WO 2011/ 106534PCT/ US2011/ 026088 COVMPRESSED NANOFI BER COVPOSI TE MEDI A FI ELD
OF THE I NVENTI ON [0001] This invention generally relates to a filter nedia,
and i n pawDi2eul/@ss3to a conpressed conposite medi a conpr iPsTng2@ 1524988 r at e
and fine fibers, and nethod of meking the same. BACKGROUND OF THE | NVENTI ON
[ 0002] Hydr ocar bon fuels, such as diesel fuel, jet fuel, and gasoline, can
entrain small anount of water. The water may be introduced in the

hydr ocar bon fuel s, Mﬁﬁ[ﬁ N@N(’)ﬁﬁgﬁﬂ ’Oﬂ/flf(blﬁlﬁ‘ﬁgiEﬁP tam nation, or
at nospheri c condensg§?on. gﬁ%ydrocar onq¥ue s can dissolve about 75 to
150 parts per mllion (ppm of water at roomtenperature. Water solubility
can increase about 1 ppmper 1 Frise in tenperature, and decrease about 1

ppmper 1 F fall in tenperat @IELD E{CEHS INMENTION undi ssol ved wat er may
accurrul ate in | ower parts of a fuel handling systemas a result of
tenperature changes over a period of tine. [0003]Undi ssol ved water can be

har nf ul [000BNYI MBE.inVInEEE bRy latdyj t6 Mt ni¥ak, ARl BayaRgRthriyast eam
formation, jet turbine engines may fl ane-out, and _gasoline engi nes may

suf f er iGgAIDEGSSPd pransIsEarmCdENPRAIEr Sibpate pndingBireead aithdd oftragkdngave
been devgl oped to renpve undissolved or free water fromthe fuel and
prevent such éngi ne problens. Sinple nechanical devices base on gravity or
centrifugal force separation are sufficient if free water is present as a

di screte second phase. Fq¥g r Aﬁﬁ% ' mul sified by punps and
valves, may remain as a s aﬁ%gﬂg%u s.@ﬁﬁﬁ§%3§¥ﬁéﬁﬁ§“fn di esel or jet fuel
Two stage coal escer/separators are designed to renove water enul sions. The
coal esc eaks; t.he enul.si.on pr.ef erent.i wetting.of fibrous erials
cuch as IDPEAT Py eBRE it SpH o MR ERET el e iect ST PG | <
removed douaf aivhiér. SEIRAR Akt @Ry BEaitRdlucdl iNYEY RRIOKISoSRBR! A eXani@t eyl al such
as PTFE coated wire cloth or silicone inpregnated pa The presence of

er.
wet t i ng ledkeae.scoiderial oatamipatipngayatmeselicrie cendgnsstionh d hedeleosedar duds canat er
emul si o iald.y i i | fuel i | rwi.ncl udi ng
hydr ophg(ﬁ%sg %ﬁg‘%@é& y1 rsrg P Q%Eﬁ% I?lifngoglr @8{:13’0?%6{% rgtemg{r%of &?@%ﬁggv\%a&% from fuel
enul si onslubdlitdicst Inessase about Flppormep ot §mee irFienpefatlierand deSecafdaibent 1 ppm
Application Publication No. 2009/0032475, to Ferrer et al. )
per 1°F fall in temperature. Excess water or undissolved water may accumulate in lower

parts of a fuel handling system as a result of temperature changes over a period of time.

[0003] Undissolved water can be harmful to engines. Diesel engine injectors may be
damaged by steam formation, jet turbine engines may flame-out, and gasoline engines may
suffer ignition problems. Many water separation devices and filters have been developed to
remove undissolved or free water from the fuel and prevent such engine problems. Simple
mechanical devices base on gravity or centrifugal force separation are sufficient if free
water is present as a discrete second phase. However, free water is often emulsified by
pumps and valves, may remain as a stable emulsion, especially in diesel or jet fuel. Two
stage coalescer/separators are designed to remove water emulsions. The coalescer breaks
the emulsion by preferential wetting of fibrous materials such as fiber glass. The water is
accumulated into large droplets and is removed by gravity separation against a hydrophobic
separator material such as PTFE coated wire cloth or silicone impregnated paper. The
presence of wetting agents or surfactants may interfere with the coalescence of water
emulsions, especially in diesel fuel or jet fuel. A coalescer including hydrophobic

fluoropolymer fine fibers to capture and remove water from fuel emulsions is disclosed in



[0004] Filter nmedia including fine fibers forned using an electrostatic
spi nning process is also known. Such prior art includes Filter Materi al
Const ructworroanmdedset hod, U.S. Patent No. 5,672, 399; Cel iparasca/iBadogam de
Conmposite, U S. Patent Publication No. 2007/0163217; Filtration Medi as,
Fi ne Fi bers Under 100 Nanoneters, And Methods, U S. Provisional Patent
Application No. 60/989, 218; Integrated Nanofiber Filter Media, U S

Provi si ircat.i : T =N E ' '

51 - CompameorePRumsf P Py 08 PenCApt hie B b PR GRS Fager
entire ditskl osures of which are incorporated herein by reference thereto.
As shown in these references nanofibers are commonly |aid upon a finished
preformed filtration nmedia substrate. [0005] The i nvention provides inproved

coal esci[0@04fedi Afdtcanddimdhdioding ffinodibersdoiniel wira @sdengstmadispinnihgseccand

ot her advantages of the. invention, as well as additional inventiv

feat ur es? alip Kiowe. Sprpabriaters Poe Al erodEeTiak '%ﬁtra?thnrﬁéﬁiwgﬂ&@ﬁ- Prewi ded
herein. gRIsE 2,5.5‘9'%5‘1Yu18§cﬂ5'6'§§h%é5®% ai&?@%ﬁb@mﬁ%ﬁ%%&%&amf' ber

conposite filtér nedia according to rious enbodi ments of the present
i nvent i a90708 b3lgs Fetraticeaslediond isubibersdiraleah@d NamendtedyeAsd dathadsdUtSher eby.

Prefera .. th ressed. filter ig incluyd tiple St e | ayers,
bach o Wit iskng STR AT R oG ShoBBRE: tlierdter Retiner Pufs MR ESe 1 Yer

| ayers gngvisRRPaeHs RHpliQaeh MY 61047 a5M ARG MedR RS fRABCOMPSiche filter
medi a. The conpressed filter nedia according to various enbodi nents of the

present Nanpéiher loayer.dJ) paPovisisingl Patenigia. 63017 445 ftbe cutire discloseichgf whidha t o
coal esce, VAL Sl ol o ALLANS MALCAIRAN hUSSyy HOMEVSL e e, SompREssed fil ter
medi a can® al 86 °be used i "orher |F?raé18n‘§pﬁ1|8atlons. or ex ﬁpfe, t he
conpr ess@ehrhddly &Iid 0psh afitighcd@kracy Gltyatiehmaiienbsvwater filter el ement.

[ 0007] Preferably, the substrate | ayers enployed are relative open naterials
with coarse fibers to provide support while at the sane tinme not being

overly r[@g63]i ct TueirdvendidriprevideOithREPRERAIds¥indsndday @h8 nidkiRd It @gd/ or
conpressed. This structure spaces nano-fibers apart and affords the ability

t o provicgelepang megidc Hhiesaandeathar gewantagsy of tiganvmtingis-wilbasraddisepal squar e
unit of . - Whi - td (0 ' erly. r i Ghime. .Further,
ot el ac D Rkl S BRE hlF s A o YR B Rl ¢ e
the fine fibers throughout the nedia is spaced relatively close and cl ose
enough to facilitate co ﬁﬁﬁj a-1n) 'ﬁ%ﬂ§ nmedia as a whole is
suitable for coalescingqéi rQQP%ﬁAgatﬁrca i@ﬁgﬂgﬁgaﬁilter el enent
arrangenent. Many enbodi nents al so enpl oy hydrophilic fine fibers that
attract pposed to repelli wat er . usi mul t.iple | ayers of fine
i bers. dDOIFTT & GrrreneLraganes e fered?afor e GrsBiSt s grow within
this st ragdodiBeANr AL Prtitafidnvieh InchrRrb asieed ofditutRfra@ ahll Wind fidbrsRafled

thereby. Preferably, the compressed filter media includes multiple substrate layers, each of

which carrying fine fibers. The multiple substrate and fine fiber layers are compressed

together to form the compressed composite filter media. The compressed filter media

according to various embodiments of the present invention is particularly well suited for a

coalescing media to coalesce water in various hydrocarbon fuels. However, the compressed

filter media can also be used in other filtration applications. For example, the compressed

filter media can make a very efficient water filter element.

[0007] Preferably, the substrate layers employed are relative open materials with coarse
fibers to provide support while at the same time not being overly restrictive to fluid flow
especially as layers are stacked and/or compressed. This structure spaces nano-fibers apart

and affords the ability to provide for a much heavier total coverage of nano-fibers per



[ 0008] The multiple substrate |layers and the fine fibers may and preferably
are conpressed together to forma coalescing filter nedia. As such, the
coal esci nyof2oittwss3nedi a i s conpacted and high in solidi PgTarsdoiitnedosgies a
sufficient fine fiber coverage to provide a sufficient fiber surface area
to coal esce emul sified water in a hydrocarbon fuel stream The fine fibers
are preferably el ectrospun nanofibers forned of a hydrophilic material,

such as r t he il

For matt oL BE s v AU Gl Eod: bR R RV ET PR 4 ARy

i nventi vthmesabﬁrztte ohy bhasqmir(es@nrbmpnemn used), sachntbbtrbe fine ﬁbmsrthmgglm&dwl esci ng
filter a.is rov The hod CO ste el ectrostati.cally
Spi nni ngreda PrEUTe RS S A USSR RR R T FoNeewe; H MR

appl yi ngn¢ RRdfai N8 Mo@@fs%uhyolé fo?%@§l%£&ﬁ§ﬁﬁﬁﬁ8ﬁ hﬁpmtl&%aerna%ﬁek BRE®nhavi ng an
average di aneter greater m cron, and conpacting the fine fibers and
t he coaﬂE@mBﬂb@nshﬁmg@mﬂgdnnﬁﬁ@mﬂnmhpbyﬁUﬂﬁMbﬂNdﬁ@ﬁﬂnegh@Ué@Sﬁe$ generating
sufficient fi er c ver e.and ht ness .t.hr acting process
Lo conl cheat il st PSR SifE AT S5 R SR el MEEFRARRSHERS Donr oo
fibers &V&eﬁrﬂ@le&hl%orfﬁtﬁedrs pleRtg@o@ vada B8CitR@tdre hii®ire FERE dhedaldssedmar abl e
to renove water fnm1aflwd stream [mMO]H1smm enmbodi nents, the

subst r ate adBrgpre@.a fiber entangl ement that is bonded together, wherein
the fine fibers are deposited onto the substrate during the step of

applying the fine fibers. The substrate can be a scrimforned of
bi - conpdR@R] fi Bee mudtaripsubsiralg layerd aid thefine ﬁbﬁ‘p@mrﬂndamfe@blym mel t

and” oar Rem O ElBebdo bR e S5t et Bs STRES A6 RSBt TioRt ekl o

of conpdg bd)tﬁgadﬁ@fhﬂdrlﬁgﬂ iesoliany Bt inomdeyih Sufftent Ryefiser @bvdrhee BProviiear ryi ng
the fine fibers, and conpressing the nmultiple |ayers of the scrimand the
fine fi Buficign |ﬁ?62@r wirkage agp t%ﬂaé%af‘eﬁmﬂﬁlﬁe@waé@rsln aTyydraeatbop pudd sirggier $hef t he

scrim ang, the.f 10 gré‘f&%’&% &%s&ﬁ‘l rﬁﬁ@fﬁgs el o?gﬁgdt%ﬁﬁ{ﬁc%ﬂ&latles%ﬁ ture of

the | ow nelt conponent ere ow ne t compon ts or so ens to
act as q)oﬂymmidﬂg de hy diophihio rfﬂhelfﬂaysrfarthﬁgfectlhme folfaeicH dml goweh efivlacki nent s,

t he nul%igle | ayers are heated before being conpressed. For exanple, the
mul ti pl @ﬁ@rs can be heated in an oven and conpressed subsequently via a
set of calendering rollers. In such enmbodinents, a thickness of the
Ianinated HU|tiBge | ayers may increase as the scrins, expand and | oft during

heati ng. [0 subserpremiodBrpREE 1AM asPRe of dra REasaRbiny PRIeR. p 83AEtd dfeduces
e b o Bl TR e ARYSKEin ls{}s}pwhwafhé BLAERESRAa LA GpIPr essed

mul tiple layérs may ess or greater t I'gi nal thickness
of the Ieéedtmathéchl]wwptﬂnhigeﬁﬂeﬁ&t&mhd)mig)mma%midlilgnetémfdedsehamhhnm‘oment s, the

mul tiple I 1@ %r ﬁE eat ed aqg co ressed si t aneousl y. For nPIe t he
mul ti pl é‘PP 3R THESHR AR IRRL HESQBRC (S Rg 2y Ne &t 45F 4R ’tag’d’

cal endergr@geﬂtﬁéﬂ e hiieroN€indl BnPhbly tﬁmﬁ@l iEBRLAd tH@aftd |fiblef%|t@gétﬁ’éfef1%eca” be
conpressed first then heated, wherein the thickness of the conpressed

mul ti pl en¢thgdfugthernincludes @tapﬁeofcmmrﬁ@nglmfﬁclngt firrufittyein eoverwdémbmsm nts can

i ncl udi t han one heatln It| e | ayers can
be. heat dareler e B P B BRG: s SBF palst rBRLRo R G Bt BYSi g vi & ¢ e
set of heat@eng &l eddBEeidgrsiallties Sne fibers into a coalescing filter media that is operable

to remove water from a fluid stream.

[0010] In some embodiments, the substrate comprise a fiber entanglement that is
bonded together, wherein the fine fibers are deposited onto the substrate during the step of
applying the fine fibers. The substrate can be a scrim formed of bi-component fibers
comprising a high melt component and a low melt component, wherein the fine fibers are

deposited on a surface of the scrim and carried by the scrim.



[0013] I n an enbodi nent, 10 layers of the scrim each of which carrying fine
fibers, are |lam nated and conpressed together. Each scrimlayer carries the
fine fibewe 2haviongp4a rel ati vely heavy fine fiber coverageThistewspsoapout
0.075 g/n2 and .225 g/ n2. When assenbled to a stacked configuration with
overl apping fine fiber coverage, a total fine fiber coverage of the

coal escing filter nedia can be between about 0.75 g/nR2 and 2.25 g/ nR2. The

| ayers e S| 1l i : to forma
conl cacig 17, £ Ehe e o B R G A BB ERI g 1 2
[ 0014] | ragyimeg therbodiibentad cohprassing thacmanktiplanlgydrh ef fhieserithiane tise fise filodrded

into nultiple fold nd conpressed ta forma alescing filter media. In
Such entuEfEN S CHQOCHARIE ngrryitele Tt of BEATRAPGHY Bt Fasr 1o
fine fibpatchagbnadaed n%#ﬁr%gat‘éﬁlp@ﬂﬂlr@o§ﬁ1re'l@9vtrﬁbltsé‘o&ﬁﬁ®nleﬁ”bvﬁéﬁeﬁﬁth§ W are. VO
2011/ 106534PCT/ US2011/ 026088 [ 0015] Yet in anot her enbodi ment, the substrate
i s a welroofpopormeatsor beltens toagrad sibkgdiag lagers ¢o bondlagdére hwetheof t he coar se
fibers, wherein the fine fibers are applied to the | oose entangl enent of

the coarse fibers during the step of applying the fine fibers. The web of
coar se f[0BEYs appsdnederabadimeite, the meiltinld biysrscanhdaeedf loifole deingtcompudssddol e

folds a conpressed together, wherein,the fine fibers and {he coarse

(i bers die eﬁ%ﬁ_ B¢ an e ﬁaam g OF hgHEd IThiTegvReaY CRBRISERE: Y Bﬁeﬁﬁ%ﬂq Vif0016] A
et hod of set Of &ildilicAn € RMRS Th RECH drhbRIimBRE] Athakaes G i 1h@ it thilgprnt

enbodi nent includes steps of electrostatically spinning a web of fine

fi bers Havdrngazmcasese agydicdrame cxpandfangl dafs dunprheating. c Flonsubagpieyti ng t he fi ne
fibers to a _substr.at or ned. of , coarse fiber i an average £iber

i st o ogEaV R of Ao b8 MEish! 18R St B AR lls RS oS PR hleDS e

conbi natthieRn®k of e chimpecskddoanltiprpbiadniitdstiesst @usyehgilchat thahehd dritgndli ber s
overl ap. The nmethod can further include a step of unwinding a roll of
subst r attBickpesgrahedamingiedandtiplg dayervbafprgdenidng. i lngtha smbagganty et o an

el ectro i i i i f i i ne
Censi on. DS Byt AhElted MIPEfhfelolf SFTRRE SRR, 1or Ry S hE BB ok
bi - conpanebt htatbeé risd conn@edsed asinp anetrdf hkatoé cslenduningmellarsleYat ihiogher el t

| d | o\ | | h h. 017], The si f | yi
Phe” 1 nemmtogunartoapt B Bey e PR forBarpNe pr 4 hsahenhrabatt qe080y! mo.
and 0. 25 gldGmREQEE e %51\3"?% aPRule RirfAgRePidL I%Eﬁiler, 28mc BB dinydagy €i n

the fine fibers are carried by the scrim Farther, the step of |apping can
i nvol ve daplimtilwmdng trersthan imebeatpi ntgps.hEorf dxampid, herrgultipleda@r2nftel ldstedwher ei n

the foldi i d fi fib i fib l.am f d
sori mt B PRAPRS Reret "UTr 2E8v0 It et Al L e A BeALa By and
conpressgek0 forma coal escing nedia. In such heating and conpressing

process, a thickness of the folded | ayers can be adjusted fromthe ori ginal
t hi ckness (thickness of each layer x nunber of |ayers) by about 50%to

300% prgbesjabl yn abQHbodR¥%At 00 B0 rANCRRL, @adlf @ff&ﬁi@l?bé?gﬁﬁé)ﬂhe f08a Qe 150%

(The thickness can increase aftér heating than reduced during conpressing.
| n sone lemswted andeoimprasecsistegéthert Hiack peras laygr cargehbatfinndibermrhaimgso gr eat

that the fingl thickness may be still gre t han t.he,origipal thickness
even af trg*l!‘1 13%?4‘8? Bsi I??Qt.?tjer ﬁ?\%er%ﬁe ¥ &} %108%8@? g}&hfaélfigj@dso g E?i @eﬂ?’ay al so be
enpl oy edisidintAeStoacitades eomiiitidNvitiDorGhbpMe e dibyr Edvitagki DRtal G EHRYE per
ar ea.

coverage of the coalescing filter media can be between about 0.75 g/m” and 2.25 g/m*. The

layers of the scrim and the fine fibers are compressed together to form a coalescing filter

media having a thickness to between about 3/16" and 2".

[0014] In some embodiments, the scrim carrying the fine fibers is folded into multiple
folds and compressed to form a coalescing filter media. In such embodiments, the
coalescing filter media can include a fine fiber to fine fiber laminated surface and a scrim to

scrim laminated surface.



WO 2011/ 106534PCT/ US2011/ 026088 [0018] I n one enbodi nent, the coal escing
nedia is forned to have a total fine fiber coverage between about 0.09 g/ ng
and 5. 25 wore1/psBfier abl y bet ween about 0.75 g/ n2 and 2Pe%/usben2/o2468s t her ,
the step of electrostatically spinning fine fibers preferably invol ves
spinning fine fibers froma solution including a polyamde-6. [0019]In

anot her enbodi nent of the present invention, a coalescing filter nedia is

e 2 : . nvet irat
provi ec{omile C‘?’%{ﬁ biilr Eﬁlt&(ﬁﬁleﬁgq{easub&gtyg%bs%?& %1* &ARE BRK AHPRMBLS

cont ai ni'ng coarse ers having an average iameter of greater than 1
m cron, leost ehtanglehicheofsthe asarsefibdry, wheeeis thesfincafileers dthapplicietofthidlepse ar e

hydrophilic fibers.havin avera fiber. dianeter .of .] ess_than 1.m cron
and or ovinelns of B Enttth bt S Geotr Rt abegects Bt Eb @RS PrRAT wat er i n
a hydr ocaae @ibfsﬁé%\&xflri]éd“wﬁh'% mibadieRtbe hined e napiit kadd ARedomfragtd i tate

formati on and gro of water droplets. The coalescing filter nedia can
furt her tpgahardehercurthe fiag&berayed therqoarsg éidbcsraraintigmted roefarmswsifghdce of t he
coal esci.ng fi Idter nedi a. .Such drai nage |ayer can facilitate gromh of the
vat er drBPECAGIESPEMSAR- enbodi ment, the drainage layer is forned of a
cellulous material or a fiber glass material. [0020] The fine fibers are

ol yan dUVET | nAGRERNabam IR Pl RB AN sCr R FriBE Pedi Bt udes the
fine fihefsodnasitMetiddds éofél@&rd‘sta'ﬁ@ﬂl}ﬁ%\{ﬁﬁ%@wléBTo\fVﬁﬁél fiBbRWhvidg @R 9/ n2 and
5.25 g/ n2, preferably between about 0.75 g/ and 2.25 g/ nR. [8021 The

subst r ataycrage gragiotar aiblps thagdrinteraro apply wigriae Hine Gberp emeptbstratgdermedwii ch

i ncl udes_a _hi.gh |t caonponent.and a low nelt ¢ Qnent .. For npl e, the
bi - compaBnt TPrpareneSh Rept bR e el TERPRR hos b Tow el

pol yest ebgah@aidd lapping tiehvoaibagionentis, fidelfibes upsitcdatubstiabyich tiamchet v fi ne
fibers are heated and conpressed together to forma coal esci ng nedi a,

wher ei n fiiges oswapeilbe psthpdsew furgies Hichdes) @ rungidnding 3 relbobyRptratpEogbar se
fibers e ' - I ' 1 [ j.ncl ude
mul tipl %%ﬂlél%fr?%g%t?&s%@?t%rng{eg{l Q%aﬁélrsg&?\ra%g[gﬁﬁgg C?ﬁséjulrl#ﬁf? thﬁ(ggsu ege??g{tee | ayers
carry a substeate Bfkept aftvaf viberimchensiong la stichhembadimentc e subgetdenwearscabout

0.075 g/n2 and .225 g/n2. In o mbodi nent .. each of the fine fiber |ayer
i s sandWOEREd B RRRRO %ﬁg%sﬂﬁsﬁé%w@ Hhas e3n 1@chdar 2ghaPel POVRSE her
enmbodi MeRte addElow melt polyester sheath.

[0017] The step of applying the fine fibers can provide a fine fiber coverage between
about 0.03 g/m”and 0.25 g/m?, preferably between about 0.075 g/m” and .225 g/m’, wherein
the fine fibers are carried by the scrim. Further, the step of lapping can involve folding the
scrim carrying the fine fibers into 2-20 folds, wherein the folding provides a fine fiber to
fine fiber laminated surface and a scrim to scrim laminated surface, wherein the folded
layers are heated and compressed to form a coalescing media. In such heating and
compressing process, a thickness of the folded layers can be adjusted from the original
thickness (thickness of each layer x number of layers) by about 50% to 300%, preferably
about 70% to 200%, and more preferably about 80% to 150%. (The thickness can increase
after heating than reduced during compressing. In some cases, the increase in thickness
during heating can be so great that the final thickness may be still greater than the original
thickness even after compressing.) Two or more folded or unfolded scrims may also be

employed in a stacked combination to achieve heavy fine fiber coverage per area.



coal escing filter media can include a fine fiber to fine fiber |am nated
surface and a substrate to substrate | am nated surface. [0023]1In one
enbodi nerwo 20h10633al escing filter nedia includes 10 | ay@ec3/uskoisobass at e.
Each of the substrate layer is fornmed of a scrimconprising bi-conmponent
fibers and carries fine fibers. The fine fibers on each substrate layer is
formed of el ectrospun pol yam de-6 nanofibers. The fine fibers carried by

the 10, OB 2L F ARYGHBARON! B8 cBub0 Al nEling, FhBEL AYERANE ARl RGN about

0.75 g/ d 2. The coal esci er nmedi a can r 1 ncluding
a dr ai nagectagybetwaen anged.00y/m’” sovihdi peanpshnrilly deofeet hbow @l 5esti’ ngdf i | t er

medi a f d of a fiber glass, mat. Ln such enbodi nment, the coal escing

(11 tor et &ba e s o IERPriELE BB e ebut Pafetely Bahcn.

[ 0024] | nypanaidele SEROHbARMNolRontiRQuPhea§Blyahiiy&pt i on, a coal escing filter
medi a i ncluding at | east one substrate corntaining coarser fibers having an

average fiber dianeter of greater than 1 mcron and fine fibers carried by

t he sub e i i : i i.pber: ; iher -di anet er
o1 1 cog REE, | Bl dafbaaibe bf M plosBRITRYHRAR, £baRNEh ROl IOh 10 Sded at

| east pamovidéd.yThe ¢daloscinpéiltcomedie ifdlixks st lenstane outptresedtagtiag ecarsen nmany of

th mbodi t t | t : t fi fibe. thr.

i mensi ST TS TR LT TBBRET BREAAT i rs 4 e IR Pt V56T B¥posed
to a pl an@sutsB¥e! ThEWht fiBEss a8d hy RasHilis A6&s Qhvihfen bl dt8ad filRe dPantAdt IT€ess
general |y sandw ched between | ayers of the substrate. [0025]1n one

ermbodi nehan 1 fheron apé pfovisterassuiiasientdibee burfagg apraita coHesgh emutsifaas watapinta ng
poi nt of_ at | east. gne component of th garse fibers,. and the fine fibers
Pre " per it R T SRRl b R BPEF ok Ra it ODub il ot ot o
and t he drowth dfiverésdrapletsC dhekegesihd Pgetnh@lia ¢ fiahdihdledcoHoRIREs &Y cBt at e.

[ 0026] O her aspects, objectives and advantages of the invention will becone

mor e appAieBatd 91 HAPYRERR WERFHY e fedlremadEse megia ohichERnagaRBIeT Fap
oy nefadatd §BwhSr AE GARAYI QLA WbRISbo ERA tRPHRASCTLIY i Forhtl

DRAW N
of a cellulous material or a fiber glass material.

[0020] The fine fibers are preferably electrospun nanofibers formed of a hydrophilic
polymer, such as polyamide-6. In one embodiment, the coalescing filter media includes the
fine fibers having a total fine fiber coverage between about 0.09 g/m? and 5.25 g/m?,

preferably between about 0.75 g/m* and 2.25 g/m’.

[0021] The substrate is preferably a scrim comprising bi-component fibers, which
includes a high melt component and a low melt component. For example, the bi-component
fibers can include a high melt polyester core and a low melt polyester sheath. In such
embodiments, the substrate layers and the fine fibers are heated and compressed together to
form a coalescing media, wherein the low melt polyester sheath melts or softens to bond the

coarse fibers and the fine fibers.

[0022] The coalescing filter media can include multiple layers of substrate, wherein
cach of the multiple substrate layers carry a layer of fine fibers having a fine fiber coverage
between about 0.075 g/m? and .225 g/m”. In one embodiment, each of the fine fiber layer is

sandwiched between the substrate layers and or a media layer. In other embodiment, the



[ 0027] The acconpanyi ng drawi ngs i ncorporated in and formng a part of the
specification illustrate several aspects of the present invention and,

t oget her wDt2hittteessdescri pti on, serve to explain the pri RCirfiSes 1.08608%1e
invention. In the drawings: [0028]FIG 1 is a schematic cross-sectional
view (e.g. relative illustrated thickness not to scale) of a filter nedia
i ncluding tightly conpacted nmultiple scrimlayers carrying fine fibers

accor di r&afe?uﬁ’%ﬁﬁmﬁg&g@ in@fudb Qﬁn@rfﬁ)%ﬁf&t ﬂe“fYt?e'?tla{@BFttelé r@&%ﬁ%’ih@a 21s a

schemati c cross-sectional view o he co escl ng fa of FIG 1 in
a pr e- conpstesswcbubstattelamimitedsirfaceonpr essed to a conpressed state;
[O030]FIG 3 is a schematic illustration of a concentric sheath/core type
bi - conponent fiber of a substrate according to an enbodi nent of the present
i nvent i d0023]0031q dlc@mibdimerd, the lvemadcig: ﬁlltérusddiaahlicmdemfo Bgceof sulistrhe.

sheat h/ ¢ |-co onent fiber of a substrate accordi to.an
enbodi mf%”ﬁ(# ¥}{)Gr§é£iﬂ?aé‘*s wEr 1B % A SCTHEFEBPEFIES Db CPRPgnedt ﬁg%étalﬂ‘é carries
i 11 ust raf{.gfhepd, "ﬂlesﬁ(%eﬁﬁ&‘s h iU BEraRd 1@&@%@& of bl@%os%ﬁn BoSHhlLat e

according to an enbodi nent of the prese I nvent
nanofibers. The fine fibers carried by the 10 substrate layers pr0V1de a total fine fiber

coverage between about 0.75 g/m® and 2.25 g/m”. The coalescing filter media can further
including a drainage layer arranged on a downstream surface of the coalescing filter media
formed of a fiber glass mat. In such embodiment, the coalescing filter media can have a

total thickness between about 3/16" and 4",

[0024] In another embodiment of the present invention, a coalescing filter media
including at least one substrate containing coarser fibers having an average fiber diameter of
greater than 1 micron and fine fibers carried by the substrate is provided. The fine fibers
have an average fiber diameter of less than 1 micron, and at least some of the fine fibers are
embedded at least partially within the coarse fibers in a compressed state. In many of the
embodiments, at least some of the fine fibers can form a three dimensional matrix of fine
fibers extending into the substrate as opposed to a planar layer. Further, at least some of the

fine fibers can be generally sandwiched between layers of the substrate.

[0025] In one embodiment, the fine fibers have a melting point higher than a melting
point of at least one component of the coarse fibers, and the fine fibers are permanently
affixed and oriented. Further, the at lcast one substrate and the fine fibers are calendered

together to form the compressed state.

[0026] Other aspects, objectives and advantages of the invention will become more
apparent from the following detailed description when taken in conjunction with the

accompanying drawings.



[0033]FIG 6 is a schematic illustration of a pie wedge type bi-conponent
fiber of a substrate according to an enbodi nent of the present invention;

[ 0034] FI Gvo2oigl0es3schematic illustration of a hol |l ow pi @eCratge 1109988

bi - conponent fiber of a substrate according to an enbodi nent of the present
invention; [O035]FIG 8 is a schematic illustration of an islands/sea type
bi - conponent fiber of a substrate according to an enbodi nent of the present

i nvention; [0036]FIG %ﬁﬁ@ﬁgbﬁ@pf@' st RARGNGS @ trilobal type
a su

bi - conponent fi ber of strate according to an enbodi nent of the present
i nvention; WO 2011/ 106534PCT/ US2011/ 026088 [0037]FIG 10 is a schematic

I 11 ustrah of I = I according to
1 0 01, O i R P RO I Sha S 20
specification illustrate several aspects of the present invention and, together with the

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

[0028] FIG. 1 is a schematic cross-sectional view (e.g. relative illustrated thickness not
to scale) of a filter media including tightly compacted multiple scrim layers carrying fine

fibers according to an embodiment of the present invention;

[0029] FIG. 2 is a schematic cross-sectional view of the coalescing filter media of FIG.

1 in a pre-compressed state, which is compressed to a compressed state;

[0030] FIG. 3 is a schematic illustration of a concentric sheath/core type bi-component

fiber of a substrate according to an embodiment of the present invention;

[0031] FIG. 4 is a schematic illustration of an eccentric sheath/core type bi-component

fiber of a substrate according to an embodiment of the present invention;

[0032] FIG. 5 is a schematic illustration of a side-by-side type bi-component fiber of a

substrate according to an embodiment of the present invention;

[0033] FIG. 6 is a schematic illustration of a pie wedge type bi-component fiber of a

substrate according to an embodiment of the present invention;

[0034] FIG. 7 is a schematic illustration of a hollow piec wedge type bi-component fiber

of a substrate according to an embodiment of the present invention;

[0035] FIG. 8 is a schematic illustration of an islands/sea type bi-component fiber of a

substrate according to an embodiment of the present invention;

[0036] FIG. 9 is a schematic illustration of a trilobal type bi-component fiber of a

substrate according to an embodiment of the present invention;



[0038]FIG 11 is a schematic cross-sectional view of a coalescing filter
medi a i ncluding tightly conpressed nultiple scrimlayers and fine fibers
and a dowwetnaamviBaer ous | ayer according to an enbodi nenPCofuskérg/opsoss ent

i nvention; [0039]FIG 12 is a schematic illustration of a systemfor maki
a coalescing filter media according to an enbodi nent of the present

I nvention; [0040] Fl G 13 is a schematic illustrat i on of a system for naki
a_coal eggj) f'bi@r di R AGbR ofti R BRLTRRE: Gifa t he

pr esentS[ ntion; ff\hl G 14 g?Igla gc Y \g‘:?r atﬂlingin % aa system

for rraklsngstmte:mb&hmg tocanf dnh Hoelimere ehif ﬂleqncsnnd]mmglttan, yet anot her enbodi nment

the present invention; [0042]FIG 15(A) is a Scanning Electron M croscopi
i mage showi ng bi -conmponent fibers and the fine fibers of a conposite nedi
produced0038|ng Fhe. Hlyistacheofaticlctossbectionkleviewtofa coalgsuidg Gidrimedid mebiding300;

[0043] FI G 15 Is a Scanpni ng El ectr Cros e show ng
- conpdtEdHy © mﬁéqsgedaﬁwlﬂpﬁe%ﬂ Y4t g angyfibeys e%ﬂ%égw%r Oéowazsﬁiced usi
the SYStRB@nghb % ehbollidialofhe BrdBENhidngighi on | evel x1,000;

[0039] FIG. 12 is a schematic illustration of a system for making a coalescing filter

media according to an embodiment of the present invention;

[0040] FIG. 13 is a schematic illustration of a system for making a coalescing filter

media according to a different embodiment of the present invention;

[0041] FIG. 14 is a schematic illustration of a system for making a coalescing filter

media according to yet another embodiment of the present invention;

[0042] FIG. 15(A) is a Scanning Electron Microscopic image showing bi-component
fibers and the fine fibers of a composite media produced using the system of FIG. 12 taken

at a magnification level x300;

[0043] FIG. 15(B) is a Scanning Electron Microscopic image showing bi-component
fibers and the fine fibers of a composite media produced using the system of FIG. 12 taken

at a magnification level x1,000;

[0044] FIG. 15(C) is a Scanning Electron Microscopic image showing bonding between
bi-component fibers and the fine fibers of a composite media produced using the system of

FIG. 12 taken at a magnification level x2,000;

[0045] FIG. 15(D) is a Scanning Electron Microscopic image showing bonding between
bi-component fibers and the fine fibers of a composite media produced using the system of

FIG. 12 at a magnification level x10,000; and

[0046] FIG. 16 is a schematic cross-sectional view (e.g. relative illustrated thickness not

to scale) of a coalescing filter element including an expanded nanofiber composite media

-9.-
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[0044] FIG 15(C) is a Scanning Electron M croscopic i nage show ng bondi ng
bet ween bi -conponent fibers and the fine fibers of a conposite nedia
produced weizng/mbiB4syst em of FIG 12 taken at a magni fi eariusaoilie@s x2, 000;
[0045] FIG 15(D) is a Scanning Electron M croscopic i nage show ng bondi ng
bet ween bi -conponent fibers and the fine fibers of a conposite nedia
produced using the systemof FIG 12 at a magnification |evel x10,000; and

[ 0046] FI ' ' = i Vi - canl '
11 st 1 ardd DRI S RAREBl EnlolRes ARt MG LA AR, Grar PG or e
i ncl udi ngesant @xpdivded nanof i ber conposite nedia and a conpressed nanofi ber
conposite coal escing nedi a according to an enbodi nent of the present

i nvention. [0047]Wiile the invention will be described in connection with
certai n [po£Fer r &thikertheo thvortidnswilk beedescritsedrio comicetidn tvith lcemaih prdfetral t hose

enbodi ments. . On the contrary, the intent is to cover_ all alternatives,
modi fi cAMRREMSHY RyEAR Bk odimit ficp Hopsa PP RImEnih O {hr cppiraiRdhe SFE of

the inventd OR A G rhﬁﬁ@s,%o&iﬁ@atﬁ)ﬂ?%ﬁw&ﬂnﬁiléﬁt% inPRA& LRRAnRESEHRLPHON OF
THE | NVENTI ON [ 0048] Prior to turning to the details, sonme |exicography wll

be develsopedofitbe aysntsin dsnlefined by the appended claims.
DETAILED DESCRIPTION OF THE INVENTION

[0048] Prior to turning to the details, some lexicography will be developed to assist in
understanding the present invention. As used herein, the term "substrate” is meant to be
broad in nature and meant to include any structure upon which fine fibers are carried or
deposited. "Substrate” may include conventional formed filter medias such as scrims and
the like that may be unwound from media rolls. Such filter medias have a fiber
entanglement that typically bonded or secured together mechanically, chemically,
adhesively and/or otherwise and thereby have strength such that they cannot be easily torn
manually (e.g. a 1 square foot sheet typically holds up to application of tension of 5 Ibs
force) and have filtrations properties. "Substrate" may also include looser fiber
entanglements that may not be bonded together or secured together (e.g. a 1 square foot
sheet may fall apart upon application of tension of 5 Ibs force). A "scrim" used as herein
refers to woven or non-woven fiber entanglement, wherein the fibers are bonded and

compressed into a planar formed media.

[0049] FIG. 1 is a schematic cross-sectional view of a filter media 100 according to an
embodiment of the present invention. It is schematic in the sense that in reality the fine
fiber layer has virtually no thickness, but for illustration and understanding, thickness is
illustrated in FIG. 1 and other schematic illustrations. The filter media 100 is configured to
coalesce water in hydrocarbon fuels, such as diesel fuel, jet fuel, and gasoline. The filter
media 100 can also capture solids in a hydrocarbon fuel stream. The filter media 100 is also
referred to as a coalescer, a coalescing media, a coalescing filter media, or other similar
terms in the present application. In preferred embodiments, the filter media 100 includes at

least two different fibers, for example, electrospun nanofibers and a substrate of coarser

-10 -



under standi ng the present invention. As used herein, the term"substrate"
is meant to be broad in nature and neant to include any structure upon

whi ch fi rwof2bta¢res3are carried or deposited. "Substrate" Poayuszeiaioaces
conventional formed filter nmedias such as scrins and the |like that nay be
unwound frommedia rolls. Such filter nedias have a fiber entangl enent that
typically bonded or secured together nechanically, chem cally, adhesively
and/ or i Qa%{] : 3 t be easily
torn rra%ﬂa%ﬁy (%e.ggtﬂgg I?quisbc%i%gr e g%’t%éﬁgg{ﬁﬁégﬁggﬁﬁg%}gﬁ%dggggg application
of t ensicmpofitdfikdranddia, aepmpositdiavdiaf orl dtiatikotnsnpringes sppdsatiorSubst r at "  may

al so inc]ude | oos fiber t angl.e ts that not be bonded tagether or
Secur eq AlfseiheRs Fliegned 158 RGN “eh StodTRy oqHlisF g gab et I

appl i catf|@R nRldid RIVShANbOfisca ih Bhet Alt&Ebn applicifibhsT used as herein refers to
woven or non-woven fi‘ber entangl enent, erein the fibers are bonded and
conpressed into a planar formed nmedia. [0049]FIG 1 is a schematic

cross- sqghs@nal 1yingWnibbdindnt blhin MEAG2 1 140 ARECALHLNG0 LOmBAsK TR B Of
the present invention. It 1s schematic In the sense that 1n reality the
fine fizebsttaay €02, A84, Moy tQfalllg, IHE, t K, dk6elds, 1Myeadhorf whitlusarryang 6ne and

under st gndi n J e IS, i,lu in. FI G ,1 and her sc i C

T st r dicbne4. His I8P B 1 dn i THE Tabn Ryt i g el SO,
hydr ocarfifs f42el e stvgiut@sodi gaehod uek, 11oet 14, ueh, 11@3nd1gasehhdthe nldiga f il ter
medi a 100 can al so capture solids in a hydrocarbon fuel stream The filter

medi a 10@2iasc firwed pefibers baving amgvaagrolahas seemcterdypioallyelstden thandltit of the

coal esci ilt nedj.a r _other. si m ter i he p | ication.
e pr ot diediPegtats e Riw@ PR 1B Mo by 00T bl 1S iRh BORRe

di f f er erfibeld 1w, $26,f108, B3NP, &34l B8 SI@ON1 4020864 ihbenslianTd ae sdhightat e of
coarser fibers carryi ng t he nanofi bers. As such, the filter nedia 100 is
al so r efaddtightly gormpressed dogrohar te incrqapebersyrface HeeppO MeofBaYIdC 2or ot her
like ter I; i i i : i i Oyl
parti culsg?ql 69&1\}\5%1%?551%?? iégl% ? géﬁg%tg‘fgéﬁslggﬁggénp%chggﬁrfc))ﬁ{sfu%?%{éa} %Sloat %%S%}rgu&l’a 100
may be usedalestcoFhaherf thetfinatfibors 12dpl26;dLg .03, 1320050136, 13t 1édblddianent shown
in FIG 1, the filter media .10Q conprjses 10 |ayers of supstrate 102, 104,
106, 10 P“&%g?f ahysirophylic myipgal, g@fz?}%%,@i%& BRUSHEACE AR ?gqqgalfqene fibers
124, 126omkafn alaé%mv&t%%fv&a%&,dr&pi&s, f%@iﬁtati%%ge abftion GNehi@ 0L &ydrd€aBn t OP Of
the fine fibers 142. The substrate, 102, 04p, 106, 108, 110, 112, 114, 116,
118, 12Cuerstreae Althdigh thiPerabadimentrreshafn With dresmbdivlaygr 822, éhiemede laydoer

di aneter. typically |arger. than,t of the fipe fibers. The substrate
ayor s oobtorgh and g 5 eget Db aCeorine 1o sty GBSk ne ey Rl feper o
124, 126hiske@ia b3 12232, 134, 136, 138, 140, 142, and the media 122 are

| am nated and tightly conpressed together to increase fiber surface area
per volume to provide a sufficient fiber surface area for water emulsified
in a hyqpesar bomhé Bk msdis bf RRG A ﬁhﬁg@korﬁfeahsmg%ﬁ%&ﬁ@&wfwmﬁm the
fine fibers 124, 126, 128, 130, 132, 134, 136, 138, 140, 142 are fornmed of
a hydr ogHG. 2 ¢llustietss it filtdr oredesk Hifpine migicompdssadestaie § 4aend meqrapressad state

h f t d wt h. droplets, ilitating,. ] f
vator rridh ayareals 685 Fate 0o R e R S BB R han ©
wi th t he' @aRdiréfetray BérethZd, antddigt aledékcby The FiteoREdi@N oD in @B Grd-Batbpretdae

filter media 100 accordi.ngqto ot her enbodi nents may not include this nedia
| ayer 12ate [HbBrpmRecssed inkr thasemaressedmstats 146 wage bectioh eaerdoiarigllarhé4hr ocess

shown i . ' r e fi F '
pre-congpgéé%g%gyg}é%ﬁ%@hgkg§%‘@%ﬁ%?ggggébgﬁﬁ%gg§%€gr%§82%§“£?n¥he filter
medi a 1QBickiest e pre-conpressed state 144 has an initial thickness t' (also
referred herein as an original thickness.) The filter media 100 in the
pre-conpressed state 144 is conpressed into the conpressed state 146 using
a set ofjoosd|enderf siong: ¢robddemsntd ABe (iGEr RECIAN O & the psetEmPtsdedstas) 144160,
wherein the initial thickness t' is reduced to a final thickness t.

[ 0052] | hegisAbeclipeRmprshing. Ingertainpreferrpgembodiognisniipgpobthe seksfpicaslesd state
144 1 5 Naglestielane S URIAIRL0Gidnde BENLE) MeRfiRh ol rEmRRAiTaNLS, i bers
of the substrate relax and re6rient To INcrease an av rage di stance between
t he fi bexamdhatlag bbeasdtilegt patially esn@esed donitde stids phedetiah proeast) partial ly
conpressed during the scrimproduction process.) As
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such, the substrate | ayers expand and | oft, wherein the thickness of each
of the substrate |ayer increases. Further, as the fibers proximte the
surface ovotha/wueisgtrate rel ax and reorient, the fine fiPbEns2ehiocdssar e
carried by these fibers nove and reorient with the fibers. Thus, fine
fibers are extended, pushed and pulled with the larger fibers. In such
enbodi nents, the initial thickness t' of the pre-conpressed state 144 can

i ncreas i i : k.a..heating.
esugl%, (;cg% sdb@fi‘ét% I%Yﬁé e?dlpﬁan oft! Whdreindht *m?ﬁg%][olfﬁégt?omé Substite g

In such e ment s, thickness t o media 100 after
subsequdager compases skwthenfas theefihons predinfdte thersurfech & thiOubsamebdaebider | ess

than, or equal taq, reater than the initial thickness t', depending on
o o URe R 15 i EPerd N 5 CHERE PSR R asaR et b ar U g
conpr essFiRR; fidd 5k RIFRALH, @Egeﬁeﬁ,ana Bgnéd \gﬁt}? Ehéﬁ%%ﬁﬁ%&@._ idsuche

pre-conpressed state 144 can eated and conpressed sinultaneously via a
set of heetodinens,dndiertiahthiclaichset ef the prescarhpressbd diateelfidscan titmsgase hpypt keast be

any expansi.on .a very slight increase. in the initial thickness t' prior
10"t he” ot LiRtHs Lo Pl o2t na% ARER il I St AL KRR ot ot

embodi mapicknesk RBF GoMMenRe™ 100 lafieF subBejuantldnpianiondtielofteddlict hbgikness t
can be heated post conpression, wherein the thickness t' may be increased.

I n sore @Rtsaabersithes lessfeans pr eqiel toeel greatonthem theppitihbiiickacssdr ecncndingsice. For
exanpl e, Il I . re Si hen heat ed
agai n aurt Aol SkadtREh HufgE a5 e 5 R B e R R oot id e
can be Heloteeembboiticnb)tcalttr 3(2AP%0 10 ih ke proicomplrestddl stdtaed4 can be lpaedder abl y

bet ween about 70% and 200% of the injitial thickness t', and nore preferably
bet ween B IREB R Y iaed st ot hatadrfaicadering iRilctsh dn #4qht er  nedi a 100
0 the nisRRARRESRSEnRY AoPhddty LDaRtiasactydoWilontibie i fRlinfgpr essed
state 146, the fine tibérs 124,” 126, 128, 130, %32, 134, 136, 138, 140, 142
beconme rnbrcknésat' egioateetic Wiitkneshiedeamnge thd firedl shidénesthte lagpdiffatensubst r at e

I 102, 104, 106, 108, , 112, 4, 11, 118, .120 d 3

i rene: SRdiodiinis fioeaminised kit wrdn 108 Beving fis ALt Sos b M or o
100 in Fﬂ@)@t é&gﬁ?é@i‘b%edzh%ﬁ{ﬁe llﬁ@ld&_@sst' ﬁﬁ?'b@@ﬁ&éds@&.i Eﬁso%iéfé‘nﬁtﬂ‘d'dﬁﬁémi,%e a

coal esci ng nedi a. Afthough, the filter nedia 100 in this enbodi nent

i ncl udediltn megieel(d) agh be lbaied groee dan pyén dFdricnemplebide dilteomigdie 1@ seriberent s can
i ncl ude rrgreg Oio éess 1rséubost el %elﬁéer% alr,hrlgi n fisnoenfi bers. [0054] The
substrathé’ﬁ 3?8 Y2 lfLe(S1 ) ge £yring fYTPYA9" 116, 118, 120 can be

formed of any suitable porous nmaterial. Each of the substrate |ayer can be

f d t f,. i al dj f t t o, Of
mat or' ail 0P ont HESHRARER R AT BkPeod oo bTHET atalP 35 ndGi0 %3
108, 11Ghe dlial tHid¥nesd L 6refbdBly Bot@e&PaRRUL P®% afd DOOYIRA thd inltia@this@dis, The

formed filter media conprises fibers that are bonded together. For exanple,

t he fi beand nesfre prrserblyriastivdon §0&y anetfi04o aithe iritiplghigktess §géystibe filigr medigent
bondi ng, i L or . nr ngli T f.i Lter nmedia
can car rlé)to]ﬂ 1:‘?lr%e rle'légféllg%eg%éi Sgir%%\l/?%g%é&gﬁlécgvfng?oatﬂe g% %lpcoo?lfprggéd;a tg rlrér‘étit%f: ilter
medi a t yieCfillery 1 Diam2@ e 28N epziant| 36388l 1a9, MAthdcbee niteeirdegratdd ivihs an air
filter media, without being |ani nated or supﬁorted bg/ ot her nedi a or

st ruct urthe cogpige filsrneldhe peipeant mehsfrateilaycst L2, 184 0Pt & 1%s! 1. Elbditat e
filter i fd rq; I; 3 .S i {dner ia, or

ot her | rlﬁg '?2e0r %lsd ﬂlohht% hdelﬁli[@)l(r?géés]neaz!tEi nggg]%'f@g{ ]?gﬁ Hﬁ? g%ggﬁpfegyng{of vTe Y, {et? he

subst r atreediay0€ onpe comperedataterbftehasehsraoteriftidsenfficwdnt &dr aaroelcb@og elediat angl ed

together, in a hj y fluffed. thick state and may not be.bonded together as
in the cadwush the ?%F%ﬁ&filsg ét}thﬁ%ﬁ?%ed?mﬂ%{lgmiﬁé dRyegt o upiee FHBEPS can
easily bgldedurPanbodihichis\eh ndiddethSre R LuIRIAR Ay ANGrRAT; fidd fid&s.
structural integrity such that it 1s not considered a@ fornméd Tilter nedia
in the conventional sense. The fibers of the web of fibers typically have a
| arger qygsa9e ThOGILsHhRMRIR! 1¢N304,A062YR, 398, bDefs, di @rmkeraPlantipe fine
fibers. qu ‘guch, tﬁﬁeswe%nﬁe f} éers’is é}/sé referred to as a web of coarse
fi bers dprm¢defranlyiskealilepomus matehiab Bguplof taet substratdlayongodictferrhdd efersamedi a
including fine fibers.int ated wth such b. of coarse fibers i

descr i badhs &f TRPEYPAEH NAGFFHEYPoEial PRRUREHIIA) S ParBTedipit @581 on

Publ i catjpan ohithe saBQRHOPEO 109, 10601 0] 116, AS1 BNeds 1108t M) @epriiReE fétinckihe
present application, the entire disclosures of which are incorporated
herein by reference thereto. [0056] Preferably, the substrate 102, 104, 106,
108, 110, 112, 114, 116, 118, 120 is g nulti-conponent filter nedia. As
used herein, the term"multi-conponent” filter nmedia”, "nulti-conmponent

medi a", "multi-conponent fiber nedia" and other simlar terns can be used
interchangeably to refer to filter nedias including at |east two different

o, o o o g, o L r -



WD 2011/ 106534PCT/ US2011/ 026088 [ 0057] I n one preferred enbodi nent, each of
the substrate |ayers 102, 104, 106, 108, 110, 112, 114, 116, 118, 120
conpri seswea 2twiondsfior ned of bi - conponent fi bers incl udi mgTtuseoidiotdoss ent
materials having different nelting points. A conposite filter nedia
conprising fine fibers and a substrate formed of such nmulti-conponent
fibers are described in Milti-Conponent Filter Media with Nanofi ber

AL t achmefite, ;R g'é pﬂ*e%fm&pﬂltér(iﬁéo‘llé)gb ISGE ﬁi%] aﬁéot?b%ged W&%ﬁl@r I grassi gned to

t he assignee o e present appli cat e entire clFfosure of which are
i ncor poraﬁm@lehéreeﬁhermf thefamed digtet ﬂmedletnmy ‘t[eO:QﬁBi:d tﬂ)gbtﬂlesbﬁfmfhzﬁilt hemtmg,o ne

conponen he,.bi onent s a | owe ting point
han t naheitiabOEEbSRURT rovies ot fhocbiipehBhir RaRt o8 ciy s st o
pol ymer 5dGhoade @ﬁkhyd%ﬁpéﬁbﬁ&% TH@fdfﬁlfemf“'lt%ﬁﬁedlﬁrtylﬁéﬂlb&?c%h%"e 1nci@13@ndbtnﬁf"
conponent may be a pol yner havin hi gher nelting point than the Tow nelt

conponentsed oy a ﬁtttremed;@u sual hsparf aify lrterrmtcéa,l \amls)us beihg é@smgataé or supgored by

cel | ul os The,. b are ressed

C oot hortiss yor SQERAD CBhe fonBE B RelP R 8 RAG IS e b PSR L

t hi cknesfgedid, Q0B8R TdiddubsesrpaneBtrdté, Refigr efcdid)or 6@Et MdiSaEs AShé PpRs&bstrat e
102, 104, 106, 108, 110, 112, 114, 116, 118, 120 can include a hi gh nelt

polynerfwﬁhﬁ6Wént and a | ow nel t pol ymer conponent. For exanple the

bi - conponent may conprise a high-nmelt polyester and a | ownelt pol yester,
in which one has a higher nelting tenperature than the other. FIG 3
schemat i[8853ly i Mltawrtiselzsthe sWistresmpanemprisebae opmorx swhbephigbars whivh are

enbodi m“318056 A%nél ¥ W;g'e%her m abfllgﬁglr?(%ﬁe%%nrcr% ls‘&alte anl% nflr&t] Sot nt ' Iﬁg((i)edhte etﬁ/ cQig type,

wher ei n I and-a" sheat h

26 i s fah@egbe of a forh@d IR} incdll. YIMRE, the 6@BPO BEIREC ﬁtﬁdﬂ@@&] chbity bé plillgaeipartpol yner
conponent_is formed of a _polyner having a higher nelting tenperature t han
the | ow ‘g Yerpditiammpnysd ﬁff@tﬁ apd hasdjfle spciuny] kg\?ﬁgﬁ@r such haf atgip gof Gompiggred aput
are not I a cl ude
pol ypr opfi;oﬁntl%GF ﬁﬁeﬁfﬂq@dﬁﬁ t}{g?\&e&egg&%cl) P%gés{t gqugﬁtc))erég%h%g{' erfq}gg?sﬁjz%]l %%A[‘Grrer S
havi ng a llatgbeavaﬁmetﬁbeg diaangoe tadnareavichagn fibbediamkree bethe HingHibewl tAsaklyner. For

exanpl e, o] nent fibers may be forned of. a pol yester core and a

pol yproﬁy?@ﬁﬁ OB Rt 5 213y Weéit%ﬁ%meﬁ@ﬁfoarﬁ%ﬁb %9%%1&1% HLBtRSar e for med
&t A ¥ sR¢ iR Hh di nOAYES thtdoriie h cB@rpoi

of two da!pbf@a[r%ﬂt { d?ﬁ‘ﬁoﬁ@ RO} MESh SESu RHA oa Qﬂlé‘gQﬂEQ\ﬁ{ siBh ticBQrpoi nt

t han the ot her.
coarse fibers is described in Integrated Nanofiber Filter Media, US Patent Application

Publication No. 2009/0266759, which is assigned to the assignee of the present application,

the entire disclosures of which are incorporated herein by reference thereto.

[0056] Preferably, the substrate 102, 104, 106, 108, 110, 112, 114, 116, 118, 120 is a
multi-component filter media. As used herein, the term "multi-component filter media",

"multi-component media", "multi-component fiber media" and other similar terms can be
used interchangeably to refer to filter medias including at least two different materials. For
example, a multi-component filter media can comprise fibers formed of a first material and
fibers formed of a second material, wherein the first material and the second material are
different materials. Alternatively, a multi-component filter media can be formed of fibers
including at least two different materials, such as fibers including a core formed of the first
material and a sheath formed of the second material, as described in detail below. A multi-

component filter media including two different materials is refer to herein as "bi-component

filter media”, "bi-component media", and like terms.

-13 -



WO 2011/ 106534PCT/ US2011/ 026088 [ 0061] Ot her types of bi-conmponent fibers
may be used to formthe substrate 102, 104, 106, 108, 110, 112, 114, 116,
118, 120 wo 20tiess3enbodi nents. Sone exanpl es of di ffer emCTiUSp@E/004088

bi - conponent fibers are schematically illustrated in FIGS. 4-10. An
eccentric sheath/core type bi-conponent fiber 28 conprising a core 30 and a
sheath 32 is shown in FIG 4. This fiber is simlar to the concentric

sheat h fib j ] i RELI06T
differeﬁ?ﬁgﬂrinEggﬁ%?ggg%dg%%?ﬁgnﬁagggg?éﬁg?a%%%%g%§%§gﬁﬁégggggégﬁ%he fiber
to curl 116t bl123 1| 1%, Wen 20 eampdses Bhcsmabtmedsofdn-cotipenait Sibefslin¢ludinper to

devel op cri and bul.l and n result in different. fiber reorientation,
expans] HOSFAPBR TGS RIBRE 8Tt FRae e AeRPepbp BT 5
schemat i @& prink! Al £ Aubbifife R mSH 8€sthRRulBlco Mg Merd drb8EscAfed

including a first polynmer conponent 36 and a second pol ymer conponent 38.
Dependi ng MultigrorapsichiclattenMediatva thf Nagafibgo Aytaehmant i oh Batentviagplisetien Nogher or

ext ensi drf BEPHEOR2 ot & SeRERY eBTa s PR P Bl ibfyHEF < occupy

a part ofisddsard éfheticls bicfide@poriict heRioPerefiohdsBErc®e! ection, this fiber can
devel op higher levels of latent crinp than the eccentric sheath/core fiber

28. [0063] A pi e wedge type bi-conponent fiber 40 is schematically

illustr qbeshdl N i @is @abotitBeit SnNRAGRINEARFTh AN - CAHPRhES e FHRE &rint HasOf

adj acent wedges fornmed of a first polyner conponent 42 and a second pol yner
conponeri lowgr meling pofnt thea the peier grohgoment. cldegowenglt amprmsntcagdesny pol yner
conponent . an, either side. The first lyper ¢ onent 42 may he hi gher
or T over ite Baflshaf e Bord Bk BT B RS Ren e Fhbod % e o
are designebt 4 polpectpavidig & highei Meltia g pomn eHah theldgesclyompaittaniog atheagi t at i on
(typically hydroentangling), yielding mcrofibers of 0.1 to 0.2 denier in
the fil tsufabiadiber mﬁf@t;%amgf@s g%%is andloseiluipsei dhe bi-crrppanenbhbes aig besledbw pi e
wedge t [ I rj Sl i S 48 and
second g@ ?%%FB§EE8§§&%8¥H%§%?%$t%@%@ﬁ%%hgggﬁi%ﬁ£%%3h¥%§@F§ﬁ$gﬁﬁégfirst

pol ynmer oesdigebickiessay be fornmed of a higher or lower nelt polyner than the
second pol ymer wedges 50. The hol |l ow pie wedge fiber 46 is simlar to the
pi e wedge fiber 40 but with a hollow center 52 core that prevents the inner
tips of [00&9|wedFes bi-canpirehifitegs of thuScrirakikstDasstpt bitistrag 10251 el 108MD08,

2011/ 106534PCT/ US2011/ 026088 [0065]FIG. 8 is a schematic il]Justratjon of a
i sl ands/d8al 4 Pétniloc bip AR an Fckyde adugh meft golymse compongntgndahionhmsld ¢ he

" pepper Lzza fi ‘ T ‘ - i's the
peppor orl AR SR poRaM, FRE AR AC L RE G Roh e iy ROKREY o BRARANEAL o fr
enbodi memtls, lotvheclf polgtstgoinmiech omrborengh&tnédlend @mpechtwt tlzanhthgbiber. el t

pol ynmer an the secon ol ymer. conponent. 5 or the secon ol yner
P omoneritag sHETE RGOSR RS Eabegar et 22 prrostid GABOTMHERTEIE <
fiber ald,gwa, thh %i-%rﬁﬁ&féﬁf‘%z Rfa d&@?ﬁuﬁ? g%aglg/éo@@%e%hi}ieﬁm 458l 24 RALMARS 056

within a matrix of low nelt or solu pol ynmer 58 that is subsequently
mel t ed orhigh gsdipebdnerigasempdhent aatl laoheath Bé iplooded of olevomcl pabydicsicnade of
fine mcrofiber because the fibers are easier to process in the "pizza"
form rat®8PPH%n as i ndividual "pepperonis.” Staple fibers can be made of
37 pepperonis on each pizza, producing fibers about 0.04 denier (about 2

m crons [ﬂh&ﬂE t e[l“%lé hl?gil nef\e\ite Iglol;rlnre]re éo'rnponent is formed of a polymer having a higher

melting temperature than the low melt polymer component. Suitable high melt polymers

include, but are not limited to, polyester and polyamide. Suitable low polymers include
polypropylene, polyethylene, co-polyester, or any other suitable polymers having a lower
melting temperature than the selected high melt polymer. For example, bi-component fibers
may be formed of a polyester core and a polypropylene sheath. In this embodiment, the bi-
component fibers are formed of two different types of polyesters, one having a higher

melting point than the other.
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[ 0066] The bi-conponent fibers may be forned into different shapes. For
exanpl e, sone bi-conponent fibers nmay not have a cylindrical shape with a
ci rcul ar wpassl/®wesstti on as the bi-conmponent fibers descr pb@dsabowecossl GS. 9
and 10 illustrate some exanpl es of biconponent fibers with irregular
shapes. Al though, these fibers do not have a circular cross section, each
has a dianeter in context of the present invention. The dianeter of the
fibers g a j i

per mot dOVI0, PO LI B Bor g AR T D bl B T e LR A b
type bi lct)éntﬁﬁqéfht) lflablams 166, 11821 2(Bactthayfentbodimanitd. rahe ¢xabples B @;ffG2ent

conpr|ses a t st conponent . 64, .66 and.a on | yner component

8. 70. EaSREG SoBoR Rhps A Bergily iBbuaR iERES Bl b3n FiShafanet er 72,
74. 1n %ﬁ@ﬁh@m%é@itﬁo?npo%ﬁ ffef 58 c&%b{ﬁﬁg a%am%lata $B4ath 86 id sholwarifred of a
hi gher nelt or | ower mer than theé second pol yner conmponent 68, 70.

[ 0067] FIKEG. 40 Tlhss ﬁi’)es tsrsemmlan to t ¢ ¢ansemtat skmth)tora ﬁtomp%)?ebut ke thsi coa:fo?n(bonent

fibers 7 0. ped t mponen ber with a
et poryhee it 185 rfeb SanteBaRGaf he B8 befimct RURRRER ot Bl
tipped Gh@S§BedtbcGAnmOAMRLIx fWheR hedbd NTHRis kil6ws apothyELe B&TIRF t3&vary second
polymer tips 88. Preferably, the first polyner center 82, 86 is forned of a
hi gher nc‘étntp ! Berand jgam rashis insdiéfsrrat Fheryaeientation, gpanggn andjosgldniéion ber s

of the SI }fﬁcaettﬁld%pl%eat 104, 106, 108, 110, 112, 114, 116, 118, 120 are

f ormed to ave a larger average fiber dlaneter than that of the fine fibers
124, 126, 128, 130, 132, 134, 136, 138 140 142. For exanple, the fibers
of the r at 0} 104 116 0 can have
on aver ABEHT DI SsenpiicdOfutdRs i bt S Boneh Rsrefonr y

greater mdnamnglaqutt p%l}l‘ﬁléirrd@ﬁtpoﬁﬂd 36068 améatnarp@tynyer cgipah&it 3R harpéndimeron. | n
one enbodi nent, an average di aneter of the bi-conponent fibers of the
subst r at@® angppliggien, hedirst pelymer pgmpenent ntaydoe allmsher P1ipwer peelapalyBet thaen

about 1 yml gefcgﬁ'd ?&gm%P%Hl FRnfm ﬂhg’{h ful ? %cb%'ﬂ?eeecfc‘i AE Shéfif 4@ mPr essed
and/ or hea exanp e via a set 0 erlng rollers and/of an oven,
t o f or mfitee iswsdhr ndtle pd@ﬁterslﬂb@upﬂﬁ) part DB fﬂol:f)surﬂalzé WhidpropdrGrolyiid, 120,
wherein a y of t.he substrate ers t hi ckness bet ween 0. 05 and
1.0 mm Sﬁ et A ?bﬁfe%éiéﬁelabta Sofexela pffirnsermp ﬁe §%98§t“r°a§g @aﬂrepr ovi de
a structgy.pabgsupport necessary for the fine fibers. Bi-conponent scrins of
various thicknesses suitable for use as any of the substrate |ayers 102,
104, 106, 108, 110, 112, 114, 116, 118, 120 are commercially avail able

t hr ough {1OUS I ﬁgﬁo ville, TN,
or othe”ﬁggﬂterAﬁggﬁghgiﬁgfﬁgggn N %ﬁ@qgﬁ gﬁégaggggﬁgﬁgﬁggﬁggtgd from
such of fThehpge shegd ﬁlindr%@n‘mpneﬂta ptaﬂtihegsof qdpeétx] wedgos éorewb ofl b fiesitpplyeach | ayer
of the substrate 10 104, 1 108, 110, % 116, 118, 120 and the
medi a 129 WORPH SN 0SB DRHEGOBOBTT één%aﬁféﬂ th i PALMBEPOPAI ng a

hi gh mel4y pQl.%esin@polRh& BRfpoRerdt QWoﬁ@ltheMey epSirsSRARhE: colfffonbht-420mponent
staple fibers are conpressed together to formthe scrim wherein the

bi - conmponanbe @hl@btreorflo‘tgerrrgelap@lyb@nﬁ@d thmaye@ﬁtbpolmemomtdnynt %eéﬁ@m cally

d/ | he bi fi.b d
o o RE B e Y B SR froah S ForhERTD RS Y SRR Gt AL B e

t oget herh dvdwfaagnng)hﬁeﬁit@amtcréﬂwdﬂ@@lf o®f td he dleﬁh\ét ﬁﬁhé fiRet yegher rrel ts or
soft ens and acts as a bondi ng agent to bond fibers together.

[0064] FIG. 7 is a schematic illustration of a hollow piec wedge type bi-component fiber
46 comprising first polymer wedges 48 and second polymer wedges 50. Again, depending
on an application, the first polymer wedges 48 may be formed of a higher or lower melt
polymer than the second polymer wedges 50. The hollow pie wedge fiber 46 is similar to
the pie wedge fiber 40 but with a hollow center 52 core that prevents the inner tips of the

wedges from joining, thus making splitting casier.
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[0071] The fine fibers 124, 126, 128, 130, 132, 134, 136, 138, 140, 142 can
be deposited directly on the correspondi ng substrate 102, 104, 106, 108,
110, 112,wOR411/10884 118, 120 as they are forned. AlternaCirxskesi/odess fi ne
fibers 124, 126, 128, 130, 132, 134,

[0065] FIG. 8 is a schematic illustration of a islands/sea type bi-component fiber 54.
This fiber is also known as the "pepperoni pizza" configuration where a first polymer
component 56 is the pepperoni and a second polymer component 58 is the cheese. In some
embodiments, the first polymer component 56 is formed of a higher melt polymer than the
second polymer component 58, or the second polymer component 58 is formed of a soluble
polymer. In such embodiments, this fiber allows the placement of many fine strands of high
melt polymer 56 within a matrix of low melt or soluble polymer 58 that is subsequently
melted or dissolved away. This allows the production of a media made of fine microfiber
because the fibers are easier to process in the "pizza" form rather than as individual
"pepperonis." Staple fibers can be made of 37 pepperonis on each pizza, producing fibers

about 0.04 denier (about 2 microns diameter), or even finer.

[0066] The bi-component fibers may be formed into different shapes. For example,
some bi-component fibers may not have a cylindrical shape with a circular cross section as
the bi-component fibers described above. FIGS. 9 and 10 illustrate some examples of bi-
component fibers with irregular shapes. Although, these fibers do not have a circular cross
section, each has a diameter in context of the present invention. The diameter of the fibers
having a non-circular cross section is measured from the outer perimeter of the fiber. FIG.

9 is a schematic illustration of a trilobal type bi-component fibers 60, 62. Each of the
trilobal fibers 60, 62 comprises a first polymer component 64, 66 and a second polymer
component 68, 70. Each of the trilobal fibers 60, 62 are measured by its diameter 72, 74. In
some embodiments, the first polymer component 64, 66 is formed of a higher melt or lower

melt polymer than the second polymer component 68, 70.

[0067] FIG. 10 is a schematic illustration of a tipped type bi-component fibers 78, 80.
The fiber 78 is a tipped trilobal bi-component fiber with a first polymer center 82 and
second polymer tips 84. The fiber 80 is a tipped cross bi-component fiber with a first
polymer center 86 and second polymer tips 88. Preferably, the first polymer center 82, 86 is
formed of a higher melt polymer than the second polymer tips 84, 88.

[0068] The fibers of the substrate 102, 104, 106, 108, 110, 112, 114, 116, 118, 120 are
formed to have a larger average fiber diameter than that of the fine fibers 124, 126, 128,
130, 132, 134, 136, 138, 140, 142. For example, the fibers of the substrate 102, 104, 106,
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136, 138, 140, 142 may be separately prepared as a web of fine fibers, then
| am nated with the substrate 102, 104, 106, 108, 110, 112, 114, 116, 118,
120. Al t woghivmobss4fi ne fibers 124, 126, 128, 130, 132, PC3AS20136260888, 140,
142 may conprise fibers having various fiber dianeters, preferably, the
fine fibers 124, 126, 128, 130, 132, 134, 136, 138, 140, 142 are nanofibers
havi ng very fine fiber dianmeter. Such fine fibers 124, 126, 128, 130, 132,

134,  VQR01{d %@@ﬁ%ﬁpﬁd VP2 0bd Q2 088 1Ara gl:%i%er didhotct 62 o CARr fn' b 6&%‘%‘1 by

electrosplnnlﬁg or of her suitable processes. In one enbodi nent, fine
fibers ]rﬁr&ronlﬁﬁ:;ferilﬂ& LréaBa, thefh?a?b,outlelcrﬂ)ﬁ eand 13@¢ pﬂei&,abtmgreaﬂeetlmh écrtlllcn:mpun

nanof i bers hav n an average fi ber ter ess ut. 1 mcron
b1 of er ablnF SELOTHI: G v aer CHIMCIEn AT T6,ts CBPEBA BPg SO KRB BTO 0 and 0. 3

m crons.o3ueds, 08 11 odlmwn%l N, DO GFcShefREbnR@6lt MRiGoh hikBatout 9get her in a
gi ven volune to provide an increased fiber surface area in a coal escing

filter megiran.for formation of water droplets. [0072] The fine fibers 124,
126, 128, 130, 132, 134, 136, 138, 140, 142 may be formed by various
suitable polyneric nmaterials. To avoid destruction of the fine fibers
during H@669Ing Ahdtemrsaciomgs assbnmrezsﬁedtdnd/drihbated foediampl©0ia atseeoff i ne fi bers

t or | AT BIERGRGET AP Lot Bnfpsrdber b P 05 RHEAM ToRE oy FalE” © °

conponent] 60f 14, heo biheaarap ﬁﬂ{hefsh@.@fa& [@bert R8s SRKNERRtwddA Boef ©05 S5H
enbodi ments of water coal escing applications, the fine fibers are fornmed of

a hydr oph? rine, prefewblydictaersnbayt polapd fisdes:. Sochevbssratetcab Ipéoxhojfm sipmturalc

R e e T

copol ymebsufas gy by{h\elsuwtraealla@érsaom 1oe| ede; 16€,i1d0, MED, &il 4, 1a6hym |1Q|@a1&0| yners,
pol yl kyl ene oxi des 0 neth)acrylanldes rophi l'i ¢ poI ur et hanes,

pol yet hwowr%aHégvalﬁbkeH§10%% VRQUSSEPP Y ﬁb%yfwlﬂgﬁylp ‘éﬂlffsui/

hydr oxy I [ [ uch as
ch.tosaﬁ&§%§V§§h§“¥?ﬁgﬁwpﬁ#%ﬁ%§%4%#%éggoﬁ?ﬁéﬁgs%n?%Méggﬁgﬁgﬁ%gfp@o ,
and/ or -shtlRoffrticugelf Hi-@OmPohant anvdiagnbodi nent, the fine fibers 124, 126, 128,
130, 132, 134, 136, 138, 140, 142 are formed of nylon-6 (polyam de-6, also
referred to as "PA-6" herein) via el ectrospinning, wherein the el ectrospun
fine filgeow0]124]n ditbembodBmerit3€hch 182y of the substrate 102, 104, 106, 108, 110, 112,

114, 116, 118, 120 and the media 122 comprise a scrim formed of bi-component staple
fibers having a high melt polyester core and a low melt polyester sheath. The bi-component
staple fibers are compressed together to form the scrim, wherein the bi-component staple
fibers are bonded together chemically, mechanically and/or thermally. For example, the bi-
component staple fibers are heated to or near the melting temperature of the low melt
polyester and compressed together, wherein the sheath formed of the low melt polyester

melts or softens and acts as a bonding agent to bond fibers together.

[0071] The fine fibers 124, 126, 128, 130, 132, 134, 136, 138, 140, 142 can be
deposited directly on the corresponding substrate 102, 104, 106, 108, 110, 112, 114, 116,
118, 120 as they are formed. Alternatively, the fine fibers 124, 126, 128, 130, 132, 134,
136, 138, 140, 142 may be separately prepared as a web of fine fibers, then laminated with
the substrate 102, 104, 106, 108, 110, 112, 114, 116, 118, 120. Although, the fine fibers
124, 126, 128, 130, 132, 134, 136, 138, 140, 142 may comprise fibers having various fiber
diameters, preferably, the fine fibers 124, 126, 128, 130, 132, 134, 136, 138, 140, 142 are
nanofibers having very fine fiber diameter. Such fine fibers 124, 126, 128, 130, 132, 134,
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134, 136, 138, 140, 142 are deposited directly on the substrate 102, 104,
106, 108, 110, 112, 114, 116, 118, 120. In this enbodinment, the fine
fibers 12Mo0anda/gyeiser at ed el ectrostatically from a sol ut iPOR/USeeTLARGBH Y

nyl on-6 and deposited on a surface of the substrate 102. The fine fibers
126 can be simlarly generated and deposited on the substrate |ayer 104,
and so on. The substrate

136, 138, 140, 142 can be formed by electrospinning or other suitable processes. In one
embodiment, the fine fibers 124, 126, 128, 130, 132, 134, 136, 138, 140, 142 are
electrospun nanofibers having an average fiber diameter less than about 1 micron,
preferably less than 0.5 micron, and more preferably between 0.01 and 0.3 microns. Such
small diameter fine fibers can pack more fibers together in a given volume to provide an

increased fiber surface area in a coalescing filter media for formation of water droplets.

[0072] The fine fibers 124, 126, 128, 130, 132, 134, 136, 138, 140, 142 may be formed
by various suitable polymeric materials. To avoid destruction of the fine fibers during
heating and/or compressing of the filter media 100, the fine fibers 124, 126, 128, 130, 132,
134, 136, 138, 140, 142 are typically formed of a material having a higher melt temperature
than at least the low-melt component of the bi-component fibers of the substrate. In
preferred embodiments of water coalescing applications, the fine fibers are formed of a
hydrophilic material such as polyamides. Other suitable hydrophilic polymers include, but
not limited to, poly(acrylic acid), polyalkylene glycols, polyvinyl alcohol, polyvinyl acetate,
polyalkylene glycols, copolymers of methylvinyl ether and maleic acid, maleic anhydride
polymers, polylkylene oxides, poly(meth)acrylamides, hydrophilic polyurethanes,
polyethyleneimines, methyl cellulose, hydroxylmethyl cellulose, hydroxyethyl cellulose,
polyvinylsulfonic acid, poly(saccharides) such as chitosan and many other polymers or

copolymers with enough —OH, -COOH, and/or -NH2 groups.

[0073] In one embodiment, the fine fibers 124, 126, 128, 130, 132, 134, 136, 138, 140,
142 are formed of nylon-6 (polyamide-6, also referred to as "PA-6" herein) via
electrospinning, wherein the electrospun fine fibers 124, 126, 128, 130, 132, 134, 136, 138,
140, 142 are deposited directly on the substrate 102, 104, 106, 108, 110, 112, 114, 116, 118,
120. In this embodiment, the fine fibers 124 are generated electrostatically from a solution
containing nylon-6 and deposited on a surface of the substrate 102. The fine fibers 126 can
be similarly generated and deposited on the substrate layer 104, and so on. The substrate
layers 102, 104, 106, 108, 110, 112, 114, 116, 118, 120 coated with the electrospun
nanofibers 124, 126, 128, 130, 132, 134, 136, 138, 140, 142 are then laminated together
with the media 122, such that each layer of the fine fibers 124, 126, 128, 130, 132, 134, 136,
138, 140, 142 is sandwiched between the adjacent substrate 102, 104, 106, 108, 110, 112,
114, 116, 118, 120 and/or the media 122 to create the filter media 100 in the pre-
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| ayers 102, 104, 106, 108, 110, 112, 114, 116, 118, 120 coated with the
el ectrospun nanofi bers 124, 126, 128, 130, 132, 134,
WO 2011/106534 PCT/US2011/026088

compressed state 144 as shown in FIG. 2. As discussed above, the filter media 100 in the
pre-compressed state 144 is then compressed to form the coalescing filter media 100 in its
final compressed state 146 as shown in FIGS. 1 and 2. In preferred embodiments, the
coalescing filter media 100 is heated before, during, and/or after the compression. For
example, the filter media 100 in the pre-compressed state 144 is heated prior to passing
through the set of calendering rollers 148, 150. Further, the set of calendering rollers 148,
150 can be heated to further heat the filter media 100 during the compression.

[0074] The bonding between the fine fibers 124, 126, 128, 130, 132, 134, 136, 138, 140,
142 and the adjacent coarser fibers of substrate 102, 104, 106, 108, 110, 112, 114, 116, 118,
120 and/or media 122 may involve solvent bonding, pressure bonding, and/or thermal
bonding. For example, as the fine fibers are electrostatically generated from a polymer
solution containing a solvent, the solvent remaining on the surface of the fine fibers can
effectuate a solvent bonding as the fiber fibers come in contact with the coarse fibers of the
substrate. Further, the low melt component of the bi-component fibers of the substrate can
be used to enhance bonding between the fine fibers and the adjacent coarse fibers of the
substrate. In such embodiment, the filter media 100 is heated to or near the melting point of
the low melt component and compressed, wherein the low melt component of the bi-
component coarse fibers melts or softens, which allows the adjacent fine fibers to embed
into the low melt component as they are compressed together, thereby enhancing the
bonding between the coarse fibers and the fine fibers (via pressure bonding and thermal

bonding.)

[0075] In the embodiment shown in FIG. 11, the coalescing filter media 500 includes 10
layers of substrate 502, 504, 506, 508, 510, 512, 514, 516, 518, 520, cach of which carrying
fine fibers 524, 526, 528, 530, 532, 534, 536, 538, 540, 542, and a media 522, all of which
are tightly compressed together similar to the filter media 100. In addition, the coalescing
filter media 500 includes a porous layer 544 on the downstream surface 548. The porous
layer 544 is also referred herein as a "drainage layer". Although this embodiment is shown
with the media layer 522 and the porous layer 544, these layers are optional, and thus, the
filter media 500 according to other embodiments may not include the media layer 522 and

the porous layer 544.
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136, 138, 140, 142 are then lam nated together wth the nedia 122, such
that each layer of the fine fibers 124, 126, 128, 130, 132, 134, 136, 138,
140, 142 we 28nrdeddehed bet ween the adj acent substrate 1@2T/UBQel1/01683 108,
110, 112, 114, 116, 118, 120 and/or the nedia 122 to create the filter
media 100 in the pre- conpressed state 144 as shown in FIG 2. As

di scussed above, the filter nedia 100 in the pre-conpressed state 144 is

then co sed . | ' ' al
conpr 6oatuT iy ot dh ik BBbA e C AR REih 3% bhd L R P S rent .
t he coalﬁé)ég:ﬁ@ﬁg 510.)%18r Sh%dilé, 518052Garhéated df@fbocempduant figer sndf loavigs arer t he

conpr essi on. the fil di.,a 100 in the pre-c sed state
Caart < rsBPin e GAOTR Baubrhapany GUGR0 pHEoSoimdt b uhHE ERG o o 1s 1d
150. Furgherd 14 95?1@29 tTHéfbl-%@hlﬁﬂﬁi&ﬁ ﬁ'Bgrs rc@inbﬁﬁ@a Fx@ﬁ+m§l§9019@é@er%ré‘ﬁfﬂt

further heat the | ter nedia during the conpression. [0074] The bondlng
bet ween mélepdlyesterfshepth sThoAne ﬁ.lz@,s 5228261318, 53823213M, 538638, 540, 542 are

electrospun nanofibers formed of nylon-6. The fine fibers have an average fiber diameter
between about 0.01 and 0.5 microns, wherein each layer of the fine fibers 524, 526, 528,
530, 532, 534, 536, 538, 540, 542 has fine fiber coverage between about 0.075 g/m2 and

225 g/m’, providing total fine fiber coverage between 0.75 g/m” and 2.25 g/m”.

[0077] The porous layer 544 (also referred herein as a drainage layer) can be formed of
various materials such as a cellulous material or fiber glass. In this embodiment, the porous
layer 544 is formed of a fiber glass, and has a pore size greater than or equal the bi-
component fiber scrim. The porous layer 544 allows continual growth of water droplet that
are coalesced through the compacted substrate layers and fine fiber layers, and allows the
water droplets to pass through the porous layer 544 for subsequent collection of water
droplets. Further, the porous layer 544 can provide additional structural support for the
compacted substrate and fine fiber layers. The media 522, the substrate layers 502, 504,
506, 508, 510, 512, 514, 516, 518, 520, the fine fibers 524, 526, 528, 530, 532, 534, 536,
538, 540, 542, and the porous layer 544 are laminated and compressed together to form the
tightly packed coalescing filter media 500 having a total thickness between about 3/16" to
"

[0078] In some embodiments the drainage layer 544 is formed of a siliconized cellulous
material. In such embodiments, the drainage layer 544 is not continuously bonded to the
substrate layer 502, but may be partially secured to the substrate layer 502 to prevent sliding
movements when the coalescing filter media 500 is subsequently pleated or formed into
various filter elements. In these embodiments, the compacted substrate and fine fiber layers
coalesce water droplets into a size sufficient to be captured by the drainage layer 544 that is
formed of the hydrophobic siliconized cellulous material. The hydrophobic drainage layer
544 acts as a water barrier preventing the water droplets from flowing through the pore of
the hydrophobic drainage layer 544. Instead, the water droplets flow along the hydrophobic

inner surface of the drainage layer 544 and run down between the substrate layer 502 and

-20 -



138, 140, 142 and the adjacent coarser fibers of substrate 102, 104, 106,
108, 110, 112, 114, 116, 118, 120 and/or nedia 122 may invol ve sol vent
bondi ng, woessumoessbondi ng, and/ or thermal bondi ng. For exargsk@,1/0a08% he fi ne
fibers are electrostatically generated froma pol yner solution containing a
sol vent, the solvent remaining on the surface of the fine fibers can

ef fectuate a solvent bonding as the fiber fibers come in contact with the

coarse f,bgf 1dyREsSH DB Rer diEPIctRE theh RENILQW Srlih %%Rﬂigg&ﬁ 1tde
bi-conponenfﬁﬁgée SO 'Pﬁe suggtrgfg caneEe usé%ito]e%hance on%?%b(ﬂetmeen
t he finenfarblerengared t he adj acent coarse fibers of the substrate. In such
enbodi nent, the filter nedia 100 is heated to or near the nelting point of

the low nelt conponent and conpressed, wherein the |ow nelt conponent of
t he bi cdopmient Iadss smbbddibens angttosaibon Swdl secsn cubische addl@vmgtitier agdacent

e U oLt oAb BT SRR o158 Reg BB e
fine fibgrs ¥ RE BSRMS BiyRPM HPHR IS Wh RRLARLurBRO9E&YA the hydrocarbon fuel
stream passes through the layers of substrate and fine fibers, water emulsified in the
hydrocarbon fuel stream coalesces due to the large fiber surface area provides by the fine
fibers. Further, the hydrophilic fine fibers attract water, enhancing formation of water
droplets. The coalesced water droplets further grow in size as they pass through large pores
of the porous layer 544 and are separated from the hydrocarbon fuel. Further, solids and/or
contaminants in the hydrocarbon fuel system can be captured within pores of the coalescing

filter media 500, thereby providing added filtration capacity.

[0080] In other embodiments, the substrate layers 502, 504, 506, 508, 510, 512, 514,
516, 518, 520 comprise different medias. For example, some of the substrate layers may be
formed of a thicker scrim or filter media than other layers, or may have different pore sizes
than other layers. Further, the fine fiber layers 524, 526, 528, 530, 532, 534, 536, 538, 540,
542 may have a same fine fiber coverage or different fine fiber coverage. For example,
some of the fine fiber layers can have a fine fiber coverage of about 0.08 g/m?, while other
fine fiber layers have a fine fiber coverage of about 0.2 g/m”. Further, the fine fiber
coverage of each layer can be configured according to characteristics of a hydrocarbon fuel

stream and water content to optimize the coalescing process.

[0081] FIG. 12 schematically illustrates a representative process of making a coalescing
filter media according to a processing embodiment of the present invention. Although this
embodiment includes downstream process steps for making the coalescing filter media 500
of FIG. 11, the process can produce filter medias according to other embodiments of the
present invention with minor modifications. A system 200 shown in FIG. 12 includes an
upstream system 201 for making a composite media including a substrate and fine fibers
deposited thereon, and a downstream system 203 for laminating and compressing multiple

layers of composite media and other additional layers to make a coalescing filter media.
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[0075] I n the enbodi ment shown in FIG 11, the coalescing filter nedia 500

i ncludes 10 | ayers of substrate 502, 504, 506, 508, 510, 512, 514, 516,
518, 520,weact/wbs3whi ch carrying fine fibers 524, 526, P28USBB0/024982, 534,
536, 538, 540, 542, and a nedia 522, all of which are tightly conpressed
together simlar to the filter nedia 100. In addition, the coal escing
filter media 500 includes a porous |ayer 544 on the downstream surface 548.

The por aye j r rei % i i
At hougH O TAISY Sho ke eny AN SRIGHE S inEle Batic MARFRIC RN Himing s
| ayer 524ation204ean @priensl avee 206t dnawpdibonalaatofidalendedinperofletst287 anddirew hohg

according to her _.enbodi nts ot. i | ude  t.he dia |layer 522 and the
o Myian BT T ctics B e UaolD o508 B P ras Feubhrge tayer
embodi MERLwbORI ABH IR dRAnARY sRa6R 202Y he &rirh g %32 gﬁldgéﬁﬂdaﬁ&n #%011274¢rim 06,

508, 510, 512, 514, 516, 518, 520 are forned of a bi-conponent fiber scrim
havi ng & Odieeclagea maghme diraetimelt 1 4sewardghe aloomespinnargbtd®@ndldr dmtheand a base

wei ght bet ween about  .0. 0 d2. .The bis¢co nent fibers c rise a
g et recygryadngstigh 204 el el et foibRg dud BFFBREERone EEFe REMR! bor <
524, 526cri28.2 t638m §38mp&did m&fkb2 1 Sbaprizffy tho4dimcerrphg tlo apiberoamf i ber s
formed of nylon-6. The fine fibers have an average fiber dianeter between
about 0. 1% c@rpositesmadia 2dH snaytisdicaied apdepmpigyied ipfhorapsionslpyen Phepnd thoq 526,
528, 530,... , .5 ] ihe.fi en
about of%?gééﬁﬁgﬁﬁﬁﬁﬁagﬁg“éﬁ%§?68P8§?%F%§§F@Pﬁ?“???§Q}§ﬁ%?&%%§%?§§@pbetmeen
0. 75 g/ mM3oandh@redmugd 8Ratioh Q0.7] The porous | ayer 544 (also referred herein
as a drainage |ayer) can be formed of various materials such as a cell ul ous
material or fiber glass. In this enbodi nent, the porous |layer 544 is formed
of a filje08yl asFhe st hawy ba fHONE! iBilaApYE@at floctRa tiRrsysahed00t(Behdipaanponent
fiber scrim The porous |ayer 544 allows continual growth of water droplet
that ar ©f@saneauasy linp prggH A hecEBNpd PR Brosess o Bee bf ayshascd iya FolhPrmy per

layers, @nd g%{xﬁﬂg}g? [sﬁé?leasvmﬁﬁror dnQp Lﬁ%?%e; @g@?ﬁﬁgﬁlﬁ ﬁlé&fﬂfﬁst RO G o PYEr D44

for subsequ ectron of water e porous layer 544
can pr ouvhdBkadbhd scoinatansicrfoahet af vasiopparitableanatttids,cadpachiedngvhsitrfiees and

fine fiber yers. The media 522, the substrate |ayers 502, 504, 506, 508,
510, 512, F%Jﬁg-, S4fs g@i@,secg%yet fiar PREIR. ot aTEes sgnedolghighag!t 532, 534,
536, 538,0|R4Rr cHMAow It ﬁd?fe ROLRLEh biddRpoRdat Rl F@éﬁ%ﬁ%@&%@%ﬁwssed

together to formthe tight ; packed coalescing filter nedia 500 having a
t ot al t hindloméssed bt finemthatodiudf sarih@10thevingfafdesiF@ti8khess sodsolehityodi nents t he
d of a siliconi,zed cell teri@al. In such

dr ai nage, | ayer 544 is.for | oys

enbod; HAEpRE ﬁ}eaﬁuhat&ée"ﬁlawa%hzm@h? AR EBRPP AL IS BEESS o ¢ he
subst r at@nlpaesd £l Pit pl ARWiDE sPREALIRWE YhcaEIHdRH tholikdre substrate | ayer
502 to prevent sliding novenents when the coal escing filter nedia 500 is

subsequently pleated or forned into various filter elenents. In these

embodi MgRHSY| t hen heRRAUMRDISYRPbh&H: SfofBhri08hE ERRENtHRYBE S/ 60RHHERAS- Wat er
droplets into a size sufficient to be caEtured by the drai nage lTayer 544

t hat i s doomeeehtdibersieashydeasphodddoussid 4 kighimedicpodydstonkoihs coret andiadpw miele

hydr ophaobi ¢ _dr ai page |.aygr ,544 acts a water harri revent.i ng the water
a ol o1 et Bt BRTR E Vst oo Bol Tl Eh Ponjin b buPeiiainiBe oy er
544. | nsl@aehedid gn\Wat embddiahetise bil@wmpahenditcheard)sidapRepicibrngr fosthf ace
of the drainage | ayer 544 and run down between the substrate |ayer 502 and

multi-component filter media or a scrim via conventional dry laying or air laying process.

The staple fibers used in this process are relatively short and discontinuous but long enough

to be handled by conventional equipment. Bales of the bi-component fibers can be fed

through a chute feed and separated into individual fibers in a carding device, which are then

air laid into a web of fibers (which itself for purposes of the present disclosure may be used

as a substrate.) The web of fibers is then compressed using a set of calendering rollers to

form the roll of scrim 210 (which can also be used as a substrate.) The web of the fibers

may optionally be heated before entering the set of calendering rollers. Since the scrim 210
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the drai nage | ayer 544. The water droplets are then collected off line,
allowing only fuel to enter the engine. [0079]1n this enbodi nent, a

hydr ocar bwo 20ueloe3sr eam enters the coal escing filter nedca/iB0A1/02@8st he
upstream surface 546, flows through the |ayers of substrate and fine
fibers, and exits through the porous |ayer 544 on the downstream surface
548. As the hydrocarbon fuel stream passes through the |ayers of substrate

and fi nefy: : .Sk ' - f esces
ue 1o HehRSrBodinELorfiiteS bl Lipddinl - ARURGRE MR Mo (ABSRA BRA Per.

t he hydrlophndli confipament, ithealso atftnraltto asatbecomeortaun Gitagmediamit samme of wat er
droplets. .The coal esced ter droplets.further grow in _size as they pass
thr ough dgan oL a6 pPEb S po R b S e SSEE w8k B « ho
hydr ocardgfpohsitlsilteFrictifier . solids and/or contam nants in the hydrocarbon

fuel system can be captured within pores of the coalescing filter nedia
500, thereby providing added filtration capacity. [0080]In other

nbodi h - . ~u5l4, 516,
embodi ggm)S;S] then SHBRIGRERDLARE g SaE(JQ co%ﬁig}g}g;gh Elgﬁ o@;}&:r L suc 4

518, 520 conprise different nmedias. For t he substrate
| ayers mayydster fibemedd efweh cohipckieg lee malt dyrhed fiters suetiaapolyaropgiche fibkmyer s,

or may hav ifferent pore sizes, than other |ayer urther, t fine fiber
Tayers. 594 e gmed g gl hadud sy toiuts 1 brs M) oglizomRpraiSEeh sane
fine fihpedisoyrddemnuclbmbedigrht, i @nd filRes 2 CoMBHBARIted Bh tIRXBWRhE! sigone of
the fine fiber layers can have a fine fiber coverage of about 0.08 g/n2,

whi | e otidlre ferine2 F3. arthis aypbedinteay.dhalow melt ficbas swWsiratialgethomeathonth. 2 g/ np.
Furt her LG oling, GRSha GOVBLAGE, Afmeach: JONGE GaD yhe, ! L AHE fhnagger di n

to characteristics or a Ry ue er’con
opt i m zexdtheh&oldaesiGindgnddtcacess. [0081] FI G 12 schematically illustrates a
representative process of making a coalescing filter nmedia according to a

processi ng enbodi nent of the present invention. Although this enbodi nent

i ncl udegoggeINst IEaBIRT @EBSFinfdn€ABe hiddonFvhbMIitel Scrif@heBE forthell vid £heledi a
500 of FIG 11, the process can produce filter medias according to other

enbodi menewingfpreqess. prassapmplienmelien pely eiteripndinkdien pobipfonyianc sas be pxtsydedem 200
shown in_Fl A . f i ite
vedi a 1 nef g PSR T R ShER At Phe TR PR SRR

downst r esmwabsdreamalihigfsorech anfonata tigoamdneoRpri®I0ng nmul tiple [ ayers of
conposite nedia and other additional |ayers to nake a coalescing filter
media. WD 2011/ 106534PCT/ US2011/ 026088 [ 0082] The upstream system 201

i ncl udeg0087|UNWIhghgi-sdpordnt BB, filn neldRCirTses i hay £lgo B¢ §lundbud@H  an
optional oven 206, an optional set of calendering rollers 207 and a
rew ndi iyingsiqasiiweobiferent palymeqmariabndn a ymetl Spurbamding eeess\éhi ch i s

used her I j .00 tation 202.
The. scr 10 ARHET RbR A oM ERRRIR bF STRAIR LT Rl 2L ne
di r ect i anuld@fithnicavery dpihhige. eTlechuloiSipdnwmtary spindih¢ Brdr@@d in dudet todncrease its

tenacity and passed through a quench zone wherein solidification occurs which is collected

on a support such as a moving screen. The spun-bounding process is similar to the melt

blowing process, but melt blown fibers are usually finer than spun-bounded fibers.

[0088] In yet another embodiment, the multi-component filter media is wet-laid. In a
wet laying process, high melt fibers and low melt fibers are dispersed on a conveying belt,
and the fibers are spread in a uniform web while still wet. Wet-laid operations typically use
V4" to ¥4" long fibers, but sometimes longer if the fiber is stiff or thick. The above discussed
fibers, according to various embodiments, are compressed to form a scrim 210 or a filter

media having a desired thickness.
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el ectrospi nning station 204, fine fibers 216 are fornmed and deposited on
one surface of the scrim?212 to forma conposite nedia 218 conprising the
scrim carwgiog/tobs4f i ne fibers 216. The conposite nmedi aPeTAISp@Ey/ob@sheat ed
and conpressed in the optional oven 206 and the optional set of cal endering
rollers 207 before being wound into a roll of conposite nedia 230 on the
rewound station 208. [0083] The scrimmay be fornmed in an upstream process
of the Sygsem 2RBrdhd RRK BHG, O uft CAM S BUAHS oMb GAR g HfatibRbELT uPt ed
line process) or may be purchased in a roll formfroma supplier such as
HDK or otleeeinshe fiabfileers2 th are Soymuddi aad dspaditcd on ld&y sofacllolf stersonmoz12 He | i ke.

The scrim can be. fornmed. of, variqus suitable terials, sych as bi-canponent
bers ohe fRespisnity i 204 olbsdie Ah6el] ety BB S orHEC P FHAe b

formed of>hingRepRlittd BRIESEIEES s%ﬁﬁﬁél'@ﬁﬁ%%‘léct@@éiﬁﬁﬁ% Sfoceiiefihe Bisteeppgpnent
staple fibers, which are conpressed and/or heated To formthe roll of scrim
210 havioag ba sdlestintiety simibk freths ckgtiospoihiiing pypcesaldisstasad invleing FittekeUsddsst r at e

| ayer ot her singl.e,c t di a that be .co essed and hel d
bl ace gy kSR RS el AR TR o8B TSRt he case of a
bi - compaentn] 99 ir7, essaiiel € thtASsiSRRGE M preschN@HIRAESH, ehctanbiee Bibclosi@epOnent
fibers may be coextruded using a high nelt polyester as the core and a | ow

nel t polWhkish Bes bpsn inrerngretad Aeremuphrefirenss issetentAlicrméivelycrerzioankher used to

forma sgf| g - 3. ' i - t fibers
ar e uoed i Telrofhitiht EuBiiGhctan b2 (NG ARG B MG AR, M AIBRIEE L oo im
vi a conwggtiiospiahing dyvikaydrirgroatingof cHay¢lagraueooribs celld 2 2sdaa pleanift tHeer s used
in this process are relatively short and discontinuous but |o enough to
be hand|f§&r%t9 b@&%%%&eﬁaharw SR slesirgge ¢ upyardhets Eh%%?r%‘%‘éﬁ%bﬂslfé?s can
be Ted tNOKIBA bk Grdi SriOiaBEBAAl AL BHR d QAU WAyl B6Ser 1
cardingzggblc P mh?bh%%fé tﬂen %?f Iéi in%o azheb %% f?%%f% ?ﬁ%?ch itself
for purpgdses. of the present disclosure may be used as a substrate.) The web
of fibers is then conpressed using a set of calendering rollers to formthe
roll of scrim210 (which can also be used as a substrate.) The web of the
fibers rag9ajpt i Fhatleytrdppirméat @dcdse bordacamyeathietig fibére of ahaldHiaaskenakich ng

rollers. Since the scrim?210__of this enbqdj nent conpri.ses bj-conponent
fibers, dnelsQERown s W‘@ﬁ‘?ﬁ%i f he%%%ﬁ@ﬁ?ss&%aieatm%wwmm%%efﬂsﬁ%,e itis

al so refigrs@ftibe ota?lelé}rcgita'ti%(eﬁﬂ%@ &% strddnt 6f pdT®HEAmelk Br ﬂﬁ%ﬁmﬁgf)ﬂg%ﬁtc@ the

web of fibers are fol ded before being calendered to forma thicker
bi conpondntsttbng tlectriveatild su¢toB88ligh valtapicfgrahent Iermlodiioreof glectrosgbe conpri si ng

hi gh nel ol ymer fibers, such as polyeste Lbers and. a web conprising | ow
mel't poIHER 1§ PamerE iR BdRSoRT RO EHE s PheFe TSR TpB R G TP par at eq
and | amdnateed flurpetitehatRdfj@raordi&ratek ahd thds iRithCOBRARAIAE fleld, b@factdgdi a or
scrim In such enbodi nent, the fine fibers 216 are deposited on the | ow

mel t si deward & greurdedllect1.2In qugh pracssse mseefilantiaforcehel nabymere luidestabibize

substantjal | y- 1 hi nner ..tk .gh I - t 0
conponerlE e s Ehy PRk IRPL8E AR deEniahi of Pl iRk WalBldY ano
mel ted. HyQA864¢digh aMdéthpindimpa@diisR? and foembiatio® 6PpslIemtrif kdlefiorscr i m can be

formed via a nelt blow ng process. For exanple, nolten polyester and nolten
pol ypropyl ene can be extruded and drawn with heated, high velocity air to

form cogoge®l|f i behs poilherit sblatisnc@sd Befoel thefihefdbas can v&hpr@R variblyi ng screen
to forma bi-conponent scrim 210. [0087] The nulti-conponent fiber filter

nmedi a orPoSEReriA Meprials ad palveynExeum polymeric materials include polyvinyl
chloride (PVC), polyolefin, polyacetal, polyester, cellulous ether, polyalkylene sulfide,

polyarylene oxide, polysulfone, modified polysulfone polymers and polyvinyl alcohol,
polyamide, polystyrene, polyacrylonitrile, polyvinylidene chloride, polymethyl
methacrylate, polyvinylidene fluoride. Solvents for making polymeric solution for
electrostatic spinning 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
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using at least two different polynmeric materials. In a typical
spun-boundi ng process, a nolten polyneric materi al passes through a

pl ural it ywof20exitosisgi on orifices to forma nultifil anent aCy/uspéiniozéees The
multifilanmentary spinline is drawn in order to increase its tenacity and
passed t hrough a quench zone wherein solidification occurs which is

coll ected on a support such as a noving screen. The spun-boundi ng process

I |
finor t FOREp IR TRy g SRR ARRER, of WL poTE by ROl LR a6y L ual 1Y
mul t i - coopenemixtiicl(bath offedich may betefdredddo ab hsodivené‘t) Fayéxagpa, cﬁmaas ac1ti| gh

melt fibers and |o e S are n a conveyin and the
T ber s dre aoosen 1% Talourf-rReABb S BaLe e et dhediafed b RaiEbns
typlcalh%ugﬁ%n¥mﬁU0$9m§ﬁ of irhgndk bers, but sonetines | onger |f t he fiber
is stiff or thick he above di scussed fibers, according to various

enbodi nents, are conpressed to forma scrim?210 or a filter nmedia having a
desi red [pRknessime W3 ORRRAPE MFRRLI 0200884 LARRBLRNR ARG back to
FIG 12, the scrim?212 enters the eledétrospinning st erein the
fine fi Wwoﬂaﬁnah@eléarmnhnargobeﬁe@b%alldeedvmuumlwllsctof amsreyxfr PHeproerdicdn 212.

In the ect.r nn|n station 204, 6 are ect rospun

from ol UrOUBH RS Oan seoersmigh g Eracdigisnifle AvbouR SER Y5 The
el ect r ospiyRd ﬂglt@n&a@a&s@fmtn QchRySiE mh%%?n ¢iad fiBers 2UB sfcedthad. | yhesfimg | ar to
t he el ectrospi nning process isclosed in Fine Fibers Under 100 Nanonet er s,

And Met Hawss 216, fermezhatehe clagipedes af thereletrbsninzing edllsNg2 ag dawr00wawltbe717,
aSS|gned to the a nee o resent a icati | di scl osur e
of whi ch™fa8" Bg%enc%olrn BYRSF at 4 gy Hpe &I p60v1$éjdfb & ePeCFﬂSta &t F(;erl FFF &rnatively,
nozzl e bav#em ebllctdieonedyde L2 O8I ABIAR gnd G bihSBEre ﬂte sedimh D ivtthd indg&dnd 0 form t he
fine fibers. Such alternative el ectrospinning devices or rerouting of chain

el ect r odiescen 2 He Avsonfigpreg, BEACHBIILS PORLIqICH Spvacn threclerdinsinngg crils any
ori ent at t f be
opun dovaaardry R Soflea i Bt 8 SOR: B IR ITEC LRSS SRR 5F
coarsertﬁeb&ﬁﬁylz[Hﬂﬁﬂ&ﬁh@mﬁkedkﬂ@ﬁMMnmnngthBeeﬁﬂnamnquneﬁfﬂ&nhhéhlc
fibers aof small dianeter, which are %J%Sgé4owm as . nanofi bers. basi c
process 'Bfludng oy dnclt suinggeRnn e sHUBraARY % Hgh Meltcompensms o ghe' otfer

el ect roshabic tl%rlﬁﬁﬁecdtﬂboﬁeﬁts'éﬁﬁl@ 10fis BOdiMoTRY YRl denQhe a@&twsb%ﬂg%n@ €22
presence of a strong electric field, such as a high voltage gradi ent.

| nt r oducinid dime Yﬁcueﬂnevﬂa@elt cantnlvcyarﬁé# gaich thap glcyimermdt ¢dnpahentrsutfiaee of the

el ectros |nn|n t i% qgu t% in. fornah Qg%of a jet of charged fl uid.
The chaﬁﬁggﬁo OBQbéF% s Brdeshenmg CHeZetect rostatic field, attracted

toward a ground collector. In such process, viscoelastic forces of

pol ymer i u st abi et, formn ter fi nts

bver age [0P4Het o SiCHFBEES il BEL S ToH ATy ELS QoL Giibs POBTEr:

eletr Osﬁbﬁﬁﬂoﬁgoﬁ@hkﬁg H3RapEh-6 @Mgﬁﬁd 9@u19&ﬁ31@s%llyéﬁeédlﬁlsﬁﬁé B 20NRetid RP1] The
pOl yneric solutions used to formt fine bers can COITprl se vari ous

po: ymer |a|(1:1drié2|c mring acicinl ol @lé‘PﬂiVSIlt E)@hﬁpﬁtt@sacci‘ armfpx;rm@raptd aehees diasadvingel ude
Dot s Sp R aTe PR BT o b b R o SR o B § ed

pol ysul fpa)rrgen@w SoMRIo%. amd ewaw%mﬂﬁhg aélfsoml gen@ele)faid filRrs RehySbYPLTS,
pol yacrylonitrile, polyvinylidene chlorlde pol y nethg met hacry | at e,
s

pol yvi nyvhigle pie dlep%ﬁeri@@to %lffﬁéﬁpgthﬁéﬁﬂmem%@sﬁm Opef %&)@ it d@nomd on
el ect rosthé‘kdrf %ka%' Eexa"w Ll ngeﬁe&smgfa&;ﬁq wflt?lrc Fg’of'fﬁ srcﬁ ol

tri-fluoro ethano ["UOr 0" I sopr opano orlnate vents cohols
wat er, girbainnte the seffdceadiog theatetrosgnniag dellN-222t hyhermoma)ﬂinedms 2 Emd
nethanol The sol vent and the pol yner can be ma chFd for
entangle with some coarse fibers, solvent remaining in the fine fibers 216 from the
electrospinning process can effectuate a solvent bonding between the fine fibers 216 and the

coarse fibers of the scrim 212.
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appropri ated use based on sufficient solubility of the polynmer in a given
sol vent and/or solvent m xture (both of which nay be referred to as

"sol vent "W 2par10e38anpl e, form c acid may be chosen for mgras2@1/o0ReBer ence
can be had to the aforenentioned patents for further details on

el ectrospinning of fine fibers. [0092]In the el ectrospinning station 204,

an electrostatic field is generated between el ectrodes in the

el ectro i ng i ded by
2 i gh o e L e B B B PP P L2 & g B
FI G 12,216heayebenahatiednid thephd behémg rané piessira gowkhg by #2ptiohdostm206 ne

fibers 21 re formed. .The fi.ne fj be 216  fornmed.at the ectrodes of the
Ll oot o 2B Shyionl R obgb NG R TRt Rempet s dir e Rer L BhbRy or
224 by tRhenbos Ocﬁe W&bﬁ%@ity@%ﬂcbﬁp@t&q@bf@t%tb%bﬁpéﬁ&t ﬁberItaeﬂete%H@t@@hdt ect or

conveyor 224 al so holds and transfers the scrim 212 in the machi ne
di r ect i cwlogring thading (ftbﬁmg?dﬁe@l embmanm:thedm 1l polpoei compeadnth dimeaturnge

Che. 11 nant [ 5Tal BechuRnts hlG BRAHNE SeRiadh ERTENG0NF A S “nerai n

t he scritfanditidn lt@n@erautetdfm@momemoﬁlpbﬁ@t a@ éoe pREU6ly Rg otnda@Meel t
conponent on one surface and a high nelt conponent on the other surface,

t he mul tmel%&f?@n@rﬁm@&f itha lpwamels coypRancnb e eﬁ@@ﬁl@eﬁ@@ﬁ@p@tl@dﬁ%@%i&m ng
cells 222,404 &hr?eat‘?w%‘tﬁéﬂ ﬁg&jH S mé @M?&fs?ér agft ha% WEN t{%&% th t%oq &l t
conponen SUI’ ace O I -conp sctim aces el ec I nni ng
cells ZZRyer[ofﬂﬂ&f‘HlJcbmplﬂemIﬁ%Et&rmdd aedtbodcﬂmmt thetfhe f&ie&c:tlrmﬁnemwlgméel | s 222

contain a palynerjc solutio nprji si nlde (PA-6) nd a suitable
sol vent T8shsh &pb A6t h?r%%t%ﬁngiﬁg El/gg ey PR xesaeélcare rivcsbic h a

sol vent, coE%%Herﬁ gfscdoatfdt thenghn £OP AL @atﬁlcthg h%@trn@§%(ﬁ¥&te?§1glfé’ 4 §i8n

di ssol ve 6, and acetic acid controls corducti y and surgace te%3|on of
t he pol Wigtarm@tutglbnmmatuw&laalth}motf dedowmielgpaeéstes. Th2 lge neitgiobychicne fi bers

formed of - 6, ich ar osited onto rfa f the scrim212. As the
et DN DS T B Cine am B Eife MRS PRSTP KIS PSS SICLTRE ¢ ne
fibers 246 20¢@B8dRd M T s6A&HADr hidped %v@fnelt%ly%@tret %&é&xbdtﬁtr% thbensurf ace
facing the electrosplnnlggbcells 222. \Wen sore fine fi'bers 216 entangl e

wi t h sorfbesollitsandithdearan 2Ebtogether. r Biei thic gy inreltt ftedy dsicn acts ppebendingagandm t he

el ectro nni rocess effec | v, en the fine
i bor o FR08: RESHER RS el BR o 2 it BBl 2" ptboREE TR el
2011/ 106h3ARETb&S208 3 DERQBEM[2004h Tinehdo 6B htidgicObthyR R patssGrieadiantid i ber s
of the scrim212 and the fine fibers 216 may be enhanced via therma

bondi ng thaeet of easndesing sollirn g0 hyAs He cepmpet?dm@@eﬁssz@@r% thirealeysicringal  set
of cale r d he
oven 2oggﬁ%hggﬁé§%§§ po?&%éﬁdﬁgﬁggﬁgﬁ?%%%&Fﬁég%l-c ﬂ%ﬁeﬂﬁﬁ%?g%%@hsoftens
or nelt Sﬁt&l’ﬂiaralfthtﬂwir E@bé(ﬂt&dfﬂltﬂ&hé fibes sf thtGcitim 24 @b Edrthert metcbmpkasWOﬂ‘el t

pol ynmer cgnpone Ih durlng t he heat treatnen é np05|te filter
medi a 278dYCss Keigs HHhe GomposicAng 1%1@0‘?9@@%“%%%”? i3 3¢ i ntléﬁfﬁeﬁegt ure of
the | ow Qglifk, conmponent, and nore preferably to or near the nelting

t enperature of the low nelt conponent. For exanple, the conposite nedia 218
is heated to or near the nelt point of |low nelt polyester, such that the

u'th tndile « PRAYSRLEE p@IRE: SphBR o RARRRA ol (N (PR BRI PR0 ™

fibers Zbépanehttftbershifghe soeint 2m)du;dethe ﬁlne cﬁbele 206 ptdwembiccherpofeeadf theerns do
not nelt, .since PA-6 an e .hi ester ve a significantly
hi gher mafitikeg af éﬁrﬁwmﬁ%th ‘taﬂ%%tVﬁgE PW & Btﬁsrléﬁ\?tlm@%qs aat The | ow
mel t pO'rMé‘g?xﬁﬁJaﬂoMEv%ﬂ 1186 ahdd R 10MEHIGRE! 4(iAl ggna@mr%lﬂneﬁb%lzl% or softens,
and adj acent PA-6 fine fibers 216 are enbedded in the softened or nelted
| ow nel tdepoilgeémehf; wthef siyyn bb%ﬂ]rmga spidsr fichdikeifiber sr@ne defovechéiescri m 212
together s, the est er acts aond a bet ween t he

T ompanane® FrosaboneitBybe R kERGT prdidic s SrB3g ok B B8 HI2n g ter veen
the f i neSENIB@RSesddieenan dighbemaghitivatrrhd é E@ 15Ut e, 00e afdhRRCEEDS itr ough

e

pressure bonding via the set of cal enderin rollers 207. As the conposite
medi a paddd90) shopudik bopding Arieyede theﬁénerféhqreg K agithe pheorppanent fikssy. sA916 and
the scrim 212 are conpressed together, wherein the fine fibers are further
enbedded into the fibers of the scrim?212. Further, the conpression reduces
voids in the conposite nedia to forma conposite nmedia 220 with an

i ncreased solidity. [0095]FI GS. 15(#9 15([» are Scanni ng El ectron

M croscopic (SEM inmages of the bi- conponent fibers of the scrim212 and
the fine fibers 216 proximate the surface of the scrim 212 taken at various
nagnlflcatlon Ievels As shown in the SEM |nages taken at nagnlflcatlon
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shown clearly in FIG 15(D), the fine fibers 216 are enbedded on the | ow
nmelt polyester surface of the bi-conponent fibers. [0096] The roll of
conposi t ewoedi@ogsd i ncl udi ng the bi-conponent scri m 212PCani$2aih®2d08he
fibers 216 is lamnated with other conposite nmedias 232, 234, 236, 238,

240, 242, 244, 246, 248, and a nedia 250 in the downstream system 203. Each
of the conposite nedia rolls 230, 232, 234, 236, 238, 240, 242, 244, 246,

248, an - ' ] ' 52, 254,
256, 258 08RG a8 FOE MRELIER, MG SHGLHrLIqm A 18 B b8 e by 2
set of rsotthersf tRY Bi-cothyerset filgfrs.r ol | ers nay be a cal endering rollers to
apply a significant pressure to |lamnate and significantly reduce a

t hi ckness of the |ayers of conposite nedias. Alternatively, the set of

rol | ers [B09%]may Tappllyofeconipakite mreéia 200 éndladih@thervdicemponknt eclira @12 hed thiei ckness
of the | am pated |ayers just _enough to fit thr h Qv 76.. 1 n_such
ebodi mEAE fﬂ%erﬁ?eij \einfpesd Wagh&tge_rfs@ppglt%@a@@%fﬁ 2%%2238\/@#, %‘}@ 24P

conpr essRg YA afd § Blcdf 2 50ah SO ME ARl §ER 208N eL& {):Fthg@oﬂlgﬁgiﬂ%%&ga layers
280 is conpressed together into a conpressed state having desired

t hi cknegsllaniD, 232, 2Bidt 936, 20092401 242, AK4, 26b4l, medit rolbatthe nwidia 250 arbe
conposite nediia 232, 234, .236,_.2 0 4 2 8,18 epar ed
ST 1 ar 1GREN T GhyITg tafif 2R HSr a0 250, 26mep bR e 1R BE ¢ he
roll of lﬁﬁﬁlaﬁé‘a@g’eﬁhér%?rm{ &f rdférs 2244 The 3& of 23&rs #AP be 44 dlenddthg rglg%s t?48

i ncludes a substrate fornmed of a bi-conponent fiber scrim 284, , 288,
apply a significant pressure to laminate and significantly reduce a thickness of the layers of

composite medias. Alternatively, the set of rollers 274 may apply a small pressure to
laminate and reduce the thickness of the laminated layers just enough to fit through an oven
276. In such embodiment, the laminated layers 280 is heated in the oven 276 and
compressed via a set of calendering rollers, wherein the laminated layers 280 is compressed

together into a compressed state having a desired thickness and solidity.

[0097] In this embodiment, each roll of the composite media 232, 234, 236, 238, 240,
242, 244, 246, 248 is prepared similarly as the roll of the composite media 230. Therefore,
cach of the roll of the composite media 232, 234, 236, 238, 240, 242, 244, 246, 248 includes
a substrate formed of a bi-component fiber scrim 284, 286, 288, 290, 292, 294, 296, 298,
300, and electrospun nanofibers 302, 304, 306, 308, 310, 312, 314, 316, 318, carried by the
bi-component fiber scrim 284, 286, 288, 290, 292, 294, 296, 298, 300.

[0098] In one embodiment, each of the substrates 212, 284, 286, 288, 290, 292, 294,
296, 298, 300 and the media 250 are formed of a same bi-component fiber scrim having a
thickness between about 0.05 mm and 1.0 mm. Each layer of the fine fibers 216, 302, 304,
306, 308, 310, 312, 314, 316, 318, is formed by electrospinning PA-6 polymer solution to
produce a fine fiber coverage between about 0.075 g/m? and .225 g/m”. In other
embodiments, the substrates may be formed of different types of filter media or scrim, and

cach of the fine fibers layer may have different fine fiber coverage.

[0100] The composite media 280 is heated in the oven 276 to or near a melting

temperature of the low melt polyester component of the bi-component fiber scrim. During
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290, 292, 294, 296, 298, 300, and el ectrospun nanofi bers 302, 304, 306,
308, 310, 312, 314, 316, 318, carried by the bi-conponent fiber scrim 284,
286, 288,w02011/1868534 294, 296, 298, 300. [0098]In one emnipodiusent/02@agh of

t he substrates 212, 284, 286, 288, 290, 292, 294, 296, 298, 300 and the
medi a 250 are fornmed of a same bi-conponent fiber scrimhaving a thickness
bet ween about 0.05 mmand 1.0 mm Each layer of the fine fibers 216, 302,

304, 306,q, the 3tstraitd %élllj ok arﬁil]e% a ’thfcﬁngsgéanqlu Yih€ lo?fé[i rcglglgbﬁ&i ng PA-6

pol ymer so Ion to produce a I ber coverage between about 0.075 g/n?
and . 225ngliaR8]1 ¢an leivherthiekdrss thakistas JeasthleS somest tmes 3rtayeshe cfar greateof
medi.a or,. .each qf. the fi ers |ayer

different types of filter scrim. and fi

my. havahel SEETeHiest phbE FPBRm ESTEingRs DY Rdnir e iegipHt A eh g A1580 | o
heat ed i15fitd& RN AEfial 195 HRE/mMPrd¥&Idvif theleNPredaiibEgn Lol bR b Ao el t

pol yester conponent of the bi-conponent fiber scrim During heating the

subst r attbe carapresset] atateaitd. ebsanathposite nidik negwagessThusch thaethe diitlessohposi t e
media 2 can_have a.thickness t is .at st o, L nes,, 2. tines, 3 tines
o even b7 e Y i O ArERad B8 Vo y R s S PR BT R HERE: € bl ng
heat ed idbotit TR0 ¥RN2G6, anliiBork @fdredb O&dnt o g8 arB 150% of fiRrbripaiapr essed
via the set of calendering rollers 282 into the conpressed state 320. The

conposi ttbickeess af ths cemmpritesmedia 28¢,eHot tadreatinge((tokal dkpleness of 1¢ yeaint lyxpissi t e
dia 28Q ] % and,, 3009 f | bout
e 2 3l AR RSMRETARAU, SRR ARG, RO SRR BB b0l

or i gi nalcobrdpreskebs ste 3RO Y hetacthighasdstod 108ctia 1A ¢itydig 10filefbdrigyct(t ot al

t hi ckness. of 10 scrjmlayers carrying 10 fine fiber |ayers_ + thickness of
medi a - tﬁﬁ%&%ﬁ@é@%@-? ﬁéieé@ﬁ’w:ﬁf fesupiien \aﬂ{ FePepdoR Biepaniagel @ﬁgtgéfuﬂng

320) / (1 Qfedfingd. %@Jﬁ”@vﬁén ok lét%ng ?rroh{‘héaﬁ){ggélafg%[ {h)éiﬁ'ﬁlg} &gckhéﬁg)fftﬂeb&ﬁnedoﬁ%@r S +

t hi ckness of a).) The thfckness reduction w epend on the anount of
| of t i ng media afjereatpresgion Timyshe grbeter thinethleafitiningicknesnoli detdonposise madige, t he

final thickness.of the conmposite media after ¢ sipn ma e greater
than t A BFainG ACRABREI G dia T OB OPIe B s rdre REds ™ Fhe
conposi t@aiAEeH BydrB320had GAURA RS 8doB bAtRIREAg nfedidery | am nated with a

dr ai nage | ayer %22 and wound into a roll of coal escing nedia 324. [0101]In

this enbodinment, the rolls of the conmposite nedia 230, 232, 234, 236, 238,
240, 242, 244, 246, 248. and the nmedia 250 are | am nated together such

that eadR1®H t h& thisanbkadiaent thy splis of the cagnpositgmediasy), 23343249, 28%2, 314,
316, 318y,nS iGhe i A / | a.
owever 202 B Rt AEo SRR AR 25T | MRS MR PR B THLT, ot ed
such t hdinedtine lagtrstA1é, 3020804, 3061 30823€0,3 1IRask!, 846,18 18tihemdivichkd bovwidene fi ber
to fine fjber og substrate to substrate bonqing ithin the final. conposite
medi a 3Ag)acent substrate layer and/or media. However, 1n other €mbodiments, the composite

media layers may be laminated such that some of the fine fiber layers face each other to

form fine fiber to fine fiber or substrate to substrate bonding within the final composite

media 320.

[0102] FIG. 13 schematically illustrates a system and a process of making a coalescing
filter media according to a different embodiment of the present invention. A system 400
generally includes an unwinding station 402, an electrospinning station 404, a folding
station 406, a set of rollers 408, an oven 410, and a set of calendering rollers 412 and a

rewinding station 414.

[0103] In this embodiment a roll of substrate 416 is unwound from the unwinding
station 402 and transferred to the electrospinning station 404, wherein fine fibers are formed

and deposited on a surface of the substrate 416. The electrospinning station 404 and the
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[0102] FIG 13 schematically illustrates a systemand a process of naking a
coalescing filter nedia according to a different enbodi nent of the present
i nvent i orwwOAR0sly®63m 400 general |y includes an unw ndi ng PETAIS2@N/026088 an

el ectrospinning station 404, a folding station 406, a set of rollers 408,
an oven 410, and a set of calendering rollers 412 and a rew nding station
414. [0103]In this enbodinent a roll of substrate 416 is unwound fromthe
unwi ndi ' 1 e : b R ign 404,
whor 61 n TS e A A Bl B Bt rat
416. Thehsleedbdmsit,rthé ndssbtatdil 6ms Atinafinicl ef bpcoupsentafiltersineludarg 4 o t he

el ectr ogpi nni tation 204 and the process described.,above. In this
erbodt e meh@obisst (el ncya B well SeBier e Maod TS5 TCBTE SHERIOTRLEF s

i ncludi pug high nelt polyester core and a | ow nelt polyester sheath. The
fine fibers 418 are fornmed of PA-6. [0104] The conposite nedia 420
conprising the substrate 416 and fine fibers 418 is folded in the folding
station 406. The conposite nedia 420 can be folded to 2-20 folds thick
dependi 81&H dedhe eempopiie arader 420 qaarprising the sylishate o aneé Siep Agciedfas As

shown, t [ e fkn [ - ' { ber, lam ( aces and
subst ratfgﬁitezci)%sﬁ]gg?l rd g{geﬁ%tg)%‘ﬁr?gt gggscglgri %%ée%sglé#‘ﬁéiq %I%Jalenfgmsep Z(E ?%r(lﬁﬁ@% inthis
enbodi mehick idspsidigonadesired changetériveiccofgoSinhlecoatdéiag 4kdial Msashbivnethdi rect i on,
such that the folds are pointing toward the set of the rol]ers 408.

However %Ol%ngﬁrﬁ@?s B o e s ,ﬁb%léme@ﬁ%sio%lrﬁ‘éesr?@éisabw@? ReYOBEG ol ded such

that t NG, filfs AifcRONRLRIBIMAYRG] 4005 FECGHBRRALANL Qebns! Al LRI ARE, o

folded in cross-line directions. The conposite nedia 422 1s then
conpr es sedpositamt iz dRO és s liap pirapion atueh tlot gestelds hropghtimntopwahthd 56 ofAs t he

conposi t ia 424 is heated, the |l.ow nmelt pol yester,.sheath |.t r
ot ons Forereit dio o RE mamepon T a e Py & eding Eomau bE fotit ne
oven 41Gych Hat HRIVES hicthoiBigtoded tRSREFodpnBNatidhet0aebr Bldcaah eRAG! i NY
rollers 412. The calendering rollers 412 are spaced apart from each ot her

accor di rigpetdireatieiss iThe dolflpdhedmparite kiedgsd 2351 thea coowressal tog thisliness The
conposite nedia 424 i ressed d I Nto a conpresse tate g i a

Goar sy Prbfdad i RroREE R EL BN AinE s ERTRFERE e h At WE RS 41
[ 0105] Fun¢lhgslyesteriBeliti nlcity 6f sdffs anefanes dusndl dyadind B&waes 1dyars nated on
each surface of the coal escing nmedia 430 and wound into a roll in the

rewi ndi riFitaghe erenild), the cogppapiéreacdia 334 pawet thinwh the sahobsalgndenag salkirhg
0 : . . : . g |
i1 ter npéi @rhé%ﬁley&‘e%lngggﬂ&s b ar%osﬁhc%%i%pég f@?&@@}%& \%E#&?glﬁg‘ﬂd &‘d%s?ﬁéﬁ.r 426

and the porous Tayer I'S shown'In coal esci ng

medi a 43thal thi¢tkndesofithid toapdseingayelis ThHe @uiwbitaimedidU84 anpresagt dophentoayer s of
fine fibers 418 in slanted orientation fromthe folding process. The

medi a | £PEPISE 243 Ppwng drckpigedghic ﬂ%ﬁsé‘ﬁuittp%ﬁeéﬂﬁ%ﬁhatge BT cHeRdre

enbodi ngRfles e nMedia layer 426 is fornmed of the sane bi-conponent fiber
scrimused tor the substrate 416. The porous | ayer 428 can al so be forned
of various porous material, but in this enbodi nent, the porous |ayer 428 is

a fiber 8Iass material. WO 2011/ 106534PCT/ US2011/ 026088
[0105] Further, a media layer 426 and a porous layer 428 are laminated on each surface

of the coalescing media 430 and wound into a roll in the rewinding station 414. A
expanded cross sectional view of a coalescing filter media 432 including the coalescing
media 430, the media layer 426, and the porous layer 428 is shown in FIG. 13. As shown,
the coalescing media 430 includes multiple layers of substrate 416 and multiple layers of
fine fibers 418 in a slanted orientation from the folding process. The media layer 426 can
be formed of any suitable media, but in this embodiment, the media layer 426 is formed of
the same bi-component fiber scrim used for the substrate 416. The porous layer 428 can
also be formed of various porous material, but in this embodiment, the porous layer 428 is a

fiber glass material.
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[0106] FIG 14 shows yet a different enbodi nent of a system and a process of
maki ng a coal escing nedia. A system600 is simlar to the system 400 but

t he fi ne wWDkeris106334t hi s enbodi nent are not deposited onPaTAISRGI 024088
Rather, the fine fibers are formed and deposited onto a web of | oosely

ent angl ed coarse fibers. The system 600 generally includes a chute 602, a
cardi ng device 603, an el ectrospi nning station 604, a folding station 606,
a set ofy Ier f 12 and
a rew nai ngd st atF |I(22181165h§%% gosf/}glt%gttn?%ogg éhﬁm\/\e%reg%sg gggﬁ%@ fﬁat I bers
616 is faoakmdng mehas tAagisent 6@)3r5$1mﬂarrtgtla: ystgml m&mgtlwrﬁrwﬁbelrﬂyuthg process.

The st apl Lbers of this.enbodi nent are bic t flb onprising a
i gh oI P ot SPRSNIER 05 ¢ SO BTy DS T BF TRHB A IORRG BT - Comanont

stapl e ficBgdiRdadnd 4 @zle@bf 6Bkdly Shandlc@Bshrel BISRNT TIRUSYRM &0 ¢dneRUyENIUER to be
handl ed by conventional equipnent. Bales of staplé fi bers are ?’ed t hr ough

t he chutaechuéeet2602arding ddweé@ﬁdanﬁjeqlwpmem@@&mon 1684 i fobdyng staieert 668, aptie
fibers ar IVId fi,bers and air laid.to formt web of
conr oo fraaletRRAegdvink 0. sB hib it RarchidtsroRBS e3a bed BifvPiabRlefob % 00nel y
tangl ed together in a highly fluffed thick state and may not be bonded
together. The web of coarse fiber 616 can be easily pulled apart with very
little man@gl eff detyaad c08stht inteblof codriaiibars 16 isfoeged frymataptenfiteerpoi nt such
that it is no on&dere%@fa filter nedia or, substrate (lb({] t he conventi onal
sense. [1@%8"] JROGHIT Ry RGBT 6 NG PIF Gbeis o Urin e boATprea s bnveyor bel t
617 to hént s fipd g &tk kRars 618 are
formdvgcﬁgjpge%})gilbt%edgqﬁps gup?%cgéo %&egtgg\gﬁmﬁﬁcoﬁygg&fédb};eb? 66%2& As the
fine fibBredigdBipanent dtapbtsﬁ‘tte&sdaro melativee | wehoriofn dalostosenfoukdrut G, enbingh thlH@er S
618 are.in th the coa fibers, of, the of coarse fi.ber 616
oon o e kSRS oHiom OFpf AL Bt e i FrceyarsioRe Sk gl Che
web of cgar €t daflinSd&idr €03Mufe!hi B oﬂ@ﬁ%ﬁlemrd £8 SefieNSEintPindlviQw] deeper
integration of the fine fibers 616. [0109] The web of coarse fiber 616

i ntegr atfdwrwrtdrﬂut lawl thifevem fhichegbsof@ogrsafiber hlén Atghigedintthe web-o8oodrss ﬁllserl n t he

fol di ng at i nd,c ssed ,vi h at of rollers 6

neat ed it oea BEuaRk 0 REORU AR Bty AR Ficl e Rad 5 eehs wilbleh g™
rollers tﬁéééhe’is Tlhbvmfof\abzirbe fib& @B%hﬂ%é&bﬁlypﬁh@d gl WEEVEG IfBeimaned0 is then
lam nated wth a media |ayer 626 and a porous |ayer 628 to froma

coal esci%rfandthap llﬁboﬁt@cwsaé Intggrty @b HisROIR sueh F&@éﬁémwt ppyaered aAdet he fine
fibers %O&Q%&%&ﬁ%%{ﬁgcﬁﬁ%nﬁo&ﬁ%&f this enbodi mrent are nmuch nore

integrate a cross sectional view of the coal escing nedia 630 does
not show nultiple layers, but rather appears nore |ike a single integrated
medi a 630. The coal escing nedia 630 has a sufficient fine fiber coverage
and ti gHﬂMs t ®hpmob iofl eoarsafilas Gil hgs todnsivated rviaa oplveysr Hettdrh/dowhndithie st r eam

such as dr.ocar bon f trea her he coal.es f| | ter media 632
s con IR PG 00ROk BT P Gl QPR 01 S EF BihaT GO0 h8T Boal esei ng
medi a aGgehed SIth QcW dF b I%’QM% MRk @ic fiktes Qrﬁ%ﬂkpésﬂv@ahkmw@@@f be
configured into various shapes and sizes for various a&gl i cations. For

exanpl e,coerse fibenb s dicrftpenetliSare drcgrated sath the cegssantils i the svcb ppz;rgeat i ons,
L?;gng nI gfﬁ)er f6ﬁ (% %1 :moo?? Han %1% {h m;)lréle ¥l 1Zstei: ¢ nold]:iarfrsllcl}ttﬁ)vrlth t¥1§ ts&”?rate%%r % he W eg 'olft er

gat her edobfit @ibar 616dre (ﬁhufch Inio2é poidup hedleedddnisé tcﬁa’llowodieepéﬂlﬁfegmh off Yhai ﬁ:@l
filter el enent arrangements. Although the coal escing nedia works

parti cul éheF%/“\ﬁe in coal escing applications, the coal escing nedia can al so
work effectively in other filtration applications such as filtering
particul ates from water.

[0109] The web of coarse fiber 616 integrated with the fine fibers 618 are then folded
into 10-30 folds in the folding station 606 and compressed via the set of rollers 608, which
is heated in the oven 610 and compressed again via the set of calendering rollers 612 as it
was with the system 400. The coalescing media 630 is then laminated with a media layer

626 and a porous layer 628 to from a coalescing filter media 632. The coarse bi-component
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[0111] A typical coalescing filter element may include a pre-filter el enent
and a coal escing elenent. The pre-filter nedia is typically a separate

st ruct ur ewbromwtobis4coal esci ng el ement and confi gured t oPCiriuses11.024088
particul ates froma fuel stream before the fuel streamenters the

coal escing el enent to prevent particul ates from bl ocki ng coal esci ng nedi a
pores. In one enbodi nent, the coalescing filter elenent is constructed to
i ncl ude kher it.e: i : esci ng
1t er R D o o B e B P and
coal esceantegtagyd. Thusghicnossataionhleviowe efithefcotlescipg meflial3@rdoed mtshow ndtddl2] FI G

16 sho a coalescing filter elenent 700 that i nclud an expande
manof | baf o tb GRS SR OB ATke g o FUSEUA EGARASS: dgchaHr HoRedang o
dr ai nage30aush sd@Ricnf\Ens h@é’i‘bov@ra%é’ gld t%%l{t@ém&&%vﬁi@kﬁﬁlés&:g?oﬁ@ﬁkﬁcﬁ%bl@%

filter media 700 via the expanded nanofi ber conposite nedia 702 and fl ows

t hough tfhem e dhmd sisxed sedadseduidnasartedi facl 304aran fudhén thegatlesdmdialgdr mévea
drainag%ska%eQﬁJOG.tSQCh ex quﬁqﬂnaqgéi er gonposite media is disclosed in
US Pr ovisrdnsiniBufehp raBeys Ralet BRmNge Eﬁ§ﬁ§fﬂ88, Expanded Conposite Filter
Medi a | ncl udi ng Nanofi ber Matrix and Method, assigned to the assignee of
the present application, entire disclosure of which is incorporated herein
by refer[@nhbl t h&hetaleschlldddimaddotdingtobatlione ambodiensxd ddadsenaing tnthar
conposite nedia. 702 jncludes three |ayers of substrate 710, 712, 714,

wher ei n EREC SOV B MaFIqUs shepss angysizasfor wariaps aRpliRfigRsy 4 oF ssempisgthe The
conpr essediAanNhiRRIcaf QRO ihpiHest itk bpliiEboHdesof ) flBNBhS QEISubst rate
716, 718, 120,° 722, 124, 954 inSpffe fu UpliOfiolieSaat KiP ol 730,732, 734,
736, 73&vidbacHilief syskenss bpdhulat Bltérayements] 20] bivtfdel FEems7 The cFdl8scing20, 722,

724 can be,.forned of sa or.diffe or Qus eri al In this

aodt mandis G P fa” GBtd it PR B R TR o bk oAb i si ng
bi - companeptlchicAiParRdsmdRSC pxiltlasg%@ﬁa@%samcﬁ ﬁlsmmr&sgpa@ﬁaﬁéﬂ Whipgh ment s of
t he coal esci ng nedi a. The nanofibers 726, 728, 730, 732, 734, 736, 738 are

deposi t edalsseingepdisetienspbndorlgsanhordiatcan hlay aiosk ¢ifectioblydn otwplilirdtiog sini | ar
to othe%(eﬂglghggg%s ?ﬁ?%ﬁib%%,%QPX%;H{Oééﬁ]The expanded nanofi ber
conposit@pn% Ia BT ConsPHUSY EY Q 4gn1nating t he nanofi ber 726, 728
deposited scrimlayers 712, 714 with the scrimlayer 710 and heating the

| am nated | ayers in an oven to reorient and loft fibers of scrimlayers. As
t he scrijflligyer 4 typlal corRscidd filteredementtmagndcliudé b praafihafddmes ad®6, 728 al so
reorient apd.extend mﬁfh t he fibers . of sc[in1layers. result, a

. As
vol unet rP8CEYVRFIagE of e isemsdid htiypHeH L ASePH#E PEUEICUFAR Fic cover age
for a SalkicRast SIHRRAINI BRRLLER AfferoufpatiliaRYPRASA A CRANPRAD::UR. aNd

expand the nanofibers into matrix), a pressure drop can be reduced due
t 0 exparfselotreamredfeny tha cprlessng demerd o prevegmetionlates foers bldcbangi aeglesang be

sl owed. Thus, the expanded. nanofi ber, co ite media 702 | ayer. ca
ot {60t | VRS PPeT el SO RAT S 4 SO P A SBDt FeamiBisi e 7 rer s ¢ he
subsequeRpakRIPLASHRY c6ABOLRThdMa ARTA Sorhpkd ¢04escidpllind RliL£ spRhessed
coal escing nmedia 704 can be constructed simlarly as the
coalescing filter element can filter particulates and coalesce water to eliminate the need of

the pre-filter element.

[0112] FIG. 16 shows a coalescing filter element 700 that includes an expanded
nanofiber composite media 702, a compressed coalescing media 704, and a drainage layer
706. As shown, a fuel stream 708 enters the coalescing filter media 700 via the expanded
nanofiber composite media 702 and flows though the compressed coalescing media 704 and
exits out through the drainage layer 706. Such expanded nanofiber composite media is

disclosed in US Provisional Patent Application No. 61/308,488, Expanded Composite Filter
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coal escing filter media 100 or 500 as described in detail above. The
nanof i ber deposited scrimlayers are | am nated, heated and conpressed to
form t he woneprigwsesd coal esci ng nmedi a to coal esce wat er PATiUS01102408%t r eam
The drai nage | ayer 706 can be any porous nedi a descri bed above. In this
enbodi ment, the drainage |ayer 706 is a hydrophobic siliconized cellul ous
material. This drainage |ayer 706 is not continuously attached to the

substr at . A . I i spot s
ong. o QetPHEluAREN BT REHFES RIIR, SRk e B o AL bt or
dr opl et sipplicatiopassiradistlbsweghwhich iporepordat hwrein tiyhefecanat €xcetd. wat er

droplets flow al ong the inner surface 725 of the drai nage |ayer 706 and are
coll ected. As such, only the fuel streamwi thout the coal esced water

dr opl et al |l owed t.0 pas hr ou he drai nage layer.tgo.enter engi ne
ayerem TpBHeT AP HFCruRaRET, hEREPERe TRt SRMRosHERGia BrintBls Bt One.
and pat anjes 6f Subskrdte7 €0,171aJ EldheheRyn 1heeobdpafabeds by2 aef Brenes fadofihes sane
extent as if each reference were individually and ﬁfecifically indicated to

be i ncorBér dtedlsyconuressehpanoiiner coamnossemetiori0n ingludosdiverdavereafysuberasi n.
[0117] Thﬂ6“§@9go,%§ prcd %E%h'}']@f"vvtﬁé‘t?ca't'rﬁ@é'n%%ﬁbéﬁs%p, %Qdﬁz{,%!s,afsgr §lghigpts I n
I Ag 1y Tn t he

the context o €scCri e 1 nvention (especia he context o
f ol | ow niye sltairam )layicss T1d), BE2,FAAST 6Y iR, 17A0cTH2e 72bcdnbd foemed ofxusaatc @éand t he

| ural, | e ot herw se indi.cated herein or_ clearl ontradicte
Sont ext . dIFREL R MERR 18 %?m&)%\?vﬁa 'seéh Gfith%q»@aﬁr%(rs ffwye}asr?ae !f%ﬁgg?%i ng"
are to %ﬁ&%ﬁ#e tﬁ-%oﬁ@%ﬂéxﬁ rAes & g&&%@a aove WRARLRY to lofifek ?ﬂ\'c;@@me%t not

limted to, s otherw se note Recitation of “ranges o al ues herein
ar e ner alfyhd erabasdied niediss eFhemaasfibers A2, t7/RANB B3 hdd4 0136, @3 ancideposited on

individually to each separate value falling within the range, unless

ot her vi 4B POT-BaR BN HEBRH [Sr b SEh Supih Syl B S FHRdRsINt ea i nt o
t he specickirartiaBovas if it were individually recited herein. Al nethods
descri bed herein can be perfornmed in any suitable order unless otherw se
i ndi cated herein O otherwi se clearly contradicted by context. The use of

any and al | exangles, or exenBIary Ianguagﬁ &e“g., "such as") provided
her ei n, [P%14]nt edaeexnfed yanofbgyeqonosits madia L és eMStriGiodhy lapHnaHE tHdes not

Pose a 'da%ﬁ@ériﬁﬁ, @A &@8 iRAPEmQhy tri"s"’l[i F)g@%ﬂhocﬂ Hc!}lng@e%ﬂ? o G flemed.
No | anguagé 1 nh the spe PTication should be construed as indicatin any
non- cl ailamthaedddagms ines @es emtdoaknt andtibfe fibe@of sadm ddyctdheAd the satimdayers

[0118] Preferred. enmbodi nents_of thjs i ion are described herei
i ncl udi ng % ﬁ:?,_géi fe%atean%&ama@e%% Biaht oIt ?}g}?frfgwaﬁfhet rs
| nventi o scATARkd 05, lsuk NPRRRERIRDGHCOMPRLIBIN Sy AU IRCQIT. appar ent to

t hose of ordindry ski in the art upon FTeading the foregol ng description.
The i nvemlwngriexperigesfer b bade basis waight applieatpinoyasshe bxpaasipatcamosenay and

appropri ate nd t inventors intend for the invyention,to be practiced

or hervi sapiih i Detalfar FCh AP yn iR P Prtior 4R 4R PRALHEE H §-oPhRG:

i nvent i andion@lpasiesre@rdp MBRald WAk HOASoRINt: @dWe\sRivadat SThak, thbiexfauBéect matter
recited in the clains aggended hereto as permtted by applicable |aw.

Mor eov ernangfifer sopmppsitetinestia @02 taver eapevisciedy: filtpieapt phwiglatos in thedlel speami bl e
variatiqn ner eof 1S enconpa by, the l.nventiqn ss ot herw se
i car B RS R e AR ESBP R B AL S o ot
[0115] The compressed coalescing media 704 can be constructed similarly as the
coalescing filter media 100 or 500 as described in detail above. The nanofiber deposited
scrim layers are laminated, heated and compressed to form the compressed coalescing
media to coalesce water in the fuel stream. The drainage layer 706 can be any porous media
described above. In this embodiment, the drainage layer 706 is a hydrophobic siliconized
cellulous material. This drainage layer 706 is not continuously attached to the substrate

layer 738, but secured to the substrate layer in several spots along sides. The hydrophobic
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WHAT IS CLAIMED IS: 1. A nethod of form ng a coalescing filter nedia,
conprising steps of: electrostatically spinning fine fibers having an

aver age dwvermetienesft | ess than 1 mcron; applrgirns2eihedoshe
fibers to at | east one substrate conprising coarse fibers having an average
di aneter greater than 1 mcron; conpacting the fine fibers and the coarse
fi bers together; generating sufficient fine fiber coverage and

tightne aﬁlgéeglt'd } g?%@ipgerﬁﬁm%l%&dég v&a?er%%&t@?roﬁ?%ﬁsﬁﬁ itlﬂgugf itVeeEL dropl ets

froma flui structurin coarse fibers and the
fine fi Ratlser tht codcwodmwastidnapléts Flberaloredha itnkasurfase GREphthleerdivagedaypre wat er
froma f]uid. stream 2. Th hod of .claim 1, wherein the at |east
one. substoPard St sds As sritb ayef Hrgnerenti fale SuBILECEYSoRer | nio a
formed fird higgwdBdiashiiph tiR $indg@RPENbREser bR endihd§ystdnber s deposited onto
the fornmed filter nedia gurlng salrd Step of applying the fine fibers.

3. The nethod of claim2, wherein the at | east one substrate conprises at

| east o rim N o1 o 1.8 pghsel t
conponeﬂ?lgﬁd ap$@ﬁ#%§¥?£g§ﬁggﬁe t,ﬁa%%%% %&?ﬁ@ﬁ?@%@ﬁ%?ﬁ% gégggnggposited

on a surlfcame acfherdby 1atorp@ast] bymefesance m thndarnacxtertdishi/cach ecfatenteaste one

i e . T d.of claiml, furth i Si t]
oot 1t v B e o O FRTB A SR SRR i v
| ayers qistdn@ifetPHerbRedi ng mul tiple discrete substrate |ayers or |apping one

or nore individual substrate |ayers, thereby spacing fine fibers within the
t hi ckness of the coalescing filter nedia by the multiple |ayers of

substratgygher gh0u§AdAhCRMMASH T HQ GRTREd SRS’ dRINGiMAL Rfrdi fnl (R Eordtayer s of
the substrate carrying the fine fibers, and conpressing the multiple |ayers

of the sldssariving thammygnhen (chpecidliyen thidaemeext of thefollaviogiaositietobd t er nedi a.
Y0 2014 SO SREHLOUN0R o ortfy P AT Y nrr
t he fineldarReiostrid@ierel Bgohtext omhdtathsi‘BbRgfighed “6oHReS Hneludidg eindredi a
ayer. “containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples, or exemplary
language (e.g., “such as”) provided herein, is intended merely to better illuminate the
invention and does not pose a limitation on the scope of the invention unless otherwise

claimed. No language in the specification should be construed as indicating any non-

claimed element as essential to the practice of the invention.

[0118] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and

equivalents of the subject matter recited in the claims appended hereto as permitted by
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6. The nethod of claim11l, wherein each substrate individually carries the
fine fibers along one surface thereof having a fine fiber coverage between
about 0. 0O¥b 2giv@esmad . 225 g/ 2, and col | ectively provi diPag/us2e10t024088 | ne

fi ber coverage in the conposite filter nedia between about 0.75 g/n2 and
2.25 g/n2 in the coalescing filter nmedia and thereby providing said
sufficient fine fiber coverage and tightness. 7. The nethod of claim

6, wherejn; L.ayeay t A 1 o]

bt veen SoaCPT L MIEREl G, GRRARRRRRn A BBtc B el EH BRI

conpr i sivagatiamsi thatoing eacain@isseddey the rtventidrayeess otheowisp nalicatat leeraindownst r eam
side of the coalescing fjlt medi a, the drainage | ayer arranged to coll ect
and gr oW HEVEF ¢ F@8§M%88$§%8%%fﬁy fine fibers. 9. The nethod of
claim5, wherein the at | east one substrate conprises at |east one scrim
formed of bi-conponent fibers conprising a high nelt conponent and a | ow
melt conponent, wherein the fine fibers are deposited on a surface of the
at | east one scrimand carried by the at |east one scrim further including
heating the nultiple |ayers of the scrimcarrying the fine fibers to or
near a nelting tenperature of the low nelt conponent, wherein the | ow nelt
conponent nelts or softens to act as a bonding agent to bond | ayers

t oget her. 10. The method of claim5, the scrimcarrying the fine
fibers are folded into nultiple folds and conpressed together, wherein the
folding creates a fine fiber to fine fiber |amnated surface and a scrimto
scrimlam nated surface. 11. The method of claim1, wherein the
substrate is a web of coarse fibers conprising a | oose entangl ement of the
coarse fibers, the fine fibers being applied to the | oose entangl enent of
the coarse fibers during the said step of applying the fine fibers, and
wherein the web of coarse fibers applied with the fine fibers are fol ded
into nultiple folds and conpressed together, wherein the fine fibers and
the coarse fibers are integrated to forma single integrated coal esci ng
medi a. 12. The nmethod of claim1l, wherein said electrostatically
spinning fine fibers conprises spinning fine fibers froma solution

i ncluding a hydrophilic polynmer. 13. A nethod of form ng a conpressed
filter media, conprising steps of: electrostatically spinning a web of fine
fi bers having an average di aneter of |less than 1 m cron;

applying the fine fibers to a substrate, the substrate conprising coarse
fibers that are bonded together to forma filter media, wherein the coarse
fi bers have an average fiber dianeter greater than 1 mcron; and | apping
the conbination of the fine fiber applied substrate such that the fine
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fibers overl ap. 14. The method of claim 13, further conprising

unwi nding a roll of filter media froman unwind station and transferring
the filtewOrmedimeids an el ectrospi nning station, wherei nPCinastéiiedssredi a i s
kept afloat via a |line tension. 15. The nmethod of claim 13, wherein
the substrate is a scrimconprising biconponent fibers, the bi-conponent
fibers conprising a high nelt polyester core and a |low nelt pol yester

sheat h. Vg et hod of claim 13, wherein the step of applying the
fine figg?%y%y%égé% a f?%e fi ber coverage between about 0.075 g/n2 and .225
g/ m2, wherein the fine fibers are carried by a scrim 17. The met hod

of claim 13, wherejn the step .of |appin onprises fol.ding the.substrate
carrying the ¥ine Afisuid glpgnise s6oHGae: ianedis omBrPBEAISRYOPr ovi des a
fine fiber to fi n%lé&t@%ti&a@l@isﬁﬁﬁlﬁl% B RIRGEh AL #h SHBRLBdrfeté Qo fIRThIAL €

| am nated surface, wherein the folded |ayers are heated and conpressed to
form a clompressed nedia, wherein a thickness is adjusted by between about

50% and 300% vi a heat.i.ng,a ressi ng. 011/ 106534PCT/ US2011/ 026088
T8, The method of BT S HigERRRIE il ons sGdE SRR AL S SR REY o have
a total Havii@ dnidiefag6aiaicagerdeiruren aleesd; 0.09 g/ n2 and 5.25 g/ ne.

19. The nethod of claim 13, wherein the step of electrostatically spinning

fine fibers conpriewasientie fige fibas apg pra eoarsedipees tagithel on i ncl uding a
pol yam de- 6. - ] ' fi [ i Shng:
at | east one subsﬁ?&%@“%@%%ﬁ?@ﬁﬁ%ﬁg?“¥gé%%E%ﬂ%S#.hF%§H%%5.Q@?%%|uding
coar se fdohmastidpateipagviddc@atageffabedrehl asgioar a Abhidgireaneand han 1 m cron
fine fibers carried by the substrate, the fine fibers caonprisjing i
hydrophi lic fi ber SUNaWIRg therogipehges aanitS]éer‘Ll bt BYO s cofleing i medi cron,
the fingpfiiDessaE Yt vt Uidrh GHERY sfcbfper surface area to coal esce

n a hyd

emul sified water | rocarbon fuel, wherein the hydrophilic fibers
facilitate formation and growth of water droplets.

2. The method of claim 1, wherein the at least one substrate comprises a fiber
entanglement that is bonded together into a formed filter media prior to said applying, the
fine fibers deposited onto the formed filter media during said step of applying the fine
fibers.

3. The method of claim 2, wherein the at least one substrate comprises at least
one scrim formed of bi-component fibers comprising a high melt component and a low melt
component, wherein the fine fibers are deposited on a surface of the at least one scrim and

carried by the at least one scrim.

4. The method of claim 1, further comprising generating multiple layers of
substrate with nanofibers carried on multiple individual layers either by feeding multiple
discrete substrate layers or lapping one or more individual substrate layers, thereby spacing
fine fibers within the thickness of the coalescing filter media by the multiple layers of
substrate, wherein said compacting comprises laminating multiple layers of the substrate
carrying the fine fibers, and compressing the multiple layers of the substrate carrying the

fine fibers to form a composite filter media.
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21. The coalescing filter nmedia of claim20, further including a drainage
| ayer arranged on a downstream surface of the coalescing filter nedia,
wher ei n twe 2drizionzsge | ayer is forned of a hydrophobi c pecoms2emaedsal .

22. The coalescing filter nmedia of claim 21, wherein the drainage |ayer is
formed of a cellulous material or a fiber glass material. 23. The
coal escing filter nedia of claim20, wherein the fine fibers are

el ectrospun nanof i-ggl etf19 (ﬁalﬁ{ 4, %HMéjrrc% Jsfn%ﬁg%yﬂgﬁﬂ}[ bB nding glee ?ltlg Cd of

coal escing filter aim’2 wher I ne ers-ar

a pol yarhayckes 6f substrate car?}'&ng fiedireddicestopetyerf to lforar anvetkigratod cahposite Zdter wher ei n
the fi ne rs have a total fine fiber coverage between about 0.09 g/n2
and 5. 28" yer. 26. The coalescing filter nedia of claim20, wherein
the substrate is a scrimconprising bi-conponent fibers, the bi-conponent
fibers having a high nelt conponent and a |ow nelt conmponent. WO

2011/ 106534PCT/ USZUmn@h@i)eﬁclaim 1, whezgin e?r¢iesubem¢tem§ii‘rigua‘llyl qaeniesrth@ﬁae of
claim?2 n nent f.i bers e ter
cor e and™e?) S e ey BEREP RENHG o e e S AP B aer a8y Tire AL ET ot e
and the p2ngnfi Qﬁf@ll@ét@e’ﬂﬁ@b@dﬁ@ﬁt&&fﬁh”e%@ﬁ@bd@%@ﬁﬁ\ﬂfe obﬁlpbmermﬂ@ercoal escing
nmedi a, wherein the |ow melt polyester sheath nelts or softens to bond the

coar se fingsh¢ Betyigen ebaut i73e/my pe¢ 3.25 g/m” in tho goalosgmedder awdianpgdthere®y nedi a
of clai rggdl g{deslu h&gﬁ fﬁg?{b&sﬁ\@gﬁge ak&ﬁ%htﬂ?ﬂ' a includes multiple |ayers

of filter a eac nedia | ayers carrying a | ayer
of fine fi bers having a fine fiber coverage between about 0.075 g/n2 and

. 225 g/ ne. coalescing filter nmedia of claim 2 wherei n each
of the fine fiber szm?tp Ogﬂw,ﬂﬁl&a@lﬂé@%@@ﬁs@Wé%@%?%@e‘%w@r@ dugsd/ or a

medi a | ay@fckness to b tw%@n 3p1%a5§§%ung filter media of claim29, wherein
t he coal eSCCI ﬂ%ssf? f athg includes a fine fiber to fine fiber |amnated

surface and a subst r at e to substrate | am nated surface.
8. The method of claim 4, further comprising laminating a drainage filter layer
on or proximate a downstream side of the coalescing filter media, the drainage layer

arranged to collect and grow water droplets coalesced by fine fibers.

9. The method of claim 5, wherein the at least one substrate comprises at least
one scrim formed of bi-component fibers comprising a high melt component and a low melt
component, wherein the fine fibers are deposited on a surface of the at least one scrim and
carried by the at least one scrim; further including heating the multiple layers of the scrim
carrying the fine fibers to or near a melting temperature of the low melt component, wherein

the low melt component melts or softens to act as a bonding agent to bond layers together.

10.  The method of claim 5, the scrim carrying the fine fibers are folded into
multiple folds and compressed together, wherein the folding creates a fine fiber to fine fiber

laminated surface and a scrim to scrim laminated surface.

11. The method of claim 1, wherein the substrate is a web of coarse fibers
comprising a loose entanglement of the coarse fibers, the fine fibers being applied to the
loose entanglement of the coarse fibers during the said step of applying the fine fibers, and

wherein the web of coarse fibers applied with the fine fibers are folded into multiple folds
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31. The coalescing filter nmedia of claim28, wherein the coalescing filter
medi a i ncl udes 10 | ayers of substrate, wherein each of the substrate | ayer
i s formedwof200/®633#m conpri si ng bi-conponent fibers, whecgiuszeankeoss the
fine fiber layers conprises el ectrospun polyam de-6 nanofi bers, wherein 10
| ayers of fine fibers provide a total fine fiber coverage between about
0.75 g/n2 and 2.25 g/ nt. 32. The coalescing filter nedia of claim

31, furthar, g?éfsklﬂ t8 etﬁerd{;vﬁbt%ﬁﬁtﬂ A¥ FibeRah rﬂ%e&)a d fﬁae%%‘f’?ﬁ{té%‘j‘%a &Pfo{rﬁﬂce of

t he coaIeSC|n medi a rai nage ayer or me I ber gla

mat , whersengle ithegratodcedeicng thedib.er nedia has a total thickness between
about 3/16" and 1/2". 33. A conpressed filter nedia, conprising:

at | east one substrate, the at |east one substrate conprising coarse fibers

having an avepage "lf’Hetiﬁétth afrﬁﬁl%{ 1 Q}Eh&élﬁ%ﬁl@reléclﬂ@ﬂaﬁc ﬂ'l‘f)]r%f)ﬁlﬂmg ﬁne fibers
fine fibers carried by the at |east one substrate, fine bers havi ng

an avera@eqﬂmhemndnmmﬁn@ﬁbﬁiﬁbeBQSQWnﬂn1ndmdm@@dmdanmﬂaa@ﬂw@@ne of the fine
fi bers being enbedded at |east partially within the coarse fibers in a
conpressed state. 34. The conpressed filter nmedia of claim 33,

wherein at |east soRtifd dffernhihge chmPesssed flkdnedili, aBmpHn@kbtepRéf:i X of fine
fi bers as opposed to a planar |ayer. 35. The conpressed filter nedi a

of claim 33, wher dlsstigstatiesdlyspawme owveh peling hlers hpang ampeerggerbpmeteyol

sandwi ¢ t ayers of the substrate. 36. The conpressed
filter n&%ﬁgﬁbrﬁﬁﬁg+n133 wherein the fine fibers have a nelting point

hi gher than a mel tapptyigothatfinoffibais tbaaﬁbsufatbett@m&bamtomnmﬂgecaamrfmrg| bers,
and wherein the fine fibers are_per nently af fi xed riented 37.
The conphdsée I?‘iiefitt‘&etbf?&ﬂ %r@fa @Pﬁ‘é Wﬁé‘%%ﬁeﬁoﬂqﬁ%%?“ st BEESubst r at e

carryinqﬂ%pgwhk&ggh%ggqﬁmpigﬁ&@ﬁﬁggered together in the conpressed state.
lapping the combination of the fine fiber applied substrate such that the fine

fibers overlap.

14.  The method of claim 13, further comprising unwinding a roll of filter media
from an unwind station and transferring the filter media to an electrospinning station,

wherein the filter media is kept afloat via a line tension.

15.  The method of claim 13, wherein the substrate is a scrim comprising bi-
component fibers, the bi-component fibers comprising a high melt polyester core and a low

melt polyester sheath.

16.  The method of claim 13, wherein the step of applying the fine fibers provide
a fine fiber coverage between about 0.075 g/m” and .225 g/m’, wherein the fine fibers are

carried by a scrim.

17.  The method of claim 13, wherein the step of lapping comprises folding the
substrate carrying the fine fibers into 2-20 folds, wherein the folding provides a fine fiber to
fine fiber laminated surface and a substrate to substrate laminated surface, wherein the
folded layers are heated and compressed to form a compressed media, wherein a thickness

is adjusted by between about 50% and 300% via heating and compressing.
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18.  The method of claim 17, wherein the compressed media is formed to have a

total fine fiber coverage between about 0.09 g/m”and 5.25 g/m”.

19.  The method of claim 13, wherein the step of electrostatically spinning fine

fibers comprises spinning fine fibers from a solution including a polyamide-6.

20. A coalescing filter media, comprising:
at least one substrate comprising at least one filter media including coarse
fibers having an average fiber diameter of greater than 1 micron;
fine fibers carried by the substrate, the fine fibers comprising hydrophilic
fibers having an average fiber diameter of less than 1 micron, the fine fibers providing a
sufficient fiber surface area to coalesce emulsified water in a hydrocarbon fuel, wherein the

hydrophilic fibers facilitate formation and growth of water droplets.

21.  The coalescing filter media of claim 20, further including a drainage layer
arranged on a downstream surface of the coalescing filter media, wherein the drainage layer

is formed of a hydrophobic porous material.

22.  The coalescing filter media of claim 21, wherein the drainage layer is formed

of a cellulous material or a fiber glass material.

23. The coalescing filter media of claim 20, wherein the fine fibers are

electrospun nanofibers formed of a hydrophilic polymer.

24. The coalescing filter media of claim 23, wherein the fine fibers are formed of

a polyamide-6.

25. The coalescing filter media of claim 24, wherein the fine fibers have a total

fine fiber coverage between about 0.09 g/m? and 5.25 g/m*.

26. The coalescing filter media of claim 20, wherein the substrate is a scrim
comprising bi-component fibers, the bi-component fibers having a high melt component and

a low melt component.

-38 -



WO 2011/106534 PCT/US2011/026088

27.  The coalescing filter media of claim 26, wherein the bi-component fibers
comprise a high melt polyester core and a low melt polyester sheath, wherein the at least
one substrate and the fine fibers are heated and compressed together to form a coalescing
media, wherein the low melt polyester sheath melts or softens to bond the coarse fibers and

the fine fibers.

28.  The coalescing filter media of claim 20, wherein the coalescing filter media
includes multiple layers of filter media, each of the multiple filter media layers carrying a

layer of fine fibers having a fine fiber coverage between about 0.075 g/m? and .225 g/m”.

29.  The coalescing filter media of claim 28, wherein each of the fine fiber layer

is sandwiched between the substrate layers and/or a media layer.

30.  The coalescing filter media of claim 29, wherein the coalescing filter media
includes a fine fiber to fine fiber laminated surface and a substrate to substrate laminated

surface.

31.  The coalescing filter media of claim 28, wherein the coalescing filter media
includes 10 layers of substrate, wherein each of the substrate layer is formed of a scrim
comprising bi-component fibers, wherein each of the fine fiber layers comprises electrospun
polyamide-6 nanofibers, wherein 10 layers of fine fibers provide a total fine fiber coverage

between about 0.75 g/m? and 2.25 g/m’.

32.  The coalescing filter media of claim 31, further including a drainage layer
arranged on a downstream surface of the coalescing filter media, the drainage layer formed

of a fiber glass mat, wherein the coalescing filter media has a total thickness between about

3/16" and 'A".

33. A compressed filter media, comprising:
at least one substrate, the at least one substrate comprising coarse fibers

having an average fiber diameter of greater than 1 micron;
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fine fibers carried by the at least one substrate, the fine fibers having an
average fiber diameter of less than 1 micron, at least some of the fine fibers being embedded

at least partially within the coarse fibers in a compressed state.

34.  The compressed filter media of claim 33, wherein at least some of the fine

fibers form a dimensional matrix of fine fibers as opposed to a planar layer.

35.  The compressed filter media of claim 33, wherein at least some of the fine

fibers are generally sandwiched between layers of the substrate.
36.  The compressed filter media of claim 33, wherein the fine fibers have a
melting point higher than a melting point of at least one component of the coarse fibers, and

wherein the fine fibers are permanently affixed and oriented

37.  The compressed filter media of claim 33, wherein the at least one substrate

carrying the fine fibers are calendered together in the compressed state.
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