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medi a, armlopaririocissarly to a conposite filter nedia inclpaaiusgoiflion@9f i bers
for liquid particulate filtration applications and nethods of naking the
sanme. BACKGROUND OF THE | NVENTI ON [ 0002] Fl uid streanms such as liquid flows
and gaseous flows (e.g. air flows) often carry particulates that are often
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commonly enpl oyed to renove s or a the particulates fromthe fluid
stream [0003]Filter nedia including fine fibers fornmed using an

el ectrostatic spinning process is also known. Such prior art includes
Filter Material Construction and Method, U. S. Patent No. 5,672, 399;

Cel | ul osi ¢/ Pol yam de Conposi . t ication No. 2007/0163217;
Filtrati on Medi as, Fine Fi be?gﬁ%@Tﬁgd%ﬁﬁ@i rs, And Methods, U. S.

Pat ent Publication No. 2009/0199717; Integrated Nanofiber Filter Medi a,
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Expandedifep mrasd thelufinktie MREY fBr li@lﬁh%gﬂﬁﬁlamﬂl‘ﬁfaﬁ&eﬁp hiidns snBGhdMRIReE, U S
Provi si onal Patent Application No. 61/308, 488; and npressed Nanofi ber

Conposi treakiegiihg sameS,  Provi si onal Patent Application No. 61/330, 462, the
entire disclosures of which are incorporated herein by reference thereto.
[ 0004] The invention provides inproved filter nmedias for various |iquid
particulate filtration appACK&IRQUYD ORd3& EXYEDITHEN advant ages of the
invention, as well as additional inventive features, will be apparent from
t he description of the invention provided herein.

[0002] Fluid streams such as liquid flows and gaseous flows (e.g. air flows) often carry

particulates that are often undesirable contaminants entrained in the fluid stream. Filters are

commonly employed to remove some or all of the particulates from the fluid stream.

[0003] Filter media including fine fibers formed using an electrostatic spinning process
is also known. Such prior art includes Filter Material Construction and Method, U.S. Patent
No. 5,672,399; Cellulosic/Polyamide Composite, U.S. Patent Publication No.
2007/0163217; Filtration Medias, Fine Fibers Under 100 Nanometers, And Methods, U.S.
Patent Publication No. 2009/0199717; Integrated Nanofiber Filter Media, U.S. Patent
Publication No. 2009/0266759; Filter Media Having Bi-Component Nanofiber Layer, U.S.
Provisional Patent Application No. 61,047,455; Expanded Composite Filter Media
Including Nanofiber Matrix and Method, U.S. Provisional Patent Application No.
61/308,488; and Compressed Nanofiber Composite Media, U.S. Provisional Patent
Application No. 61/330,462, the entire disclosures of which are incorporated herein by

reference thereto.

[0004] The invention provides improved filter medias for various liquid particulate
filtration applications. These and other advantages of the invention, as well as additional

inventive features, will be apparent from the description of the invention provided herein.



BRI EF SUMVARY OF THE | NVENTI ON [0005]A liquid is generally nuch nore

vi scous than a gas, and thus results in a higher drag force. Therefore,
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filtration app i ons as par i cul"ate on of vari
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substrates and arrangenents are di scussed herein that have beneficially
application to liquid filters. [0007]1n one aspect, the invention provides
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beneficially application to liquid filters.

[0007] In one aspect, the invention provides a filter media for a liquid particulate
filtration application. The filter media includes a substrate and fine fibers carried on the
substrate. The substrate includes coarse fibers having an average fiber diameter that is at
least 4 times larger than an average fiber diameter of the fine fibers. The fine fibers have a

basis weight of at least 0.03g/m” and a linear coverage of at least about 5000 km/m?.

[0008] In another aspect, the invention provides a filter element for a liquid particulate

filtration application. The filter element includes a filter media, a top cap and a bottom cap.



The met hod includes electrostatically spinning fine fibers having an
average fiber dianeter of less than 1 micron; applying the fine fibers on a
substrat ewbaoriweidde a fine fiber basis weight of at | e&etr/u3203926v21 and a

| i near coverage of the fine fibers of at |east about 5000 kni n2, wherein
the substrate conprising coarse fibers having an average fiber dianeter of
at least 4 tinmes larger than the fine fibers; and processing the substrate
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of the specification illustrate several aspects of the present invention
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WO
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at least 4 times larger than the fine fibers; and processing the substrate with the applied fine

fibers to rearrange the fine fibers on the substrate.

[0010] In another aspect, the invention provides a method of filtering a liquid. The
method includes a step of providing the filter media according to any of the embodiments
described herein, and a step of flowing a liquid stream through a filter media to capture

particulates in the liquid stream.

[0011] Other aspects, objectives and advantages of the invention will become more
apparent from the following detailed description when taken in conjunction with the

accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings incorporated in and forming a part of the
specification illustrate several aspects of the present invention and, together with the

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

[0013] 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;



conpressed state being conpressed to a conpressed state by a set of
rollers; [O015]FIG 3 is a schematic illustration of a concentric

sheat h/ cowe 20ypwei3s- conponent fi ber of a substrate accoPdirni2410/026991

enbodi ment of the present invention; [0016]FIG 4 is a schematic

Il lustration of an eccentric sheath/core type bi-conponent fiber of a
substrate according to an enbodi nent of the present invention; [0017]FIG 5

s a sc iCc § r,at.i f l.desby-si hedioupeienty higer of a
substr a[[gaggcor g#dﬁuﬁ? ltsgasgfrll&gat ch?sgésg?t?og? y¥1t%1{évcbgrﬂré%§%etrmller§\ﬁ/ée)nt | ori?1 1?8(5}{%] FIG 6
i s a schempréssed $thta btmatcoopreastedatopi empectged tytpdyhisetaimptamnt fi ber of a
substrate according to an enbodi nent of the present invention; [0019]FIG 7
is a schematic illustration of a hollow pie wedge type bi-conponent fiber

of a sulf#or3jt e BEBG diarsghdmatanllesiatidn o€ atowdentrivashpatksertty pabviestinpongnt

[ 0020] FI 8.is a schematjc illustration an i sl ands/sea type
bi - conpdshef ¢ sHhstraigrecordingde P’&F’é‘i’a@&ﬁﬂﬂ?%e PESEH R¥EE ent ~ of the present
i nventi on;

[0016] 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;

[0017] 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;

[0018] 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;

[0019] FIG. 7 is a schematic illustration of a hollow pie wedge type bi-component fiber

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

[0020] 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;

[0021] FIG. 9 is a schematic illustration of a trilobal type bi-component fiber of a

substrate according to an embodiment of the present invention;

[0022] FIG. 10 is a schematic illustration of tipped typed bi-component fiber of a

substrate according to an embodiment of the present invention;

[0023] FIG. 11 is a schematic illustration of a system for making a filter media

according to an embodiment of the present invention;

[0024] FIG. 12(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. 11 taken

at a magnification level x300;



[0021]FIG 9 is a schematic illustration of a trilobal type bi-conponent
fiber of a substrate according to an enbodi nent of the present invention;

[ 0022] FI GvoR01tVw6ezdSschematic il lustration of tipped typedThiS2conponent

fi ber of a substrate according to an enbodi nent of the present invention;
[0023]FIG 11 is a schematic illustration of a systemfor making a filter
medi a according to an enbodi nent of the present invention; [0024]FIG 12(A)

s a chﬁ?%sgg Ebgﬁtlrz?ﬁ) Macgcaﬁﬁﬁgggecm ﬁﬁ&gﬁlé‘ﬂn 3 sﬁ "tﬁ%mfpb? FS and

the fin ers a conposite apro uced using t ste G 11
t aken atfiternagirthé ﬁnaﬁbem of e veinpa3@0ncdidod0dct/ kOREIBS B@TdrMSQBKi./ 1026691

[0025]FIG 12 nning Electron Mcroscopic image show ng
bi - conpdthamtd g#‘&lfé‘?%“%ﬁglxﬁh(gd %i'ne fibers of a conposite nedia produced using
the systemof FIG 11 taken at a magnification level x1,000; [0026]FIG
12(C Lc i h
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bi-component fibers and the fine fibers of a composite media produced using the system of

FIG. 11 taken at a magnification level x2,000;

[0027] FIG. 12(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. 11 at a magnification level x10,000;

[0028] FIG. 13 is a schematic illustration of a system for making a filter media

according to a different embodiment of the present invention;

[0029] FIG. 14 is a schematic illustration of a system for making a filter media

according to yet another embodiment of the present invention;

[0030] FIG. 15 is a schematic cross-sectional view of a filter media including tightly
compressed multiple scrim layers and fine fibers according to an embodiment of the present

invention;

[0031] FIG. 16 is efficiency test results of first test samples;
[0032] FIG. 17 is efficiency test results of second test samples;
[0033] FIG. 18 is efficiency test results of third test samples;

[0034] FIG. 19 is a schematic cross-sectional view of a filter media according to a

different embodiment of the present invention;

[0035] FIG. 20 is efficiency test results of fourth test samples;



bi - component fibers and the fine fibers of a conposite nedia produced using
the systemof FIG 11 taken at a magnification | evel x2,000; [0027]FI G
12(D) is woSoarms33g§ El ectron M croscopi c i nage show ng lpomdiSagioedoseen

bi - component fibers and the fine fibers of a conposite nedia produced using
the systemof FIG 11 at a magnification | evel x10,000; [0028]FIG 13 is a
schematic illustration of a systemfor making a filter media according to a
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illustr of a system Ing a ter accordi ng et anot her
enbodi membthef embedipresisafithe pnveﬁmun\@ntiod,OOSO] FIG 15 is a schematic
cross-sectional viewof a filter nedia including tightly conpressed
multiple scrimlayers and fine fibers according to an enbodi ment of the
present [008Ant i BIG. 200 3fif]drdnGy tsbrdssltedfffifdi emoypnipesi results of first test
sanples; [0032]FIG 17 is efficiency test results of second test sanples;
[0033]FIG 18 is efficiency test results of third test sanples; [0034]FI G
19 is a [9638imat FIG.CQ230s apesptdtpaticw bavinér derhédttfera pdd paticclatcdilngtiéro a

application including a pleated filter media according to an embodiment of the present

invention; and

[0039] FIG. 24 is a perspective view of the pleated filter media in the filter element of
FIG. 23.

[0040] While the invention will be described in connection with certain preferred
embodiments, there is no intent to limit it to those embodiments. On the contrary, the intent
is to cover all alternatives, modifications and equivalents as included within the spirit and

scope of the invention as defined by the appended claims.
DETAILED DESCRIPTION OF THE INVENTION

[0041] 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.



di fferent enbodi mrent of the present invention; [0035]FIG 20 is efficiency
test results of fourth test sanples; WD 2011/ 106535PCT/ US2011/ 026091

[ 0036] FI Gvo2h11iwéezdsschemati ¢ cross sectional view of a PCriuSzorm®eioal
according to yet another enbodi ment of the present invention; [0037]FIG 22
Is efficiency test results of fifth test sanples; [0038]FIG 23 is a
perspective view of a filter elenment for a liquid particulate filtration
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equi val ent's as included within the spirit and scope of the invention as
defi ned fblyothenelsgfpb@nmme for gharacterizing nanofiber coverage is calculated lineal distance

of nanofiber coverage that can be expressed in terms of kilometer per square meter
(km/m2), which is useful as this measure of coverage eliminate variability due to diameter
of the fine fiber and variability due to specific gravity differences among different materials

that may be employed.

[0043] In many exemplary embodiments discussed herein, fine fibers having an average
fiber diameter of 0.08 micron (80 nanometer) were employed. However, it will be
appreciated that a double sized fiber (e.g. a 160 nanometer sized fine fiber) based on a
simple area calculation (IT*R2) will have 4 times the weight; and a quadruple sized fiber
will thus have 16 times the weight. An overapplication of fine fibers can lead to a plastic
film that is not very pervious or porous, thus not suitable for a filter media. Using smaller
fine fibers is desirable as a higher linear coverage level can be obtained. Considering that
larger diameters of fine fibers will have a tendency to occupy greater void space, generally
or as a rule of thumb, it is desirable that the application rate of fine fibers on a kilometer
basis be lower as the fine fiber diameter increases. However, coverage on a basis weight
may nevertheless increase as fine fiber diameter increases, due to the quadrupling of mass
for doubling of diameter. As a rule of thumb, basis weight may increase 2-2.5 times for a
doubling in fiber diameter (about 4-6 times for a quadrupling of fiber diameter); and for
purposes of ease a doubling will be employed. Thus, if a 0 .15 g/m” is employed for an 80
nm average diameter, then for a 160 nm fiber, a coverage of 0.30 g/m” would be used, and a
320 nm fiber, a coverage of 0.6 g/m”. Embodiments herein are useable for a range of fine
fibers less than 1 micron, typically less than 500 nm, and more preferably smaller fibers
under 150 nm. However, coverage adjustments can be made according to principles above

to embodiments herein.

[0044] Herein, the terms "first", "second" or third" in reference to a filter media
composite or layers is not meant to refer to a specific location. "First layer" is not intended

to mean the very first layer, nor meant to be indicative of upstream or downstream location
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of 0.30 g/n2 would be used, and 320 I ber, a coverage of 0.6 ne.

.6 9
Enbodi nefitess Iﬂérr é%\ 128 e1 105 3| 184 b% ass, dﬁ@eléﬁh‘ afd the niddiet 2 dredaminhiad 1

| th f b | | f.i,b
e ™ st et san BRI S e R e e B Rl SR p Bronffcs
princi plasiaan ¥eidie,/ emo] Hﬁegﬁtyh@ figtbNparti@4éd Hemel dscatlT 1ig@TdFRich &é r st ™

"second" or third" in reference to a filter nedia conposite or |ayers |s
not nearfticsebfuekf althqughahis gebpdiment behewa nvith thy media layesr 22 thisroedia yended t o

mean t he é?tllé/na 8Ehusa%g Fiite Rled B0 céo?dllﬁg t6 nﬁil £ %Bélcﬁmglts %Pa%rtt{o?%{auo e

downst r et 1 oAt
this media layer 122.

[0048] The filter media of FIG. 1 may be formed using the process shown in FIG. 2.

FIG. 2 illustrates the filter media 100 in a pre-compressed state 144 and a compressed state



relative to another layer ("upstreamt or "downstreant) can be used for that
pur pose. Instead, such terns as "first" and "second" are used for

ant ecederwohasl/®eiar poses. [0045] MUILTI LAYER COVPQCSI TE PSR 1VAREH0M
[0046]FIG 1 is a schematic cross-sectional view of a filter nmedia 100
according to an enbodi nent of the present invention. It is schematic in the
sense that in reality the fine fiber |ayer has virtuaIIy no thickness, but
for i1l usfr atd MBwANle Widemstiandh ig: ¢ dshGfihNnfkfss L and
other septnary B0 T e MerrEb oAl EFIFRS ek Sy MR SR ATy

capt ur e ts@Isbasfeirad heﬂelnqa.mad ostgnaathlclemm) abe hitdr medin B 60 i1f the Ipss-cavapressednd

| ube. rred e ts, the fi dia 100 | Iu S | east two
i 7 er entht FHE RO SCi e compsoust it st e RSB r ate of
coar ser hd&hshCmitlay tekneher ﬂ%@&fcb@?d§ﬁnﬂ&hi%lé§é@stthe filter media 100 is
also referred to as a conposite filter nedia, a conposite nedia, or other
like terms in this application. Although, the filter nmedia 100 is
particuligpie| vel soppd éxﬁﬁo&ﬂéntk'tﬁé‘ﬁﬁeﬁ%&h%bﬁ{fﬁeyé b8AbleQRd 3RR! 14E% 1 ons

W th exanples/enbodlnents having a significant rtlc ate filtration

i mpact d@Weﬂdvefqrqmmlammg clatceoms pre¢fheed emb@dlmems; fabctOOf theyulipératesreldxi n

ther fluid f t |i cat 00471 | t in FIG
1. the ihrresrent 0y Bonbres d e peyare i e SRR 106

108, 11QcridlBat hhd Heenldkbeasl gl tialh2ebmmagBd @ﬁnﬂ@ih%@cﬁlﬁrﬂr(\(d&ﬁoﬁ gf&e;fs')bﬁlés 124,
126, 128, 130, 132, 134, 136, 138, 140, 142, and a on top of the
fine fibeek thasubstrite layghsxpandandilof, wheain tme)enckpw oflemh OthilQ sullsimte 116,
118, 12 r fih r fiber
ai amet o “0g 1RfeY HUstAS (RLDTRBRE e RS PRI EL B o1
| ayers 10&icnt Qe fih®6Gberd Odhichlad® cartitd by 11164;6 fibds , mobk&ind T&ient Weh thabdrs. ber s
124, 126, 128, 130, 132, 134, 136, 138, 140, 142, and the nedia 122 are
| ani nat ekhuaniang ks 11 cxbsngede pythedad ettt th% therlareshibersi Bdy baligvediths ar ea
per vol i
filter gg%{?g% %? gg({ lﬁ\é{ésgng%a@g?d %%%qo Qltﬁlb(%%usl 5%&8%3%5%&{1&;6& %f&rﬂ& taﬁough
t hi s enffedihrfedimdnsiosiiamatriwiof fint fibenyedn stlll by esnsik2eed tb bk andrediydelrafgaedi s
optional, and thus Lthe filter di a ccordl 259 to ot her enbodi ments may
not i ncl'FEd" Bhi s'adryen hjreryls lntPébf CAISURTITE media of FIG 1 may be
formed using the process showmn in FIG 2. FIG 2 illustrates the filter
media 100 in a pre-conpressed stat 4 and a conpressed state 146.
shown, t[A&H; | tﬁ} %ﬁ&rq"g) %@W%ﬂ%@n@tlﬁﬂ I oRpriedidBapsreampraved Has 14n Cﬁlhl tial
thi Ckneslﬁcrjéase | 3 Rabief SHRRY NENEI B tBes Q8 BbRAia hBitFN§SSudh The filter
media 100 in the pre-conpressed State 144 is conpressed into the corrpressed
st at e 14mhesliments tisefindfthicloldser of thd 8]terlrhodia Whe rEemrsubseguenticoimpkessibhokness t'
is reduced t final ckn ss. t n so enbodi nent the filter
G5 1o e Pia RSt BE itk s ipaor L, SHEGRPOPE: sdbPELs! ng. 1 n

nmedia 1
certain tchﬁﬁ@E E‘e&bpéﬂélﬁg' b et smounk Qﬁéﬁ)aﬁimﬁ H@nﬁ%ﬁbﬁhﬁ%hﬁd fiRladipuange r eori ent
ers

to increase an average di stance between the uring heating (such as
a scri mr@dmwh@igrlb@e@mmesswaslm %@@h@bﬂm@@;ﬁm@ﬁ@@@@ml%ﬁhﬁw@crl m
product i on proc S subst r at a xpand wher ei n
Phe t hi CRMBS aF M f5e b R SRt S En N u SR B PR X e
fibers pakxdemierolles. $nEichGentidirhéits $h63§hfa§tn©t behBxexpamkiseord eat sligthe fine
fibers which are carried by these fibers move and reorient with the fibers.

Thus, filReessepehy initel dakapwddriqsie Hiedhiskerspirdugdonviorthe findl thigkegss t.f Inper s.
It 1s b%‘e't S’ﬂ‘:egentt th%o&’qF%nfsr ﬁl%tc% fﬁsg’ecfjﬁl o éi%pgdo dl{f%q | onafrll tiﬂcﬂﬁ‘esfs'tgg S as

opposed ‘'t bei ng nere fat or anar matrix fine
f| bers d&rheaited|pbstbemp®ﬂ$]’>81lodﬁwbdeﬁldhd‘)&mﬂmdssrﬂiyaybl& inefeegekledn b@nei n as a
"l ayer" eve |nte ated .in rface of substrate, 005 uch
enbodi MR imsis. g i metin Eaheda e hore é)%%&@%@ &3 a4 can

media 100 can be compressed by a set of rollers arranged in an oven, such that the filter
media 100 is heated immediately before being compressed, while being compressed, and
immediately after being compressed. In any event, it has been realized that processing of

the media after deposition of the fine fibers to rearrange fine fibers into more of a 3-

9.



increase by at least 1.5 tines, 2 tinmes, 3 tinmes or even nore via heating.
In such enbodi nents, the final thickness t of the filter nedia 100 after
subsequernwoconpessi on of the lofted filter media 100 caoThs2@iok@p1 | ess
than, or equal to, or greater than the initial thickness t', depending on
t he amount of expansion during heating and the anount of reduction during
conpression. In other enbodinents, the filter nedia 100 in the

pre-co via a
Set o TUSFAGhA PANR NI FRLRE PeAASoRa BOIPRESSR 5t IULAABERUSLY )
any expagmscesingr Sechvigogessing gim afifordragasaer porodity andinbdyaie wshd &derbeger fidw pri or

to the thickness.reduction to t nal thickness t. In yet different
enbod ! 1 REIKGRIFELSaaV ks B (ieare (R0 Ry ng the 1inal thi ckness
can be heated post conpression, wherein the thickness t nmay be increased.
In sone dinments, the filt ia 100 can be heated § nce For
exanpl e, | 35%3 fi e srakpdimayy t%eéma aly mtlf%sart@%%eegweep gmu?géﬁraea%gp
arrangedpé i@l io¥edss gﬁ&etatagt bdtREer tﬂot@to%%qa QO@‘%Q}f‘ﬂ?e RRAT iR ately
bef ore bei ng conpresse being conpressed, and i mediately after

bei ng ccampimseuhferhhlyéaewﬁ@@t% andlit)é/sobéemmtlelathwkwstt hats the bbessedg of t he

medi a aft 03|t|on of ne fib rst nge fin rsmto
o 190 AR ok heid Jalf 114 RessSE R B b BB sl G

conpr esqt&rﬁ@tﬁlzelxaﬂ@h@s pfo, 33T h3pr pREe$ S8 NA0, Mbc@ﬁt@@&%éhﬂ%ﬁt@ﬂmﬁw ord a
greater Eoros and may be used for better flow and/or to facilitate

heavi er t co§ off thp adjppané sulerpisdiarp H2, 16650p1 % AE0, ddﬁohl‘héh@ t he
final thjigk te %;an % h n

t hi cknels?1 1% i]fosigonrde Per abqt?gle'g&%lﬁvazgﬁegi 8”% % ﬂlf%gs%rg‘iedi 13)0: r{% IEH Igh

t hi ckneshe ﬁlter aédla 100 & t}his@hﬂfo@hh&ntbﬁﬂﬁ%ﬂOS@%r@diﬂsuﬂ;ﬁ% efmifefihdfibéral
thickness t'. As the filter nmedia 100 in the pre-conpressed state 144 is
pr essed QeREEMOEdipRALY Gandnc E@ﬁr@@@s@é%ﬁsﬂlﬁt@teﬂﬂﬂs cHeying fac fibgisr §ono4, 126,

128, 13 , & t he

coar se tgei'x S&1§ #ﬁ %]ttm%&g ch%gfﬁ%ud% é‘%élté atgue}g g%s F‘?@ﬁ%%g&ﬁ‘ ?%gﬂy% 110,

112, 114ovarhge oflfils filRO(cagdht feastrab3utdd. hgnéj)onal fine fiber matrix vm thin the

filter media 100. Al t hough, the filter nedia 100 in this enbodi nent

i ncludes 10 | ayers of substrate carrying fine fibers, other enbodi ments can

i ncl ude [003H or ThestSasaruﬂeSztyeact B2, agen%;:m& yiod 12j net, fli@eing, 17oganéxanpl e, a

filter dia can include a single sub telayer carryi asuff|C|entIy
?eéla E bﬁ%

heavy c¢ ’é"P By spitshie ponges ga baffdeitaver v TR 1% ] @Zﬁ]aii’f]’?e
substr att Jﬁfr&ls]tggterlél(tﬁ diffQ6nt t%&g of ?J&IQyus fohferial 1k onjejeﬁnbo%ltltﬁent %Qh can be

f or med o sui tabl e porous na Each of the substrate |layer can be
f or med dayeaosﬁdr@e;ub;tme 002, po4.0l0s, hméﬂO,a]llzotlétjﬂﬂdSelrl@nlz(tngma’lsma;ﬁmmm:ds

mat eri al ne nbodi t h | ayer e su st e 102, 04, 106,
T 12aier Dusan T I0Taeithar EBcqriiis Bhed I SRR Reghiidia. Th
formed fdxhﬁnﬁ[e MRARCHTRE | fo'iﬁt%d fileemedih %’éy W%n@@d‘%ﬁ@tb&@@ﬁ&d}%nt bEl’Rﬁn§X anpl e,
the fibers of the forned filter nedia m bond t oget her by sol vent

bondi ng, thermat hertdlmgaraad/ngpream¢ bendimge sEhgr Hb@ﬁhﬁltwgfnedmealf earvyelend fibarer nedi a
can carry (fine flber % a _Struct ur The for d f||ter
o a1 <kl SR Dy A oBeR TEE plrRl IS} et HRER T mer P p SO

subst ratfﬁtermesﬁabstfmet edia sflbsitlfa&f armtsbt@te ifilet Medial drk@hdreikeBernty it e pr esent
appl i cation. [0053]Alternat|vely, the substrate nmay conprise one or nore
webs of MFIBFEDHEFENM. are | oosel y tangl ed together in a highly fluffed thick
state and may not be bonded together as in the case of a forned filter
nmedi a. Thus, the web of coarse fibers can easily be pulled apart wth very
little M@l ePitermatisgly, thasulisiratereayseanupsisq oas of moeymichy okfibdis whigh are | s
not cons;j n | se i bers
of the aeE%8ﬁg?$859¥£?grlca$gﬁb' qﬁ%thﬁ%%ggtﬁ%@é%%%%%%%gn&xgﬁgghIn% @han an
aver age th¢ bee oﬂaa?amteerﬁm:t ntehe fihue, the heb of chassfilsdts cart dagilywebpaicdfdparrs i s

al so referred to as b of coarse fibers or other Ijke terms in this

appl i catVighVers léfb%%euat sffert ppg hasfittle strpiealpntsegity sush thatpids 8ot gngideieeled wit h

such we :

Vedi o, D ARGt ROLE el RO bR R DS B G hT B APy A

assi gnec ltatget herassiilgn danatertthvn proasent fdppliamater ofithetfine fibetsi rAs dlick,cl osur es
of which are incorporated herein by reference thereto. [0054] Preferably,

t he substrate is fornmed of a rrulti-corrponent filter media. As used her ei n,
the term"multi-conponent filter nedigy,, "nulti-conponent nedia"

"mul ti-conponent fiber media" and other similar terns can be used
interchangeably to refer to filter nedias including at |east two different
mat er| aI S. For exanpl e, a rrul t| -corrponent f| I ter rredl a can corrprl se f| bers

Y

o, e o s o - e



[ 0055] I n one preferred enbodi nent, each of the substrate |ayers 102, 104,
106, 108, 110, 112, 114, 116, 118, 120 conprises a scrimforned of

bi - conporwot20fi/10e33s i ncl uding two different naterial s hacirrug2ditfote@pent
melting points. A conposite filter nedia conprising fine fibers and a
substrate fornmed of such nulti-conmponent fibers are described in

Mul ti-Conponent Filter Media with Nanofiber Attachnment, PCT Patent

Aol catiho ey ARGRAMAARAo 4L dr Sodsshaned %t‘ﬁeltlﬁge @A gnfg of the
present application e entire disclosure o are i ncorporated herein
by r ef erappbeatioheetanpds30 561 medih ms:h&hing)ﬂnenﬁhebrs ngegated mpthnmoh web of he

bi - conponent

of. the scrim |1 0|nt t han. t he ot her
peaipeligel A RS R T B A D e R AR N e

pol YPr OmibBBRionR@, mbbmh@mg RhicRY élﬁ@n@dl to fﬁ@%ss‘i’éﬂé@rof%rﬁ%%ﬁﬂéppﬁ@éh&ﬁ a
pol ymer having a higher nel ting point than the |'ow melt component, or other

sui t abl gh¢ pigae dtmb@uneabﬁwmbhralgcwpa@@mlobymﬂeteuw)@léretdr he bi - conmponent
fi bers are bonded together and/or conpressed together to forma scrimor a
substrate filter nmedia having a certain thickness. WD

2011/ 1049650 CT/ Be2014ly 0the A8Ustfa@0S T4riied o o nodhwompniertt ifibter medifa. Asaisstri m
used as .t he sHb trate 102, 104 8, 110, 112 16, ,118, 120 can

i ncl ude STHRGRC %ﬁlﬁﬂ@?%@&hﬁﬁ%ﬂ?&and%}w 9]&8% Pl monent . For

exanpl e dofipoRémt FRRPARENATL 2By thEOMhSRrAs Sndht- u¥Bd intQehMBSARY téhderao | oW el t
pol yester, in which one has a higher nelting tenperature than the other.

FIG 3 dJomsmediasandlyding pijsast svedi &r@itn@@mémeﬁqr ckirpple, 2Mulice@npinggt t o one
embodi e ey néﬁlaz(%%l somil%its]eﬁgérs Ormﬁ%?ntﬁr&%étgrlaﬁ afid ?%gﬂtfgﬂrr?ed r}%as Q&n pore type,

wherein a core nt-'and a sheath

26 i s fanaredalpfvhércinohie ﬂi&dttmap@iaya@dth@ se@ﬂiﬁ@mmal afdm&Bﬂeﬁh@amlgla melt pol ymer
conponent is formed of a ynmer having a higher nelting tenperature than

the | ow Araathysly ?réraulwﬁﬁl@ﬁ@wt filtgymedigican he fHmed of ﬁb@tlsy%%ng AlCleRd Y0 but
are not dlff?ﬁ%ﬁg ﬁals PRk gfﬁﬁ&ﬁ ﬁf&e n(ﬂr?é Y 85 $6meaWrkAPHS nQiaF %{fd PENAET S

i ncl ude po ene, yet e,  co-polyester, or any other suitable
pol ymer Sotraad asfghasdcomémamiat ian @eﬁoﬂbﬁ@ﬁﬂlmﬂlbbélh\&nﬂﬂfleltsmmdt ﬂﬂtegh mel t

pol ymer . nent i forned of Qster core
and a pdl g‘fﬁ @%gtfﬂet“@rfgﬁfﬁwm ACHARES B4 .hﬁr@ﬁ} PhéOTBPOIP?Bthﬁp it bers are
formed o tyRpstichf REERE, dhll PRS tQ@fsPO! yesters one having a higher nelting

poi nt than the ot her. [0059]C1her types of bi-conponent fibers nmay be used

to formthe substrate in other enbodi nents. Sone exanples of different

types of 0@55 Conﬁp&%refehgg bRt RECRS# tﬁ@%ﬁﬁétrhﬂell L fdedod nok! B, 4-10.

An eccentrl c sheat h/’core type bi-conponent conprising a core 30
and a shidét h123214,sl 1$hblth 1260 chihBised a sthinsfofmdabef hisogipomé¢mifibbs ibndlediogncent ri ¢
sheath core e 30 shifted off ntee({la The

di ffer eﬁyvosdﬁﬁtf%:rgﬁtg{aétgﬁlg? Eév%\ég h{%#%gn? n?e?tlng points. A composite ﬁﬁer m
comprising fine fibers and a substrate formed of such multi-component fibers are described
in Multi-Component Filter Media with Nanofiber Attachment, PCT Patent Application No.
PCT/US09/50392, which is assigned to the assignee of the present application, the entire

disclosure of which are incorporated herein by reference thereto.

[0056] In this embodiment, one component of the bi-component fibers of the scrim has
a lower melting point than the other component. The low melt component can be any
suitable polymer such as polypropylene, polyethylene, or polyester. The other component
may be a polymer having a higher melting point than the low melt component, or other
suitable fiber materials such as glass and/or cellulose. The bi-component fibers are bonded
together and/or compressed together to form a scrim or a substrate filter media having a

certain thickness.
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two pol yner conponents can cause the fiber to curl into a helix when
heated. This allows an otherwise flat fiber to develop crinp and bul k, and
can resulwoinidiob$36r ent fi ber reorientation, expansi on a&od/useologwbati on of
surface under heat. [0060]FIG 5 schematically illustrates a side-by-side
type bi-conponent fiber 34 including a first polymer conponent 36 and a
second pol yner conponent 38. Depending on an application, the first polyner
conpone y b 3 SARO yner
componer i < T S D B T b
in whi chlllOolHZ p o4 ylér Bl&;déﬂlpg/n 'mchuaeta hagh mblepbllybar cempéreneandAl tolw peibper

pol ymer ection s fiber devel o her Iev&és of | atent crlnp
Phan tndoERgomPehetio EopyEgHs fit éf%onefnéa@ SRS fatigemely pelycster

bi - compopantiofLher p6119egte<f ﬁlc:daﬁerﬁbh&ﬁésl Hhilhdr4adifidy f%ﬁlplefhuﬁrle ﬁianﬁhe Eﬂh@r pi e wedge
fiber 40 conprises a plurality of adjacent wedges forned first polyner

conponerftlG42 salmnaalcslécdlmsltrqt@ﬂ aymommp@tr@w 22 Accopding topng mbddlmsmt Hol yner

conponent 42 a secon t 44 on |ther Si st

ol yror LeNBoHE R SR RER P R bR DA st Tl vRistotast EFis /Ol dcone
pol yner cigppefapolydericlddagntitans sheeh desd @aaed boa Rev spltipblynitiie t he
conponent wedges by mechani cal agitation (typically hydroentangling),

yi el di ngFomPendTti bers of 0.1 to 0.2 denier in the filter media. [0062]FIG 7
is a schematic illustration of a hollow pie wedge type bi-conponent fiber
46 conprising first ymer wedges 48 and second pol yner wedges 50. Again,
dependi 80 anThpme@mltmiym@m@mpqngm ip &ryned of wwalyezer agvinay highef or med of a

hi gher o I hol | ow
o1 & weaguetf i B Bldes AR o RER RS E5 0,80 SR BU G ORALR OF) ow
center S&cladd, dut fidthopliLitedios pbllyestexrmﬁrpouyaﬂﬁdaf SuitwdleNedgadt pelpieisoi ni ng,
t hus naklng spllttlng easier. [0063]FIG 8 is a schematic 1llustration of a
i sl ands/18e/8de pYEPIPYlsBimpOREHY dener D yesterhpsanyabkar spigable BYJYRGBVIFVEE & he
"pepper f nen t he
i e R S L e S
enbodi neiitess mhpbe farnmetl oﬁcal gm@steu: oomeand ratpoli@rm@rlémrsheajh.oin thishdnghoelimeng) t

pol ymer than the second ner n nt 58, o secon ol yner
conponeﬁb B Sizgicg b g FY s SR GOt e Dighrg
fiber al}owgs pbiat PhAGRI®AL, of many f|ne strands of high nelt polymer 56
wthin a natrlx of low nelt or soluble polyner 58 that is subsequently
melted or dissolved away. This allows the production of a nedia nmade of
fine m beroggg zza
forn1raﬁﬂg§9than as%ﬁﬁgpsppaﬁh&ﬁbg%%%ﬁ%ﬁéz%8h%?ggEgggﬁﬁépgﬁgﬁﬂﬁﬁgﬂ%ade of
37 peppemdnﬂsn@nse&mhepﬂumﬂauﬁhbﬂuﬁnhgpﬁuﬁénsommommtﬁba&adenhanm@ahgut 2

For mod. i AEGR PG SHiahuc Ol RAAOES eg s BPuBRp BRI FTBEFCEnay not

have a Gyddr190 b sIRRBPR WishbwRICFIE W, ahiCfiRgSs §ﬁﬁlfaf R)nthél%oﬁcléﬁtrfé' sh@amponent
fi bers described above. FIGS. 9 and 10 illustrate sone exanples of bi-
core fiber 22, but with the core 30 shifted off-center. The different shrinkage rates of the

two polymer components can cause the fiber to curl into a helix when heated. This allows
an otherwise flat fiber to develop crimp and bulk, and can result in different fiber

reorientation, expansion and/or undulation of surface under heat.

[0060] FIG. 5 schematically illustrates a side-by-side type bi-component fiber 34
including a first polymer component 36 and a second polymer component 38. Depending
on an application, the first polymer component may be a higher or lower melt polymer than
the second polymer component. This is a further extension of the eccentric sheath/core

fiber, in which both polymers occupy a part of the fiber surface. With proper polymer
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conponent fibers with irregular shapes. Al though, these fibers do not have
a circular cross section, each has a dianeter in context of the present

i nventi orwOThe/wssset er of the fibers having a non-circ®eCaUSeI0H2608ECt | ON
is neasured fromthe outer perineter of the fiber. FIG 9 is a schematic
illustration of a trilobal type bi-conmponent fibers 60, 62. Each of the
trilobal fibers 60, 62 conprises a first polyner conponent 64, 66 and a
second (O FBANSA Eh Fatdi@ ot lieahe ELdRER A0uthRGrcar ©
measur e%gLeié/gﬂ’s glﬁgmst erdeg%op 7% eIIE%GQ(SJrBre aeéri?b(c) [ Prent S, et%ée% frlﬁrss?a %@%ﬁmsr
conponerfibe648. 66 is formed of a higher nelt or lower nelt polynmer than the
second pol yner conponent 68, 70. [0065]FIG 10 is a schematic illustration
of a tipped type bi-conponent fibers 78, 80. The fiber 78 is a tipped

tril obal[0BétHconparientedfd type biscdhpencht fisdr 400 yehemadeailyailu@tainid eécond
polymer tips 84. The fiber 80 is a tipped.cross pi-conpgnent. fiber with a
first poTlE iF WEdeR dberdd Caﬂmﬂé%@eomar%&f ace‘iltp‘ge%es ﬁ}ﬁ?@ﬁ@?am,po YR i 1 st
pol ymer &&aoREnt82:an8Q st&ondPolRrerRonpofié@ngr FaBl br el ABbIyhaRohBenGECond
pol yrer t?%@ éh, §§. ﬁOOé%ﬁ%leﬁéfe Ping back to FIGﬁg?, t he ?igers of the
subst r at4shaarecdandpet e coenpenent 44 ogerthavsedea gehef firsipol gnammingoneitad? t hat of
the fine fibers. . In gne e dinment, the fibers of the substrates have an
aver age TR S BEARR P pART PAVEET el e sree T e’ SrongRt 1elerhe 11 ber s.
| n anot hegeresrb aeli gRitto bk BEliffihBans chpdiat wbdsk batnReh&Abal RSMSiIAN tyIQIIFIe

fiber diameter of greater than about 0.6 m cron, Ereferab-y greater than
about 3 hydeqestanghng), yisldengomisrefibent 9f 0. § fe@l denichirths fikecmedia. | n one

enbodi ment, an average di ameter of the bi-conmponent fibers of the substrate
are between about 1 micron and about 40 mcron, and nore typically between
about 1d9862|ni cFEns! is[acobInarivalluseation of k belew arewedgepyrsyewmpodémifibeeat ed,

for exanpl e via.a set of calepdering,rollers and/aor an.oven, to fgrmthe
subst rat® PETT PRIy moyediET 8 44 Feond oy e e S0y Agiin dEpeadintny o
t he subsinat#pplieatRnsthd Q‘ﬁstgaolﬁh&wgés e 88 ferdiof @ hiEhe Bl ohe? nd¥m
preferably between about 0.1 and 0.5 mm Such substrate can provide a

st r uct urnglymserghay the secoad pabyner sredeereS G i e hallparrie vz Bhgdhansingler fars of
vari ous - K - are
cormer oi o1 5 AERE AT bR R RS Bl PRI PHERS, 71 G

I nc. of +Raiges el jbiing] Musanakaidwlitting dasier.medi a suppliers. Thus, the
substrate can be selected fromsuch off the shelf bi-conponent nedias. WO
2011/ 106535PCT/ US2011/ 026091 [ 0068] I n one enbodi nent, each | ayer of the

substrat[e0d3)2, F03.,8 sQGchfic illiratidd 3f a 1slthds/Adbtypd bBconpdhecantibdrise. medi a
122 comprise a scrimformed of bi-conponent staple fibers having a high

mel t pol Wastiber iz alse kagin as thewoerctony plzpe seodfizeragr Whererefiist pelymsonent

stapl e fdBengea’ss i§91g}%lr§g§e?88 a%8%%%§a§{3 I%Og;gféﬁcgﬁp@ﬁerﬁ%iiﬁhe‘@ﬁ%s@i th L

bi - component stapl e S are bon emcally, nechanlcéily
and/ or tdnerotirhényts, thofirsepa@ppeecompumebi Kopomerntof athaghce nidltyelmnartbarhthat ed t o

or near L6 et 0g Lerper g, of Lhg | on el BolYSELe a0f compesed
sof tens RNANACHS s@h EnRRNALNY tRY$BEr 51D WRARL pfabliBEs of ABRY TRE 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.

[0064] 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-
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[0069] 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,woOR411/10885 118, 120 as they are forned. AlternaCirxskesi/ondeel fine
fibers may be separately prepared as a web of fine fibers, then | am nated
with the substrate. Al though, the fine fibers may conprise fibers having
various fiber dianeters, preferably, the fine are nanofi bers having very
fine fi i N i i.be i nning or
ot her sueriBhETTBEL T EREDLPEERETRRNGRR, esq RETF o B R ERLIETE AOLY

el ect r ospcuom) aahflab @ rdsariieen ingostextenfehagesdnt beentdrarBiediahetssof thafibafsout 1

m cron, .preferably |less than 0.5 mcron,. and nore pr.eferahl et 0.01
T or's T Regrion daaR s REHEN B MEOU D s SRHIeBy oLyt Eb Bl ot or
of 0. 08 grsGreReh &8RN MhstrafBE Bf 8 MRbbal ¢ R BELBIpbh&f RIS 6eanaaf §rand t he

ability to pack nore fibers together in a given volunme to provide an
i ncr easdulobrbigbers 60.fRcemprises a Wi polymgncompansas@t, b land atstemdgbhindrency

whi | e decr easi pressur e dr op.. of filter, media. 70] The fi j bers may
be. f or ey el eb [ EtiorTF Ry Rar 6brtz BEMurt 4BV A e, thofon o
the fingohickettwdihints)shdat %agmaln@u onGRIERY, 66 3 18med of Bightd el oMedlica 100,
the fine fibers are typically fornmed of a material having a higher nelt

t enper atoelepelaar hen theggeondpolymor asmoneiioidnt of the bi - conponent fibers
of the substrate. In preferred enbodinents, the fine fibers are forned of a
pol yam de. Ot her suitable polyners include, but not limted to, polyvinyl
chl ori dd00¢8IC) , FKel Mok efsphematis|ilestiation of popyasisiype bi-eosnponkefftbest ?£r8,0-

pol yal ky}.e fide yarwil.e i ol (o] i.fli | ysul f one
Pol yrrer bR db U Bone R KR S P R R P B BP0 e
pol yvi nyktsiein®lahéaipsdd, Thelipeeshisla tipkl acssy batempaehyibaryithdefist f | uori de.
Sol vents for naking6polyneric solution for electrostatic spinnin

i ncl ude PEAERGTCCRIST B0 anbiasprd pRlyener tipsche yrierably.the fitst polymsaprnter S%h g@% | uor o
: i | | S wat.er., |, |,
Lo op bop aBther QY LipRG R AN (RCAIN Ry A saTROII0 - OB R

the fine fibers are forned of nylon-6 (polyam de-6, also referred to as

" PA- 6" (N \ : i.aRkAg i r i i,bers are
deposi ¢ dBVEH ec ol SHEFHERRTIGR, PREE BeeR SRR RoR el [t e o
124 ar e lggpeiaiad filce dianesd dianahitlof the i @besal tonernbodinadnn thg fibyts ofi- 6 and
deposited on a surface of the substrate 102. The fine fjbers 126 can be
simlar |tge a@ﬁEﬁfﬁ% Eﬂvemva@gﬁ gibﬁrefébialaﬁtef ﬁl@t i§3blopptdh Wnes3pdpatpd she éfﬁ‘dﬁ 5-on.

The subshnat@el NESEmdA2he Hddrs G]FQﬁ%supo@ateéléa% a¥d 2n avckfoc UL diahd@er 020
coated wth the el ectrospun nanofibers 124, 126, 1238, 130, 132, 134, 136,
138, 14QredtdZhar gbauh8i6 rhiarminn ptofetatlp getabhe thani dbout heiereli snd haRe psafaiablyhat

each layer of the fine fibers js.sandwi ched bet ween e, adj acent, substrate
ol or TR S 590 PRSP 1 e S arp RS PR e R s o

state 144 tRsSsubon atd bl &n dbouSmilirsE HeE sbuaBeVReroh Nadihd b &ypid@Yi a 100 in
the pre-conpressed state 144 is then conpressed to formthe filter nedia

100 in iteswdanrkpuickdh eserend. st ate 146 as shown in FIGS. 1 and 2. In
preferred enbodi nents, the filter nedia 100 is heated before, during,
and/or after the conpression. For exanple, the filter nedia 100 in the
pre- condfPe&Hed Fhatenrdadbarsalseatmpeespad and/arhepad sSoneraniplovigh sehef set  of
rollers 148, 150. .. Furt

[t her Rltodgrot bl S bl Bbodit iR 1BArode 20 108 B8y 5P AT o ng

bet ween tige1 fd, neo finesia aﬁ?@f adjsabente 1BPaE B a TS REwdNbSHIBOS AlES
and/ or nmedia 122 nar i nvol ve sol vent bondlgg,bpressure bondi ng, and/ or
y ug

t her mal b®awmgcicrbly kotuegn about@ | apé 015 e fyush sebsaiate can@eavidesa strucgunrl v
gener at e | | a4t | c ining .a sol | Y

Pemai i nyreh O BRI G Mok o R RO VAl RRe e

bondi ng fasudehs ahi bethefsubgrase Qe aracobandraiatly wiitabld@roughvagods dapplseraf t he
substrate. Further, ow nelt caonponent of the bi-conpaonent_ fibers of

the |
the substfhpeHPEnIndestiisedng ot Basanabendhdirmihes diligemsdignerlicse Thuseths and
t he adj r i.har. { . odinment, the filter
media 1 gﬁggniggﬂggm%%gggﬁﬁg%F%?ﬁgﬁﬁeﬁgFﬁb&gg$ﬁ?ﬁ§?&¥%gblOM/nelt conponent
and conpressed, wherein the |low nelt conponent of the bi-conponent coarse
fibers nelts or softens, which allows the adjacent fine fibers to enbed
into the low nmelt conponent as they are conpressed together, thereby
enhanci ng t he bondi ng between the coafse fibers and the fine fibers (via
pressure bondi ng and ther nal bonding.g In a preferred enbodi nent, the
adhesi on between the fine fibers and the substrate on which the fine fibers
were deposited are greater than that of between the fine fibers and the

- .. o o o . N - rc " 1L



fiber scrimhaving an average fiber diameter between about 1 and 40 m crons

and a basis wei ght between about 0.5 and 15 oz/yd2. The bi-conponent fibers

conpri se wolnghtoneskt pol yester core and a | ow nelt pol yesrars2aheadont The

fine are el ectrospun nanofibers fornmed of nylon-6. The fine fibers have an

average fiber dianmeter between about 0.01 and 0.5 m crons, wherein each

| ayer of the fine fibers 124, 126, 128, 130, 132, 134, 136, 138, 140, 142

has a_ baghes el BindNRGALADCIN 1:OFr B UL (25164 TBe, RIRCYidHng, Lot al

fine fi geréﬂasi S c%verage etwee 8’8 g fgg an%g) ]1 q"h f}{ne ?igber

cover agel 16f 116e 18,i 120eind nieinedid 002 f:omﬂwaws@rrpﬁ]med of bi: eriipdnentattapde

appI i cat ons i s si fi an I reater hat he fine fi covera e of gas
i ¢ riter it Fieh el Doy i GEE B eV G Fe shsd  Thab o hongin

SUbSt rateg, I@MB‘érs b o%ﬁip%s%&ﬁtog&ﬁ&r dithEn R s@ﬁn@%&ﬁﬁﬁtb@ 'b@-@@ﬁlﬁéne%t sthpig fine

fibers and a desired efficiency and capacity of lter nmedia. A desired

ef fi ci erfthersaad beatf@idogqrh@fch@m@aﬂy,l meghamsallpardper tba‘malbl& &bt examende, ltlye bi-

adj usting fine i ne er ve substr at e,
nurber oPmireRg BB TSR o ki et B INE ARG BB T BEaPERRAL

[0074] Alﬁotseas@h and binpreed tddeater Goncesingie ﬁ@ﬁthlfemeémadfané RW BEH pbRciter ms of a
basi s V\Blgl the basis wei %ht depends upon_a ssr%gmfl c weight of a

pol yner(f@9t5aﬁéoﬁe@|aaﬁ@@‘éras Oﬂﬁégﬂg%Wb%@r@ber gtheit s most useful to
characterize the fine fiber coverage in terns of |inear coverage per area
(km'n2) as this takes out the variability associated with the specific

wei ght dA86%]i neThe refibers 13Hul26, 1 He 1BPnkdr 136V 86258, 14U11¢2 gembar es how nuch
fiber i Sde 8‘§1%d‘31?“@t1 A3n th}% Oﬁgﬁb%%hﬁlé s%stura'te fd;% lé)zg lbgnﬁ@r‘rfﬁ?ﬁdq? ﬂr4eiﬁf red fine

fiber IiTBar Cover ge ra are ’heavi est
cover agel 18| nx) 4d they sre fomiica. pﬁtl&tﬁt@blyytt@rfﬁatf&rergrhaﬁbéﬁbp@&@ely prepaied agad nost
preferably bet ween 20,000 km n2 and 60, 000 km The fine fiber

cover age¥ch of fingrfibss thear pminated with g Sﬂwaﬁaﬁl@%hdh? figp §bess medr cover age
f fi fib
o et or *BEFsEabes HIGRE R REDHAMRERD el B Bio R RO A AR iRE R "

pr esent venw&nd tiber daaractsih Sueh bk dibetsreal &b lf@nied b'ﬂ'ﬁéedtnoﬂlﬁnﬁmg er sthof suitabke

enmbodi nrents are_forned of PA- Vi a density of 1. /cnB via a
el ect r odPPIFIFSg] %P%@%‘%OJ”ﬂgntsﬁ@&% #’gfﬂ HC ifg U 88nqt ES VR AN §EC

Zover agqite U@ Tess tnd@eull Aferoh, (R RIabAPIS than DBNRLIRCInd ¥R age 1D 1 2 3

preferably between 0.01 and 0.3 microns. Examples herein have employed a smaller
average diameter of 0.08 micron (80nm). Such small diameter fine fibers can afford the
ability to pack more fibers together in a given volume to provide an increased fiber surface
area, which can increase filtration efficiency while decreasing pressure drop of a filter

media.

[0070] The fine fibers 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 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, the fine fibers are formed of a polyamide. Other suitable polymers include,
but not limited to, 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,
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hexafluoro isopropanol chlorinated solvents, alcohols, water, ethanol, isopropanol, acetone,

and N-methyl pyrrolidone, and methanol..

[0071] In one embodiment, the fine fibers are formed of nylon-6 (polyamide-6, also
referred to as "PA-6" herein) via electrospinning, wherein the electrospun fine fibers are
deposited directly on the substrate. 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 is
sandwiched between the adjacent substrate and/or the media 122 to create the filter media
100 in the pre-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 filter media 100
in its final compressed state 146 as shown in FIGS. 1 and 2. In preferred embodiments, the
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
rollers 148, 150. Further, the set of rollers 148, 150 can be heated to further heat the filter

media 100 during the compression.

[0072] The bonding between the fine fibers and adjacent coarser fibers of the substrates
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.) In a preferred

embodiment, the adhesion between the fine fibers and the substrate on which the fine fibers
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PA6/ n2 0.208 0.138 0.083 0.069 0.046 0.035 0.028 Linear cm of NF/ n?
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were deposited are greater than that of between the fine fibers and the other adjacent
substrate. For example, the adhesion between the fine fibers 124 and the substrate 102 is
greater than the adhesion between the fine fibers 124 and the substrate 104. As such, when
a delamination is forced, the fine fibers 124 will delaminate from the substrate 104 and
remain on the substrate 102. Thus, when forced, the filter media 100 of such embodiment
can be separated into ten layers of substrates carrying fine fibers (102/124, 104/126,
106/128, 108/130, 110/132, 112/134, 114/136, 116/138, 118/140, 120/142) and the media
122.

[0073] In one embodiment, each of the substrate layers is formed of a bi-component
fiber scrim having an average fiber diameter between about 1 and 40 microns and a basis
weight between about 0.5 and 15 0z/yd®. The bi-component fibers comprise a high-melt
polyester core and a low melt polyester sheath. The fine 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 124, 126, 128, 130, 132, 134, 136, 138, 140,
142 has a basis weight between about 0.03 g/m” and 0.5 g/m’, providing total fine fiber
basis coverage between 0.3 g/m” and 5 g/m”. The fine fiber coverage of the filter media 100
for liquid particulate filtration applications is significantly greater that the fine fiber
coverage of gas or air filtration medias. A target basis weight of fine fibers on each
substrate layer is selected according to an average diameter of the fine fibers and a desired
efficiency and capacity of the filter media. A desired efficiency and capacity of the filter
media 100 can be obtained by adjusting fine fiber diameter, fine fiber coverage on each

substrate, number of fine fiber layers, amount of lofting and compression.

[0074] Although, the fine fiber coverage can be characterized in terms of a basis weight,
the basis weight depends upon a specific weight of a polymer(s) and a diameter of the fine
fibers. Thus, it is most useful to characterize the fine fiber coverage in terms of linear
coverage per area (km/m”) as this takes out the variability associated with the specific
weight and fine diameter. Thus, the linear coverage truly measures how much fiber is laid
down as the quantity of fiber. In this regard, preferred fine fiber linear coverage ranges are
greater than 5,000 km/ m? for the heaviest coverage fine fibers, more preferably greater than
10,000 km/ m?, and most preferably between 20,000 km/ m? and 60,000 km/ m®. The fine

fiber coverages in various terms including the basis weight and linear coverage for fine
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fibers having an average fiber diameter of about 0.08 micron (80 nm) according to

embodiments of the present invention are shown below in Table 1. The fine fibers of these

embodiments are formed of PA-6 having a density of 1.084 g/cm’ via a electrospinning

process. As shown, Table 1 includes fine fiber mass coverage form 0.03 — 0.225 g/m”.

[0075]

Table 1: Nanofiber Coverage

ID

2

3

NF

coverage

g/m?

0.225

0.15

0.09

0.075

0.05

0.0375

0.03

cm®

PA6/mM?

0.208

0.138

0.083

0.069

0.046

0.035

0.028

Linear
cm of
NF/m?

4.129E+09

2.753E+09

1.652E+09

1.376E+09

9.176E+08

6.882E+08

5.506E+08

Linear
Meters
of NF /

m2

4 129E+07

2.753E+07

1.652E+07

1.376E+07

9.176E+06

6.882E+06

5.506E+06

Linear
Miles of
NF / m?

25658.691

17105.794

10263.476

8552.897

5701.931

4276.448

3421.159

2d area

of NF

cm?

33034.928

22023.285

13213.971

11011.643

7341.095

5505.821

4404.657

2d area
of NF m?

3.303

2.202

1.321

1.101

0.734

0.551

0.440

surface
area of
NF m?

10.378

6.919

4.151

3.459

2.306

1.730

1.384
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[0076] Table 2 shows filter medias including multilayer substrates coated with fine
fibers according to various embodiments of the present invention. The fine fibers were

applied on a substrate layer at one of the line speeds according to embodiments shown in

Table 1.

[0077] Table 2: Filter Medias

ID of fine fiber Total Basis Linear Coverage | Efficiency Beta Ratio

application on each Weight (g/m?) (km/m”) (Yoefficiency = 1-(1/8))

substrate layer

5-2-1-1-1-1 1.1 201,866

5-5-4-3-2-1 0.64 117,452 333-522 (H20 pleated
element)

5-5-4-3-2-1 0.64 117,452 3300-10000 (Hydraulic
pleated element 15
min)

5-5-4-3-2-1 0.64 117,452 340-10000 (Hydraulic
pleated element full
test)

5-4-3-2-1 0.59 108.276

5-5-4-3-2 0.415 76,162 339-22 (H20 pleated
element)

5-5-4-3-2 0.415 76,162 355-10000 (Hydraulic
pleated element full
test)

5-5-4-3-2 0.415 76,162 3100-10000 (Hydraulic
pleated element 15
min)

5-4-3-2 0.365 66,986 340-15 (H20 pleated
element)
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7341. 095 5505. 821 4404.657 2d area of NF nR2 3.303 2.202 1.321 1.101 0.734
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44211 0.75 37630
Ox(4)+5x(3)+5X(2) 1.575 289,050 B10,000+ (Hydraulic
Flat)

[0078] While fine fiber coverage may vary based on fiber diameter, based on examples
using 80 nm fibers and other calculations, typically embodiments that employ fine fibers
having less than 500 nm average diameter will have similar coverage ranges for purpose of

broad characterization and claiming purposes.

[0079] METHOD OF MAKING MULTILAYER COMPOSITE FILTER MEDIA

[0080] FIG. 11 schematically illustrates a representative process of making a filter
media according to a processing embodiment of the present invention. Although this
embodiment includes process steps for making the filter media 100 of FIG. 1, the process
can produce filter medias according to other embodiments of the present invention with
minor modifications. A system 200 shown in FIG. 11 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, lofting and compressing multiple layers of
composite media to make a multilayer composite filter media for liquid particulate filtration

applications.

[0081] The upstream system 201 includes an unwinding station 202, an electrospinning
station 204, an optional oven 206, an optional set of rollers 207 and a rewinding station 208.
In this embodiment, a roll of scrim 210, which is used here as a substrate layer, is unwound
from the unwinding station 202. The scrim 212 unwound from the roll of scrim 210 travels
in a machine direction 214 toward the electrospinning station 204. In the electrospinning
station 204, fine fibers 216 are formed and deposited on one surface of the scrim 212 to
form a composite media 218 comprising the scrim carrying the fine fibers 216. The

composite media 218 may be heated and compressed in the optional oven 206 and the
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[0076] Table 2 shows filter nedias including nmultilayer substrates coated

wi th finewbizbewwesscor di ng to vari ous enbodi nents of thecCpriss@nto2déonrventi on.
The fine fibers were applied on a substrate |layer at one of the |ine speeds
according to enbodi nents shown in Table 1. [0077] Table 2: Filter Medias ID
of fine fiber application on each substrate | ayer

optional set of rollers 207 before being wound into a roll of composite media 230 on the

rewound station 208 for improved adhesion between the fine fibers and the substrate.

[0082] The scrim may be formed in an upstream process of the system 200 (either part
of a continuous line process or interrupted line process) or may be purchased in a roll form
from a supplier such as HDK or other suitable media supplier such as H&V or Ahlstrom or
the like. The scrim can be formed of various suitable materials, such as bi-component fibers
of FIGS. 3-10 as discussed above. For example, the scrim can be formed of high melt
polyester core/low melt polyester sheath bi-component staple fibers, which are compressed
and/or heated to form the roll of scrim 210 having a desired thickness and solidity.
Alternatively, the substrate layer may be other single component media that may be

compressed and held in place via a solvent bond, heat bond or the like.

[0083] In the case of bi-component fibers, for example, the concentric sheath/core type
bi-component fibers may be coextruded using a high melt polyester as the core and a low
melt polyester as the sheath. Such bi-component fibers can then be used to form a scrim or
a filter media. In one embodiment, the bi-component fibers are used as staple fibers to form
a 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
of this embodiment comprises bi-component fibers, including a high melt component and a
low melt component, it is also referred to as a bi-component filter media. In some
embodiments, the web of fibers are folded before being calendered to form a thicker bi-

component filter media.

[0084] In a different embodiment, a web comprising high melt polymer fibers such as
polyester fibers and a web comprising low melt polymer fibers such as polypropylene fibers

can be formed, separated and laminated together to form the roll of bi-component filter
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media or scrim. In such embodiment, the fine fibers 216 are deposited on the low melt side
of the scrim 212. In this embodiment, the low melt web is substantially thinner than the
high melt web, such that the low melt component does not clog the surface of the high melt

web when heated and melted.

[0085] In another embodiment, the bi-component fiber scrim can be formed via a melt
blowing process. For example, molten polyester and molten polypropylene can be extruded
and drawn with heated, high velocity air to form coarse fibers. The fibers can be collected

as a web on a moving screen to form a bi-component scrim 210.

[0086] The multi-component fiber filter media or scrim may also be spun-bounded
using at least two different polymeric materials. In a typical spun-bounding process, a
molten polymeric material passes through a plurality of extrusion orifices to form a
multifilamentary spinline. The multifilamentary spinline is drawn in order to increase 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.

[0087] 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.

[0088] Referring back to FIG. 11, the scrim 212 enters the electrospinning station 204,
wherein the fine fibers 216 are formed and deposited on one surface of the scrim 212. In
the electrospinning station 204, the fine fibers 216 are electrospun from electrospinning
cells 222 and deposited on the web of scrim 212. The electrospinning process of the system
200 can be substantially similar to the electrospinning process disclosed in Fine Fibers
Under 100 Nanometers, And Methods, U.S. Patent Application Publication No. U.S.
2009/0199717, assigned to the assignee of the present application, the entire disclosure of

which has been incorporated herein by reference thereto. Alternatively, nozzle banks or
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other electrospinning equipment can be utilized to form the fine fibers. Such alternative
electrospinning devices or rerouting of chain electrodes of the cells 222 can permit the
fibers to be deposited in any orientation desired (e.g. upwardly is shown although fibers can
also be spun downwardly, horizontally or diagonally onto a conveyor carrying coarser

fibers).

[0089] The electrospinning process produces synthetic fibers of small diameter, which
are also known as nanofibers. The basic process of electrostatic spinning involves the
introduction or electrostatic charge to a stream of polymer melt or solution in the presence
of a strong electric field, such as a high voltage gradient. Introduction of electrostatic
charge to polymeric fluid in the electrospinning cells 222 results in formation of a jet of
charged fluid. The charged jet accelerates and thins in the electrostatic field, attracted
toward a ground collector. In such process, viscoelastic forces of polymeric fluids stabilize
the jet, forming small diameter filaments. An average diameter of fibers may be controlled

by the design of eletrospinning cells 222 and formulation of polymeric solutions.

[0090] The polymeric solutions used to form the fine fibers can comprise various
polymeric materials and solvents. Examples of 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
appropriated use based on sufficient solubility of the polymer in a given solvent and/or
solvent mixture (both of which may be referred to as "solvent".) For example, formic acid
may be chosen for nylon-6. Reference can be had to the aforementioned patents for further

details on electrospinning of fine fibers.

[0091] In the electrospinning station 204, an electrostatic field is generated between
electrodes in the electrospinning cells 222 and a vacuum collector conveyor 224, provided

by a high voltage supply generating a high voltage differential. As shown in FIG. 11, there
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may be multiple electrospinning cells 222, wherein fine fibers 216 are formed. The fine
fibers 216 formed at the electrodes of the electrospinning cells 222 are drawn toward the
vacuum collector conveyor 224 by the force provided by the electrostatic field. The
vacuum collector conveyor 224 also holds and transfers the scrim 212 in the machine
direction 214. As configured, the scrim 212 is positioned between the electrospinning cells
222 and the vacuum collector conveyor 224, such that the fine fibers 216 are deposited on
the scrim 212. In embodiments, wherein the scrim 212 is a multi-component filter media
including a low melt component on one surface and a high melt component on the other
surface, the multi-component scrim 212 is positioned between the electrospinning cells 222
and the vacuum collector conveyor 224, such that the low melt component surface of the

multi-component scrim faces the electrospinning cells 222.

[0092] In one preferred embodiment, the electrospinning cells 222 contain a polymeric
solution comprising polyamide-6 (PA-6) and a suitable solvent consisting of 2/3 acetic acid
and 1/3 formic acid. In such a solvent, both acetic acid and formic acid act as a dissolving
agent to dissolve PA-6, and acetic acid controls conductivity and surface tension of the
polymeric solution. The electrospinning cells 222 generate fine fibers formed of PA-6,
which are deposited onto a surface of the scrim 212. As the fine fibers 216 are deposited on
the surface of the scrim 212, some fine fibers 216 entangle with coarse fibers of the scrim
proximate the surface facing the electrospinning cells 222. When some fine fibers 216
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.

[0093] In other embodiments, the fine fibers can be formed by other suitable processes
such as a melt blowing process. For example, the fine fibers having an average fiber
diameter of about 0.6 - 0.7 micron can be formed via a melt blowing under an influence
electrical fields. In such embodiments, the coarse fibers for a substrate are prepared to have
an average fiber diameter at least 4 times larger than the fine fibers. For purposes of
differentiation, melt blown fibers and electrospun nanofibers are thus meant to be more

specific terms than fine fibers, which is intended to be generic.
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[0094] The bonding between bi-component fibers of the scrim 212 and the fine fibers
216 may be enhanced via thermal bonding and pressure bonding by the optional oven 206
and the optional set of calendering rollers 207. As the composite media 218 is heated in the
oven 206, the low melt polymer component of the bi-component fibers softens or melts and
allowing the fine fibers 216 to embed into the low melt polymer component. Thus, during
the heat treatment, the composite filter media 218 is heated to at least above the glass
transition temperature of the low melt component, and more preferably to or near the
melting temperature of the low melt component. For example, the composite media 218 is
heated to or near the melt point of low melt polyester, such that the outer low melt polyester
layer of the bi-component fibers melts and bonds with the fine fibers 216 formed of PA-6.
In such embodiments, PA-6 fine fibers 216 and the high melt polyester core of the bi-
component fibers do not melt, since PA-6 and the high melt polyester have a significantly
higher melting temperature than that of the low melt polyester. The low melt polyester,
which has the lowest melting temperature, melts or softens, and adjacent PA-6 fine fibers
216 are embedded in the softened or melted low melt polyester, thereby bonding the fine
fibers 216 and the scrim 212 together. Thus, the low melt polyester acts as a bonding agent
between the bi-component fiber scrim 212 and the fine fibers 216. The bonding between
the fine fibers 216 and the scrim 212 can further be enhanced through pressure bonding via
the set of rollers 207. As the composite media passes through the rollers 207, the fine fibers
216 and the scrim 212 are compressed together, wherein the fine fibers are further
embedded into the fibers of the scrim 212. Further, the compression reduces voids in the

composite media to form a composite media 220 with an increased solidity.

[0095] FIGS. 12(A)-12(D) are Scanning Electron Microscopic (SEM) images of the bi-
component fibers of the scrim 212 and the fine fibers 216 proximate the surface of the scrim
212 taken at various magnification levels. As shown in the SEM images taken at
magnification levels x300 and x1000 of FIGS. 12(A) and 12(B), the fine fibers 216
deposited on the web of scrim 212 form a spider web like fiber structure between the
coarser bi-component fibers that are located proximate the surface of the scrim 212. The
SEM images taken at higher magnifications (FIG. 12(C) at x2,000 and FIG. 12(D) at
x10,000) show the bonding between the fine fibers 216 and the bi-component fibers. As
shown clearly in FIG. 12(D), the fine fibers 216 are embedded on the low melt polyester

surface of the bi-component fibers.
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[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 0.03 g/m” and 0.5 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
heating the substrates can relax and expand in thicknesses. Thus, the lofted composite
media 281 can have a thickness that is at least 1.5 times, 2 times, 3 times or even greater

than the thickness of the composite media 280 before being heated in the oven 276. The
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i nt endedné¢da.bA sysamrG00.is siiilap @ilthe 0658 IPCHH1UBR Oihd fi @%@@ﬂll$ &0beddihkest dvondi ng
bet ween bi - ent fibers of th cri 2 ine fibers 216 _.may be
onhancodi IOt Faf SHSHA gL s BE6 TP Bt By SRS BHhTGhar Boen 206
and the lgwelﬂﬁﬁénﬁ&itcoﬁfse%eﬁn%re s?ﬁeﬁlCUOb%%ﬁergﬁ)ymcl%ﬁeﬁ Q@h&@@@%‘ cta?dlﬁ@d' a 218
is heated in the oven 206, the owrretli{) ymer conponent of

bi - conpaolseise 603 rar decsiobpianing otatine 604, 2l iag $tetme)o. h@etqurﬁ@llefm 6@& @n216 to

The. comgbet PAF P ahsaRa T8 rioRaPaRt pec o metiiolae” e grase

transition terrperature of the low nelt conponent, and nore preferably to or

Comost 18l a8 Taenepan® b ar ik Mhire o RERTOBBR TR BR P B ¢

pol yest qfsin SdJ&JSl 14 ot 41€1a! Hltg%roée@w TR dta @EB@(%toﬂhlé éﬁ%dlﬁ%ﬂﬁ?ﬂ@bpl - conponent
fibers nel tgs and }}gl?)énds WI? fine fi bﬂérs 216 fornmed of PA-6. In such

enmbodi meempongA fEers; Q@@lpfriSblgrashlgllalebtmlxeh‘@r arg langre lqw-peslypedyasier slarath. of t he
bi conpo t t t i | t t.er have
o e an T niteb DERRerR SRR dre r bR, T o P o R iR

pol yest dfand[Eh @ylc@mdﬂmbﬁalnq{lmﬁ&he rBathbﬁHﬂaﬂI@ﬁbérk\ grel fodviisbugdietht chge feed
tenperature, nelts or softens, and adjacent PA-6 fine fibers 216 are

embedded02n It His cabting Aedect03ntierigompansns slplsdibpesie separsied B NgbidHahg t he
fine fihkars Znéi 12 16 ﬁ{e'v%ﬁéf%oaﬁg%‘ogﬁém mt{ﬁfsfpfogﬁ thQWeH%kg%egg)é N tef
acts as a i ng agent etween the bi-conponent fiber scrim

fine fi b’ﬂ|6$aﬁb6100];hlg t:lil(gikdi togethat inmdnghih duffed éhiék Getean@ diyarodbé bendedr | m 212

can further. be_en d t hr h .pressure.bon via.the set of l1ers
207. As %ﬁ‘éh%ﬁ%s ST il pIBS f e ol P Btk Vo Aittls Renydlne 11 ber s
216 and dfyg a'?‘rﬁ%aﬁ‘l&ﬂe%ﬁ%ﬁrﬁ@ﬁ%ﬁ%%@ﬁlﬁ Aast heh thaWﬁ% ﬁd)trbohﬁéerfeéi Aeilki bers are
further embedded into the fibers”of the scrim212. Further, the conpression
r educes medider substrate icheposyansonddemset o form a conposite media 220 with an
i ncreased solidity. [0095] FIGS. 12(A)-12(D) are Scanni ng El ectron

M croscopic (SEM images of the bi- conponent fibers of the scrim?212 and
the find0108jer sTRd Gepobroarat barlbe6 surdratercdfvid Meom/ceycbrrhem&ﬁta\kmd th¢ vari ous

AR A T T e

deposi t ed s éMBe WeB oPtoar &t fiBr216. AQKKE BnSRbAEH1 ML dbitaé‘s@te& bRefe Wy ct ure
bet ween the coarser bi-conponent fibers that are |oc roxi mate the

sur f ace Ofrst fideseht, theXilrrs GhcarsENedratad edtht thik eparse ﬁbﬂr@h%tlhe N@me foarsg i ons
(FIG 1 x2, 000 nd F G x10.00 et-ween
the fi ngé]?e}gersuﬁfigmre prevu&?‘bs)errl%rlotdlqmger g]?th ae41 Ief'}%l %GB thI G
12(D), tdaerstifiber 6idage snuzﬁ 6110&6 poih eatiRes unsé tealloand bxt 1n’wgira)ﬁ©iito$lthesﬁﬁef ace

of the bi-conponent fibers. WO 2011/ 106535PCT/ US2011/ 026091 [ 0096] The rol |
of conpd#icredfedi a 230 including the bi-conponent scrim212 and the fine
fibers 216 is lamnated with other conposite nmedias 232, 234, 236, 238,

240, 242, 244, 246, 248, and_a nedia 250 in the downst r eam syst em 203. Each
of the d8KPsi t dheregh af perrsasiixz® 16 pgoerated aviththe finp 8crs 48 arcpthon foddel 246,

248, an n n t1Qn 2, 254,
256, 25470050 5 h3fk PREhE s ML BTN B R aRPRuERE, 2
set of riohbedsindRdovehhe oseid cofnpra3bddedgainnaly tHeeseto Call iddeig flﬂlefscﬂllzeal’s?nt to
apply a signjficant pressure to. laninate and significantly reduce

t hi cknes¥asoyith s sysgaA90o he Giedisst I0ds thegilaginated et iedialIgyer O a%@ of
rollers a7 T é%?@lt&'fré'msanﬁlltér dd®s&4. €r eoco'aias@‘b?@&ﬁ e ﬁﬁ&k‘gg%{h*é%feh' ckness

of the ['am nat'e ayers just enough to fit throu an oven I'n such
enbodi neitiers dfitbe Inagdinéi(edf thayert®dRB6t nse hedt @dra 1ntegfaﬂaecbiThns, 3tposand
conpressed via a set of calendering rollers 282, wherein the |am nated

| ayers 280 is conpressed together into a conpressed state having a desired
t hi ckness and solidity. [0097]1In thi ;2 2nbodi nent, each roll of the
conposite nedia 232, 234, 236, 238, 0, 242, 244, 246, 248 is prepared
simlarly as the roll of the conposite nedia 230. Therefore,



each of the roll of the conposite nedia 232, 234, 236, 238, 240, 242, 244,
246, 248 includes a substrate formed of a bi-conponent fiber scrim 284,
286, 288,w02011/@6835 294, 296, 298, 300, and el ectrospumrCmarsediiloedost 302,
304, 306, 308, 310, 312, 314, 316, 318, carried by the bi-conponent fiber
scrim 284, 286, 288, 290, 292, 294, 296, 298, 300. [0098]In one enbodi nment,
each of the substrates 212, 284, 286, 288, 290, 292, 294,

sectional view of the media 630 does not show multiple layers, but rather appears more like
a single integrated media 630. The media 630 has a sufficient fine fiber coverage and
structural integrity to capture particulate matters from a liquid stream, such as a

hydrocarbon fuel stream.

[0110] The media according to various embodiments of the present invention can be
configured into various shapes and sizes for various applications. For example, the media
can be used in spin-on filter applications, large fuel filtration vessels, aviation filter systems,
hydraulic filter elements, bio-fuel systems, diesel fuel filters, lube filters, and water
filtration systems. The media can be pleated or gathered into a fluted filter, a pleated filter,

or other such typical filter element arrangements.

[0111] EXAMPLES AND TEST RESULTS

[0112] FIG. 15 is a schematic cross-sectional view of a filter media 500 according to a
different embodiment of the present invention. The filter media 500 is similarly constructed
as the filter media 100, but includes six layers of substrate 502, 504, 506, 508, 510, 512,
cach of which carrying fine fibers 514, 516, 518, 520, 522, 524, instead of ten layers of
substrate carrying fine fibers. Further, the most upstream composite media layer
comprising the substrate layer 512 and fine fibers 524 is reversed such that the fine fibers
524 face the fine fibers 522 forming a fine fiber-fine fiber interface. As shown, the
substrate 512 provides an upstream surface 526 of the filter media 500, thus fine fibers are

not exposed and protected.

[0113] The test samples of the filter media 500 were prepared in a laboratory. Test
samples of all embodiments described herein are prepared to have a sample area of 0.1 ft*.
A bi-component fiber scrim comprising a high melt polyester core and a low melt polyester
sheath having a basis weight of 35.0 GSY was used for the each of the substrate layers 502,
504, 506, 508, 510, 512. The fine fibers were formed via an electrospinning process from a
polymeric solution comprising PA-6 and deposited on each of the substrate layers. On the
substrate 512, about 0.05 g/m? of the PA-6 nanofibers 524 having an average fiber diameter
of 0.08 micron were formed and deposited. This level of fine fiber basis weight provides a

linear fine fiber coverage of about 9176 km/m? (5,702 miles/m”.) On the substrate 510,
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296, 298, 300 and the nmedia 250 are formed of a same bi-conponent fiber
scrim having a thickness between about 0.05 mmand 1.0 nm Each | ayer of

t he fine wpkerigio286, 302, 304, 306, 308, 310, 312, 314, r8TAIS2@18260p f or nmed
by el ectrospi nning PA-6 polynmer solution to produce a fine fiber coverage
bet ween about 0.03 g/n2 and 0.5 g/n2. In other enbodi nents, the substrates
may be fornmed of different types of filter nmedia or scrim and each of the
fine fi 2 j j ' The

conpost t0° ey EgETOPAR, b FEGERE bl bh BRSOt At O

t enper atmirceonolerte Hernavandelepogitod y #bisdevet ofonBdr bais weeghd pravodypardmesr f i ber

scrim ri heati ng .t he bstrat es el.ax a expand i n thi cknesses.
Thus, ¢ IR 60 cuimasepte Heabd ey (MBS e ) PERRESE tabrde at T east
1.5 timagyerdshd, 308,508, osr%oaro.zezsﬁgﬁm@t)gﬁfeqrA-% haRoftitees $ 1, @k@r}%ﬁls, ofo the

conposite nedia 280 before being heated in the oven 276. The |ofted
conposi thavingdinavadge fisert dismeteno?. 88 gueion wgre feemséanddenoaitesh dens legelrdd] | er s

282 intao.t C ress state 320. .The..conposite di,g,i onpr such

Chat narek TRUL B, nR BhEa S8 Sran e Ry e S PBG 2 B ERIRE 5B *sonk
and 300%il@yahemalatly sitstriee Thal ek filfd % and s @PRUudadsd o e ATbRf BisaP! v

bet ween about 80% and 150% of the original thickness of the conposite nedia

280 pri orcigh daheutdgl gt owhichireddaredauiod011890den/im (133644 Hélﬁﬁ/ﬂyq?% 10 fine
fiber | +. .t hi ess of media - thickness of the conposite nedia in the
conpres?é%ai?%?gggﬁ /(total thickness of 10 scrimlayers carrying 10 fine
fiber layers + thickness of nedia).) The thickness reduction can depend on
t he ano fol 1.0 i i Thus, en i f ating
o argdMHle ¢ Thar PO S o B el e oL S, Ty
be gr eatiersuthémt tHegubdtiatd BYet N2AkiESHe apsttdath aefpOS2E endmdisabshefediver

heating. The conposite nedia_ in_the conpressed state 320 is then wound into
a rol | of02ffpymassthe daynsfreapysurfagg 3. | hhe Hix sompgvigimasha layens averghgaiedgmdt he

conposi t i -3Q, . 38 , . d the
rodl o 250 E LA S coldderirb Ao s il e i cobaiifs e BT et
216, 30zonipddite BG,mMAENS50B10, 312, 314, 316, 318 is sandw ched between

adj acent substrate | ayer and/or nedia. However, in other enbodinents, the
conposite nedia | ayers nay be | am nated such that sone of the fine fiber

| ayers flatEs|eacicatsh@plet of fharfinct maeiafd00evert prephird ahd bsteddor Stibkheaiml t o
substrate bonding within the final conposite nedia 320. For exanple, the
syst em 206t RAding Sappsy ac@rding & thedSe 1@%? 1%8?@@%&%&@%“1@@% this
enmbodi : L; i i ' : 258, 260
unmﬁndgqg&P%fﬁE%¥Q%g£ Og%?g&%%%ﬁﬁﬁﬁﬁﬁﬁh?ﬁ5?33%29E?ﬁ%?%ﬁg%ﬁégﬁéé?ﬂéﬁng
upwar d afbuid M- G06FHa@ing lalvisdedoite wiethe tdshiempamiturd of § Aninos P6dedumith nds a
conpositg 3Eghafi30h that the nanofibers are faci ng downward. As such, the
fine fiHdeP %8 rst four substrate layers 514, 516, 518, 520 are
sandwi ched between the substrates 502, 504, 506, 508, 510 as shown in FIG

15. Howe the fine fibers 522 qn the substrate 510 and the fine. fibers
524 of t[ﬁg{@ubsﬁ}% “%i%t’ftg%ﬁ’%‘i‘éa hayingp O WRSHGAR IFeNEIHRANE PHRCFL3LoR,

fiber. [0 GLE wadussqBEMBbWGakloY 0idel GisNIT 3165 1 @sHNal R ANy Bt PFRHaSS of
making a filter nmedia according to a different enbodinent of the present

i nvent i omd fiktratjcstretio 4000%c1085,80004; 40ke 150t §0%n 7B Ol HYostralt i06% 4OR, an

| ect i nni tafion 404 f ol di tation, 406 t | ] 408,
o oven e e ShapEu Brads Bt R EE S ok Shefo g or at 1 on
414. WO RQhlindQ6adhReds 3160260899 [LRAABI s cdddl (R4FDRUL T cl@nliféds Of

substrate 416 is unwound fromthe unw nding station 402 and transferred to
t he el ediibs#i 9 Haesntarviabis 7409, at uARYodp m3AL ﬁ’ﬁeaﬁd perageas 4br med and
deposited on a surface of the substrate 416. The el ectrospinning station
404 and the process are simlar to the el ectrospinning station 204 and the
process [@EEdr i béuthalsesead tesh thhicst fdurd bevingatbase nstrsyhsontamenan s is a scrim

o e, S SRRAP e L i R YO B BB e

[ 0104] Theuss g&@ﬁﬁ]ﬂaﬁdrfﬂﬁlﬁt&bn‘lraﬁo ERMRKIIS. Mhetd@nEH&S batileant 40% andintdrog i§ 1 bers
418 is folded in the folding station 406. The conposite nedia 420 can be

f ol ded t80/8. #td 0Py igd LI Idk anfbpesraticny 1 &M idesi red characteristics of the
final nedia. As shown, the folding creates fine fiber to fine fiber

| am nated surfaces and substrate to substrate |am nated surfaces. The
folding station 406 in this enbodi mreny; is shown as folding the conposite
media 420 in a line direction, such that the folds are pointing toward the
set of the rollers 408. However, in other enbodinents, the conposite nedia
402 may be fol ded such that the folds are pointing toward the

o, 4 N 1 o o o - o —— 1 1 _



[ 0105] Further, nedia |ayers 426, 428 are | am nated on each surface of the
medi a 430 and wound into a roll in the rew nding station 414. A expanded
cross secwpanal10¢336w of a filter media 432 including theCrase@143®91t he
medi a | ayers 426, 428 is shown in FIG 13. As shown, the nedia 430 incl udes
mul tiple | ayers of substrate 416 and nultiple |ayers of fine fibers 418 in
a slanted orientation fromthe fol ding process. The nedia | ayers 426, 428
can be f do ' I =F te ' [ 1 he nedia

[ ayers AIMG g o BBy b p e ool R BRI A% e for

t he subdtbabterydifilarl\as the 1dst 106585 FRCTHASR0EY MDA 60O ch ©@6f FHGvevrd thhows yet

a different.enpodi nent o system and a pyocess of Ki medi A
Syst em 400 " Bt Ve & sor SUGUREHVR0 S RRTERR. Prifach LB STTE(eh o0
embodi MeAY sabe.yoat 0.09RRR1 dfafe PA-GnsididElsabe; 5Tty antReralsk BBef diRQER, ar e
formed and deposited onto a web of | oosely entangl ed coarse fibers. The

syst em 600.Genwren wWyreifaghaddang depehiigtle TBBAcvad of findfiher Wewsiveeehd PByvidas a
I i nni i i 2 i OF f ] ,
on”oven Bed hEORSS W@ ino ikl 11704 SMe95°Lorfos SafiubiPity “ORact on

614. [ 04Ad kustrhta&08ysoan. 699 e/ vE tNEPA B n£08b&€ 50 Bevisg 8 Bvdrsed ffered from
staple fibers using a dry laying or air |aying process. The staple fibers

of this dpeal Hfehed mieonmernivonehind dapesiscde dipy icxelind fige hibghbasis weighy) yest er
core an . |z . fibers are
ol at wdn R (Rt GREREGS B D BRI T8 Pl TR SRR SEL Db G
convent isobgtatesd, phaunt).09Bahe of dic PA-aplagofibdpes B larvind adavichugo diper diamethut e
feed 602. In the carding device 6Q3, the bi-c onent staple fibers are
separ at 0 G mrcromveiedaanedandaicaosiied. NS 1Pl @ {1BC FBSTHARRAYSHEE DERVISd s o

fiber 6Lfe,Alind b BOAe %ﬁﬁgyﬁ"ﬁ’%ﬂf k(36263 Riles/BE§ @ﬁ‘ﬂle%b%%%%ﬂ
ghl'y d e

tangl ed together 1n ah | uffed thick state and nmay not onded
t oget herabolthe 1 veln’aff ticoRA Sendniofibers 616 having bie aeasdd fjbapdidnegeraf@rds with very

little manual effort and has.little strugctur integri at .t hi . point such
that 1t e or S i daReqe By T _iblsmﬁ f % ¢ B apr S Pty P’_E%&Mﬁ%ﬁft i onal

sense. [fhkGReF bevaneR dtfabs@ar7ssofinb el (B f0d Silkyahs DRrth&slivéirate 302 0dbsaYOr bel t
617 toward the el ectrospi nning station 604, wherein the fine fibers 618 are

formed dhRposf thedP/oft ranefihdraz ¥ bfvingwn avstrestlibebdiemster opBHS GIIGIONAS t he
fine Tiber, f@r%n%d%é& %gfcﬁﬁt%%?gis oL ef Qxf@%&'?be%g&?ﬁv;els%%éfg%ogf es 2 18eat 18 dilers

618 are 1Thtegrate oarse ers o coarse fTiber 616

much nmor@véhgdof dbouh&l ,RIEN AL 26659 eii et W ki, tHeef s Beddi2308 iddiGdesas t he
web of coarse fiber 616 are much nore porous and |ess dense to allow deeper

i nt egr attPBhfieg fib¢dasis peight gEpkous 964 gm1.09]iqthproxisdss abowt dar.4e2 kiper 616
integra%ggggghﬁb%%g)Bf@ﬁm;hpgg%vgégaare then folded into 10-30 folds in the
an ed~v

fol di ng 'station conpress ia the set of rollers 608, which is
heated in the oven 610 and conpressed again via the set of cal endering

R e P e

| ayer orous la oma friter nedia 632.

The coardfd sH0-mghpedasantd bi HRes raadf 026 GAive FIGbES shoek pafilo@ging pedthlof this
enbodi nent are_ nuch nore inteﬁ{aﬁ Thus, a cross sectional view of the

ed.. Th
medi a 6304dbEYIaNgRtQ Fstwerlis: iThee!qanljaess ratpgiat { Arorfipe igsealis L gredt j ke a
single iﬂ%@@&%@ﬂ%fﬁ?@ﬁ?a@Q&yiIT&qgﬂgia 630 has a sufficient fine fiber

coverage and structuaral Integrity to capture particulate matters froma
liquid stream such as a hydrocarbon fuel stream

[0120] FIG. 19 is a schematic cross-sectional view of a filter media 600 according to a
different embodiment of the present invention. The filter media 600 is similarly constructed
as the filter media 500 of FIG. 15, however the filter media 600 include five substrate layers
602, 604, 606, 608, 610 and five fine fiber layers 612, 614, 616, 618, 620. Test samples of
the filter media 600 for the fourth test were prepared in a laboratory similarly as the
previous test samples. For these test samples, about 0.15 g/m? of the PA-6 nanofibers 612,

614, 616, 618, 620 having an average fiber diameter of 0.08 micron were formed and
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[0110] The nedi a according to various enbodi nents of the present invention
can be configured into various shapes and sizes for various applications.
For exanpWwe,20tiw63sedi a can be used in spin-on filter appCiraskennseol arge

fuel filtration vessels, aviation filter systens, hydraulic filter

el enments, bio-fuel systens, diesel fuel filters, lube filters, and water

filtration systens. The nedia can be pleated or gathered into a fluted

filter, t @6C t

arr angerre 9.41{%3% %ail% M%ﬁﬁ%& & l%%[rsl'%%% E’SUET@S[ %Iﬂ ?Blsgés%ﬂgf'{i%e gb%c hemati c
Cr 0SS- sdmbis @srtaaght\prcamdasfa lenchi finefibaredvaagOer mUmusmmm a{lﬂil 06 exilesitn®)

enbodi nent of the ent venti The filter O.is simlarly

const r ucedch s peRY (TP e BB s0RUE s b g fher i SeBh ¥lbst  at e
502, 504hou0B75 , wikf, pr@x;llaes RGN P 630Nk ’¢@8 530 Afled/hProfl 1iHReF ﬁbe§14 516,
518, 520, 522, 524, instead of ten |layers of substrate carrying fine

fi bers. deueper, the nost upstream conposite nedia | ayer conprising the
substrate | ayer 512 and fine fibers 524 is reversed such that the fine

fibers 524 face the fine fibers 522 formng a fine fiber-fine fiber
i nterfad@l2is shotha fourtetestuthsttesa fleid @ iy obdsd @pstemamupstan@amtsur f ace 526 of

the filter di.a 5 hu fine fi r ot ect.ed.
{0113 Tifene BT 8aabl 500 BT, heSFradLF Tadhl SOt EPRL TcaP shov St

| abor at QoMnts peSLmAR 188tidN raBd kesEFRAIE. ”l&i%t&ea@lﬁﬁé‘slé g 0% thn@meerPsIgpar ed
to have a sanple area of 0.1 ft2. A bi-conponent fiber scrimconprising a
hi gh nEIHV%BJ%éQWéﬂSé@ﬂéﬂénﬁﬂb%®6Wﬁmbkylbﬁlyester sheat h having a basis
wei ght of 35.0 GSY was used for the each of the substrate |layers 502, 504,
506, 508, 510, 512. The fine fibers were fornmed via an electrosplnnlng
process [0122%h a pHb yhtes a@cmmlcmﬁsa@wmnalswn‘g obAfdteangddeiffsiceadingrio geich of

the substr t he substr of the PA-6
nanof | aretssgnRkfiRe AinbOSsavenr Themud Rty ol B ipaont Rt oy e
and depasithefiter Hiddia b6Vt FIQE. 15] Bvdveb@E Rs nedweioghiiclidcomidasbarakd near fine
fiber coverag of about 9176 kml n2(5, 702 m | es/rnzjgi:ﬁ the substrate 510,
about 0.lawry/Md 764, 10henphrge Aandbrbayes 50% THAyT t e the BT di anet er
of 0.08 t fi &er basi s
vei ght - ghegt SRR G IS8 %f@bn8&1@3@%?05%@%%151%%%@% pis%ﬁ ki1 106
m | es/ nBamp(@. Eacthcaf tettiempleosdboat @OVﬁgMZSDfEI(inPAEﬂl{hnoﬁB&S 75D 8aviapaut 0. 225
g/n2 of the P nanofi bers 514, 516, 518, 5 havi vera e fiber

di arretera"SlfagG%@Sr HUREISHO P%HF%{PH@W%WI@%%@@@&H J?fm@e% of% i ne fi ber
basi s meflﬂpfev&r&*ﬂn@%e@bésﬁs‘\@@ightfI%rﬂ%déé PRhcas %@%gﬁc&& g@ep&b&h% 112990 knt
n2(25, 659 mles/nk) on each bstrate. Thus, th medi a 500 i ncl udes
a total Kn/ng($,55emilossi’9 @eﬂ@tmlbsifata%%tabdutl) Qﬂgfﬁ], O\ﬁkhedm-prrxauoﬁﬂms Abbut

201, 866 knl nR2(125,4 l.i near fj ber co 114] The. si X
eubst oty e SRk DR REr 71 WG PiER & creinanss F dun i oW T o 15
such t hatpetiRr Bhlsli’ﬁvE% ﬁpﬂo%ﬂ@ﬁaﬁﬁ@arffﬁﬂ’effﬁ)e% Etﬁzekﬁg%to'fﬁﬁdﬂt%rsﬁﬁ%ﬁl/ézﬁlm the
substrate |ayer 502 forns the ownstream surface 528. The si X conposite

medi a | etyléerémﬁ)ar@n H@wb@traéma%@h@rté)sls%g{m/pét@ Eb°a16e1adeﬁbq1ig7(ﬂ&)haveng s
descri bed in odi nents.to for e.c nedi a
SooC [ orTelle oBE BhEHELEPo B RGPS st By TRl Rl Ak dloeler o

for effitekie N@e}(glﬁ@ﬁbvd&bsta IhebofingfiaRacihye GRMOLOD T lem/infie 17,505 AHBSMH’.)
international standard for nulti-pass nethod for evaluati ngﬂfi I tzlr ation

per f or makes, thafilter wedia 7QR inclystes ﬁé@tﬁb@nmféb%@aas wytehhof skouf P.ail & gionl whidhs 06

h > ded with | SOMID
st " qudrSHBRhY s S Lk 335 052 FRRLALY bEUor i et B0 00081 S6. Upstr oam
cont anm nant concentrati on

[0123] In the fifth test, the test fluid having a base upstream contaminant concentration
of 5.00 mg/L was used at a flow rate of 0.26 GPM. FIG. 22 shows particle counts per mL
and filtration ratio test results. The cleanliness rating at 10% time interval is 11/10/5, at

100% is 11/9/4, and average is 9/8/0.
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of 5.00 ng/L was used at a flowrate of 0.26 GPM FIG 16 shows particle
counts per nL and filtration ratio at 10% 20% 30% 40% 50% 60% 70%
80% 90%wendiloedsti ne intervals during the 6-hour testcparseado2ddhen t he
test results were converted to a fluid cleanliness rating according to | SO
4406: 99 cl eanliness code (R4/R6/R14), the cleanliness rating at 10%tine
interval is 7/5/0, at 100%is 13/11/7, and average is 6/4/0. [0117]In the
second tgpdg t Wi fER £1.H @ving a base upstream contam nant

concent r[gt%(ln O%T&‘WQM?@MS used at a flowrate of 0.26 GPM FIG 17
shows particle counts per nL and filtration ratio test results. The
cleanli rati i | -yval i t % 18,19/ 4, and
averageq§2f5£2/ 1Tﬁ %ﬁﬁ%@g%oi%%%lggg%rﬁ% ﬁgﬂ%’fﬁ%ﬁ%ﬁ% p[rés%%% élstfo%scéﬁ% es of
t he fil tpdcatere dathedPorf formédiatd diffiecknt esipeymrcerdimgparedus hquad figkoioat or y
simlarly as the test sanples for the first test and the _second test.
However ,aPPﬁ%at‘PP?reIE‘fC?-@@rSﬁB‘é%? ﬂ%?la@??mcﬁrooéa%foga@gw%@lssq?é\fi;Syax%@ changed.
On each a%oﬂdg% t8 YR ShbBlRRnP dPhAREkserkdny RPGH! Eﬁe ﬁﬁelgélﬁgerﬁ]gogfi'@clfd%‘sg

nanofi bers 5 524 having an average fiber dianmeter of 8 mcron were

f or med giehteieplbginath 80hiadottemealap 804 f4 top chp Bed, abdsn sumepg)imctipc bwyed@k. a
linear fjine fib cover.a of .about 6.km nm2.(5, 702 m|es/.nR) on the each
subst r a e R S Rl 8 S ol R D T s r Gropm e A Bh R ber <
520 havigieseahinamtloagdsuchiabefe fikadMRided 56U ofF108 151 EI@MDIVELRs hPIdaRd fand
deposited. This level of fine fiber basis weight provides a |inear fine

fi ber covediage! trmadelitherdicy ewdierdOfe The pksgdriltes sradea §01@antaelestdddor at e
506, abqut 0,09 PA- fi i a v fiber

ai st ety YR aSlmd PR LARG AL R ARV IR BRI | 25 e
basi s wah@hii 500 telvdas: sx ldyesaf siibsaatcfdnldsix lappebafae fbcrabadid gbbtcbAQidkigT NP
(10,263 mles/n2.) On the substrate 504, about 0.15 P/ m2 of the PA-6

nanof i beind sEugurh Uitegity fompErd feplentped fltg madineforged of ocrmakibdycher e f or ned

and depqsi Thi i I i i I .| r fine
fiber c%@glgggero]?bgﬁ%ﬁyﬂf 7&%%&%%%2&?%9%@&%%%%% %%43?%9? Eréﬁglﬁt)egt%? ate
502, abouitcols B@nd gfrafinoduch e tHeAl &Gehtuebf Threplsat&dl Altérancdig 8@hisakar @djed f i ber
di aneter. of 0.08 gl ron %\.er formed apd. depaosited. This |evel of fine fiber
basi s waPigHbe pleaty e meorlia 503 hayinga o [aca Fage of about 41,290 knf nP
(25,659 mles/n2.) Thus, the filter nmedia 500 includes a total fine fiber

basis wei ght of about 0.64 g/ng, jch pravides about 117,452 kni 72,985
ml es/ nd??%ﬁl |iﬁg%lg0tf%é?d eWaagg{.Hﬁf Prof IcAP PP hsplpesdion qepkeneel £ ui d

havi ng %h@@ﬁﬁ#d‘r'ig?lté%&%@ Nfﬁl@&%ﬁéﬁié‘@(ﬁ. PR ﬁft%rqﬂecﬁg SéﬁisQQer{@eﬁnér’@s used at

[
aflowrate o FIG 18 shows particle counts per nL a
filtrativeridedatoitbe batgim ead capt &4 dhdehaclopant] cae 86 togirevent aliqlid%rtamdoinmt er val

is 11/9/4, .at. 100%is, 17/16/ 11, d aver is.,16/15/10. [0120] Fl 19 is a
sohenat i PR LENEER R RIS PERO RS Trie SP2 mdith Tooor R PG 5 T

di f f er erdoeentpedd Bt botfont &R dﬁ?_@%@éﬂ%oh RYEBE fRMed bhQaddustsBiatI®HbI@NEAD 1S
simlarly constructed as the filter nedia 500 of FIG 15, however the

filter roeteralsol thiscimhodirnénsethe tpsandaogomagnereapsdd, 880w eralenedo: 610 and
five fine,fiber.]a S 61 ,~ 016, 618, 20., Test. s | es, of the filter
o s 60ONBRTL TSl i san S oy oB5tordimolP R AT “Pclon ) | L

the prewosuscli@sta HABR Gsindfe pidieses tasidis@pheis topbetficcOwhfh@raldaf t he
PA-6 nanofi bers 612, 614, 616, 618, 620 having an average fiber dianmeter of
0.08 mi cBHdKlemeratls B he dT agenterapeisrtiedapsr &dadncledesarac eppungsand fomgretls 602,

001, 008y 8hh0ur KD G Sl P08 LTS T v o0 a1

substrate. Thus, the filter nmedia 600 includes a total fine fiber basis

1 aot a2V s AR Ry R il p IR 8T AR Aol o ks 02

fluid hawrdigare e inaspsaehbsasicadict anthe cane extkiitalsiiDeuchireféenbOwWoR L was
used at a flowrate of 0.26. GPM FIG 20 shows particle counts per nmlL and
filtratiBHvidepilyandyecifisally indicateddo be dgarnoses by sfeispeeandiods sttt Ht er val
is 10/ 8/i%’enﬁ¥et}9&%?d.s 16/ 13/ 11, and average is 14/12/8.
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[0122]FIG 21 is a schematic cross-sectional view of a filter nmedia 700
according to yet another enbodi nent of the present invention. The filter
medi a 700WO0sl/0633ar | y constructed as the filter nmedi a PO0/USROIFIOZR091L5,
however the filter media 700 include three substrate |ayers 702, 704, 706
and three fine fiber layers 708, 710, 712. Test sanples of the filter nedia
700 for the fifth test were prepared in a |laboratory simlarly as the

previ ou t s ese, 1851 » s he PA-6
nanofibjpgﬁglz %ggpﬁéﬂgﬁ9%€g?5§émpi%gr glahgt%?ﬁggﬂ%?ggg%ﬁ%ggﬁg&g?g&forned
and depadidesdibing thhénveotist feapaeially6n thichiomtdxewtthe dblldwing clairheris s s wei ght

provides a linear fine fiber coverage of abqut 13, 760 .km n2 (8,553

i1 65/ nEop s AnEow Dot E Snsuar SHHEP e 0BG R R BRI S RGK | ber s 710
havi ng aileANyebaaaditl8y HhRIBIEE t&nsO:cORpAties O*hiehE” FRLMRIthg@nshadeposi t ed.
This level of fine fiber basis weight provides a |linear fine fiber coverage
of about“coBame lan¢ tepbe(chnstr8d ayiopestrded)terms@h ey, sasing Sinchtdengz b2t naabout 0. 15

g/ n2 of the PA, nof | bers 708 ving an.average fiber dianeter of 0.08

i cron WepEed Sy MBI hASS e A A 9 pye Flre ALY et g
provi desin@ndiddeatrviiad @ shorlifid GRSEER cRiridbadlvidiallh &cdoilstFargtd (ali@6
nlles/nﬂ.?‘Thush the filter nedia 700 includes a total fine fiber basis

wei ght dRlliagavithiothy xangss welessgiharwissrivdirded hersine endsqach sepaae plue 85, 922

m | es/ nR ' g - : - Jfth tes est fluid
navi ng ey eI e HREAAMET AP ot Bl B BRedl o el it ey o' o
f | ow r atdes@aibed.h2fifGeiM beRicdoridad showssupalslt bodee utlosidtberpade indicatnd hédelntgrat i on

ratio test results. Thqgﬁlqg | i ness r ting@gt 10%time ipterval is 11/10/5,
at 10099V SRy gRptrag)ele 5@ coriexyy ghg us§ phawy)ang af rEpRmpICENERTCBIEDS] The
filter J r i RAbLRMEdeITRed; j ion can be
pl eat edl,'rg‘?at %gfeg%,, ‘%ISP@?%?%E | r(11t 0 di’flggjr%enrﬁitg&g{ﬁg%}é?g%%g?ﬂ |ntri1%&tet(t)ﬁé\3ari ous

| i qui d finvdntiahiand degplot padei olnwitatiin@n A2 ssipows the ihidrtien uslessretherv880 for a

| oconoti ye di,esel, fuel system accardin an enbodi.ment .of the present
nvent i e NPl pRees T SRo RGP h el Ee SIS SnE P BT 802, a
bott om cfpnBA@4iennt &PesS@RiaBRbhe BRCLH&LMAHE BiveMiQL ective | ayer 812. The
pleated filter media 802 can be fornmed of a filter nedia of various

enbodi ments of the present invention, such as the filter nmedia 500 of FIG
15. I G 10285 howkfardd GRREb bemidRdimiod M AQEMBY Rfeih Neclihbeke BAI a

500. The pleated filter nedia 801 can be pleated to have various pl eat

dept hs. 1ode lglomart te dhd inbvergors fen¢aary8@lovt trampuicrdfont NMariebopr afskesd pi¢fetred nmedi a
500 i ncl udi si.x | ayers of subsirate d,.si x ers of fine fibers has a
o eat or PSRAPE B8 DS TR PR ey B PLE Bo b rat SRS ned as
fornmed abreabi@rdesaHptioha¥ae ien®kd@ipsetl sRIRH afRdha®- endhdg suchRariRlig@atagd filter
media 801 is well suited to filter particulates in viscous |iquid streans
such as #hepdiptes and thgéventpreingindfortdc inventen ipekfi pragEed ptherwisa thaglabed i nt o
the ple ' r..edi 2 Iy ' I C e. I bott om
end cap%%ggﬁ%%hhﬁﬁ%lfggég%% égg%@@gbgﬁgy#hgﬁkﬁfggg g@lg%%ﬁ&éﬁélgﬁdthe

cyl i ndriwgalvaphsaifelt fubjdcematredicaitddR theldiginpl ppéeiddhictctesds poeaitedd2 i s t hen
thermally wel ded tq the bottom end cap 804 and the_top end cap_ 806 to
prevent agpll?adrgﬁ lgws t¥REeRY T ot %ﬂ&w@nw&w&m@ﬂa@wg glemepisdnplbgossitle er
medi a 8Q2. t A06, - Lheg ttom end
caps 802%m%%%632§eﬁggforné%g%%qggﬁggﬂgﬁgﬁpﬁg Sg ng$%Q§P%Q%Q%£§P§ s. In

t hi s entmlirmesetcleatlyeohinglicnd bpodritexh end caps 804, 806 were forned of a

pol yester. The bottom end cap 804 fornms a closed end without a fluid path.
The top cap 808 includes a hollow cylindrical piece 808 extending fromits
top surface, which provides a fluid flow path 810. The outer protective

| ayer 812 includes | arge openings and fornms an outer periphery of the
filter elenment 800 to protect the pleated filter media 802. [0127]All
references, including publications, patent applications, and patents cited
herein are hereby incorporated by reference to the sane extent as if each
reference were individually and specifically indicated to be incorporated
by reference and were set forth inits entirety herein. WO

2011/ 106535PCT/ US2011/ 026091
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[0128] The use of the ternms "a" and "an" and "the" and simlar referents in
the context of describing the invention (especially in the context of the
fol | ow ngwol2aiv®¥s35s t o be construed to cover both the ®Cmgiskan/oa¢edl t he
plural, unless otherw se indicated herein or clearly contradicted by

context. The terms "conprising," "having," "including,"” and "containing"
are to be construed as open-ended terns (i.e., neaning "including, but not
limted to, unl ess otherwi se noted. Recitation of ranges of values herein

are mer VYA TISABAIMED Kerve as a shorthand nethod of referring
individually to each separate value falling within the range, unless

ot herw se indjcate n .at.ed into
t he specifi ccajltl on zgg |§ﬁk@av€£ﬂrﬁl’gh§ﬁ%p ﬁ% eﬁyﬁ?t\e{@%@ C%Idrné?%hp]%lﬁé'net hods
descri bed herei n casubbeatparchalingpeebarse fabrys; sui t abl e or der unI ess ot herw se

i ndi cated herein o Otl her wi se cl arI contradic q_ xt. The use of
any and al | exarrpl 1B5FS GRFHHPH E?a@j’é‘e’(eéné“ m@é‘t?@t% € 4N B¥Y 3§ ed

herein, ﬁb%ruﬁhfet@%tr@mtaxtmnﬁ%t %al! hd ﬁt@lcaa%@ﬁtétﬁ dogvention and does not
pose a limtation on the scope of the invention unless othervm se cl ai med.

No | anguage i n t hevispeoiaftiasiatieoght shtelfthefdbeconst icatd. (Bg/rnna;hdcaalunetag any

non- cl ai med as. essent. al citice of the invention.

[0129] Pr@t’%%%ﬁ@ﬁ%@ﬁllll?ﬁlf‘?ﬂ%at&teasf ﬁl?osutl%ﬁ@(éﬁrp?rgn are described herein,

i ncludi ng the best node known to the inventors for carrying out the
invention. Variations of those preferred enbodi ments nay beconme apparent to

t hose of ordidar y B filfer imediaed chaim Ly pderaie ti g niediaf eomagoendf lerss8Ya pt i on.
The invep rtisan o C
I SR R 0 R e

ot her wi Sfenetfitass @Satsteeacmtd @fahé yutﬁemnaﬁeds hesasi M03Hec andlirgingar dRemige
invention includes all nodifications and dpgw val ents of the subject matter

reci t ed qfihe fiee Bhas et dqaplerdautP 0rer/ e eandseheristbER By ep BRYCRBIS e,

NDr eover g sy ﬁ%&%&tlmeg&t LP ARPUSARRGRIPRE oPIEIRAL 8¢ i1 sbdirafOSST I €
vari ations thereof 1s encornpassed by the invention unless otherw se

i ndi cat delydnerein or otherwi se clearly contradicted by context. WHAT IS
CLAIMED IS: 1. Afilter media for a liquid particulate filtration
application, conprising: a substrate including coarse fibers;

fine fibers carrieffd RRIBUOALIAL € whehSh e TidcRoctd 416 efe'ci?@ip%n*i’ﬁ%%b@ﬂ
average fiber dianeter that is at |éast 4 tines as snmall as the coarse

fi bers; farnded by an electrospinningrrgpeess tiaBnsfibers intingain avesads fiter diapete of s at

| east O. OBQH1 O?Hd a Ilnear coverage of the fine fibers is at |east about
5000 kmylfp than0-Imicon. 1ot 'ter nedia of claim 1, wherein the filter media
conpri ses at | east two substrate layers, each substrate |layer carrying the
fine fibers; wherein the basis weight of the fine fibers on at |east one of

t he substrat & ayekheifgtesmadisgeficlamoB gyhercin g adeséroppunelaie fthpyerig gepasited he
fine fibher I rs have a
sane or a tﬁ %&Sﬁétﬁt%ﬁ étematp Qﬁe? %%glalgmv?egﬁaﬁ%a %btﬂ%allzﬂgg%%%{igwgq an t he at
| east onwast fibbs tyUbRinpahe cobapession. 3. The filter nedia of claim1,
wherein the fine fibers are electrospun fine fibers forned by an

el ect rospi nni ng pr ocess, the fine fibers having an average fiber dianeter
of Iess than '8Rr media of cldtm 1T R$heldih IR fintEeeAs A afle ngherein the
el ectrospun f| ne fllﬁers zgtnreelaoecoas?][1 Bﬁg ' Fte éubsteratea \Aﬁelﬁ%ﬁﬁ he fine
fibers anEgrawirwmngcboamdﬁbenstofﬂtelwbstrﬂtegwlwtrcﬂnlthﬂ dt heashnoofarestebdrs mer s by

| of ting . The filter media of claim1, wherein the
fine fi ﬁétﬁgt‘eéirtga%cqnéﬁg?r%gmr? ally integrated with the coarse fibers of the
substrate; wherein the at |least sone fine fibers are attached to adjacent

coarse fibers. ' ' ' ' ' S
6. The filter media of claim 1, wherein the substrate is a scrim comprising bi-

component fibers, the bi-component fibers having a high melt component and a low melt

component.
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6. The filter nedia of claim1, wherein the substrate is a scrimconprising
bi conponent fibers, the bi-conponent fibers having a high nelt conponent
and a | owoebti/wessponent. WO 2011/ 106535PCT/ US2011/ 026@@1/US2011/026091 The
filter media of claim®6, wherein the bi-conponent fibers conprise a high
melt pol yester core and a |ow nelt pol yester sheath, wherein the at | east
one substrate and the fine fibers are heated and conpressed together to

forma filter; medi ?hgér‘,i?{l ‘gmal#noéévﬁ.hﬁ%?gM%ﬁﬂ’né@%[%ﬁgg?ﬁﬁe ol of t ens

to bon the coarse |bers t he ter di a of
cl ai m 7, melhpolgestertchee dnidreelofvi roelt polaegerfsheatb,dwhﬁ‘reia tirohtylenst diee substrate an®. The
filter d erein the ter nedi | east three
Substr atBe iy Bbes aBLiied spaLh Bp st dliab b gt ot USSRt BT

bi - cOMPGRERHoIGARESRedth BRIS or Mft%hﬁ'td“b&ﬁt‘ﬁ@ cSHBSHP@S @nd A¥GMmc Gkl es the fine
fibers; wherein each substrate layer carries the fine fibers at a basis

wei ght of between about 0.05g/n2 and about 0.225g/n2 and a |inear coverage

of between ahput ut, 41, 20 erelnthefllter
s hoaa tor e etE AR R st BRS ST R i B R S 4 e and a
t ot al Ilpa,e}alrrma@ver age of between about 60, 000 kn n® and about 300, 000

km n2; wherein the substrate |layers and the fine fibers are |ofted by
heati ng and conpressed to forma conpacted filter media configured for a

liquidfil tra}' ON-The Ht ]mejdﬁa c{l}ﬁm{f I\x}h%lf Hﬁ{%‘fﬁteﬁ)]}neﬁla %p semqga[%'tﬁlréehe fine

fibers carried on eac r’ate ayers 1s san ed between two
subst r atsabsteyelagers, cach subsirite 1dyve forimcdert ameﬂmafoﬁﬁedtéfalnmﬁmpomdsm rcease t he

conpacte fllter medi a jncludes a fine s to fine fibers interface.
12. The 'hers atherripypach afl’o%,ﬂraéfi lvo, catipferths ﬁn? e Vhsapin cagh stonge é@ypfso 4406: 09

cl eanesspadendfind 6 h{@bdsﬁtﬁ&gﬁ’tl on)fetv@eeB'aBBﬁth Oél}émmeéﬁdl HoGNEY23LRE and

according to 1SO 16889 internatfonal standard f ass net hod of
bet ween aliiwat cavbtap0/of bemaei? 5410 9,008.knAnt iahd ebows Héﬁﬁﬁﬂmf/m Vahdrelthldjﬁlter

parti cul at iltr a cation r{i s conpri si ng:
D ubst rtde hirct o e te BERLbSFhaseiia G TR’ S Boul s D “indiEl T Hafe Car 1 od
on the Sdébéﬂa@@&ﬁbet%@{ ot §01600 kiBnT 4RSHSUIF0BKnME! RE&fn theLutdira@et er
that is at least 4 tines as small as the coarse fibers; and

wher ei n laydagidsthading fhibesfarg leéted bridcttingend compeass¢detadornna o@gpaatecifitiera | i near
coverage, ofi, L Gidurddfrol b RGLS fifadln, | €St about 5000 knt ne;

10. The filter media of claim 9, wherein the fine fibers carried on each of the

substrate layers is sandwiched between two substrate layers.

11.  The filter media of claim 9, wherein the compacted filter media includes a

fine fibers to fine fibers interface.

12. The filter media of claim 9, wherein the filter media has a ISO 4406:09
cleaness code at 10% time interval of a filtration efficiency test according to ISO 16889

international standard for multi-pass method of between about 11/10/5 and 7/5/0.

13. A filter element for a liquid particulate filtration application, comprising:
a filter media, comprising;:
a substrate including coarse fibers;
fine fibers carried on the substrate, wherein the fine fibers have an

average fiber diameter that is at least 4 times as small as the coarse fibers; and
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a top cap including a fluid inlet; and a bottom cap; wherein
the filter nedia is sealingly attached to the top cap and the bottom cap.
14. The fwbtervwbsgent of claim 13, wherein the filter mediEs2co0piPEes at

| east three substrate | ayers, each substrate |layer formed of a scrimformnmed
of bi-conponent coarse fibers; wherein each substrate |ayer carries the
fine fibers; wherein each substrate |layer carries the fine fibers at a

basi s wei ght of between, H 2RO | near
coverage of between about g %&% 11%5\%/”%3 g{éfg& qu % % i%ngngz dr ein the
filter rt&daracdvasagaoftltea‘lneli"d&rﬁsweieghtabmit 5066 keem0. 3 g/ n2 and about 4.8
g/n2 and a total |inear Yerage of betme&n about 60,000 km n2 and about

300, 000 km n®; mhé?@?ﬁaﬁﬁﬁlgmﬁ%ﬁﬂ%@én$h BYs and the fine fibers are lofted

by heating and CO@J&@%?@Lpt thfef%'hmh@ fﬁt‘éff&%&ffa%isé‘ahhg ?Vattﬁaﬁld@o %Q&%G&H gy for a
liquid filtration. . The filter el enent claim 14 erein the

fine fi bbhe bottare cdor ned of a poI yam de and have an average fiber dianmeter of
| ess than 0.1 mcron; wherein the biconponent coarse fibers include a high
melt pol yester core and a | ow nel t pol yester sheath; wherein the conpacted

filter media i4ncl udrsilad clca@st oS@fEn {3, RenctdiRefesrilRrbeddeshnipristhgr lbaw el t
pol yester sheath. 16. The filter el enent of claim 13, wherein the

filter ribekaubsirais layragachsitbstrfe lpyice fragd of pserm dpigied afdi-sempergly at t ached

e 151 (9 EFRLRNILIR itk LOMGRI,RY LR IBRLRL) SR e, 7
attach nﬂmjzerccﬁrrieh dwpﬂir&aafﬁlmb itial Hagts wigglitaf berwiche abayp Oa)sg/rbzmﬁlticahomaps pr eve nts

a liqui d bypaSS| ng he pl e f| I
met hod dk 24 ?ﬁj{ HGAT PRYCT4RS T et%‘ﬁﬁl? i ebtaflgég% 4&aﬁop9mi751i nni ng

fine fi t{%e?elﬁiﬁ’{é f‘ﬂe%rq{l‘e(ﬁé/ RA20B el 55’5% w@f[gﬁ{'@ﬁt%'iwégn d.$88nt Jﬁﬁ%gyutrﬂ @@fh’i‘z and

appl ying the fine bers on a substrate to provide~a fine fiber~basis
wei ght  of totd liheasov@a@Sef/ iepvamndibaut Gmkm/m?eamdgbomeOf)Jﬁ)@Oﬂmvim fwineeis of at

| east abput 5000 km n2, t he sub t risin oar.se fibers

o ng- R SRPEGSEr o i BREFBRS AP HPEbh o SRE SR RS IE R ¢ t nan t he
fine fi Q%hﬁ)act%@‘ﬁltermedlaconﬁgur@d R A3RjunbfiltRBosubstrate with the applied fine
fibers to rearrange the fine fibers on the substrate. 19. The met hod

of claim 18, whereln rearrangenent of the fine fibers on the substrate

I ncl udes | of t I sng t ?%fe Elf%facrf%n{ PAF, i Pem the%nesﬁb%}/ arg?cg fand

conpacti ng the sub f| ers via Ie rs.

20. The pugfdncde odd Edv@lamai&,agé fbéMBim&ONE1ESitheh 0.1 micron; wherein the bi-
component coarse fibers include a high melt polyester core and a low melt polyester sheath;
wherein the compacted filter media includes at least some fine fibers embedded in the low

melt polyester sheath.

16. The filter element of claim 13, wherein the filter media is pleated, and the
pleated filter media is sealingly attached to the top cap and the bottom cap by thermal

plastic welding.

17.  The filter element of claim 16, wherein the thermal plastic welding
attachment of the pleated filter media to the top and bottom caps prevents a liquid stream

from bypassing the pleated filter media.

18. A method of forming a filter media, comprising:
electrostatically spinning fine fibers having an average fiber diameter of less

than 1 micron;
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providing at | east two substrate |ayers, wherein each substrate layer is
formed of a scrimconprising bi-conponent coarse fibers; appl ying the
fine fibeweon/mef3srst substrate |layer to provide a finecfriusesiib2a®ds wei ght
of between about 0.05g/n2 and about 0.225g/n2 and a |inear coverage of

bet ween about 9,000 kmi n2 and about 41, 300 km n®; applying the fine
fibers on a second substrate |ayer to provide a fine fiber basis weight of

bet ween about 0.0@@%5%3%23fag%%gggm%ﬁ%%gggeﬁﬂgoaﬂgg_ gqﬂ%pggﬁgggﬁﬁaﬂbetween

about 9,000 km n® amnating t rst
subst r atae ldasty®03gtaf ryd mijntdreotirage d¢fithefisc fhets bhet lsat abelit S06kmane | ayer
carrying the fine fibers; and conpressing the first and second
cubst r atdh b ESHaE FapRRGE Fotes ETORT GRS BRI € ldi o
configuq@gtﬁ@&xg1&nghglﬁkﬁﬁ&qﬁggpmui 21. The nethod of claim 20
further including lNofting the first and second substrate |ayers and the

fine fibers prior nrocessinthesebsitpte with der arphige finh&bérs perdhitbegasthafidet o at

| east pqﬁ}iallxlin%gg{ate the fine fibers with the coarse fibers of the
subst r at' & 0N MESUSHAThe et hod of clai m 20, wherein applying the fine
fibers such that the basis weight and the |inear coverage of the fine
fibers on the first substrate is}%reater than that of the second substrate

| ayer. WO 2091/ 108%38¢Td o5dem | H2gwon rearrangenpet of e finstithses @fthel ai m 20,
wherein i I i i i | i near
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of the sabaruk swdxbt fiat €ibb@wed a sct of roller24. The nmet hod of cl aim 18, wherein

el ectrostatically spinning fine fibers include formng the fine fibers from

a solution including a pol yam de. 25. The nethod of claim 18,

L a7 2 e P B Wt 25 A retiod o

providing at least two substrate layers, wherein each substrate layer is formed of a
scrim comprising bi-component coarse fibers;

applying the fine fibers on a first substrate layer to provide a fine fiber basis weight
of between about 0.05g/m? and about 0.225g/m” and a linear coverage of between about
9,000 km/m” and about 41,300 km/m”;

applying the fine fibers on a second substrate layer to provide a fine fiber basis
weight of between about 0.05g/m? and about 0.225g/m” and a linear coverage of between
about 9,000 km/m” and about 41,300 km/m”;

laminating the first substrate layer carrying the fine fibers and the second substrate
layer carrying the fine fibers; and

compressing the first and second substrate layers and the fine fibers to form a

compressed filter media configured for a liquid filtration.

21.  The method of claim 20 further including lofting the first and second
substrate layers and the fine fibers prior to compressing to rearrange the fine fibers and to at

least partially integrate the fine fibers with the coarse fibers of the substrate.
22.  The method of claim 20, wherein applying the fine fibers such that the basis

weight and the linear coverage of the fine fibers on the first substrate is greater than that of

the second substrate layer.
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providing the filter nedia of claim1; and flowng a liquid streamthrough
a filter nedia to capture particulates in the liquid stream 27. Afilter
medi a forwa 2bitgussssparticulate filtration application, @EOFAS2EI1NYG09R
substrate including bi-conponent coarse fibers having an average fi ber

di aneter of greater than 0.6 mcron; fine fibers carried on the
substrate, the fine fibers having an average fiber dianeter of |ess than

0.6 micron, wher eif) dienay B g o HRISE aBlivHIEHERAL iberl LRRI fad fe Bl east 4

times | arger than the average I anme Ine filbers; an

wher ei n veciplatsind theeligiat coferddeef thonfénd fillzes on the fast substsite Ry&3geqdnl anthatofl | near
coverage, of the fine fibers is at |east about 5000 kmin2. 28. Afilter
medi a f gRC SLPRY HIRSI#NCEul ate filtration application, conprising: at |east
two | ayers of substrate, each of the substrate |ayers forned of coarse
fibers; fine fibers carried on each of the substrate |ayers,
wher ei n an av agellfcimehodipbeteinet8,ofherdie clootpsatichllp epigning fiae fibersst 4 ti mes
| ar ger t.haln af‘l aver, %? fi Ber di anet e{. of f@e fi ne fibers; and

wher ei n BCBds OsMNg ﬁ ing fibets £rony f ol g luding g pqlyanaide s ne substrate 1ayer
is at least 0.03g/n2 which provides a |inear fiber coverage of at |east

about 5000 kni n?.
25.  The method of claim 18, further including pleating the filter media.

26. A method of filtering a liquid, comprising:
providing the filter media of claim 1; and
flowing a liquid stream through a filter media to capture particulates in the liquid

stream.

27. A filter media for a liquid particulate filtration application, comprising:
a substrate including bi-component coarse fibers having an average fiber
diameter of greater than 0.6 micron;
fine fibers carried on the substrate, the fine fibers having an average fiber
diameter of less than 0.6 micron, wherein the average diameter of the coarse fibers is at
least 4 times larger than the average fiber diameter of the fine fibers; and
wherein a basis weight of the fine fibers is at least 0.03g/m” and a linear

coverage of the fine fibers is at least about 5000 km/m?.

28. A filter media for a liquid particulate filtration application, comprising:
at least two layers of substrate, cach of the substrate layers formed of coarse
fibers;
fine fibers carried on each of the substrate layers, wherein an average fiber
diameter of the coarse fibers is at least 4 times larger than an average fiber diameter of the
fine fibers; and
wherein a basis weight of the fine fibers on at least one substrate layer is at

least 0.03g/m” which provides a linear fiber coverage of at least about 5000 km/m”.
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