. The

filter nedia of claim6l, wherein the significant
amtnt  bamsthodradainini Bewhaicimeplrality of degradhaarcpo@nged with

resp@éiﬂf@ lgﬁélﬁrtlg’dnS\%SG &g funhin@lof Muﬁsﬁ%{te Qh@él%tﬁﬂdf’es %ﬁh‘%é@ b&ween

he S|gn|f nt amount .means at | east
mletf%neéwsleﬁ Ghdp Ab elerfgospinpdte fegipar t 'ilﬁé @trated“a%g élrrowh thg dufet end
to theanetlddd. nanoneters. 65. The filter media of claim®61l,
wherein at |east 50 % of the fibers in the fine fiber
| ayer have a dianeter of |ess than 100 nanoneters. 66.
Thé7fi | fTee mudididapfetaiml 49 forthtr cavhgnsengspatingalassubgatedakr is
spac%!i] Setfv&)egt? ﬁﬁodéq a'ilﬁ %b(f)ﬁﬂ% Jléi%g tfrolilﬂ%@ I 1&98& Qn&j b&ﬁﬁ?lﬁ{ t‘ﬁfs relative
'ess than 1 nanonet er s . e FI| ‘medra o éialm

humgtity hgheeca; abont 3Q Gz 583% of the fi bers have a di amet er
of betmeen 50 and 100 nanoneters. 68. The filter nedi a

of co Si a sub te | ayer . of

pe.5 bl m%rmféﬁﬁlm@%ewfeqrﬁaﬁ amey ﬁ%mﬁﬁh@nalon and wherein
the # lleast cmsspwenmqufmm aaddid,abe bylvér eatRudfgiotyahe tb ayleent being
cont%ol'ffaed between about & % and about 20 %.

59. The method of claim 58, wherein the at least one solvent includes a

combination of acetic acid and formic acid.

60.  The method of claim 59, wherein the at least one solvent has a greater

proportion of acetic acid than formic acid.

61. A filter media made by the method of claim 49, comprising;:

a substrate layer of permeable media;

a fine fiber layer including a electrospun polymer carried by the substrate layer, the
fine fiber layer including a significant amount of fibers with a diameter of less than 100

nanometers.

62. The filter media of claim 61, wherein the significant amount means that the

fine fiber layer includes an average fiber diameter of less than 100 nanometers.
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conbi nation of the substrate |layer and the fine fiber

| ayer apart fromother layers, if any, having an
webdwoeBrty of at | east 90% for .75-1.00 m cr oPCHUE®O8/083206

particles, and wherein the conbination of the fine

fiber layer and the substrate |ayer have |l ess than a

10% di fference in pressure drop relative to the

substrate | ayer alone. 69. The filter nmedia of claim

68, wherein the conbination of the substrate |ayer and

t hé3f i na@ht ifier mkdiyef chpant, whoraimthesignlifayaat amourft nétays a mean

of east 80% for .237-.316

ﬁbmﬁﬂ%%c%?g@%%ﬁﬁ&??@y rmn%%?% The filter media of claim

69, wherein the conmbi nation of the substrate |ayer and

t h%4f | nghE 'ﬁlPt%lr m'e@ﬁi%? cﬁﬁﬁ%tl &/ﬁ&@"n‘:ﬂi@ ﬁgmlfﬁiﬁﬁra?nou'nf meAK at least

an efficienc | east
25 (VPrPEtth hibgysAB dhepfana % ilqr é@er have W@nﬁﬁer pllessiBan J0Qpanometers-

70 mhereln the substrate has an efficiency w thout

B! haThe SRE edheh oBirs B0, Bhirbil B9% D e ng fiup e fine
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coleé]g‘%(P%oatn tg? S ate ggefr Ig{t{g Fhé:af?t{ efg@g/f art M er layers, if any,
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76. The filter nmedia of claim68, wherein the
cofBi natlihefilter media of glaun o8+ \@h(fl‘gl}&éhe cornblnatlon of the substrate layer

and the fine fiber layer apart from other layers, if any, have an efficiency of at least 80% for

.237-.316 micron sized particles.

70. The filter media of claim 69, wherein the combination of the substrate layer
and the fine fiber layer apart from other layers, if any, have an efficiency of at least 85% for

.237-.316 micron sized particles.

71. The filter media of claim 70, wherein the substrate has an efficiency without

the fine fiber layer of an efficiency of less than 40% for .237-.316 micron sized particles.
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and the fine fiber |ayer apart fromother layers, if

any, has at |east 40% of pore size distribution over a
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claim 76, wherein the conbination of the substrate
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Iayers if any, has at |east 45% of pore size
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fromother layers, if any, has at |east 25% of pore

size distribution over a separation range of 2 mcron.
73. The filter media of claim 68, wherein, the substrate layer comprise a

cellulose based porous filter media, the cellulose fiber based porous filter media having the
following characteristics:
(a) a Frazier Permeability of between about 1 and about 400 CFM @ .5" WG;
(b) an average fiber diameter of between about 2 and about 50 microns;
(©) a base weight of between about 30 and about 200 1b/3000 ft* ;
(d) a pore size distribution generally between about 2 and about 50 micron; and
() a Mullen burst strength of between about 5 and about 70 psi.

74. The filter media of claim 68, wherein the combination of the substrate layer
and the fine fiber layer apart from other layers, if any, has at least 50% of pore size

distribution over a separation range of 6 micron.

75. The filter media of claim 68, wherein the combination of the substrate layer
and the fine fiber layer apart from other layers, if any, has at least 60% of pore size

distribution over a separation range of 6 micron.

76. The filter media of claim 68, wherein the combination of the substrate layer
and the fine fiber layer apart from other layers, if any, has at least 40% of pore size

distribution over a separation range of 4 micron.

77. The filter media of claim 76, wherein the combination of the substrate layer
and the fine fiber layer apart from other layers, if any, has at least 45% of pore size
distribution over a separation range of 4 micron.

78. The filter media of claim 77, wherein the combination of the substrate layer
and the fine fiber layer apart from other layers, if any, has at least 25% of pore size

distribution over a separation range of 2 micron.
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