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WO 2005/ 102497 PCT/ US2005/ 007538 PLEATED ALI GNED WEB
FILTER [0001] This invention pertains to pleated

WO piosae2:91 hat have fiber alignment in the 5 dPCBUS10051007538
of web formation. Background [0002] Meltbl own
nonwoven fibrous webs are used for a variety of
purposes including filtration (e.g., flat web and
pleated filters), insulation, padding and textile
substitutes. RPISICTEPALRINEDWEBFIETER own
nonwoven fi brous webs incI ude U. S. Patent Nos. 10
3,959, 421 (Wber et al.), 4,622,259 (McAm sh et al.

[00'?11?7 5 @?g H%L‘éfk Pafi o %lleﬁ;ed fg?eé%@ﬁbl%g% (f&a'XF {dnrfint in the

d1ra&tlo)nof5v&6f5nﬁ¥c&m (Al I en et al.), 5,667,749 (Lau et
al.), 5,772,948 (Chenowet h) and 5,811,178 (Adam et
al.). References reIaHS% ated filters include
U S. Patent Nos. 4,547,9 [‘ on) 5, 240, 479
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form ng nonwoven webs having rmmuch greater than
(Swroletretl alf 0B&)X. al i gnment in the nmachine direction and
formng the resulting webs into pleated filtration
medi a having pleats generally transverse to the

machi ne direction, \Sukaary 8PfheiTAvéitideer s wi th
i nproved nechani caI properties or inproved filtration

(09031 f orh@nwevemehmn@ﬁa@ty@rwmcm}ewwﬁs émswtt%saf fibgrsgwer

mov&ﬁ%golgec f ' lf&c%r P%%hea srtlp gnsreaﬁ%nc E}ﬁé g{%ﬂo tﬁ?&gllected

nonmove er nmoplas
wdbl gy éxlﬁbmajsﬁaﬁll tdggret of\:fibérfhhgﬁment in the machine direction, and to a small

)

extent some anisotropic physical properties (e.g., tensile strength) in the machine and
transverse directions. Nonwoven web manufacturers often strive however to make
products having well-balanced and generally isotropic physical properties.

[0004] We have found that by forming nonwoven webs having much greater than
normal fiber alignment in the machine direction and forming the resulting webs into
pleated filtration media having pleats generally transverse to the machine direction, we can
obtain filters with improved mechanical properties or improved filtration performance.
The present invention provides, in one aspect, a filter element having rows of folded pleats
comprising a nonwoven filtration web of thermoplastic fibers a majority of which are

aligned at 90°+20° with respect to the row direction.
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aligned at 9020 with respect to the row direction. 1
WO 2005/ 102497 PCT/ US2005/ 007538 [0005] The invention
w@e@silaae7 i n anot her aspect, a method for forPCTYSA05/007538
pleated filter elenment, conprising formng rows of
pleats in a nonwoven filtration web conpri sing
thernopl astic fibers a majority of which are aligned
[0605] 900PKE: inwértiohaapeides, iarddileer aepect, dimethdd fon fameng a pleated filter

cutting the Ieatedflgtslgr el enment to slrethsnze
clegirat §H§1ﬁ85m5 foreing rovhelsRcan i HRRYOVAR 3&&@%’6 gaEprising
théggx\ségﬂgﬁcoﬁbé% é@a@‘%ﬂ? RP MR ar LIRS RE 96D Wl resa)ect to the row

ription I'n no event, however, shoul
dixa&:ttmmnslwuttmgl ths pleeted ditist elgmentzte a desingd st awsshepe.t he

subj matter i.ch subj e mat t er
o} e teSg e hlnst e oL eiErisiog P he TPhA Sty e detailed
de?df%ﬁgﬁ Bl 'Iﬁglo%@ﬁeﬁ&%\%ﬂ shd®ld Bid fovPesminlafibd BélcdHstrued as
the Drawing [0007] Fig. 1 is a schematic side view of

linzitatiohs o theictegmag sl acttusatfenmhtdkm’@gect makaos dafingdsplely by the

ttha}i,/ei .fibers bst a t| aI |S gd in the machine
atg IBFT a5 %rr? overhead view of a
vacuum col | ect or for use |n the apparatus of Fig. 1.

15 [0009] Figs. 3 - are radar plots show ng fiber
al i gnment . [OOlOFrlﬂié)eS‘FlPtsOIHOfrngW@Wﬂgle vi ew of

[O(ﬁ’d?ﬁ g\t eﬁllﬁf | |1§ s Egheﬁﬂtlggfgie Q?eiv& Qpélﬂjlsltﬁbg/mfaﬂ ?ra@us ﬁor mtaklcr{lg

pecti ve Vi ew, in'sectio

nohwbtl@f websUR Bk ﬁib‘brﬁsubfsfaﬁﬁﬂly a[l@ﬁé.d! In thie ghacBink $111<actg1rap h

showi ng filter pr essure drop vel.ocity. 20
1094531 3] Figr & is ampoyeshepd it Rbe Vecuin Qf%]{e?faf FB B 1tk apparatus of
Fi .glgar atus for maeking the disclosed pleated filters.

F 14] Like reference synbols in the various figures
[001?9]t heFigs adv-6giré rediacploes sihbwmg filee pBgrirsentThe el ement s

t he_d

are not.to e Det ai,l ed
cr' B O § Beensetraie Ot st GRRE0E - efers to
[0@1 1] Or PigS SUER pERFERTE Sidw Bartiaty i sHcAbE FABIMatéd filR@idunted in a
g %he

bondi ng of the fibers. phrase "filtration
frame" refers to a porous vveb capabl e of renoving at

[ObleﬂSt Fig. 9 is a graph showing filter pressure drop vs. air velocity.

[0013] Fig. 10 is a schematic illustration of an apparatus for making the disclosed
pleated filters.

[0014] Like reference symbols in the various figures of the drawing indicate like

elements. The elements in the drawing are not to scale.

Detailed Description
[0015] The phrase “nonwoven web” refers to a fibrous web characterized by
entanglement or point bonding of the fibers.
[0016]  The phrase “filtration web” refers to a porous web capable of removing at least
particles having an average particle diameter greater than 10 pm from a stream of air
ﬂo§ving at a 0.5 m/sec face velocity at an initial pressure drop no greater than about 50

mm H7O.
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particles having an average particle dianeter greater
than 10 mfroma streamof air 30 flowwng at a 0.5
wont@saof4ate velocity at an initial pressure drP@EI/I82005/007538
greater than about 50 nmm H20 2 WO 2005/ 102497
PCT/ US2005/ 007538 [0017] The phrase "attenuating the
filaments into fibers" refers to the conversion of a
[061gY e NTheophrasel fattemtarihg it filamests give fibenl refemsad die do&mgdsh)n ofa

S e RS A AR
[O(ﬁ;Sﬁ . ﬁwwardfdn‘?eg{m&ﬁpg* ﬂﬁe@% &Eﬂeﬂlodtfﬁf Mﬂag’:\a %M&Jehweb by

ifices t ormfrlanents whil 5 contactin
extridingre fibsr-formingamatedal thtdugh aaﬂuremyaif ionigicéd toi fdrm i aments while

comiganT ARy T P FeuRiRk LR B B fments ino
ﬁbmeane%@%er H&hécﬁhgmayw efﬂfe%&sﬁ@atédomr@onmven web
made usi ng ma t bl ow ng [ The phrase "nonwoven

[0GK9%" r Elicoplyased nzeldlawi meb’ @éeristp wnvm\@ww@ mady Ysiop 1]
m‘?R%E v@gr ases "neltblown fibers'" and "bl own
Fbers" refer to fibers made usi ng mel t bl ow ng.

[0020922] THOShrady ‘@sawoBLdicn efels tes tHieddr udstia mnemxdmgt h
respect to a rreltbl own web or to a mel tbhl o

[O%ﬂ)ar athgphrages raeltblogmiibeeyy angdr hﬁ’t"?’fbﬁlqﬂéﬁ}éﬁf gertt‘h fbers made

rection of web fabrication. 15 [0023] The
usn%rgél%?&i’ﬂghsverse di rection” when used with respect

[0022]a NEhé phrasd ‘gachieptreation’ whiensuso® hiithl rospectvela melttdown web or
to the in-plane dlrectl nper ndlcular to the chi pe .
to apelblavge Appziug foree THL BED FSTAPR Eelets S ihe atasstietion of
Wéyiidﬁlnéaﬁﬁﬂe‘:t to a pleated filter element refers to a
[

rectiron generally parallel to the pleat ridges and
[0028] ] eyFhe plnasa‘ ‘ftraneversd dirsetion” RBerhased ngtharefctimch meltblowing

structure aral | el ener Y, arp-e
aoginatis o8 efiylobeP et o B% Mohoe direy RsbiiiGiootas tg e machine
diRk&&. crowns and base regions in a filter el enent

having a corrugated structure with parallel,

[0024ier aThy pleassotrawiditeation’ when uspd) o2tb|respiset toarpieated filter element

ret;elésftgf'lsds egp AL ngalw\é\%?ﬂ]g?i ‘(?LF plea elﬁ{lge%%ﬁé PI%I% 3!3 in a i ter element
ha$ing@elded s@udsret withpardlléPgdletaligntalpasiged axl@b@svwﬂdho utdirection

generally parallel to the pleat crowns and base regions in a filter element having a
corrugated structure with parallel, generally smooth undulations.

[0025] The term “self-supporting” when used with respect to a web refers to a web
having sufficient coherency and strength so as to be drapable and handleable without
substantial tearing or rupture, and when used with respect to a pleated filter refers to a
filter whose pleats have sufficient stiffness so that they do not collapse or bow excessively
when subjected to the air pressure typically encountered in forced air ventilation systems.
[0026] A variety of polymers may be employed to make the disclosed aligned fiber
webs. Representative polymers are thermoplastic, extrudable and can be processed using
a meltblowing apparatus, and include polyolefins such as polyethylene, polypropylene or

polybutylene; polyamides; polyesters such as polyethylene terephthalate; and other
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25 substantial tearing or rupture, and when used with

respect to a pleated filter refers to a filter whose
w@b@atebave sufficient stiffness so that theyPdDUSZINS/007538

col | apse or bow excessively when subjected to the air

pressure typically encountered in forced air

ventilation systens. [0026] A variety of polyners may

maB8 i MRhioyEbd RAnikRiao thee diitied bsthd arl Pglyettfink ey partieisly
Representative polyners are thernopl astic, extrudable
preferedzan be processed using 30 a nel tbl owi ng appar at us,

[ | ngly ﬁgtg%qls&%leﬁtf (Ra?l%cl?éjfaﬁ b%_%dﬁ&? 669&19 J)ﬁﬂ@ven webs 1f desired.
ypropy ybutyl'ene; yam yesters
Re‘pméntaevqubeet bzyﬂtlelee ate&hﬂﬂxirm& al HtSa ;Pawlthot 31871 373/@ Braun, U.S.

PaicahNPi 429 001 (RSPt - 80 Lho (et - Sl Pap i Phrinegft L
AdRhieh SibBh b¥a a@hﬁﬁ@ﬁr‘égﬁ 1ch%§ﬂef&r¥@§dr§&if pﬁftlof&r b@Rtures of

particles can added to thé nonwoven webs if
sorbest paetnhles mmemmioﬁdr, v.e., $oaliserit mpdvres of gasesalfhough in practice

AT 0 o Gy R AL S B
gﬁéﬁﬁg selﬂﬁratéss&%t Q3icleR iDRielifdi®iduakhyeab.. Acti vat ed

bon and alum na are particularly preferred sor bent
IOQ%&]t i chewriety oftmmy ond sesondasy flujshytrepas aspycderenprioyed to make

thr.? %e@tdfpggtl \gelase 1?%0% besﬁéé%lw (gozlvolﬁlelgtafﬁﬁ& foradottﬂ]'gﬁiggses The

reﬂﬁ@ffnﬂﬁf ofttBis fapPlidatiah Svil disdhdsith@ysrof] rair?ﬁirmimﬁesl referred to as prlmary
enp i ng separate sorbent particles jn the |ng
aif @yer ssecqmiafmlz%qc Airy &5 thetopnigkt 1Ay FRgEife.ah ROSSEK i%‘ R art can

reddity! ey %r.t)}'; 8@1@15 Ry ee egg}{)@ﬁ/ &dx 48 AR Een diiPardh SEIHOHPFbpriate
i ey AR AR 7 fion dr et SALOEBopr

an especi altTy conveni ent
médiﬁcabf@hfbfmﬂ’climﬂﬁlg th&netéreﬂmmﬁed bebwt hi s appl i cati on
di scuss the use of a '

IO%‘H. maFig. 18ppws g schemalic s it § @tgi;ﬁ‘éfynge{p%?gg%t 160 Moiten
pofyfil ee?ﬁ{eryﬁﬁé ’[Bl%%ll &e I?Q&%ﬁgl‘? fehd! lﬁdanﬂ 'ﬂa@;s@?tlﬁ‘éﬁghctﬁg cavity 16.

rea y errp oy ot carbon dioxid
Smalt ordfies (oot shaw i) Fvg i hinadip tlp ﬂB |caltl$ themebie pmlcvmer tenfoom

S8 o BB L S SRR R Dl ve

thd ﬁrani\étﬁkst B andPMehiREs @BInGhS Rk 2. oMbarg 24 |1ﬁ1d1(31 ﬂzitrc@H@ﬂor 26 and
Inlet 14 and passes through die cavity 16.

mal |
foun inbireewen(welt 28 wioh dan bmdgawmawamfr@m@otleqéon@ J@éb@ girgdiien of
to f.or fil
BB HShy bR M AT B B At o s
1nllﬁ€ ) 20ntB6teftb Lanssér262 é’eoaﬁ@hrgtltraﬁmimpprﬁwmdum 32 arrayed
ers 24. Fibers 24 land on flat collector 26, and
across the width of web 28 impinges upon the filaments or fibers, causing the fibers to
oscillate to and fro generally in and against the machine direction. The collected fibers in
the resulting web 28 are substantially more aligned in the machine direction than would be
the case without the secondary quench air supply. The web’s machine direction and
transverse direction mechanical properties (e.g., its machine direction and transverse
direction stiffness and tensile strength) also exhibit greater anisotropy than when a
secondary quench air supply is not employed.

[0030] Viewed from the side (or transverse direction) using high-speed photography,

fibers 24 are laid down on collector 26 in a “paintbrush” fashion. Measured at the
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form nonwoven web 28 which can be drawn away from
collector 26 in the direction of web formation (viz.,
wo b@seaabi ne direction) 30 by a suitabl e take-P@I/US2005/007538
apparatus (not shown in Fig. 1). On route to
col l ector 26, secondary quench air supplied to ducts
32 arrayed across the width of web 28 inpinges upon
coI‘leh:tbrif ﬂlhb JBE NS (rjca{l hbes Syerg &gt ngclithe diredtionanipiit@te, e.g., more
oscillate to, an ro neral |y i [ h
thaneash Forstithe dia GRllcctHEAiciansed:DER ) ?’gfgil’gsgo?i#nl%%tﬁ’téce% more than half
| b kol dRsitlbl HoCothiete Sl
thgrr]ggﬁl’ nSgU%-Iar ctr%%ﬁoﬁgﬁﬁa%&ﬁgﬁogggﬂtﬁg? cassle wi t hout ?he
paisebrashciepysitjoenEor aiampde) ti oscillEtiensseay scowntdgutaaly, may have
. direction_apd transverse direction. nechanical
inGEP A B e FOuta o Sh ARG 201 PRSP o AT EPRRAVEN e
cogl?fe?é:é Rthatik Ids0asH (ROEistafOSHb8 (Bd §Rb8dAY qadrea addutiistio the

eat €r ani sotropy than when a 30 secondary quench air )
coBeqql \Préfsrabbt the Wpitange dion] e 3ejontsre\quendhy aneutiess t9jthecollector is

or transversge direction) usjng high-spe . . .
mof s Bpnpie Ty ot AR el ERER e spigp appeir pesk
mdchind difedtidH dEpademdneiiare tolBassliethr Adndthgy thoMentarily move
2005/ 102497 PCT/ US2005/ 007538 col |l ector, the

towasds tHeanslthhevingsliowaiher thapalvyaysaneang oswre hegiollgeter. ofypparent

anplitude, e, e . . e to
fibg g‘t’)ﬁe kasg,cany F%lg%t%%e “ ﬁé@f&é ﬁ S\ﬁ}l%'%g (E) %%hclhﬂ(gctcgltﬁq’é es nore
[o%ﬂé}n hWefhalvlb be%rm_ togtiemrfaiemﬁi_em distrete lengtts (d. @nisetwagn about 1
e especially desirable to achieve su i nt
and epeyt10ich alomgrwidlk aepgsienal shertes 9& {qnest ﬁgﬂJ @%&7 tﬁ%@ﬁgmd webs
us BBt QM S it \AHRAR O Cr TR dy B0 A ierd B such

lergting) fiebhrecawehttortab adnwevenescbs tasdine fibers tipstadiycee feswamedia the
ch.air outlets to the <collector.

ecopdary que .
Wé"rké‘f fgbeéﬂ‘i"ﬁ%?h&“’tﬂl%g %rr*byemfef%l?ﬁr CRENEIEMSAYar y quench air
[0?’.?’26I et ydpo g e b%?ééa%&f Al 0% furfR reMed| Prdf@aBly a8t treatment

ers my in so I nstances exhibit a whip-Tike _
(egcingaling) s lewiploywd ak stifiercthe meb diHeatir¢atments sysiydwavemern make 1t

S RN e bR b B o RIS e Y o wes
mePNRE Grddid iftel-Hi86t ndindRR@hRAklendchh EfreffRa kARG A limes and

sonmetimes be seen as such whip-like action occurs.

tetlﬁnp@am]rr]esxmﬂlr@pendo@warmsefaqt@rs ircdugting the@obymgrionfibfrs emploged. As
o LR kSR M P RIS B e ot

mélfh¢ peinetbr\wahise leusihag abnve epetiauteudippefeirkd. it is quite
difficult to renove any fibers (or any, fihkers of such
[0833]) endt ¥esyumcamopBeradlyticskann Hormushorifige 54 to assist He

cofngcﬁﬁfaﬁné %@B 58! Weﬂeﬁsiﬁ@i‘d’n%%g %sfn@ cﬁﬁﬁdaring) may however destroy
the web’s filtration capability. Electric charge can be imparted to the fibers by contacting
them with water as disclosed in U.S. Patent No. 5,496,507 to Angadjivand et al., corona-
treating as disclosed in U.S. Patent No. 4,588,537 to Klasse et al., hydrocharging as
disclosed, for example, in U.S. Patent No. 5,908,598 to Rousseau et al. or tribocharging as
disclosed in U.S. Patent No. 4,798,850 to Brown. Additives may also be included in the
fibers to enhance the web’s filtration performance, mechanical properties, aging

properties, surface properties or other characteristics of interest. Representative additives
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web by fiber-to-fiber bonding or by interfiber
entangl enent. [0032] Web 28 can be pleated as is, or
wo cooshexs9treated. Preferably a heat treatnment PCBU§2005/007538
annealing) is enployed to stiffen the web. Heat
treatments may however make it nore difficult to
tease fibers fromthe web, as the fibers may tend to
includedillgrse nacleatingeagerts (20., VEL.LADYS 1988 alileshzylidene sbibitel,

orasE G RO Iadom NAPBRA CoRmaD; Dy adesst & rEIAGORB ™
945 ﬁﬁdgi]%h Mé fig i s{%%g&efﬂ %Blnﬂi/e%laum 1310 TR @hbagsﬁe‘é{%dty

anne eratures o out 100C up t
Cheingafspl cyarelmtmm’si stﬂf@npxg agents (a.g. apmly(wﬂemle@srk-ltmat@na))mmface

St PG G TSR OHle SoghFOBF FIopL FHER 48 dppovp fllration

pertnfRRS Bl drd@ty Mkt \éﬁ»kiro%&aen@ysedéésﬁ@édflh ¢AS] Pfedt NG 6,398,847 B1,

usi ng cal endaring) may however destroy the web's
6,301 J468 &, amd 6,&@%,806 Bil yto Jenes ot ali)c Thhaynge andampunts mﬁauqheaﬂldltwes

. thefl ti themw th water as
Wl@%%?l%%%t& é‘lﬁﬁgl’f‘ea‘ﬁxe . 5, 496, 507 to Angadj i vand
[o034] al . Thmxgplaed WeBahiah hadSa Jirsdy osefedtife Hbs: dlEﬁhE%ﬂ [“EFD”)

No. 4,588 7 to Masse et al., hydrocharging

sizgs, besiowetghtssand selidvip(ratio pfpalyger ‘m&tu@ﬁ fo b Vglugtﬁé valygs.

e EPLBER b o Gl 4 BRE0BEAA0Thou R0 Bhonet

Prefe}‘%e & BRid VV&%G %ije tdul 5610 afHogf"f(ﬁ) §m2emhaRasd khifiiWBRLRs are

tration ormance, nechanical properties, aging
abantdpterabdnﬂsl,S %urface properties or ot her

o L A B i
dllg&fdn%{Wé%Qfoﬁﬁﬁmrﬁ fiber Aignnidnt. LAPT %I?é?ﬁeguﬂiebﬁﬂéhébtedmrs made

sor bi t ol com’rermalé’ravallablefromM

froanmivmpyl,enwebs,@mfblrab aboyie to, abor) WEGSORB Tiersarg aligned at

o0 RISHRTAILDR the goht LA %,rg}iemeﬁ% é)%r?"gal%f | @ 70 to about 85%.

Fot Webé Rh & ﬁromsdthérf@'fbl’lﬂ@"loaﬂ@tﬁhﬂs {i& rimbers may be lower or hlgher For
(4-nethyl -1 - pentene surface 5 active agent

I
exggpléa@sea gangtal W§OK@6§33 ifters gpada drom W@th@ﬁnwﬁ%@t@ate webs,
prét‘%ﬁl&va%om .Jilt o3| 8{]80"}’3 %% gl%rfﬂ%%‘:age b%g%g 99{{%&2@3 2ﬁ%19r§sp§2t7to the

escri
roWHirectfon3 9rid 141586 Iﬁﬂaferﬂﬂyl abod 60 (B AouBB0YH Almpganeedl gaide)for pleated

The types and t f h addit] ' _
FillgpRi Qo g B S RICFTEY AROU B4 16, ot TGgof therfiers are aligned at
60yl v
EDIPLFLEAHEBE, P N P Sl e, .
webs tviog af lep 189ieo! the boiiretdddibuebalignbdi a0 420 Ueith respect to the row

direction.

[0036] The disclosed webs have one or more anisotropic mechanical properties. One
class of preferred webs may have at least a 2:1 ratio of the in-plane tensile strength in the
direction transverse to the row direction to the tensile strength in the row direction using a
50 mm gauge length, and more preferably at least a 3:1 ratio. Another class of preferred
webs may have at least a 2:1 ratio of the in-plane Taber Stiffness in the direction
transverse to the row direction to the Taber Stiffness in the row direction, and more

preferably at least about 2.2:1.
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Preferred EFDs are about 8 to about 25, nore
preferably about 10 to about 25 m Preferred basis
woweiigho=oar e about 50 to about 100 g/ nR2. Pref eP€BUS2005/007538
solidity values are about 5 to about 15 % [0035] The
di scl osed webs have substantial machine direction
(direction of notion or 15 direction of web
[0630] matlt poséibleed cailét@rﬂﬂﬁefdlsd&e(ﬂm@ﬁbﬂﬁwaig gppiacheus aid operate it
&{eat ed filters made , from pol %/fg)ropy ene weps,

oprditipns thatydnrotpsovide thsginclosedglisnct fiber Wpas o1 ypder conditions
thar"f1 i?oquc?et Weagtqggg ;)Bg% S&® tﬁtltr(r)é)cg{r;ro & ok gg%fbl@glg'riﬂs&g cient

r e pre out ut
sedaiadﬁyfquenmhoa:rhﬂ rempdd yedehénctherab @rek ddssriidd escilinbherssnagpyotlvecur and

heRhet waY p| SRS R SO0t B EOT e PSRy Il quench
Vefﬁ@ﬂ% Y P&ﬁ&@fo@t@rhéﬁ@ﬁ%mé iesE ﬁltéi@i%&tb&@r@goindteﬂﬁanglement and

ersaeargne respect to the row
1mp|rorve¢ ﬁltmm,on@ntfonwree,muehe‘ﬂa@ rsgwe&tbya dimiehedmeplaanicaBpeaperties

oo PGS P B B 30 S B8 f Ay sconaary
quédRQirSw iR a%hﬁ@”&%@s% floRRRHo N VO IiBEN LS art Exaintie Fi?Webs made
direction. Very h al i glned webs can be forned,

usiag golyprapyiesneiaad rsmné@ryraera%u leggodelow amabiel trmperatpre, a ratio of

b 390 T B PR Bt Sty LERRTE ] Al o e

ma HeSREfeAPl, s RSt Heb@ldapyf QrRALHK aﬁﬁuﬂéﬂi&locﬁie@ﬁ abdut 15 to about 60
preferred webs nmay have at least a 2:1 ratio of th

m/peg. ﬁlrf@ﬁﬁeraﬂé?ﬁsmﬂien%qdrt@ g ediustad eppirically be&erdm f@rtarfs%r agpthe
h
mélt%lc}\{r}ﬁ% él%t | g rPr f}ﬁﬁér%a{)tl&geg ﬁlettﬁgﬁt'gﬂe g@ﬂ%%ﬁg@/ﬁ% r@ghdlty and

tarpétefkemabl ﬁbc&tahgﬁmsﬁt mdfine?bhﬁmtal @rop%rtgtahsbtroﬂmsBulsrdﬁon of the
preferred. 30 web have least a 2:1 ratio

seqopirgaryrgpﬁp%r mgp also @p gg%uhaﬁnqgrsdqor toche nggessary. fInstead it
ap#éﬂ‘%\gﬁ:b%%e%ﬁmggﬁto o _’{ﬁsgfh%%gédnﬁﬁlrytdrﬁeﬁé}?alfr bR upRiakds’ PRI nwards

t1on nor e ferably at | east
to abisady &at2 .vmueahar@r@aw/cbnm@wmmwma/de@ﬁeea’aaal properties.
37] Lt ossi.bl e .to constr.uct .t
by b1 Bl 2hobod Fednu RuSBRElARE o fesfir2P: SBRdRds npsisioned
crcrse% th@qeararﬁr &fg@‘b‘f@!@lléc&ﬁ 28| Bigtlcas 86 nRfved 06 @D &F povEishs such as
under con ditions that will provide weak webs
popmon BY i aideetd altsr fhiclnrepeartiesrof wabr28e dueh trqoosmronlng may for example

e T ) e

sutth® it eRBIoyedMbtdaalof alfiaffolkidtds tiamtit 1@éu|ahly il bhenoraditfingt to
direction. Excessively hrﬁ guench
obtain webs whose fibers are substantially ahgned in the machine direction, and the webs

may have lower Taber Stiffness. Excessive DCD lengths or excessive distances from the
secondary quench air outlets to the collector may also be detrimental, e.g., by causing too
many oscillations en route to the collector, excessive fiber attenuation or excessive fiber
breakage.

[0039] Further details regarding the manner in which meltblowing would be carried
out using an apparatus like that shown in Fig. 1 and Fig. 2 will be familiar to those skilled
in the art.
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velocities may provide |loftier webs having | ess
interfiber bonding and entangl enent and i nproved
wo piosnex4bon performance, but havi ng severel y dpei/msmasoh7538
mechani cal properties such as stiffness and
pleatability. Thus it generally will be preferable to
enpl oy secondary quench air within a range of mass
[0040DW rBlid msivwarven filltrtios. mediia eam ‘t&)@ﬂhér&tlﬂenedl\ﬂ’ hlesmm]dfsmg()a
u5|ng polypro | ene and se ondar air Wﬁl g tp belo
e T 30 oy GramDs, FoAdiEsIHs cadisie {odomiggti togeter
n I,
la%%%}l’ﬁ%éeg rﬁ{;/drlré reecg oy eg%rﬂ%rﬁ(:h?teyr?e é?lgfs\lo?rng) Q%9 (Bachinski). The
filtsemedid apty alqu bacimdai msmg wbhjegate ébersi ¢. gess dﬁscab@im 5. Pagent No.

ST o R
alsg 'b@ e 1ﬁ‘ébﬂéﬁﬂﬁ dnglQ PYRHs AppIRatian 9&kaldas |(a‘€ttd£ﬁé§&i‘dcket no.

arget web soli and 15 target extent of fibe
ssal 41@9rﬁﬁiéhtﬁlechdvmm1atmhrﬁr@\mth sachneited ALGRHD BFRER WEB, the
sat i o econdar nch air may al so be
aisglisPE e = e e B R ey Pt ead i

[O(ﬁﬂpearﬁlgt P sh@vPSIbhted fikkbrmbdia 1100 BEYiHS towEf FERODORI Vhe rows are
quench air flow upwards or downwards to a_ steady

ahgmeétl@ thﬁa}F%V@fﬁ%tﬁhfﬁﬂ’fmi gelthe substaatialdy-akbgned Hibersng qubel 00 are
ahgl?eh 19 °ﬂ:209 Q&th e%%%{ 1.10' tfie r W ng%%é%:lt Jgrhtgiﬁﬁﬁ igbg\%itgqlesgect to the

i"¢ over ew of
md@ﬁﬁ?ﬂefdhreﬂ&dl Algcs ﬁi&ﬂvstplezttdidéﬁ]tﬁ&ﬂ&dil@lﬂﬂgﬁi af e)mahdl@hhetal support

but can be noved downweb to os|t| on
11 iouicg i Bemar 18 erowes M RBS Fickeserd Fithess oplgated media
IOﬁgnd PGS %RP&‘{" h{]a'cfgl%ﬁ A6 af t?ranﬁfe?s\é'tg ﬁle"i%gzsdlrectlon
aving re uced er Stiffness a conventi onal
bothyelre belisvedlto caltiibat ov 1nctaasefdaeﬁsta1$ceejfm1®y@ﬁnadmﬂ9&¢b pleat
| at cql.l.e orthe i.t. usually will be nore
de%rrmf"il%"l‘tt 1 }bﬁ teffecs q%ﬁis whose fibers are

[oomst aﬂg‘ ﬂ) kovd élﬂzﬂﬁ)gra'tlfk ﬁzb%mﬁlahg ﬁleddlgﬁsgeu%geateﬁnmters

the webs 25 may have | ower Taber i ffness cessive
Alizoal ﬁéregnohsnezdla mmsplv@lycprgvléqte@ atpinuonerolk Bdo dedip 122

st o0 v o G i P2, ol Bl iicpcoe

préiRate@t @héé@m‘g@&u@ﬁ'lhs &d pérforﬁ%zﬁﬁééii ritb BRlke afcba2d hdre Mexible
or excessive fiber breakage. [003 Further details

whilspassingiigita erethrughapp HAOAAPR] hInnf@p ilbistiaied gmbedineemsethe heating
Sta&?,‘{é.ﬁﬁgs Sgﬂg}éhil%ﬂe g an apparatus |ike that shown in

be famliar to those skilled in
[0043@ arIn.oné ﬁl@t&ﬂﬁﬁér&%ﬂﬁn&@d 10RO F#nBE 13[06@416ﬁl1ed to a rear

faqef13a:jgg nm\,\e%gaefgc #dg(gg%toh %24 nﬁgfe?en%g tno t?lg rgalilr rfattcgelrSZS(EnIr {ofthe %ront face
164, discussed below) is for purposes of description only and does not indicate a required
airflow orientation of the completed pleated filter. For example, the reinforcing member
130 may be positioned upstream or downstream in the air flow. Reinforcing member 130
may be applied in a variety of positions, e.g., as one or more continuous strips oriented in
the machine direction 136, as discrete reinforcing members oriented transverse to the
machine direction 136, or in other configurations that will be familiar to those skilled in

the art. Reinforcing member 130 may be bonded to media 122 using a variety of

techniques, such as adhesive bonding, thermal bonding, solvent bonding, or ultrasonic
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variety of techniques. For exanple, an adhesive can be

enpl oyed to lam nate together |ayers of the filter
wore@sag24e7 g., as described in U S. Patent No. BCRUS047@®7538

(Bachinski). The filter nedia can al so be made usi ng

conjugate fibers, e.g., as described in U S Patent

No. 5 5,709,735 (Mdkiff et al.). Further details
bodGR T Bhithig et diinsnsOleedtioni 134 g shrearietbing ratary-scatesgiedier 138

GRS E1eh By oL AR B oFigg TGO 430 Piot P EoR e olding
| t ' , bt
staﬁ&{ £20. ﬂﬁﬁ@ﬁqfh% I&st L%ﬂ@?@é{ gt?gl?v}?gr@ fot )t/ setting the pleats

Isclosure o i's ein
144.eTles plaate 144 8@4tfaideidgn aif astuondatqit bt aad thén sdvanceidioa pleat

spas MEglraifei S e TR Siranet bf ehe Srri i ale fpacib. Pleat formation
mﬁ?l@%ﬂosgg&ihgkﬂa&'b@ﬂe%ﬁﬂecf bPEYAidtP oMRRIbAY sBbRas dki188Q4n U.S.

wWthrespect tothe row direction, that is, at
Pa20t Mos. B, 7198576 €Biverssoth® 75 )ydedTi6r6d 7 d Biverssoro 167 7Fang 5,889,175
Wsh ws pleated filter nedia 100 and an expanded net al
( S8Pport 110 nounted in frame 112 to provide filter
[o0kdf. The ﬂeﬁﬂﬁﬁ?ﬁﬁd’ce&_tﬂltfef R8s 100 iPbgah@sd tdREL desirt@Bleanspacing
~ the substantial machine direction fjber alignment
in the phesy snesingrdsvichd 48 oWngior erore elangated; plamanreantpedingsteps 162 may

.0__cont ri but ' ' i
L e T e R L
ma¥iethiaGhd ples. sph18d.2ThE idnfoldh Sieips1 6 mappabaiided td 2k fledt tips by

meki ng the disclosed pleated filters.  Aligned )
vapQustteGhniqygs haeh as adiesive bending dheripapbending golggntponding, or
oG SRRl o B AR gBA bl 4l 104 T
pleagdifiiteahiediakd 02dppeibed reidfoating stripalté2rogn bt ati tora de@Bed ©ize and

erformannealing, or to ke . 22 e flexilhl .
shiei {LPsaaioRenacit BORAY BF BL50rn SR e iaestons, itk fawithout a
frallel sHSE AL BF a@ﬂpﬂlgélggﬂi% ]a p{sﬂl@an'@ﬁtaér' ABusabledtdRD 128 is an

Infrared heater. | n one pleated filter .
[0G#5h 0 di Imsmbthenembodifrent iarsgrimmeliod exten8idgisybsipplallydcross the entire
rear ce 132 of dia.l at location, 134.  Ref.erence. .
o i 67 By B Gl (BRI Y 4 ISR e maat a0 iovide
ad&iid M InRh P Whbilisy foQledtdl MRSSeded 168teSCri ption only

does not indicate a required airflow orientatiaon

an
[0056] t helncystrphashercenpiodiment, ¢rie| argrore Elpngaird itnar reipfpreing strips

ei nf or.ci nber .. 1 ma 0S1 1 [
T B T i P e R
168RYh HArriRPbmBedinidng thedeinFontingfstiisicoimanshe Beged oag thae
or nore continuous strjips oriented in the machine
reigforeing membess30 ard eppositethe reiafoising eiring 102 i Eqra truss structures as

shQkh %pf?%? 'i)?@ﬂﬁ&’eﬁrc?aﬂ tfthe 30 machine direction 136,

or in ger contigurations that will be famliar to
[00479se BkénhBoelinerts where the pleated filter media 100 is formed without a
surrounding frame, the pleated filter 172 exits the system 120 after the cutting station 186.
[0048] In a framed filter embodiment, a continuous strip of frame material 180 may be
applied to the side edges of pleated filter media 100 parallel to the machine direction 136.
An adhesive, such as a hot melt adhesive, may be applied to a first flange of a U-shaped
channel formed from frame material 180 at station 187. An adhesive for sealing the ends

of the pleats 144 may be applied at station 188. An adhesive may be applied to a second
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the art. Reinforcing nmenber 130 may be bonded to nedia

122 using a variety of techniques, such as adhesive
whoeditmy97 t her mal bondi ng, sol vent bondi ng, orPCT/US2005/007538

ul trasonic 8 WO 2005/ 102497 PCT/ US2005/ 007538

bonding. In this enbodi nent, |ocation 134 is upstream

fromrotary-score pleater 138 which scores nedia 122

flagpélof 18k Uf-Hapbd 6haHRBINA stalidh 190.1 The £rOmP hedrial g8@mapIbedent into a
folding station 140. Infrared heaters 142 may

U-gaopd penfi grasiongt statiae d94.oFhovensis of b thepggd ehnanplragy extend
ool o808, eh 64 AFrhhl 158 0 ARAGGHI LRI
asdetibdy fslidive the endlsssinieb ofiplédial filesimeiia poteaid gpahédijame

B AIGE ot e 130 h dered SRl 5o dire A et hedid 100 and

RS sy B0 e g i 150,

[00493 ul t Thgplphted fittdr Miedindi00 aed side fdMes snembpant2omap be tated 90°
esi.red pleat s L 10 ip.th | eat [ deyi

ot st i betai Goak Ghga LT (TR B A FHOR 10F el

fo%ﬁagio fraﬁféh:pgér??éd #1129 78P PR fl&utdd 1t 19atmdy NS0 BE RAhed by

ilter f t face 164 at station 168 to rMmintain

configurpigemembpad PAJLI6 T dwo bbxslonatinag thet aepositionechener e first and

b d t | eat. tj i B ¥

secidirsd e o P rtcivelohr ibpeed Bl gt 0N STty

cirelimfdtbitiaRpOiofs, kA Wscledd i 8IS Patnt TR, ag_ﬁjzpii%p (Riktice). In
e

di mensional stability to the pleats 144.
anpihenerabodinente therfiameamemdenmempersilAa196rcan he spefigiyed as a one-

. Strd. C [ i shape.

s Pl i De £he 4BuRe H5RkA RitaRu HeF B4, ot Ton

[0850}! | CThé PRSted lfefs 102, W74 RHeijpicallyfenalteedin suithble @aclaiging. For
as an insert into a permanent or a reusable frane

typigd FEY ACrpakientions. theblsal spasing istyRicaitnfboss 3 &g AR brpjeats per 25.4

coJHREATY )Y TREDRIPAGIR AT b Suickl s (e Bt T3 Bimeters
to p}b@,\tildg c?ﬂfinadﬁi(l gmnhab Sld'ncthes)s i Theafiltes fantgit artdywidth is typically
pleated filter ja 100, 46] I n yet .anot her
DL FETCIERE 5 W&Fl@le&qr%ﬁ 4 ?Xd&dﬁ%heg} @i %%PB?%Q-%g
o ' ; d to the rear face
ce%%k%fs Xpilea(t:éeﬁg*}eﬁ?% gz(rm;ﬁr%}geixgb%olgaggﬁst ation 168. In a
[005k]t heFusindyadiante négardihg pleeied ffidlecinagufettnieqpesn bedowed/inishe above-
| ocat over the _ _reinforci e 30_a site
e FEPHIGR £ g 0L prpSutdsi L g P RReraS vl Be SRRRL I€ipose
kARdShewy . n Fig. 6 of Sundet et al. "011.
[0052] The disclosed pleated filters may be employed in a variety of applications

including ventilation (e.g., furnace and clean room filters), pollution control (e.g.,
baghouse filters), liquid treatment (e.g., water filters), personal protection (e.g., protective
suits with powered air supplies) and other applications that will be familiar to those skilled
in the art.

[0053] The invention will now be described with reference to the following non-
limiting examples, in which all parts and percentages are by weight unless otherwise

indicated. Several measurements were carried out as follows:
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[0047] In enbodi nents where the pleated filter nedia
100 is fornmed without a surrounding frane, the
wpb@atiedotilter 172 exits the system 120 aft erP€TES2005/007538
cutting station 186. [0048] In a franmed filter
enbodi nent, a continuous strip of frame material 180
may be applied to the side edges of pleated filter
nmedi a 100 parall el tEffebveBibbr Déameéteecti on 136. 30 An
adhesive, such as a hot nelt adhesiv may b i ed
IOQ%I a EffgcttWﬂgaﬁ@emaffl% r dregpeigse weresyatisd HERHiEg tp fhsranethod set

fthﬁ ﬁ{@aﬂ@ @NaL‘TP@@e atﬁﬁi%f'Aﬁfbo;&7Duﬁ@n§@Qﬁﬁle\ée’ IB&ftutlon of
ealing the énds the pleats 144 may be applied at

M@ﬁlampdrﬂ@&er%hoa@mgrmedm&da& agplied to a second 9
WO 2005/ 102497 PCT/ US2005/ 007538 flange of the
U-shaped channel at station 190. The franme materi al

180 maybe bent i nt Qp@icalVEiaAPWEh Paopérdies at i on at
station 194. The ends of U-shaped channel may extend

[0QR8 ¢ i| aThgovsralbviswd vebappedrares WA Valated aigingfageassilgstrygpents
dlstsﬁc%ng nﬁ]@feoggo;&:e %ﬁlﬁ){pe TS htaa (é'lg?%el 0 ePleaﬁg\%E@ Li%ﬁélgcﬁlgyﬁé M 8 mm x

l4ahiacipmifidatianeigdovat eri al 180 maybe cut at station 186
to desired lengths. The pleated filter nedia 100 and
reinforcing strips 162 may al so be cut to size before

application of frame matglyeplsiik@lss [ 0049] The pl eated
filter media 100 and si ﬁferan%s sr'rsen‘oers 192 may be

[0056] at eWebGtiffatssivorsavhloated Itinga Medahlﬁov@pEAiBE&FNcsﬁffotss tester

(PR AT o Libed bt o o B Bt oo wer

cafSE1yi$RRed8d fromRe whls déing 8 Bihdrf v BlalE Sent Iber A8fn, and
as two box structures that are positioned over the

evilupted tadeiermine Bieir stiffvess in dire madune gnddppmeyrvedipections using 3 to 4
fiid 0, with overl apped
Sal%lr%gtﬁn?erlén%ﬂaql por%tléﬁs such as disclosed in U S:
Patent No. 5,782,944 (Justice). In another
enbodi nent, the frane nmenber nenpbers 192, 196 can be
configured as a one- sidO¥es-8Y@R frame that is

ded f |
(00120 <SgR1ifidinl GEIBE vB. A6tiialon) wisthoqhffed ulinel IRl s508
IN?WRmfiqu;mmrkadgasngg ni%{ohine t(«;qannmaimaHyA@alwﬂﬂ frgmtlnstgm, Corp.).
e e spacl.n | S | CcCa .abou
RegPEgla’ S bg 6.5ty behibEERLe 3Rk ek fifoR Shard gy flade

an@R¢alhatkd & ddShBKOBS nd:SmiiiofRlahY e gbﬁo@éft n%@hhﬁﬁbﬁfesusmg 6
to about 102 centimeters (1 inch to i nches)

to fl ) lsargples, aript mmainitiahjate seppeatipy pnéalb Wl@ﬂib@tretgorase
centineters x 30.5 centinmeters (12 inches x 12 inches)
to about 50.8 20 centineters x 122 centineters (20
i nches x 48 inches). Filtration Quality Factor

[0058] Filtration quality factors (Qp) were determined using a TSI™ Model 8130

high-speed automated filter tester (commercially available from TSI Inc.) and a dioctyl
phthalate (“DOP”) challenge aerosol flowing at 42.5 L/min. Calibrated photometers were
employed at the filter inlet and outlet to measure the DOP concentration and the %DOP
penetration through the filter. An MKS pressure transducer (commercially available from

MKS instruments) was employed to measure pressure drop (AP, mm HyO) through the

filter. The equation:
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[0051] Further details regarding pleated filter

manuf acture can be found in the above- nentioned
wEedao24et al . 011 and Sundet et al. "~ 100 patBCI/BESWO5/007538

will be famliar to those skilled in the art. [0052]

The di scl osed pleated filters may be enployed in a

variety of applications 25 including ventilation

(e.g., furnace and cl ean Iygpopfljehgtﬁdﬁo)n pol | uti on
control (e.qg. baghous]él T"I—T—I—GTWI d treat nment
(e.g., water fllteQ,s)= on (e.g.,

protective suits with povvered\Pa| r supplies) and ot her

wa?ﬁ@dﬁcg %El'cﬁﬂﬁa (8% %F\Ma?*n esi8n B@f@pbi‘t@(‘i a Qcﬁlja t%? EQ/@ the DOP

e art e i nvention vv| ri bed

chalehbe fo@il %@9 ﬁﬁeﬁ@nb{i@tufn@ Ipkaydsn qwmer Sﬂe imm Qgealue usually
exanples, in which all parts and percent ages are by

prosideg htrelitdl emgicatdd of wiaall perfctneat e dvithSegkerahitial Qp values
measurenents were carried out as follows: 10 WO

ind2@06E beteet Fittr T MBRODEN GRS I@werHhitiat Qpwalues &mﬁcating reduced
Di aneter [0054] Effective geonetric fiber dianete

ﬁltWélp@ pevfarmianced nitaldtlintien quplithiacioss B @F §te1teastfabwtr9 6 (psing 100

pplpaéifqutgli ;g;ghalatf: Hél’;trllgfea gpﬁﬁé g}s{z% r@%ﬁp&%%r%@%@w traveling at a 7
cml‘s‘%@%@’ve%'cﬂ% SfirO g rdEbly ]agﬁgst aBo V. 8 6Rd M¥kiSpdferabbPat least about

Properties The overal |l .visual web appearance
1 awareteri@iduat ed u5| ng a Zeiss Instrumants di ssecting

m croscope equi pped with a charge coupl ed device

canera having an 8 nmx 14 nm nagni fi cati on w ndow.

10 Taber Stiffness [ GghEitionerfdrmdieess was eval uat ed
usi ng a Model 150-B TABERTM stiffness tester

[0058b meﬁlttraéuonye@fomlm9 e e Htd pesording tes p PHBAE stepdrsd 82.2,
I\%th%dq{fqﬁ:s& ggGgﬁQrgle\%ﬂtﬂ)aﬁﬁ)n\ﬁg B ledn gﬁl{)é@dkéé £ Rlﬂig%l%%ﬁmency by
romthe S uSing a sharp razor to preve
Pafftickee8iz¢ U sTenA SHRA Elstarelaad m&nl@tbstfﬂtrﬂtﬁtrmfm test abi‘(sok contalmng

stiffness in the machine and.tra sverse di rectijons
labgytory-geneigtes Podas 51 lopide partigessdipparied duio A9 AsRAm. A particle

counter measures and counts the particles in 12 size ranges upstream and downstream
from the filter. The results can be reported as minimum composite efficiency values for
particles in various size ranges. The minimum composite efficiency values correspond to
the minimum percent particle retention (the downstream particle count/upstream particle
count x 100 for the size range in question) as the filter is loaded to a final pressure drop of

25.4 mm H»O. A set of particle size removal efficiency performance curves at

incremental dust loading levels may also be developed, and together with an initial clean
performance curve may be used to form a composite curve representing the minimum
performance in each size range. Points on the composite curve are averaged and the

averages used to determine the minimum efficiency reporting value for the filter.

Examples 1 — 3 and Comparison Example 1
Polypropylene Webs
[0060] A conventional 20.5 cm wide meltblowing apparatus was modified by addition

of a secondary air quench system and a flat-bed collector arranged as in Fig. 1. Ina
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Stress-Strain [0057] Stress-strain (or |oad vs.

el ongati on) was neasured using a Mddel 5544 20
WO NBFRONTM uni versal testing nmachi ne (conmmer ci BCT/YS2005/007538

avai l able fromliInstron Corp.). Rectangular 2.5 cm x

6.3 cmsections were cut fromthe webs using a sharp

razor bl ade and evaluated to determ ne the maxi num
corfveitiaahbldwal mivgefiien praatssyrsecondany fjoerch airusouid nét be @nployed and

sanpl es, ,a 5 initial jaw.separation and, a 3,.cm mJr
thegreparand Pacaliocrsl o § idird R EE RRAPS AREGR qroge e modified
appfatdthd Rhd @3d W Aakd nelBIokwal ol b yIWRy Wetskakiedsaifibest wiske Rfshly

a TSI TM Model 8130 hl%h-speed automated filter tester

alignﬁtd mléwgfté@qhgr;e diregtipmbl e secondarspir gnmc}u sypameenenlovad o

opRPH Rottaabr e O riaRe xS il en P ipofes o
S Slihand b mob faes ot il
flowinga varigys RIRS (s LAl throg sl H\%@éfrw(d@ﬁrr?@*&fra&%?‘% collector
emﬁégk(ll 20h Gl Qﬁlec{\@?%%s%gégﬁﬁhﬁﬁer\@ﬁéhm MR iB18wing die was

easure pressure nm H20O) t hrough the
pofiiidriedroverTihe ledires édga of tht calDe@ON HINGIHGYpe 3960 polypropylene

PCT/ US2005/.007538 - | 9 ti 0Q. - AP
(coppraergady aY%&?ﬂgZﬁ o fiten B anboRaL Cog o BRe g o Pt e e
op&afel bl S PO 18Y alF1 ¥8/hr tdiBie HidRbIGNAL HRN UReldé Fhs FRBASained at

after various tine periods. However, the initial

aba 268" Wssing repistancoheaters and suripligd methi 3087 € atigiarypeir flowing at 4.2
overal | performance, with higher initial OF ues 5

m/m. cehe lﬁng’éfﬁ agdjustqd) to PEVISMWERS Fag gt e e @Hﬁﬂ%ﬁfé’ﬁmﬁ drop ata
i_nitial val ues jndicating reduced filtrati.o

325 HavGEe: FRT Bet PEPRER HEPBRe GGy Ay A oS REDY?s

apptbxinfRQY 28 RAHUTF R Wbk Ppedpatkd biithouP BSELAA R GiéndRRfi 8leADED was
particles having a size range between 10 and 700 nu,

approzivedtély §4 sm. allie codlester vaduamevascadiustadip profddewebs having 8 — 9%
preferably at |east about 0.8.,and npst preferably a

soliditys tThéweﬁf’Ct(’flV%’Per)’Y @r@.ﬁpéﬂmzlfer Wehs e arr?)‘;“mg sééonéary quench

aier)l(te 6 8rr 5‘? Irllﬁseec outlet velocity, 5000 N/m? for webs prepared using secondary

quench air at 17 m/sec outlet velocity, and zero for webs prepared without secondary

quench air. The collected webs had an 80 g/m? basis weight and a 19 um EFD. The webs
were corona-treated as described in U.S. Patent No. 4,588,537 to Klasse et al.,
hydrocharged as described in U.S. Patent No. 5,908,598 to Rousseau et al. and evaluated

to determine their mechanical properties and filtration quality factor Qp. The webs were

also heat treated at 126°C for 5 minutes and reevaluated to determine their mechanical
properties.

[0061] Set out below in Table 1 are the Example No. or Comparison Example No.,
secondary air velocity and mass flow ratio, the fiber count and fiber alignment data, and

the filtration quality factor Qp for each web. Set out below in Table 2 are the machine

direction (“MD”) and transverse direction (“TD”) Taber Stiffness and tensile strength
values for the each web, and the ratio of MD to TD Taber Stiffness and tensile strength.

13



[0059] Filtration performance was eval uated accordi ng

to ASHRAE standard 52.2, "Method of Testing Genera
w/emsitbapT on Air-C eani ng Devices for Renoval PCT/US2005/007538

Efficiency by Particle Size". The ASHRAE st andard

eval uates filtration of a test aerosol containing 15

| abor at ory- gener ated potassium chloride particles
Setiowtpheloseith Tablo3 are the MID pehfD TabpaStiifiedse and teusidestrength values

asures and counts the p icl in 12.sizer e
fo [ Bt v o BoNRC S P oF PR R Tt S an B8 reneth

can be reported as m ni mum conposite efficiency val ues
for particles in various size ranges. The m ni mum
conposite efficiency values correspond to the m ninmum
percent particle retention (the downstream particle
count/upstream particle 20 count x 100 for the size
range in question) as the filter is loaded to a fina
pressure drop of 25.4 mm H2O. A set of particle size
renoval efficiency performance curves at increnental
dust | oading | evels may al so be devel oped, and
together with an initial clean performance curve nay
be used to forma conposite curve representing the
m ni rum performance in each size range. Points on the
conposite curve are averaged and the 25 averages used
to determ ne the mininmum efficiency reporting val ue
for the filter. Exanples 1- 3 and Conpari son Exanple
1 Pol ypropyl ene Webs [0060] A conventional 20.5 cm
w de neltbl owi ng apparatus was nodified by addition
30 of a secondary air gquench systemand a fl at-bed
collector arranged as in Fig. 1. In a 12 W
2005/ 102497 PCT/ US2005/ 007538 conventional bl own
m cr of i ber process, secondary quench air would not be
enpl oyed and the web would be collected on a rounded
surface such as a porous drum The nodified apparatus
was used to make nelt bl own pol ypropyl ene webs whose
fibers were highly aligned in the nmachine direction.
The secondary air gquench system enpl oyed two 5 opposed
hori zontal | y-di sposed 76 cmw de x 51 cmhigh air
outl ets di sposed approximately 6 cm bel ow the
meltblowing die tip, dispensing 12 - 13C chilled air
flow ng at various rates (or not at all) through the
air outlets. The flat-bed collector enployed a vacuum
col l ection system | ocated under the bed. The
mel t bl owi ng die was positioned over the |eading edge
of the collector. FINATM type 3960 pol ypropyl ene

14



10 (comercially available fromFina G| and Chem ca
Co.) was nelted in an extruder operated at 265C and

w0 e@s5a02497 1 kg/ hr to the neltbl owi ng die. The PCEUSEES/007538
mai nt ai ned at about 265C using resistance heaters and
supplied with 300C primary air flowing at 4.2 nB8/mn.
The DCD was adj usted to provide webs having a 0.5 nm
H20O pressure drop at a 32.5 L/mn flow rate. For webs.
prepared using secondary quench a I he PCD was 15
approximately 20 cm For re I hout
secondary quench air, the mately 34
cm_The collector vacuum y&sSag] or ovi de webs
hiewing,. 8 - |9% |salidijty. The c®l cuum was 3250

FE P webs, frdpar ed usi ench  air at

e B etl vel ogi gy, A for webs
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As shown in Table 1, webs made using secondary quench

air had significantly greater nmachine direction fiber

al i gnrrent than webs nade vvithout secondary guench air.

further { ust mhrc are

10083] 5, ' A SitiR Feblel SiebS tile bt SSRditx gl

greafed nﬁEl‘uﬁé‘ HAbIRA fidep aﬁ@ﬁﬁ&ﬁ $hati vdbs rn@a‘ii@&ﬁiho‘h@sécbﬁda@y quench air.
machi ne |rect|o€ fibers |nExa les 1- 3 and
i

ThisésrPrathiesidiustestedrpl Bigs. 3 Becwbish are padars’ %dar eplotsgesgpecively showing
Snérpgae{ %ﬁc’cg r‘i:%lrtall&eo%t 51{1 c?e%r@e% %ﬁl rte%gecgi;%tt%lg 6‘;]%1\%51111% ﬁirec'&logf of fibers

in Eahgsled BE Bept €@bnafepigon ERanpleilgiBecase dibetd (ﬁi“emztﬁl dt OF with respect

exanpl e that 12 fibers vver,g .
to the machine direction could also be said to be oriented at 180°, the plots have

ficantly

symmetric lobes reflected about the origin. Fig. 3 shows for example that 12 fibers were
oriented at 0° with respect to the machine direction, 9 fibers were oriented at -10°, 8 fibers
were oriented at +10°, 6 fibers were oriented at -20°, and so on. Figs. 3 — 5 show that the
disclosed webs had considerably greater machine direction alignment than the web
prepared without secondary quench air plotted in Fig. 6. In a further comparison, the Fig.
4 web shown in the Lau et al. ‘749 patent was evaluated to determine its fiber orientation
and fiber count, and found to have only 50% of its fibers aligned within +20° of the
machine direction.

[0063] The Fig. 3 — 5 plots generally mirror the behavior of a wetting fluid placed on
the non-collector side of the web. If a drop of a suitable wetting fluid (preferably colored
to aid in observation) is so placed it will tend to spread into the web in an oblong pattern
generally corresponding to the radar plot lobe shapes, thus providing a convenient
indicator of the primary direction of fiber orientation and web formation. When a wetting
fluid is placed on the Comparison Example 1 web, it tends to spread more or less evenly
outward in an expanding circular pattern.

[0064] Table 1 also shows that as the secondary quench air volume increased, the

filtration quality factor Qp increased and then decreased slightly.

[0065] Webs prepared using secondary air had visible striations generally aligned in
the machine direction, a surface with an overall smooth sheen and slight fuzziness, and
few or none of the nodules that usually are found in conventional blown microfiber webs.
Fibers having approximately 2 to 5 cm lengths could be teased from the webs using
tweezers. Webs prepared without secondary quench air visually resembled standard
blown microfiber webs collected on a round collector. Some relatively short (less than 1
cm) individual fibers could be removed from these webs using tweezers, but only with

great difficulty.

17



10

15

oriented at O with respect to the machine direction, 9

fibers were oriented at -10, 8 fibers 10 were oriented
W@R005A@496 fibers were oriented at -20, and SoOPOIUS2005/007538

Figs. 3 - 5 showthat the disclosed webs had

consi derably greater machine direction alignnment than

the web prepared w thout secondary quench air plotted
[0066] Fi gAs showinnind abler2, vesbs m:adpasihg serontdry qlﬁbgch aiﬂha(bsjgniﬁcantly

h t L 749 t ent t
mogEreimis Taher B pBrsdbanondtiirbl Wiling! FRoBi Rt 4 ebs
maﬁe uﬁﬁg h%gelav&mﬁeé ¥f R08AdEy hlishch bR QIS mhls%ﬂﬁvcamy idre 20

machi ne directi'on. [0063] The
amp¢tmpsc tposiler s@tengtluﬂmr wpbq hadewutiaant secopflary qmemh #y f | ui d

ced h
(0780 b hout B AP § et i Bhy S4E pEbadll ifhsc sfepBiitimess and
tenkile ﬁtdihgthn mﬁase«etﬂtdf aliy) welss this cplilddediont witholit ¢agsitigtacubstantial
spread into the web in_an aoblong pattern gensﬂﬁg&y
change i hsovrd heyerd! psehanicah pripatenpy s mesagisd 8eing property
g{OV|d|ng a convenient 20 indicator of the primary
Irection of fiber orientation and web formation. Wen
a wetting fluid is placed on the Conpari son Exanple 1
web, it tends to spreadﬁpore or,less evenly outward
in an expanding circul a XBH“F@V%’ [0064] Table 1 al so

shows that as the secoggany REEFpWapgi r vol une
increased, the filtration quality factor i ncreased

[0068Y t Hésing torgsasratimsthiogief Brampk 1, owétbio ymrpéﬂanwebs were
usi ng secondary air had visible §}r|at|on ener al
Prepriegrisms; 390 @ lﬁé‘mﬁﬁﬁéﬁlif Heveng &4 %‘n /mig agd SPeanEaRy) qquﬁhalr and

rall snD heen Zz1 ness
ool puihaigiat PRy R ol TP R R FRE bdoB ki, 8 -
995 NIaY ah® BAhlIdH FBtivE £bR diRRdterdeim. werkblobRIfediABxBfple 1. Set
approximately 2 to 5 cm]engths could be teased from

out brdowdb Eabls Hrage the\ﬁe@mlesNo Viedsongary givetpoiiy A trass flow ratio,
oI B Ehe L SRl b B hRG f pring wevs

Some relatively short (less than 1 cm ind|V|duaI
fibers could be renoved fromthese webs using
tweezers, but only with great difficulty. 17 WO
2005/ 102497 PCT/ US2005/ 007538 [0066] As shown in
Tabl e 2, webs nmade usi ng secondary quench air had
significantly nore anisotropic Taber Stiffness than
webs made wi t hout secondary quench air. Wbs nade
usi ng hi gher vol unmes of secondary quench air al so had
significantly nore

18



Table 4

ani sotropic tensile strength than webs nade w t hout

secondary quench air.
wheas/10xent i ng coul d be used to increase web spPCT/UIWEF007538
tensil e strength.
coul d be done w thout causing a substanti al

and

5 [0067] As shown in Table 3,

of the webs this
change in

For several

the web's overall nechanical anisotropy as neasured
using MDD TD property ratios. 10 Exanples 4 - 6
Swall EFD Webs [0068] Using the general nethod of
E E& mel t bl own pol ypropyl ene webs were prepared
L E )ﬁ@rﬂgrmry air flowng at 3.4 nB/mn and
SE&t ary quench air and collector vacuum adjusted to
ar ¢ol|l ected webs having an 80 g/ n2 basis weight,
8 15 %orsotireiity and smaller effective fiber
disapeters than|were obtained in Exanple 1. Set out
bé gwd n|Tablle |4 are the Exanple No., secondary air
v@gﬂy N gass flow ratio, effective fiber
diigetzer jand [the fiber count and fiber alignnent data
fgr'g he nesul{tiing webs. 18 WO 2005/ 102497
RCT/ US2005/007%38 0 oo NOO x''30 WO~ O ~O1I0
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15

,-- s QMrd Q~nd d. MM ab,~"~ 00O Ol 000 o vV
by NOd alVIin 19 WO 2005/102497 PCT/ US2005/ 007538
WO 0®6A)24%5 shown in Tabl e 4, webs havi ng substBet/U81005/007538

machi ne direction fiber alignnment could be nade at a
variety of effective fiber dianmeters. 5 Exanples 7 -10
and Conpari son Exanples 2 and 3 PET and Nyl on Wbs

[ 0070] Using the general nethod of Exanple 1,
[0009] Vet Aystme incTadid, hidb&h&vi(l" RibEtantialmachind direction fiber

(ULTRAM DTM BS— 400N n , |1y available from
aliggmagnt eoipld by éﬂ% 855@3"(“(‘{3 Sﬁb@b ifGhwoven webs
usi ng 350C prlrrary air flowng at 2.9 nB/mn 10 and

opti onal secondary quench air. A 12.7 cm DCD was used
t o prepar e ExampRET7 wédand Leanparison Fxampde? and 3used to

prepare the nylon web Th | ected PET webs had an
85 g/ n2 basis weight, ﬁgT '@Oﬁgl %gf’lﬁ/ and a 16 m EFD.

ooﬁo COlTiRE iR en¥ladMm ’dl«l%ﬁf‘of!E&dml 17 ihyRenb a&bshtialhigitRET”)
[ F 6% 5}0%1%?%& gndea 17 - pe g%@ésgt Ilout el ow fQ

andrajdp@ (GLTRAMIPR lﬁéﬁﬁN@me C@nm@tmqib'r%a Eﬁr@ﬁapBéSF Corp.),
WS Ea TSR G BERE SR PAFER b P ingHt 2.9 mmin

t ' ET web
RISk ARSI 822 P B Orin e P v

and a 16.5 cm DCD was used to prepare the nylon Webs The collected PET webs had an

85 g/m? basis weight, 5 — 6% solidity and a 16 pum EFD. The collected nylon webs had a
70 g/m?2 basis weight, 5 — 6% solidity and a 17 — 18 um EFD. Set out below in Table 5

are the Example No. or Comparison Example No., secondary air velocity and mass flow
ratio, polymer employed and the fiber count and fiber alignment data for the resulting

webs.
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25

al i gnnent could be made using a variety of polyners. 5
Exanple 11 Additive [0072] Exanple 2 was repeated
W@ gi08goR91L. 5 % addi ti on of the additive pol y(4rPeEUR0D5/007538
1-pentene). This increased the filtration quality
factor QF from1.5 without the additive to 1.7 with
the additive. 10 Exanple 12 Additives [0073] Exanple
11 was repeated using a 1.5 % addition of the additive
[0079] Y ( 4d@iotvnlin ThbReS) iwebe havinglsubsOnbaldmaddtic dirmotiof fiber
MASSCORB' 944 hj ndered a light stabilizer. 15
aligrmeenheppldhe Mnge MeiRE 2 GEgLY tpo}e%‘f gor ona-treated. The
filtration quality factor QF was 2.5, and nore than
doubl e that obtai ned usi ng webs nade from conventi ona
untreated pol ypropyl ene Example bl crof i bers made
W t hout secondary quench a Exanpl e 13 and
Conpari son Exanple 4 20 (é’—‘i%g f uation over Tine
[0d7@?74] Eddiplo2 W78 rgRarE AkingRt N9 ¢, afditotadmheadditive poly(4-methy1—

t bl own 'p onproEerne webs were repared wth and

1-peitenol (Thisneredendthg fidiratien suplity) festpigF dtony 1§ vighout the additive to

secondary. quench air:polynmer mass flow ratio,
1.7cwilthe-2dfidiyeed, hydrocharged, and eval uated to

deternmine their filtration quality factor QF. The

webs had an 85 g/ nR basis weight, 19-21 m EFD, 25 and

a pressure drop of 0.4-0.Fxample2® at 42.5 L/mn. Set

out below in Table 6 are 2ggy.gg factors after various

cumul ati ve DOP exposure | W85 the web made with

[0d7BY aNPEmplS ) 1 Has ‘féﬂeﬁt@ﬁﬁlsﬁl NpRYJ sdditidaxerthd eddive poly(4-methyl-
secondary quench air. 2005/ 102497

1-RAENESTCUCH).- @0475@tlorrafaCHIMA©§@m@%bmé&r@ﬁﬁ%nq@ght stabilizer.
The w%%a{s Hrocﬁ)ggex\ﬁlkft? nog:ogg-%gt%d.d' Th%ﬂitﬁﬂ%%alﬂ%?ctm(ﬁp was

2.5, and more than double that obtained using webs made from conventional untreated

polypropylene blown microfibers made without secondary quench air.

Example 13 and Comparison Example 4

Qp Evaluation over Time

[0074] Using the general method of Example 1, meltblown polypropylene webs were
prepared with and without secondary quench air flowing at a 1770 secondary quench

air:polymer mass flow ratio, corona-treated, hydrocharged, and evaluated to determine
their filtration quality factor Qp. The webs had an 85 g/m2 basis weighf, 19-21 um EFD,
and a pressure drop of 0.4-0.5 mm HpO at 42.5 L/min. Set out below in Table 6 are the
Qp factors after various cumulative DOP exposure levels for the web made with (Example

13) or without (Comparison Example 4) secondary quench air.
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20

(my) Initial 1.8 0.7 50 1 0.2 100 0.6 0.15 150 0.45

0.1 200 0.3 <0.1 [0075] As shown in Table 6, a web
wora@e/1039ng secondary quench air and having  PCT/US2005/007538

substanti al nmachine direction fiber alignnent provided

significantly better filtration 5 performance than a

web made wi t hout secondary quench air and having | ess

fiber alignnent. Exanple§meeéhd 15 and Cbnparison

Exanpl es 5 =f%(—"F-eategdFfurnace ) 076] The
cor ona- t r eat p&UEHHA V&It ok a]\écc}g’ af%ﬁ“@%‘s%bs, t he

corona-treat ed dNQP hydr o%grgé‘d Co BExanple 1

webs and a sarfphallesge,ACCUAI RTM corl ond¥ebs &F ed

spunbond pol yet Hyr@\ne/ pol ypropyl eme twi nned fli ber web

(71 g/ n2 bas|s umitight, | -20 8 EFD, conﬁm%cially

avail able fre

50.8 cmx 638.
D

mikKinmhorl vy O arle Cormn ) WL rT'ed I nt o

LIA\J LA I | y oA TAT_IN AIT | Ul

5 x21cm1h|ghflltevp2lel megnt s
havi ng pl eat § T07pdTKe[plreapgd media I§Psshown in 15
Fig. 7. The eats 102|were arranged so that fthe folds
wer e aligned vvitﬂ15(i)he 1 ransﬁwéise di re@tli on with 87
pl eats (13. 8\pleats+-1oem erg—the—tong—dinensi on.
The pl eated fredi 206100 géndvvl ¢hed B% ween and
gl ued to expanded metal supports ITKe support 110 and
nmounted in a cardboard frame |ike frame 112 shown in
[00F5). 8As shovar im Beble G rmedetf mhdleemsiﬂtg' $eeondarry tyeench bir. andheving

fini.shed fi val uat e rfll ra

sulladiaf e SETPRTRG: Tlanannerded seniraity 81 fitration

perfddidned iih ahesy mAde WRAGIAbcoranyl qélaﬁdlparir AN hdhiBoIRbd ber
Devices for Renoval Efficiency by Particle Size" at a

alignmgeniy sec face vel oci ty. The results reported below
in Table 7 show the m ni mum conposite efficiency
values for particles in the size ranges 0.3 to 1 m 1
to 3 m andEgamples 34 Andidhivd CopadssicRLanples 56- 7 ot al
filter weight gain (Ptot al _particul ate wei ght captured
by the filter) after Heptpd Eurpacediilteiie eval uation. 23

[06‘9@] 200041 Qdithl rEfrdd Wéc@lgfgéﬁ %lxample 2 webs, the corona-treated and

hydrocharged Comparison Example 1 webs and a sample of ACCUAIR™ corona-treated

spunbond polyethylene/polypropylene twinned fiber web (71 g/m2 basis weight, ~20 pm
EFD, commercially available from Kimberly Clark Corp.) were formed into 50.8 cm x
63.5 cm x 2.1 cm high filter elements having pleats 102 like pleated media 100 shown in
Fig. 7. The pleats 102 were arranged so that the folds were aligned with the transverse
direction, with 87 pleats (13.8 pleats/10 cm) along the long dimension. The pleated media
100 was sandwiched between and glued to expanded metal supports like support 110 and ﬂ
mounted in a cardboard frame like frame 112 shown in Fig. 8 to form a framed filter like
filter 114. The finished filters were evaluated for filtration performance according to
ASHRAE standard 52.2, “Method of Testing General Ventilation Air-Cleaning Devices
for Removal Efficiency by Particle Size” at a 1.5 m/sec face velocity. The results reported
below in Table 7 show the minimum composite efficiency values for particles in the size
ranges 0.3 to 1 um, 1 to 3 um and 3 to 10 pm. Table 7 also reports the total filter weight
gain (total particulate weight captured by the filter) after completion of the evaluation.
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Hi gher m ni num conposite efficiency and total filter
wei ght gain values correspond to better filtration,

wo evgae24service |ife or both better filtrati onPERtS2005/007538
| onger service life. Table 7 Exanple Web Wb Initial
M ni mum Total No., or Enployed Treatnent Pressure
Conposite Filter Conp. Drop, mm Efficient % Wi ght

Hi@er niiaimud? @Bpdsite eBfidiencyGnddtal filtey wWeight ggim @Sued carrespynsd to

betfe SRR b ESGRIE Bt 5POPoIg: AIBORa gyt prvie it

treated and h drochar ed Conp. Conp. Ex. Corona- 4.6
36 71 86 23.8 Ex. 5 1 treated Conp. Conp. Ex. Corona-
4.6 42 81 93 33 9 Ex. 6 1T@|P'@é17t ed and hydrochar ged

f‘f\l IAL D 4. la¥aY a4

DR, T A it 361 Mitimupa "S0]Total
1\% e % ’ ;}lﬁl\@% np @lstg f 1 CQy ysttk €at ¢d Filter
oercor or ed an ydr ochas ﬁﬁ[n rrelEtt LAWY (D9NVOVRRight
} Oqace u5| ng secondary que al r—gydr hav ?% 101 Gain
subst@antii al  nmachi ne direct]on fiber i ongent | 254 mm
(Exanpl @s 14 and|15) provided nuch te@ltne hi fiim H o
conpositle efficiency at a 1 mm H20 g SSJEﬁldropti 2
ot herwige sinilal neltbl ownl 10 nonwgven rrede ()
W t hout |dSeBREEr Cgﬁf@%'ch air arfd hai 1§ &s| fier 35
Lal i gnmedt (Conpadtcdeth Exanples 5 add 6). The Example
15 and BEaApPE 215 GREWE- al so| had-! 5371 89 A ARETA
treated and
hydrocharged
Comp. Comp. Ex. | Corona- 4.6 36 | 71 86 23.8
Ex. 5 1 treated
Comp. Comp. Ex. | Corona- 4.6 42 | 81 93 33.9
Ex. 6 1 treated and
hydrocharged
Comp. ACCUAIR | Corona- 4.6 41 | 80 91 26.1
Ex. 7 web treated
5
[0077] As shown in Table 7, corona-treated or corona-treated and hydrocharged
meltblown nonwoven webs made using secondary quench air and having substantial
machine direction fiber alignment (Examples 14 and 15) provided much better minimum
composite efficiency at a 1 mm HoO pressure drop than otherwise similar meltblown
10 nonwoven webs made without secondary quench air and having less fiber alignment
(Comparison Examples 5 and 6). The Example 14 and Example 15 webs also had
comparable or better minimum composite efficiency than a commercial spunbond
nonwoven web (Comparison Example 7). The Example 14 and Example 15 webs had
better particle capture (as evidenced by their higher total filter weight gain values) than the
15 Comparison Example 5 — 7 webs.

Examples 16 — 18 and Comparison Example 8
Pleated Furnace Filter Pressure Drop vs. Face Velocity Evaluation
[0078] Using the general method of Examples 14 and 15, a meltblown aligned fiber
20 polypropylene web was corona-treated and hydrocharged but not heat treated. This web
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conparabl e or better m ninum conposite efficiency than
a commerci al spunbond nonwoven web (Conpari son
wEx@spbdR97) . The Exanple 14 and Exanpl e 15 webBCTIES2005/007538
better particle capture (as evidenced by their higher
total filter weight gain values) than the 15
Conparison Exanple 5 - 7 webs. Exanples 16 -18 and
hadCe FaviDsDabeES diffptss valuklaadisiderttiffeddetowad ﬂaemdBroeffsqample 16. A

vs. Face Vel.ocity Eval uati 078 th .
Sﬁ%‘ifﬁ’éﬁba‘l"asrﬂPP%ﬁ‘}/ EFERoHBH gga%naﬁadrf%g afiment. This

weﬁ byl 3@ EQ? Mlib?ﬁber %fﬁ@é%ﬁ&%ﬁ?@ﬁeﬂ@@e%o& Qs ﬁfé&ﬂéﬂ &ﬂ@)@ﬂlple 17.
rocharged but not heat treated. This web 24 WO

A m%ﬂmmamfpmm 06i8£ 00 %%addima of the ddify epahg-methyl-1-
tiffness val ue i dent i bel ow,
R LR T e
TaEfS%_rS@HﬂreEsr R B is idinelie€ Belb @28 theaneb bEBLanisle aB mghe Example 16
This web had a 2.2 MD Taber Stiffness value and is

— 8veghsiand e gampleqf AHSCUAIR watpnafiropted gpnbond. A yet
' ?
po R B RIFRBEE ot B0 2 U b

iddﬁﬂﬂé@hé‘l&ﬁv@is nige wols oh€anphriseatBxantple Shivare fimimddadtoadBenT x 27 cm X

sl S NS B
ﬁlt%ﬂ:rfﬁhq ﬁﬁ%ﬂl’ﬁ'cﬁl ﬁ@ﬁ%@‘léﬂg‘%ﬁﬁl@gsﬁrﬁ’ BWABREe sandwiched between and

pol yet yI e e/ pol'ypropyl ene tw nned fiber web (having a
ghied to Mpahdbemetl shfpoets sikaseppoitddAtin Fig 8. Balaseriessofirhies, each such

R SRS & ORI b Ao b DRk

pertitied tHeS1éat lea s tHBE lpﬁotbgﬁ BADWhe ffarfit gde PlatéEh@uched the filtration
filters had 1 8 pl eats 8 cm al ong the [ong

mediianesiges bei, peamiftodaient smvaventh ddeniouss laﬁwnte% pigeg@ aguum table
xpand S

R SREBSE0 By SHORLE AL S SIRRIE TGRS st

spithiine@ «5bthvtip dastmaleffranre SVMSOSmxtIIralBSAEé?me Ted é)ust and talc into

plates permtted the pleat ed &’8 o@or hed.
theméstfqawt&ﬂaeeﬂb«rraqr%u%ﬂa%% M G35 G crbobienat an
apﬁ%%ﬁ?atp Yis RRECHCE SEI0R] tf a’g?ﬁ@i‘fﬁﬂﬁ@& a sﬂ_ﬁb?alﬁlaﬁﬂﬁu%@ﬁadmg level.

ed atop a vacuum and exposed to air froma
Sedouﬁhﬁ/lmdhyl" atile 8 atesttie Ifitter desoripticme, XD Tabres Stiffness|velgs dnd total

inkling a synthetic dust made from a 50: 50
ﬁlﬁ%’t‘a{)ﬁﬁ‘égﬂfl 3&@ ‘Fine Test Dust and talc into the air
streamuntil the filter pressure drop reached about

0.35in (0.9 cm of water at an approximate 1.5 nisec
face velocity. This sinul attable8 subst anti al nat ur al

| oading E;{aelili)le No. or { MD Taber | Total Filter Weight Gain
Comp. Ex. No. Stiffness (2
16 1.7 37.9
17 2.2 40.2
18 3.7 334
Comp. Ex. 8 2.1 36.2

[0079]  The filters were next mounted in a duct equipped with an anemometer and
exposed to flowing air at velocities sufficient to cause pressure drops between about 0.2
in. (0.5 cm) of water and 1.2 in. (3 cm) of water. The Example 16 (1.7 MD Taber
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descriptions, MD Taber Stiffness values and total
wo Riosan249ki ght gai n val ues. Tabl e 8 Exanpl e NoPCDUSNIG/007538
Taber Total Filter Wight Gain Conp. Ex. No.
Stiffness (g) 16 1.7 37.9 17 2.2 40.2 18 3.7 33.4
Conp. Ex. 8 2.1 36.2 25 [0079] The filters were next
Stiffoess) flderibegan thusxthitdtuntizpaide plethdefornzationpmenidesteglriy pinching

Ry ek LB SR S Bl By
Ex%pl‘éqW b 2a0 taer Sﬂfﬁlé.ﬁ% éﬁ@bﬁ [Exafip® EXRMRIbegakbio exhibit
Taber 25 WD 200 /10249 PCT/ 152005/ 007538°
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anERYPHPY rea%iag (aawugalgmgsk foat%’fegp ligks ofdicant %ﬁ@ 1’263 Hxample

IR 8 GHIE R ephi BB st .

shabed mFlgI 9 ahe Exanp]atl 8dfilter 2xhibit¢d3a imdar ingresss Uy reshuogpdrop as

f th h f
st dngreed. Wit b G ARG Ral BRFLE ot
indiiivE oF fif?:ﬁtsdlé’ct)rt@ﬁaﬁ@élﬁl&’@u{c%éﬁé@ 116), Exanple 17

(curve Exanpl e 18 (curve 118) and Conparison

Exanple 8 (curve 119). As shown in Fig. 9, the

18 filter exhibited a |i n
005D <5, Pl oo diBCaris i P foni R i A EPRALA ppparent o those
ski®led) @1 the @itvithdut Hé}f@&ﬁn binlihiks ek eatiow NThis ﬁm&hnme shpuid gt be

i ndi cati ve of Eleat stortion, as airflow increased.
resiigebtp thetrwisel mlzﬁeflﬁ@ta”prtb hsrexhenly ford Hugtraivg PBIPOESH: s
invention will be apparent to those skilled in the

art without departing fromthis invention. This

i nvention should not be 15 restricted to that which
has been set forth herein only for illustrative

pur poses. 26
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WD 2005/ 102497 PCT/ US2005/ 007538 CLAIMS: 1. A filter
el ement that conprises: a nonwoven filtration web that
whamsnaas? of fol ded pleats and that contai ns 5PCT/US2005/007538
thernoplastic fibers, a majority of which fibers are
aligned at 9020 with respect to the row direction. 2.
Afilter elenent according to claim 1l wherein about 55
ClraM$rout 90% of the fibers are aligned at 9020 with
respect to the rowdirection. 3. Afilter elenent
1. acc K ditar:1émertttirdt Rohpyb&r ei n about 70 to about 85% of

the 10 collected fibers are al iquned at 9020 with |
r espawnwoyen Hitratign, veebthatiag pwsof Talded plegts agd dhat gpntains

ggggl{ié%x%_gla fic {é{,@r’g,rg ha SRS &t &e}lgfc%; ?iﬁ@t%tagbgéﬂ%%%fl Iaggg’%ﬁ@ Rfth respect

m can be teas rom
fil tetheabendrectiawcording to claim 1 wherein the fibers
have an average effective fiber dianeter of about 8

to apayt 25 m 15 6. A fjlter el ement cor di %

2. o) e fignet s emdingds ol Ty gl o510 paRdgg ot the fibers
t he ard AigdleaBeodenst \weth $é5peftad e dwidiecdos.ect i on
transverse to the row direction to the tensile

stren%th in the row direction using a 50 mﬂgaug%g
3.1 endh Rlterelementiaceqrding)te glain 1awhespiniahgutt 9 te12hpwh 8% of the

wh . . i f .
R Tl

to the row direction to the 20 tensile strength in the
4.r ow Alfittercé] eroentiestording t6 0laimm lgehryein|fibegs havirg ledgths bf about 2 -5
el enent accor di tg claim1l wherein the web has at
| eadt™ G .elte?sgfi:}'g’%%et i n-pl ane Taber Stiffness in
the direction transverse to the row direction to the

5. Tabex £1t&t d1éh 8RS cdrdidge claw 10k i@6ihitafib&s hdvd dd 4v@Fage effective
el ement according to claim1l wherein the web has at

| eadibendipmeter of abews 8gp abow 25HEN n- pl ane Taber
Stiffness in the direction transverse to the row

6 gi r es i Srebehnieor R s Tl by B st 451 o of the
fil tinplakeemsilt saemgh di thg directzindramsvervdiortbe row Aizeatmpdo the

surfaces of t b exhibit .
tens?le strengtﬁI 1en the I'OW)&II'GCUOI’I using a 50 mm gauge length.

7. A filter element according to claim 1 wherein the web has at least a 4:1 ratio of the
in-plane tensile strength in the direction transverse to the row direction to the

tensile strength in the row direction using a 50 mm gauge length.

8. A filter element according to claim 1 wherein the web has at least a 2:1 ratio of the
in-plane Taber Stiffness in the direction transverse to the row direction to the Taber

Stiffness in the row direction.

9. A filter element according to claim 1 wherein the web has at least a 2.2:1 ratio of
the in-plane Taber Stiffness in the direction transverse to the row direction to the

Taber Stiffness in the row direction.
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striations corresponding to substantial alignnent of
i ndi vidual fibers transverse to the row direction.
wdaeosaXptter el ement according to clai m1l wheP@&i/nSA05/007538
wetting fluid placed on the web 5 preferentially
Wi cks transverse to the row direction. 12. Afilter
el ement according to claim1l wherein the web has been
10anneqkitier eld@entActondingrto elagirdnvhaeia dicima@r sarfadeabfithe web exhibit
wherein the web has been corqna-treated or.
hy drséavepg eerrespanding FetsEe aﬁ&v@ﬂa of lrgﬂ?z@é%l@oﬁhﬂrﬁ frgsverse to
el engdiow WhéGidnmet hod conprises: 10 form ng rows of
pleats in a nonwoven filtration web that conprises
thernopl astic fibers, a majority of which fibers are
llal i ghégenelegeracopndingrte slpantl whaseinpevettng diidgdadedon the web
and cutti the.pleated filter el.e to a desired
o2 il MR Rl b WSRO 10 &1 ot 19
wherei n about 55 to about 90% of the fibers are 15
12al | goéttendleBBRGcesrdmgrtespeat] witeréinehe web tay ehiagnealdsd.
A net hod according to claim 14 wherein about 70 to

abou 5%.0f the callected fibers are i gned at 9020
135, ¢ TR AR G Sef e et cin d CYRGHY e VoAb g gorons Hested or

accqlryqltd&ga%@d_cl aim 14 wherein fibers having | engths of

about 2 - cm can be teased fromthe web. 20 18. A

met hod according to claim14 wherein the fibers have

l4an vy ecipd offmakang & plepiep dilter elpmept whichmethed corgprisss:
0 A 10 _ . . .
about 25 b s SFDASIREAIEAA S LD B WS A0

t enghértoplasaa Gbérs] ambjeeityof which dibetsrapnsligiicd @t 90°+20®with respect
row directiogn to the tensile strength in the row
di r detheio™&rssH§o®% 50 mm gauge |ength. 28 WO

R T

to claim as a filtration qu
factor QF of at |east about 0.6 using 100 ppm di octyl
15pht Mahetledrscondiigds chrami Idgvizerein aboutidge abostINGeaf the fibers are

and 700 L [ ing at 7.cm sec face velocity. 21.
A mat et A e br oS PR AEr R e web has at
least a 4:1 ratio of the in-

16. A method according to claim 14 wherein about 70 to about 85% of the collected

fibers are aligned at 90°+20° with respect to the row direction.

17. A method according to claim 14 wherein fibers having lengths of about 2 — 5 cm

can be teased from the web.

18. A method according to claim 14 wherein the fibers have an average effective fiber

diameter of about 8 to about 25 pm.

19. A method according to claim 14 wherein the web has at least a 2:1 ratio of the in-
plane tensile strength in the direction transverse to the row direction to the tensile

strength in the row direction using a 50 mm gauge length.
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5 plane tensile strength in the direction transverse
to the row direction to the tensile strength in the

w0 owsdoxeTti on using a 50 nm gauge | ength. 22.PEr/meiobed7538

according to claim 14 wherein the web has at |east a
2:1 ratio of the in- plane Taber Stiffness in the
direction transverse to the row direction to the Taber

20.St | AfmetBed adeotrdirg tooslaidi IEwherem. thd e Bas Afilteationdjuality factor Qp

according to claim 14 wherein the web has at |east a
2. 20flat deatst about 0:6hsingnl00ppamdioqtybelthapierpicdes hayingfesize range

st 1 ringeu) TR TR oS AR VPR Gccor ai o

to claim14 wherein the major surfaces of the web

21.exhjAlihéthod tedoadihg tsclainr 1L wheriti thg web has bisleast Ridal ratio of the in-

alignnent of individual. fi.bers transverse t 51th .
7 owblans Sesileitongth in Ao drsriian HEReRe y teg ol Arepfigato e tensile
wher.ei _ e . I | |

pre?g%gﬁ??b %%hﬂgg%gﬂ??gﬁggérse tg&'ﬁé row di rection

26. A nmethod according to claim14 wherein the web has

22.beeA methed bewrding to daiel hvdersicbe avahdias ot lepstian: i zatio of the in-

wher gi n_t he has .peen [ ona- .20.:

hy dp@gﬁ gpléeg §_t1% SS TR tﬁ%&lﬁ%ﬁgg grglgsrvtglfs%gs ?r% rgfvaﬂh%gggn to the Taber
wheRrgiReds i€ theaBwhteciod.i | tration quality factor QF of

at | east about 0.6 using 100 ppm di octyl phthal ate

articles havi [
23.? r a@empthéd g?cyolac?i%g gchgllgiég 11& gvglgre%&gtey _r;ts %81629[% 2789 130 of the in-

24.

25.

26.

27.

28.

plane Taber Stiffness in the direction transverse to the row direction to the Taber

Stiffness in the row direction.

A method according to claim 14 wherein the major surfaces of the web exhibit
striations corresponding to substantial alignment of individual fibers transverse to

the row direction.

A method according to claim 14 wherein a wetting fluid placed on the web

preferentially wicks transverse to the row direction.
A method according to claim 14 wherein the web has been annealed.

A method according to claim 14 wherein the web has been corona-treated or
hydrocharged.

A method according to claim 20 wherein the web has a filtration quality factor Qp

of at least about 0.6 using 100 ppm dioctyl phthalate particles having a size range
between 10 and 700 nm traveling at a 7 cm/sec face velocity.
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