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ALl GNED FI BER VB [ 0001] This invention pertains to

fibrous filtration webs and a nethod of maki ng such
wowed@s/1odser e t he webs exhibit fiber alignnent iPCT/H82005/009163

machi ne direction and have lengths of 1 to 10

centineters.. Background [0002] Meltbl own nonwoven

fibrous webs are used for a variety of purposes

including filtration (e.g., flat web and pl eated

filters), insulati oALIGNED KIBERIWEB'ti | e substitutes.
Ref erences relating to neltbl owmm nonwoven fibrous webs
include U S. Patent Nos. 3,959,421 (Wber et al.

622
[OO(ﬁ] Y T%é ?ﬁ\%&ﬁﬁﬂ‘pé@ﬂﬁ% troeﬁem%lgs ﬁ_’ltlgﬁ(gn %@s éﬂsﬂgﬂ(n' Eﬁﬁbog Eraalqng such

webs \A&EQ@ tha 8vebriaylniby fiber @lign)nenSmGB@ n¢ling Airtkatmneanddiavy lengths of
1toi0667 749 (Lau et aI ), 5,772,948 (Chenoweth) and 5, 81
H§5m et al.). References rel ati ng to pl eated
fllters i ncl ude U. S Pat ent Nos. 4,547,950 (Thonpson),
5,240,479 (Bachinski), BalBromfd (Mdkiff et al.),
5,820,645 (Murphy, Jr.) and 6,521 ,01 1 Bl (Sundet et
[0062]. ' Mklth)owremshwdvesfibRais evebs Amplsied &bri covarietpodf maposemnincluding

ﬁlﬁ%%ﬁo %cl‘)l (%%%gﬁslgiltegs tatalqe;tg f?(lldlg% gﬂcg%eg;u?ﬁ ubjﬁgutes
Refér@f{c%@ b i19n aée 20831h15%9R %ﬂ\@@véﬁ%ﬁxwgﬁqﬁb‘lﬁﬁe Uy.? 'P%L?énlt Nos.

i nvol ves osition of fibers on a novi ng | ect or
3 95§Lﬂf2‘la(@%ebepetr AAph 670259 @/Ia@smgsh@@ ) GUFA06S GMiltigas o al),

s iR S T e RRa o o e g 27s

(AlISHBY 41.)EX 66T\V4S O RB1L S @tml@us (@HMﬁ)‘erﬂ{) AR SN 178 Adam et al.).
g., tensile strength in the machine and transverse

Reféﬂeﬁ@étf@léh@g tq\ldﬁﬂﬁ@ixﬁhﬂﬁ@tﬁhﬁ&d&ﬁa&@ﬁéﬂ@ 8541958 ( Fharapson),
5 2PV BackiBsiIf 709,735 (Midkiff et al.), 5,820,645 (Murphy, Jr.) and 6,521,011
B1 (Sundet et al. ‘011), and U. S. Patent Application Publication Nos. US 2003/0089090
Al (Sundet et al. ‘090) and US 2003/0089091 A1 (Sundet et al. <091).

Summary of the Invention
[0003] Nonwoven web manufacture typically involves deposition of fibers on a
moving collector surface. Perhaps partly as a consequence of this motion, the collected
web may exhibit a small degree of fiber alignment 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, we can obtain webs with improved
mechanical properties or improved filtration performance. The resultant webs are
particularly useful for forming pleated filtration media having pleats generally transverse
to the machine direction. The present invention provides, in one aspect, a method for

forming a fibrous filtration web comprising:
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products having wel | -bal anced and generally isotropic
physi cal properties. [0004] W have found that by

w0 enositege nonwoven webs havi ng nmuch greater thaPCTHUos200$/009163
fiber alignment in the machine direction, we can
obtain webs with inproved nmechani cal properties or
inmproved filtration performance. The resultant webs
ar @) pael-bbavwiag Ia;ﬁhevs-écﬁmiing therrhopladticgngbea tthdugh bb pagy of

A BB B ST A ORE B4R Bt o,

one aglaehts tRatHBd ﬁ%i‘mﬁt@& 1ﬂt9 FiBERGnd d{ré@cé@ %bivafr&é 5 p&loli®n
web conprising:a) nmelt-blowing a fiber-form ng

thern@élleatmn girfpge baviag atdkrcoztwwfmptm ay of nozzles in

treamt
) B FREAE «ftlnd oBk pPpulary Al E R ORI B E P g o
and discilitettie fibemrtd and fd@enttall ¢ &l dRicigatiikt theldi@e®on of motion;
having a direction of notion; b) inpinging at |east
one s@é‘ondary fluid streamupon the filanents or

{1 Rer 31,05 Rl o E phIREE I AoRBE L, Yoldh
an i ol B prff gt AERE ol

agal nst I rec not | on; I ng
t he ﬁmmﬂﬂewmnmﬂhe porous col | ection surface to forn1a
nonwoven Iomn web wher.ei ) the se ondar id
whegaiy die, s lﬂétrﬁ%éﬁgsef rediers o gse! lét?fsvf%i fw thy a

ma_](\%\nljﬂ?tof ?he"%lll@éﬂe& ¥ib8fs b8 gl Wi do J}%édﬁéc%oﬂlo‘f 9%fn, and

hin 20 of the direction of notion, and wherein in a
whevsibirt dhweb et haonottheem hént seated diltcechavingdlengthh af bt 1 to about

| engt.hs of 0 about 10 cm can be teased from
10 Ph%a%\/b@a 6%@ {hﬁ’ve}not her aspect, the invention
[0003] OVi Hlea%oﬁlef bﬁfe@u $hd ink rftidhipesyideitLfibdls filratis naA&A &f the
a web having an él ongate | en t hwi se di nensi on

forng of 3 welp badha gn elyngatgilengthivwismdigiension corresponding to a direction of

web formation and a narrow widthwise dimension transverse to the lengthwise dimension,
the web comprising nonwoven thermoplastic fibers a majority of which are aligned within
+20° of the direction of web formation, and wherein in a web that has not been heat
treated, fibers having lengths of about 1 to about 10 cm can be teased from the web.
[0006]  These and other aspects of the invention will be apparent from the detailed
description below. In no event, however, should the above summaries be construed as
limitations on the claimed subject matter, which subject matter is defined solely by the

attached claims, as may be amended during prosecution.

Brief Description of the Drawing
[0007] Fig. 1 is a schematic side view of a meltblowing apparatus for making
nonwoven webs having fibers substantially aligned in the machine direction.
[0008] Fig. 2 1s an overhead view of a vacuum collector for use in the apparatus of
Fig. 1.
[0009]  Figs. 3 — 6 are radar plots showing fiber alignment.
[0010]  Fig. 7 is a perspective view of pleated filtration media.
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web formation and a narrow w dt hwi se di nensi on
transverse to the | engthw se di nension, the web
W@ 9pndesng nonwoven thernoplastic fibers a naPOr/Us2009609163
which are aligned within 20 of the direction of web
formati on, and wherein in a web that has not been heat
treated, fibers having | engths of about 1 to about 10
[001ain caFigh®isteepsqitcfivonetvhpartieldy in] @OHE], ol hpkatedritltennivemted in a
aspects of the invention will be apparent fromthe
framget ai | ed description below. In no event, however,

oul gt I tat i ons
[00122 Figl 98 @Qfgﬁsubj it ﬂlt%ls}t)llagsu‘fé)ﬂl%f) e Podityni

t he cl ai ne whi ch subject ‘matter is
[0013¢f i rlgile mﬂs@hye fymbdiginghe sehed fguedsed theadrawing ipdicate like

ur i osecution. i ef. Description of the
elenﬁ‘qgv\ndﬁ‘ﬁ F 1n&f1§§ gy nY {? fic side view of a

nmel t bl owi ng apparatus for maki ng nonwoven webs havi ng
fibers substantially aligned in the machine direction.
[0008] Fig. 2 is an d¥etpi esgrpiioBf a vacuum

08 555,19 SOOI 85 B 0D
entah S18AGht d?iwmt'Boh&lng off esfilRed. i ve vi ew of pleated

filtration nedia.[0011] Fig. 8 is a perspective view,
[00154 ¢ i Hhq Bhrase 5@@%W%Welbffeﬁff%)‘loé‘di%%lsf‘f’?tt eapahls | remoYIRg 4t least

partfcﬁe@ 'ﬁvmggg%g%)rag% ?art@le'cﬁ ?r@ﬁen[slg%? an ﬁ'!)ﬁied' tream of air

pressur arr v e re erence
flovdygrinal 5 insdotfeceresloaitysatfain gmtmiqaren‘smtehbo;dmagmag:r ithrechi abatieS 0
I ke elenents. The elenents in the drawing are not to
‘e. Det al I ed Descrl ption [0014] The phrase

[OO@On ve D ‘attenua tltle ﬁfaﬂlmeng r1ntoSﬁbV\Fs rgt%%rtg%ee Egll%gxdsion ofa

segment of a filament into a segment of greater length and smaller diameter.

[0017] The word “meltblowing” refers to a method for forming a nonwoven web by
extruding a fiber-forming material through a plurality of orifices to form filaments while
contacting the filaments with air or other attenuating fluid to attenuate the filaments into
fibers and thereafter collecting a layer of the attenuated fibers.

[0018]  The phrase “meltblown web” refers to a nonwoven web made using
meltblowing.

[0019] The phrase “nonwoven die” refers to a die for use in meltblowing.

[0020] The phrases “meltblown fibers” and “blown microfibers” refer to fibers made
using meltblowing.

[0021]  The phrase “machine direction” when used with respect to a meltblown web or
to a meltblowing apparatus for meltblown web formation refers to the in-plane direction of
web fabrication.

[0022] The phrase “transverse direction” when used with respect to a meltblowing
apparatus or a meltblown web refers to the in-plane direction perpendicular to the machine
direction.

[0023]  The phrase “row direction” when used with respect to a pleated filter element

refers to a direction generally parallel to the pleat ridges and valleys in a filter element
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ent angl ement or point bonding of the fibers. [0015]

The phrase "filtration web" refers to a porous web
w@eapabbwenf renoving at | east particles havi ngPEmuUsS2005/009163

average particle dianeter greater than 10 nmfrom a

streamof air flowwng at a 0.5 msec face velocity at

an initial pressure drop no greater than about 50 mH2
havipg a f@@?ﬂ@}mmée pithpeelich e $1r4§3-c¢ﬁ@dfcr¢aﬁwe aR& ta médigection

gen{:faltﬂg r}r)é atlleF{oecflec' feB: érg&m? gﬁal ﬁa!s ons I r%%g g%ﬁ{gng &%\iall?%art

segnen er
cordigatmts&ncmfeaﬂitﬂbar?&nel g@fe@bllyrmidolai avdulgionsefers to a

thod for for a_nonwoven web by extruding a
IOOEE er - Sse%vépqrapgt heRiBtrdavif) igpeact Eoyaw‘g sipimsite agveb

havtn%r SR doﬁ&%ﬂéysmiﬁ*’é&eﬁéﬁ%ta’g‘% w& aﬁﬁe baid gé@g%a%leﬂdv&ﬁbut

or other attenuating fluid tenua
subkiah@ateetrmgion rgpthich andswherdugeli enﬁﬂfe‘smct oal pleated ﬁ@elarefers to a

ﬁlterﬁ%lﬁ{ssp[?\%ﬁq‘\%gts& g#ﬁlzg g%lssgse r%m\% Smh q5 o gexcesswely

Whéﬁaidb?éc@é@ tB @he 1iPPreSdurd tﬁncﬁﬂ& %ﬁ@ounfb%ﬂ"fﬂ\ff@fbeg laf vehBaB6R systems.
to a use in neltblow ng. [0020] The phrases

(0025 t m mmttf' pfamlsmeamia}’ I @mpﬂomd:hooﬂﬂ@éhs disclobest aligned fiber

I 0 h
wehsn_agﬁw%sgat o) ?l 1@62‘}{% &g%\émg@gstw} iaﬁru?&églg éwgl{i fu?)%%processed using
a rri%ﬁblokxh@gf\&pp&ﬁi@us@ fnd theBuddlolydl Fitds REchPdxl whikderded bolypropylene or

mel tbl own web formation réfers to the in-plane
polyhytlens;delysmidesh Pelypyiets sb¢hors. polrtipgnettireppihakites and other

N T
prefetred| ane di rection perpendi cul ar to the machine

[0026] A variety of sorbent particles can be added to the nonwoven webs if desired.
Representative sorbent particles are disclosed in U.S. Patent No. 3,971,373 to Braun, U.S.
Patent No. 4,429,001 to Kolpin et al. and U.S. Patent No. 6,102,039 to Springett et al.
Activated carbon and alumina are particularly preferred sorbent particles. Mixtures of
sorbent particles can be employed, e.g., to absorb mixtures of gases, although in practice
to deal with mixtures of gases it may be better to fabricate a multilayer pleated filter
employing separate sorbent particles in the individual layers. If employed, preferably at
least 80 weight percent sorbent particles, more preferably at least 84 weight percent
sorbent particles and most preferably at least 90 weight percent sorbent particles are
enmeshed in the web.

[0027] A variety of primary and secondary fluid streams may be employed in the
invention. Air is an especially convenient fluid for both purposes. The remainder of this
application will discuss the use of air, sometimes referred to as “primary air” or as
“secondary quench air” as the context may require. Those skilled in the art can readily
employ other fluids (e.g., carbon dioxide, nitrogen or water) with appropriate modification
of the operating parameters described below.

[0028]  Fig. 1 shows a schematic side view of meltblowing apparatus 10. Molten
polymer enters meltblowing die 12 through inlet 14 and passes through die cavity 16.
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direction. [0023] The phrase "row direction" when used

Wth respect to a pleated filter elenent refers to a
walreosaoieon general ly parallel to the pleat ridperUswds/009163

valleys in a filter elenmenthaving a folded structure

with parallel, generally sharp-edged creases, and to a

direction generally parallel to the pleat crowns and
Smajhewfices grasrsbown imFig. 1) rdiekip A8 raudvahie mpltan polymey ¢ fodm

st I enerall noot h l.at i on
a5 S e LR DS At AR B A 288w
the FiRSRAE 23 zﬁldaattéﬁ’@atéﬁﬂh%ﬁnio%&rm 1B¥s g 184 drl fhtedliector 26 and
coherency and strength so as to be drapable and

form apayverds wet28 Whish canbs deaved awayt ﬁ@mm@e@@r 2@@@@ directipg of

e AR b SHRE ka0 E ST o BB R v
in Figiay. dm oote t6 obllmezﬁp sechndure xlﬁ@awlavlaluppm dhiotyj Rctreged
to the air_ pressure typically_ encountered in forced

acrogp Fhwmh @%W%%S gp@fl&%lmpé@%l]amnvﬁ. fibess, eAuspg) theripers to

oscifld tQ @1‘311%9{1 m%eﬁlﬂ?thg 'n?a&&lﬂt%%e@ﬂ&? Nk ddiReled fibers in
epresenta ive yners are thernoplastic,

the msultmgatﬁbezwa:rd suiatanhelljorrmeea:lmd utsthegnaa:hmel ditecton thgn would be

the B%par aw)\)r @ﬁ%@&ﬁ)@?&ﬁt{%ﬁg}f eng Wr%%;gme direction and

tranRPdr¥ AT Ae8n nReh¥8eh Sk ef’t%%"(e %S ite %a\éﬁﬁ@)ﬂlu‘é%n and transverse
terepht hal at'e; and other mateérials that will be

direttiom btiffiness @mt teosis shichgthy ellsp axhiibie serater aﬁxsbyqbseﬂlran svhane
ti cuI % B}g}gferrz mtp5)00 6] A variety of sorbent
%‘i‘eélglé ol S TP He nonwoven webs i f
002ESi I §4ewiERbASBOLIE | d&&raﬁ@&é@mud@aa EkBShigk-8peed photography,
[ %Iblqsclosed in U S Pat(ent No. 3, 3)731%?%1‘&&%” p. Sty

fibepp24 e 1aid downsmaodlgator 26 ixod ‘mamtbmslai fashingl. Messurpéatethp

coll'é?tor @l‘he 9%11%%§g§ ?an%ﬁal';/a P%%%y llare%e éﬁ?ﬁh 011’%0%#&8@%1% gagﬁ{u% eeg nmore

tharMbixd folets t18f dis @6 bellctad @[dtarfzb €DCBN) H 18P Yidtances shore than half
the }"_)%Da bg &retr)al rgp)e(gaglglge gor(l)dfltlognassrrel:y beaéstpgc?léiI }I;] delzs?ra lre?g tacl:h(ieezve such
paintbrush deposition. For example, the oscillations may occur regularly, may have
increasing amplitude en route to the collector, and may have a wavelength for one
complete cycle that is less than the distance from the secondary quench air outlets to the
collector. Preferably the distance from the secondary quench air outlets to the collector is
not overly long. The fibers may in some instances exhibit a whip-like action at their peak
machine direction displacement en route to the collector, and may momentarily move
towards the meltblowing die rather than always moving toward the collector. Apparent
fiber breakage can sometimes be seen as such whip-like action occurs.

[0030] We have been able to tease fibers with discrete lengths (e.g., between about 1
and about 10 cm, along with occasional shorter or longer fibers) from the collected webs
using tweezers. Ordinarily it is quite difficult to remove any fibers (or any fibers of such
lengths) from conventional nonwoven webs, as the fibers typically are restrained in the

web by fiber-to-fiber bonding or by interfiber entanglement.
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to deal with m xtures of gases it nmay be better to
fabricate a nultilayer pleated filter enpl oying
wa@epaneateel sor bent particles in the individual PElEsFR05/009163
If enployed, preferably at |east 80 wei ght percent
sorbent particles, nore preferably at |east 84 weight
percent sorbent particles and nost preferably at | east

[002K vveMgd’bt 29eimdenises as Bent fupbertticateds Far exzﬁﬂpﬁe,slt&dtréa]ments
t he w? [0027] A variety of, r,i risr and secon}j
(e-8f: PORSE @8#‘@&?’856%6‘3 nghiospan g, 19 i provida s Siior pjch. Heat

trea?gelﬁss gg h@lv%:yercrﬁﬁé’eQP ﬂldlfﬁdﬁﬂt% fté[é g BLA RS BRSSP, ad (1€ fibers

thsa lcation w I scuss the ude of
maaiend teactierans theefrveb nmgf hivoe grsatepmitereiber Abonding or eitanglement.

" nda uench r'* as th ont ext mm ire. .
Profefiod aUURIng S And fasngrinen 1SS paiBb ey Pl ficluding the
o1§1héﬁcd§be(r§ eﬂploy@@r han LBhayi dede, AhidaBBL Anfts M@ t@fperirtel of
pproprlatenol ication o theoeratlng araneters

abodeH Chvedo itiest palympomeBing Bomt for asmowlﬁsaﬂ@n et i0omisiutps are
% (i, of neltblow ng apparatus 10. Ml ten pol yner
pre rs meltblowing die 12 through inlet 14 and passes

[oosi]r oughvaéuammIowoﬂﬁly%airaw@ﬂiowug%r(ﬂt@t34&b QYMist i
in die tip 18 cause the nolten polymer to form

conscrhdam eb 28. (ysrdeasificating @ige using cp}elnﬁm@g) anay haypsyer ggtroy
e 0280 Gl PR AREPB bRl TF P RS Sy pacing

themo)hk}ewhtef af@seloskdfia s ritutesd Wen 5)486,508 toMngddjivand bieal., corona-
away fraoamcollector 26 in the direction of Web

trearlag ﬁﬁfias&lﬁs%mﬂ S BHamNG th 8.3 e brsss yt alg hpjgrogharging as
disciNehi ok Bx AAE, MRy, @pg%&?ctl\%? 5(9(?@t59§ tﬂ@%ui&%aﬁ: ikl Jr)tflb&}argmg as

foute 16 Collector secondary quench air suppli
dlsctlmsedunmU?S 32&‘(@1’( Nay 47 98,860 ssBtdwen. vhdititivesfmayetis@Be mcluded in the

es u he.fil.anments or fibers, causi
fiber] Bulascs e Brep| Sl ich BEttR TP RRc eEh e DlOperiEy Sene

e
inclue fileus hiprdeatiing @geiite (6. 8. NMALIMA DM 3888 dibenzylidene sorbitol,
commercially available from Milliken Chemical), UV stabilizers (e.g., CHIMASSORB™
944 hindered amine light stabilizer, commercially available from Ciba Specialty
Chemicals), cure initiators, stiffening agents (e.g., poly(4-methyl-1-pentene)), surface
active agents and surface treatments (e.g., fluorine atom treatments to improve filtration
performance in an oily mist environment as described in U.S. Patent Nos. 6,398,847 B1,
6,397,458 B1, and 6,409,806 B1 to Jones et al.). The types and amounts of such additives
will be apparent to those skilled in the art.

[0033] The completed webs may have a variety of effective fiber diameter (“EFD”)
sizes, basis weights and solidity (ratio of polymer volume to web volume) values.

Preferred EFDs are about 3 to about 25 pm for flat blown microfiber (“BMF”) filtration
layers (more preferably about 7 to about 25 wm), and about 10 to about 25 pm for BMF

pleated filters. Preferred basis weights are about 15 to 100 g/m? for flat BMF filtration

layers, and about 50 to about 100 g/m2 for BMF pleated filters. Preferred solidity values
are about 5 to about 15 % for flat BMF filtration layers or BMF pleated filters.
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the case w thout the secondary quench air supply. The

web's machine direction and transverse direction
wore@blamicernl properties (e.g., its machi ne di r eBCT/OR20851009163

transverse direction stiffness and tensile strength)

al so exhibit greater anisotropy than when a secondary

Oguench air sup(i)ly is not enployed. [0029] Viewed from
0034 silhe disslose ’afﬁbs/ba\@@uumré@i n@ﬁl}m@éﬁ?f@mhm (ghe@m@d motion or

LTS 8 B, L, DR Oy o

fromipelypsapyildret prefaaltignbb@ss ta ab@lt)@OMadSighe fibeRiafealigned within

o AT e ot BT B For v
madBEARGIRS pBB&I?erfcr}ﬁé‘teH@E fthetljrh?n ayPBY ﬁfv@ér o? REJHRE.| ﬁ& ex%mple,

conditions rmay be especially desirable to achieve suc
as gpganatab guidh fefepehsi madenfrorF polyethatepk ésreplifeal s cprefeattilpalsout 51 to

bl PHR O e B oo 5 PG SR SRt i e

prefiigbl ¢ Al 60 €0 St 80YN3AAs 4 Serlefd Suideddr oS Hh&d AGBSyIdOM
t he secondary gquench air outlets to the collector.

preforadabmit g 1 ik @bcmt JO¥nefehe fibers errealigaednithing s Hiod dhe diraction of
moﬁllﬁg |e€ nﬂé@ﬂ? Qﬁ \kf&%tc% bk ?orﬂ%td %e(AJeXs i\}\%\?lgg Ft;rlggst 80% of the

one I nstances exhi
collectell dibetaliphel wuhm&kl 07ef fendirediisrecft motiordi spl acement en

I
(003 Shhe, abe cbiblass pish bivsipraios mog HEroRisvoaFasya! Riovesigs. One
cla§s%f§eﬁé@w€@ th&F hNe at’gpaﬁtaz{ V\%’T trgtlfldl he B ?ﬁﬁ@ﬂﬁe&ﬁﬁ’l of motion

times be seen as s e actfon occurs.
tenflm@pgth\éo tramrsa'etﬁeelnreaﬁncbreoﬁmoucelaSMHeistrengh\misinlg adfi ()Stmlegaage

et SRR b g e SR e R8Ty v

at 1@4@& b 2qtrago WEDS iplde dieRResnot{dndldbef Sﬁﬂfnésts th ﬁaﬁs%fse
difficult to renove any fibers (or any fibers of such

dirgetipg phBiptipn dab@dYifEess, ehdmoropratsvanty wielssst abeutt2s1.
[(N)Bli]ber $eik %Bés?lﬂl Ité/ cHsFulGRE dﬁclggegi apBarapus and operate it under

conditions that do not provide the disclosed aligned fiber webs, or under conditions that

will provide weak webs poorly suited to filtration. For example, if insufficient secondary
quench air is employed then the above-described oscillations may not occur and the fibers
may not align substantially in the machine direction. Excessively high quench velocities
may provide loftier webs having less interfiber bonding and entanglement and improved
filtration performance, but having severely diminished mechanical properties such as
stiffness and pleatability. Thus it generally will be preferable to employ secondary quench
air within a range of mass flow ratios or volumes. As an example for webs made using
polypropylene and secondary air chilled to below ambient temperature, a ratio of about
500 to about 2000 grams of secondary quench air per gram of extruded polymer may be
preferred, as may be secondary quench air outlet velocities of about 15 to about 60 m/sec.
These ranges may need to be adjusted empirically based on factors such as the
meltblowing die and polymer employed, the target basis weight, target web solidity and
target extent of fiber alignment and mechanical property anisotropy. Pulsation of the
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web by fiber-to-fiber bonding or by interfiber
ent angl enent . [ 0031] Wb 28 can be used as is, or
wo eoosherset r eat ed. For exanpl e, heat treat nent SPCBEUS2005/009163
anneal i ng, using equi pmrent not shown in Fig. 1) can
provide a stiffer web. Heat treatnments may however
make it nore difficult to tease fibers fromthe web,
secoadawmleﬁﬂb@r majralsotberedileyerbat sppeersanod ta brensveksaraylnstead it
hav ter-fiber bon in or .ent | emen
sop i Pt EREHmBIY £ i eSS DRErE R PBE arts e apgvarcs
to a@t@a&;agth@walufeanatt@f@vlﬂéscdoueae@ w%ti@h@%g/ﬂi@ dieSirdd ﬁ’@eﬂ%mpertles
general guide, annealing tines and

00373 rrp e%& 2 er%WFoqt Selisautic wcr@eacdovw of lgellgsdmy20e rDigdPtis pesitioned
Lyaa

closQ % r r e gaftdgg g]cé)lzecctc‘ X gguﬁnut%gﬁ "6% Bgoglgg]gpﬁh%%b ?céﬁosmons such as

p0s1t1bn) B6 g brder iof dlieethiddromerasssofsieb 28. cueh abpadaionitg: meji)fa’i&xample

provGR e TATeRs POy L DREMEISH TheceP s QapLi iigal collecto
surfideSs Eﬁ%pfoy@ﬂ‘ Hs8ad R0 fRe AR YR i qutaﬁﬁ VJIH lB@ 'il?brg’ thﬁcult to

contacting themwith water as discl osed U. S. Patent
obtaipwebs WQ@SGS'OTMS @re Axﬂ@ﬁmtnalla abgred inlhe, mWthn; ang thewebs
37 to Kl a

may €T R b gt B AR B it AfnGpsrom the

seco‘ﬁab@rtfuehﬂl aibo@sts ﬁ&ﬁe t611d0e0498:8d1s e @trim@htal, e.g., by causing too
tribocharging as disclosed in U S._ Patent No

many opgidlaiens engowedathe callgetor, waecsHg hpsitonBationer preessive fiber
aﬁcQ fibers to enhance the web's filtration
bre ger ) . . .
pertormance, nechani cal properties, aging properties,
[0038)r f aBexthpr dpail$ regarding thicemnehiarveldtlemieiibioedn®ould be carried

i nt er est epr.esentative ddltlv |ncl de fillers
out BiiRs @aﬁl?n%ﬁa'é%élfﬁ ajfogn,n &Ll/.@éeﬁsw kyd b%faaak%w.ﬂa%ﬁ?ékﬂled
infeofpitol, commercially available fromMIIiken

Chenical), UV stabilizers (e.g., CH MASSORB(tm 944
[0039] ndeThelfibroin éltta‘t'@htwcbs sl bé fether giffamed éf dedsirgd using a variety of

techﬁ/ﬂ%h afo regamg[n S f %ﬂ}eﬁﬁ% %612 h? gm%‘izg& ?oafarsr}lﬂatg Porg%ther layers of the
webpeky addeRtibyd ml U S PLOREND.. 5,540, 4 BBachinski). The web can also be
made using conjugate fibers, e.g., as described in U.S. Patent No. 5,709,735 (Midkiff et
al.).

[0040] The fibrous filtration webs 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., filtering
face masks), chemical or biological analysis (e.g., affinity membranes), medical devices
(e.g., dialysis equipment) and other applications that will be familiar to those skilled in the
art. Pleated filter media is an especially preferred application. For example, Fig. 7 shows
pleated filter media 100 having rows of pleats 102. The rows are aligned in the transverse
direction, and the substantially-aligned fibers in web 100 are aligned at 90°+£20° with
respect to the row direction, that is, at +£20° with respect to the machine direction. Fig. 8
shows pleated filter media 100 and an expanded metal support 110 mounted in frame 112

to provide filter 114. The increased stiffness of pleated media 100 and the substantial
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active agents and surface treatnents (e.g., fluorine

atomtreatnents to inprove filtration performnce in
W@roosithosem st envi ronnent as described in U. S PEHUSIWS/009163

Nos. 6,398,847 Bl, 6,397,458 Bl, and 6,409,806 Bl to

Jones et al.). The types and anobunts of such additives

wi Il be apparent to those skilled in the art. [0033]
machive diractibefiber aligomentlyansasree @ thardve tirecfonefoltipateibetieved to

bRy TR ety i Tl i e
facé/@élékﬁ‘ﬁes Rrefher w@hsﬁ%g&dﬁlg%u@fbﬂeate@ filter ﬁl@@l‘dtcag Be W0ndQh

flat bl own m crofiber Itration |ayers (nore

copgirding Hah [Rateab dgplication Sgbaldﬂo zgﬁmy degket a GE8IGSYAR), filed

evel\?\g?tgﬁ%elge%valgﬂégn eﬁ1t1ﬁg€{_gﬂ?g%%g)d0/&£ (:.irlgﬁpw E{Le%ﬁ‘%hebg’ §closure of

wh161i1istmairparatelda‘;eemﬁbymfelreﬁhmut 50 to about 100 g/ mfor
ated filters. Preferred solidity values_ are

loo‘b‘do ut Tge fyeghignwil QBOW/JDF SPSCPPSQ wiskyreferqucs i theAollewiag gon-
hmi@iﬁ% B 9ﬂe§ é}fl %1{1 H 4l t}ggs &b ﬁ? %?uﬂﬁ@sc‘otﬂé%ﬁse
stant 1 al I ne rec I on I rect not1 on or
indidated.c S ¢vemal ohcapatemicots vetré caryied bisers fallo\gnnent
general guide for use with webs made from
pol ypropyl ene, preferably about 55 to about 90% of the

fibers are aligned wyfebtive BfbepDihmetedi r €cti on of
notion, and nore preferably about 70 to about 85% For

[0048hs Faigetiver gromsinrefibes siamaiers wornealiaisdacchulingiehe method set

o AL 5 S e L BT AUl o

Megirapicer Bindigeca) Qiondod, Proceatiaps 1800952f the fibers are
aligned within 20 of the direction of notion, and nore
preferably about 60 to about 80% As a general guide
for webs nmade fro r out 51to
about 70% of the ?jilﬁ%%‘gvg}lgfg‘fe?’g%hxhﬂfghl n 20 of the

[0048]r ecThenvahll Mzualomeb é\mxeyrameg\hhs/evaluagaalattmmemssamsbmnents

. fornmed, e.qg., webs at | east, 80% of th

disse R BEREo o P i B DI BT e e ey o

14 B th&hification window.

Taber Stiffness
[0044] Web stiffness was evaluated using a Model 150-B TABER™ stiffness tester
(commercially available from Taber Industries). Square 3.8 cm x 3.8 ¢cm sections were
carefully vivisected from the webs using a sharp razor blade to prevent fiber fusion, and
evaluated to determine their stiffness in the machine and transverse directions using 3 to 4

samples and a 15° sample deflection.

Stress-Strain
[0045] Stress-strain (or load vs. elongation) was measured using a Model 5544
INSTRON™ universal testing machine (commercially available from Instron Corp.).

Rectangular 2.5 cm x 6.3 cm sections were cut from the webs using a sharp razor blade
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[ 0035] The di scl osed webs have one or nore ani sotropic
nmechani cal properties. One class of preferred webs nay
whaoos/ 166l east a 2: 1 ratio of the in-plane di reCT/USW08609163

notion tensile strength to transverse direction of

notion tensile strength using a 50 nm gauge | engt h,

and nore referaggy at least a 3:1 ratio. Another )
and gyatuatedfo datemnune g MBERURHOTor Apd clangpaensat maximyny fargegusing 6

[ -6l j : [ LEfness to

R AL e R SN S

nore preferably at | east about 2.2:1. [0036] It is

possi ble to construct, the disclosed apparatus and

operate it under coﬁﬂP?PBHShFﬁﬁ¥%agnﬁot provi de the

[0046] Sc! paesticy c'pﬁnggfaéﬂoﬁe@pwme d@temuﬁe@ﬁsiﬁgaqisqmmdélfmtao
|

wi Il provide weak webs poorly suited to [tration.
highFspeeé xatoplaced filteritessatiEonimerciallyewaitabds fomUESICIc diand b Sioctyl

enpl gyed 1hen the above-descrihed oscillations may not
Phﬂ@ggﬁ%éﬁ%%ﬁ@%gs POl viBe afa‘f)%-ghgg@b Siabibeated] piptomoters were
empldyRdFREATRI Meer GhEEAd £ gt SSRk YR %g@h&ﬂc&ﬂ%ﬁgﬁ and the %DOP

et t
velocities may provi loftier we aving less

penétratien fibugh terftliong AardKSniressgiedrapsducan(boimypercialiyl available from
VSRS S RS il L08R 0 08

ﬁltepl"?ﬁé@cfuahi)ﬂy' Thus it generally will be preferable to
enpl oy secondary quench air within a range of nass

flow ratios or vol unes. (A3pap pRtient or webs made
usi ng pol ypropyl ene anén ' hilled to bel ow
anbi ent tenperat uk,= i 00 to about

2000 grans of secondary quenchair per gram of

was®¥dd M%%u?a&’% %F;(%ﬁ?/éeﬁ}l&ecaﬂ%gfr%%oﬁﬁq’as d2u ! gtﬁggﬁ%‘ﬁ% DOP

guench ocities about

challghge €otal ISR & feAPARRs ARk (28i88s. L RoREV AL $HiBM Qp value usually
enpirically based on factors such as the nel t%l oW ng

prowddes aastatle indigdtorestvenitl perfbhgarical Wik hiphst Hithe iQgh¥alues
target web solidity and target extent of fiber

indiedtingroetien filmatompetiamniaoed amak loper injtid Qs wilueyydicating reduced
Pul sation of thesecondary quench air may al so be

filtreting nsyieampiae. dpitiehfiliraon quaity factass Qpsefra) leastraboat@l6i(esing 100

ppm dioctyl phthalate particles having a size range between 10 and 700 nm traveling at a 7

cm/sec face velocity), more preferably at least about 0.8 and most preferably at least about

1 are preferred.

Filtration Performance
[0047] Filtration performance was evaluated according to ASHRAE standard 52.2,
“Method of Testing General Ventilation Air-Cleaning Devices for Removal Efficiency by
Particle Size”. The ASHRAE standard evaluates filtration of a test aerosol containing
laboratory-generated potassium chloride particles dispersed into an airstream. 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

10
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appears to be better sinply to adjust the secondary
guench air flow upwards or downwards to a steady state
wQ adogaodehat provi des col | ected webs havi ng t hepdBEE520881009163
final properties. [0037] Fig. 2 shows a schematic
over head view of collector 26. Die 12 is positioned
close to the | eading edge of collector 26, but can be
the monigwniosesnt pattivlguentipn (the dowist@smyestidle oouBMpstneam particle
ord o.,alter the propertie weh 28.. Suc
couplah 500 foF i 315 g B oF st oS iyt peposure dro of
25.4 REESO. Tabslof &ﬁ&fd@&srembba@fﬁ@éw@sg?@érf&ﬂa!neg B at
coll ector surface is enployed instéad of a flat

incrembhtelcdust loalimg letelusiagblsy baidbvelddnmidtodethéd with tn tudtial clean
obtai n webs whose fibers are substantially aligned, in
perfopaaeg CHIVTERRY Perier 6n foraRIcamRosHie B4 VRESPIRIEREDS Hhepinimum

perfofRfice Bt bddhnE2Sran & OISk VR tl%njlﬁﬂé BavO Lo Rl URd hhée

di stances fromthe secondary quench air outlets to t
averaged wed by deteyniat S himidemrdafneencyirepating valoy (WERNV Nr the filter.

too many oscillations en route to the collector,

excessi ve fiber attenuation or excessive fiber

breakage. [ OGS&mpies 1 h@raxﬂﬁtainbarigﬁﬂﬁkﬁin?ge 1 he manner
in which neltblowng woul d be carried out using an

apparatus |ike that sheypropylemedVells and Fig. 2 will be

mli i | ' T "
oo ot TS, S8 B a0 P e s
of adesdindad disqutgich sysierh @hy a flat-betdulietoe arrafzed 20 %@FR. ¢, Lan
conf 5 P DA o oSk Bt Tves

the Wel $Outis cgo?%&l%ﬂ "(‘)ﬁé‘ r)oundgh%ufgg% st S%A P%o%@ gﬂﬁﬂe ;I‘Hcc’ %Iﬁ])g,iﬁed

conj ugat e ers, e.g., as cri Pat en
apphiatus 5vag 09cd7t85m el rdklitflowa pobybropyldne 04b% whee fibdys euese highly-

ali ng%th irtﬁl%i %gl?‘f\é\g leiecglao% %e%gpolnagr?/dairi c?uegcﬁ/ gygsite?rtl gm%{oyed two
opposed horizontally-disposed 76 cm wide x 51 cm high air outlets disposed
approximately 6 cm below the meltblowing die tip, dispensing 12 — 13°C chilled air
flowing at various rates (or not at all) through the air outlets. The flat-bed collector
employed a vacuum collection system located under the bed. The meltblowing die was
positioned over the leading edge of the collector. FINA™ type 3960 polypropylene
(commercially available from Fina Oil and Chemical Co.) was melted in an extruder
operated at 265°C and fed at 9.1 kg/hr to the meltblowing die. The die was maintained at
about 265°C using resistance heaters and supplied with 300°C primary air flowing at 4.2

m3/min. The DCD was adjusted to provide webs having a 0.5 mm H»O pressure drop at a

32.5 L/min flow rate. For webs prepared using secondary quench air, the DCD was
approximately 20 cm. For webs prepared without secondary quench air, the DCD was

approximately 34 cm. The collector vacuum was adjusted to provide webs having 8 — 9%
solidity. The collector vacuum was 3250 N/m2 for webs prepared using secondary quench

air at 50 or 35 m/sec outlet velocity, 5000 N/m?2 for webs prepared using secondary

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

11
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including ventilation (e.g., furnace and clean room
filters), pollution control (e.g., baghouse filters),

WO p@aitabebr eat nent (e.g., water filters), persoPel/US2005/009163
protection (e.g., filtering face masks), chem cal or
bi ol ogi cal analysis (e.g., affinity nmenbranes),
nmedi cal devices (e.g., dialysis equipnent) and ot her

queB§IPhit.CBhé ekectclatebdibd ab80 %ﬂ]ﬁ basi wéight 41ase1 S finl B0, The webs
the art. Pleated filter media i s an especi al

filt |y
werg caropprigated 3p dpscribpdm Uo PaisniaNpl 438833y toKlasig ek al.,
hy c%@ltlg%ﬂ al Héstcﬁf)?m%.g. %th{l . 9608 9% 0 ‘ﬁo ée%ﬁue?al.l% gvaluated
e rows are aligned 1 n the transversé direction, ang
to deteemsielib¢inmiclzniopl ptopgries afid fikrasion qualith f406 @p.e The webs were
aligned at 9020 with respect to the row direction, .
alsa egt treafed att1260C fiprt hmingkgseand reeyaluatedria dhiermingitheic meolanical
roﬁ%ﬁe 8 shows pleated filter nedia 100 and an expanded
P ar support 110 nmounted in franme 112 to provide
[0049] t eSefldit belbheini TubleeRaRdhs Exdrhple Do. of Cph?aﬁﬁdl Pefhe No.,

100 and the substantijal machi ne_direction_fiber
secenidaphste Nelogibagihapssdlovpratigethe diperiequat andbbes slignment data, and

: _ . n i _
e BRLLRAGHA SO0 ORI B Qe SHEARSUAERLEATS Bl pgin
dirdcB6£ (‘WEDOLdndi tRSisvdrsd difRfiof e41ayh ST b 8o 8 adehsile strength
pleated filter nmedia can be found in copending U.S.
valymgtferrthe apghl wetnend thegetie af Mito Tlatliabcwféypﬁma R@ig tengle strength.

ile n erew.th a nt.itl ed
Set BR Rl At iige 6 i NP RS 7 S 2 oS Pl varoes
for tRaRaP@sRddelctre iR the Bitid &F DB CED ThEMAtfmEseandriv@ileis@Bngth.
will now be described with reference to the foll ow ng
nonlimting exanples, in which all parts and
percent ages are by wei ght unl ess otherw se indicat ed.
Several nmeasurenments were carried out as foll ows:
Ef fective Fiber Dianeter [0042] Effective geonetric
fiber dianeters were eval uated according to the nethod
set forth in Davies, CN. , "The Separation of Airborne
Dust and Particles," Institution of

12



Mechani cal
Optical / Vi

Engi neers,
sual

London,

Proceedi ngs 1B, 1952.

Web Properties [0043] The overall
WO 2@aaboeeeb appearance was eval uated using a ZBCEES2005/009163

Instrunments di ssecting mcroscope equipped with a
charge coupl ed device canera having an 8nm x 14 mm
magni fi cati on wi ndow. Taber Stiffness [0044] Wb

stiffness was eval uated using a Mdel

150-B TABER(tm

stiffness tester (commercially avall able from [Tapef
I ndustries). Square 3.8 cmx 3.8 cho.sgof,i;nns wer g
carefully vivisected fromthe webs|gsEn Eﬂcﬁhakpcﬂﬁzor
bl ade to prevent fiber fusi and §V£| %éa P —
det er m ne tglirhstiff egs |in the machi i€ <pd
transver se i g:t;{or% Ygidg. 3|to 4jsanplesia dl al 15
sanpl e def@cﬁig)m‘ Strjess|Strain [ 0Q45] SLresskskrain
(or load VE Q@Fongatign) was rreaSUI’E;d:wéiggna:I\@qa
5544 | NSTRON(t-m)—unifvergal testing &agh-i-tn_g@fﬁ:fg
(commerci gl ayaiLé IeEfro Instr o &or pr) .
Rect angul arg & & oy -\Ocmséctio.s were—sut—f+ t he
webs usi ngia'%ga %lozﬁmkfl adjaand ey,a.guat,wep o)
determ ne {the maximymifgrge and el ﬂ&ﬁggtgog gatgrmﬁhum
force, usiqg,,ﬁig 10 ganplies, |a 50| Bnpi&i il ane
separ at i on rigl: e 3E0Hd| ||| st retch 1&tE. PR tfatipn
Quality Fa@é?maﬂ“ﬁﬁ?ﬂation qua--y—faet-ofs-Qp)
were deter|m ned &5ingla|T$l (tm Model . 8234| hj gh- spped
wmmmd@é%t&mrUWmmm@gﬁ@@mbwm
1 ] o)
mlmo)mlaggggwwmme% ugmwemu
aer osol fI@?‘@ 2% | M n| Cal il brated®phpt pnet ers
were enployéd & the fliliter iﬁlet rre—outpt—tp
measur e tqe DOP gongent ratii on and {he#%O0P
Hs E-Ec’o 3 ga O~ [—|en
~ 52§3§882: o REL (|S|S|=|—=
= e = 2
= =
S e 5 &
7522 [®as £58 |725)2
1) U [y ==
= B n
> ' - Pt
“1..‘ P S o L
2539 ¢ glelgle 58
S g 25 SR[SQ|e 3e 2 (23l
=& 52 EHIA° SEs [EEFe
w = 3 i
. =& 3
5 5% T
T aES 2o
222EE7 A TED
(%) Ad T — @
a > 538 4RM(=|°
2, .2 : AEFT
&l ae ., S i <
E ZE B S mleen B
RS S sZ °o X . .
®Z O A o~ s . 8 —
= = - W4 >
2 B2 &
(=] .
g-;o g‘ | e en g
R =
MO M <
R M/ o
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penetration through the filter. An MKS pressure
transducer (commercially available from MKS
WO p@snusent s) was enpl oyed to measure pressur ePdr/op2005/009163
(DP, mr mm H2O) through the filter. The equation: was used
to calculate Q. Q values can be reported as a curve
plotting Q vs. the DOP chall enge total mass after
various tinme periods.—However—the initial Q val ue
usual ly provides a rgliabl_ge iindi gator of overall
performance, with hi dhed EEYial yal ues i ndicati ng
better filtration per/ffb@mahgealtd 3| oer initial Q
G%é’)-d%f% n
&

val ues indicating red tnat/i on [perf ormance.
Initial filtration quality factons|Q of at | east
about 0.6 (using 100 pprrdiogtyt—(pfithal ate particles
havi ng a size range Qef weensl0|and|700 nmtraveling at
a 7 cnisec face vel odi gb&)geg)&@er ably at | east
about 0.8 and nost pr g“qx't\ P‘qeaﬁt about 1 are

[
n\
&

Tensi

preferred. Filtration P& fornmancg 47] Filtration
performance was eval yated acg¢ofdijing o ASHRAE st andard

52.2, "Method of Test Lgngb Ge/g;egoal ntil ation
Ai r- O eaning Devi ces |z Bedngai | i Bi ci ency by
Particle Size". The ASHEAE & andard—eval uat es
filtration of a test |ae¥osol |cont ailni ng

| abor at ory- gener at ed pot assi gmjchl grijde particles

di spersed into an air|sé Alpartic¢le counter
measures and counts tike 4Tl es\qif| 12 size ranges
upstream and dovvnstréafrg thcéﬂ'f—i Tter. The results
can be reported as _qini muff ccrrﬂosii tte (effi ci ency val ues
for particles in v£| ous_Si z¢ nanges.| The m ni num
conposite effici encgy \(‘.)aISiJes conrespond tothe m ni mum
percent particle rg‘_: e =0 (tmﬁ‘\d\?\mﬁﬁt ream particle
count/ upstream par tg dkeFcount =100 % or the size range
in question) as th%flli”e i$ lloaded|to a final
pressure drop of 2 mm HZO] A setl of particle size
renmoval effici ency':(F’ )Eéerfor mang¢e |curves at

‘*ﬁ%

NN
| N

Tabl
Tab
Stiffn
2.5

Mass Ratio,
Secondary
Air:Polymer
1770
1450
720
0

Secondary
Air Velocity
at Outlet
(m/sec)
50
35
17
0

Example No.
or Comp
Example No
1
2
3
Comp. Ex. 1

14
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increnmental dust |oading |levels may al so be devel oped,

and together with an initial clean performnce curve
woreysheosesed to forma conposite curve represePCT/N§2005609163

m ni mum performance in each size range. Points on the

conposite curve are averaged and the averages used to

determ ne the mninmumefficiency reporting val ue

(MERV) for the filter. Exanples 1 - 3 and Cbnparison

B B L N NI R

grth@ﬁm&d:f@ﬁb ditectiof RN ARSI AL thafl YRBS thalY %ﬁi@i@htasrégoﬁary quench air.
| at - bed collector arranged as in Fig. 1

Th1§ sivehen ipsTates) invdfignider rwhieh agmolreSmdag édots deapyctwely showing
o DS ] 10 S O e

in EEdampﬂHsdl 48 and Epn@aﬁtmﬁEﬂﬁ?plgii eBetamsérﬁEers ﬁlem{éﬂ QV\O‘:jwﬁh respect
y I ene webs whose fjbers were highl igned in
to tﬁ%@aﬁﬁeﬁaﬁﬁ@t@w@eﬂ 20 bersaid @eb@&ﬁlaaﬁegl ah{ ﬁ@m%q»its §9% em
0 &9§£H}
S R D B g S T 1 s were
oridmnéddoat/Of Methrremebﬁ tovthmgladlmee tlirgrtiod) % fibers iwege dﬁentedl&GlO", 8 fibers
at vari

w10 20 G YRR 21058, Pl 3 b e

dis€16341 9D had YRGUHMLLP bl Akt hRBhisY A6 dnotizhRentinge thelWid
bed. The neltblow ng die was positioned over the

prep@aﬁwﬁgowg@owrx tieenglo pir platied in Eighb( dmp furfies cagparison, the Fig.
4 “’%ﬁ aﬂ&%ﬁg ﬁnytég Flg%%{?mv]@g%lne t saé/vaa'lua?letgll dF{egrgln%ngagbaetr 886ntat1on

In an ext

andafibe? 6&atcamd fowe @thade bnlygﬂd% of its fitgs ARgrichvaivHing204 6f the
The g]e was mai ntained at about 2650C using resistance
magiing Hrestighd suppl i ed wit h 300C primary air flow ng at

[OO%I]\ZIi ggﬂ{g‘r«gg 53T2§1PH2 Ogégf;%ga% fé&g?% ﬂeﬂaﬂﬁpgf 6 MR uid placed on
the non-collector side of the web. Ifa drop ofa sultable Wettmg 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.

[0052] Table 1 also shows that as the secondary quench air volume increased, the

filtration quality factor Q increased and then decreased slightly.

[0053]  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.
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32.5 L/mn flow rate. For webs prepared using

secondary quench air, the DCD was approximately 20 cm
wa-enosmelss1 prepared w t hout secondary quench ai PCT/UR®05/009163

DCD was approximately 34 cm The col |l ector vacuum was

adjusted to provide webs having 8 - 9% solidity. The

coll ector vacuum was 3250 N'm for webs prepared using
[0034} c ondashowpuarbdbla? rwekts rﬁﬁliemsilfg&emmlery quentlepir had significantly

morf SuRhonty TR0 Spin Ben BR0T whas BRAEH ool GERE By weos
madéBRfgHi §RAKERimks b 84tbn s8¢ Qﬂ&%ﬂﬂ'@ﬂé&lﬁh@lﬂlﬁaﬁiﬁly more

col |l ected webs had an 80 g/ n2 basis wei and a 19 mm

anispfrppic fepsilgeneiictben sisby A W@b@@foﬁea@d@@sw%am n U S

00 ety fin P S e RSB s Yo AR e ana

tensilk strampth. eE'(HI seadreldofithe debethid coald bedonenveitivan casing a substantial
raq ert| s and filtratiqn quality factor
chafis 1B 1 WEb poRgrall sh gt Antiogery onesu APeMBrES property

ratidseeval uated to determ ne their nechanical properties.
[0049] Set out below in Table 1 are the Exanple No. or
Conpari son Exanple No., secondary air velocity and
mass flow ratio, theflolgX ount ndfiber al i gnment
data, and the filtrati %@F actor Q for each

vveb Set out beI ow i nsﬁﬁmgﬁ}@]ﬁwhbghe nmachi ne
rection and transverse direction ("TD"') Taber

[005sth f f Hekg ﬂaﬁw&erle@mqt@dsq r%wgmlﬁ L.aneldowpolypeopytsap webs were

dth t T, Stjff d
prenaé?dslfﬁngg A %M Sgt oem{lg B‘éD % wai‘?e{nr%iﬁ S@Mgie@%égl?%h i and
TD Taber Stiff t f
ool B yiou R sl b REGEEe SHobR b Frdhe N SR P he S ukah. 5 -
9% &!mcﬁﬂ‘ma%nﬁnsr dfedale abet cn@fﬁetefs thabiverebbfdinebbibl Bxabidl eSet
3 (Heat_ Treated)[0050] shown in Table 1, webs nade
out helpwdgn Jablsorae thegreanetie aiolr, speeadatyqil Yaledalytangd nagss Alow ratio,
effe\?ﬁf{q% 15%?‘ &G QM HB rc](q)%ﬂ AL altlg'ﬁllfen\f\ﬁgtﬁ SRS resulting webs.

seconaary quenc
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This is further illustrated in Figs. 3 - 6, which are
pol ar "radar" plots respectively show ng the nunber
wap@sanieent ati on (in degrees with respect to tPer/0S2005/009163
machi ne direction) of fibers in Exanples 1 - 3 and
Conpari son Exanple 1. Because fibers oriented at 0
Wth respect to the machine direction could al so be
said to be oriented |at 180, |the |pllots have synmetric
| obes reflected aboute t=h igin. |[Fig. 3 shows for
g{ge%ted at 0 with respect
[

exanpl e that 12 fibgrs.
to the nmachi ne direg ilbergy were oriented at
at 10, 6 fibers were

-10, 8 fibers were @
Fi 3 - 5 show that the

oriented at -20, an .
di scl osed webs had ¢ ablly |grieat er machi ne
e web prepared w thout

di rection alignnment .\
loy ilg. 6. In a further
Hr
4

i

2 M)

=]

n_ - D

i

o
S

2.3 9
M. & ¢ 20°

D

secondary quench air
conparison, the Fig. Iin the Lau et al
' 749 patent was eval

0 detjermne its fiber

—
v
cC o
—

FIr® o "Ng. pf Filies §, =i
g

orientation and fiber_count, and flound to have only
50% of its fibers alligned within 20 of the machine
direction. [0051] TH ﬁi% 3 1 5 plots generally
mrror the behavior '§° ? ggaiftl ui d placed on the
non-col | ector side d € Web. I?radrop of a suitable
wetting fluid (preferalﬁﬁcil ored{to aid in
observation) is so ptaced—+t—wh{tend to spread into
the web in an obl ong gogttern genenal Iy correspondi ng
to the radar plot |qkeTskapes, thus providing a
conveni ent i ndi cat om0 Ehe grb%ﬂy direction of fiber
orientation and web Eoléfgtion.(\\ en a wetting fluid is
gn

x

anpl € Iweb, it tends to

pl aced on the Con‘parJ'
genlv outward in an expandi ng

spread nore or |ess
circular pattern. J 0@52] Tabl¢ 1 also shows that as
the secondary quergh qaigr §:,‘vol ume (i ncreased, the
filtration qualiti~ fl&cgoR Qpeel @c@eased and then

decreased slightly. |8 § &
s
S =
a V| <t <
= NET NS
s h
= 5}
SEE
>
m'd._( SISO
g © NN
w O A |ovfoo|o
L e
| 0
= N
€y
-g_‘?..*_'-'gln 7o)
82 2 2N|]|<
O>OENN—¢
S mBE
2 4
=
§Z° <o
4
~
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[ 0053] Webs prepared using secondary air had visible

striations generally aligned in the machine direction,
wa@:2@anbmee Wi th an overall snooth sheen and sl P@huUsS2005/009163

fuzzi ness, and few or none of the nodul es that usually

are found in conventional blown mcrofiber webs.

Fi bers having approximately 2 to 5 cm |l engths could be

teased fromthe webs using tweezers. Wbs prepared
[0057]t hodAs sbewoid@atyle qwam;mrrg substtigtidl ynackise idixe€itbn fiber

st andar d bl o m cr of | be ol l ected on a round
ahgﬁlgF]iTtec&P be gy atraeYaélleiWé{e}fg\g f? ber|dimaciefian 1 cm

i ndi vidual fibers could be renpbved fromthese webs

usi ng tweezers, but only with great difficulty.[0054]

As shown iExanaples7 2 10andsComparisan Fyamples 2derd/3 quench

air had significantl IS i c Taber Stiffness

t han webs nade Wthoﬁbtﬂﬁg%%%ﬁgg%ow(fﬁgnch air. Webs nade
[005&]I ngUkinghBs gateralieghaf ofSBeaplal YoolptndtnctefepBihaRitd\@UET”)

|f| cantly nore ani sotropic tenS| | e strength than
and gy Mﬁouﬁ%@@%@dw cquerrspially pvailablysBim BASF Corp.),
Table 3, heat treatin | d. be us t.0 :

werf ﬁ@?“@oggﬁ QPG OBt HH toue S8 i bt Hompe at 2.9 mYimin
and DPUEHA kecdhdhQueRESait. NAS 2004 HATS WA NSedtb iRGIske GRS Webs

a substantial change in the web's overal |l nmechani cal

andadﬁsﬁoﬂtm YyD ags wsed torrwepaus thegryn: Websp ﬂiblp@ptlwtc@PE’ﬁ gvebs had an
3np les 4 - 6 Small er EFDV\ébs OOS\%hUsm th
85 grmndasis V%?b%hﬁo% &V° solidifisead 2 16 man Do e;f@ilyﬁ%wlpéﬁ@bs had a

70 &4 DAt - GLe ALY S A ST B SRR beIgH in Table 5
are fh@% P@NH%rﬁotﬁﬁar&BH‘E‘xgﬁpﬁghé eé%}:&gi Eﬁ?vgl?git @Hla&Qﬂow

|s wel 9% so ity an ctive
rathf |pbbﬂnaﬂ|§mmmndhhmﬁbw rceumtnd ifivedali gnniend dygh éoﬂihe Samtilting

webs.
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out below in Table 4 are the Exanple No., secondary

air velocity and mass flow ratio, effective fiber
waoelc@saoms1 and the fiber count and fiber ali gnneet/USE0DH009163

for the resulting webs. Tabl e 4[ 0057] As shown in Table

4, webs having substantial machine direction fiber

al ignnment could be nade at a variety of effective

fiber diameters. Exanples 7 - 10 and Conpari son

Exanpl es 2 and PET and Nyl on Webs [ 0058] Using the
general nethod |of anpl e 1, { pol yet hyl eng
terepht hal ate (% Ey ) _and nhylon (ULTRAM P(tn) BS-400N
nyl on, conmerci waai |abhexf r o BARF Corp. ), were
enpl oyed to prgii‘a nohwbv BN Web$ US| ng B50C primary
air flowing at [2.9 Vi n and opti Pnal secondary
quench air. A I2—+—e<mbBcb-ywasusedto—prepare the PET
webs and a 16.5 cm wasused to|prepare the nylon
webs. The col | 46t gdgPET yiehs had an~8% g/ mbasis
wei ght, 5 - 6% ga%gify RENEG—16 ?hﬁ\‘FFD. The col | ect ed
nyl on webs had |a 2g&RNM2 | basis wei gght, 5/ - 6%solidity
and a 17 - 18 mm-EFD—Set—out—be erLoin Table 5 are the
Exanpl e No. or |{Conparison E agnpl qg , Secondary air
velocity and mags<fSow ratio| polymer enployed and the
fi ber count anc,a‘ja)‘gr&\ial BrReRt dAFt&|Kor | the resulting
webs. Tabl e 5[0C§9§$s shbvvn in Table|5, Webs having
substanti al maghi ne—direc¢tion fiber aligphnent could be
made using a vartety of polyiers] Exanmpie 11 Additive
[ 0060] Exanpl e |, was Zepeal e(EI using a 1.p % addition
of the additive p@ gZ- mebhyl; 1lipestsene). This
increased the flid &t Pon|dqUdlTty Tacior p from 1.5
wi thout the additive o 1.7 with|the|add|tive.
Ug] . =
v S D
~ S 882 |[Toe enf<f|en
1) Q=
S
g gl gl g
z SEE 253
= A [ A | Ay z|zlz
A~
- St
gt
g T2 Rle Qlo
g8& (28T 28T
8 3 L
=AY
£.889 0 |l
. =2 @l .
<SS ERT |Plal°
& "R
U .
25 & =7 =3
ESE% |~|w E : NS E:
]2 O u Sl e
SZUQ Q o
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Exanpl e 12 Additives [0061] Exanple 11 was repeated
using a 1.5 %addition of the additive poly(4-nethyl-
wazeeno@ee) and a 0.5 % addi ti on of CHVASSORB PEBHUS2005/009163
hi ndered am ne |ight stabilizer. The web was
hydr ocharged but not corona-treated. The filtration
gquality factor @ was 2.5, and nore than doubl e that
obt ai ned usi ng webs nmade from conventional untreated
[00359] ypAsphdvemm Bitdeh, wetertefvhersabstadial wiathias dirsebontiesty
. guench aj.r. anpl e 13.and arison Exanple 4 Qr
ali Sﬁltlfgflﬁobr?r&g%erun%%vf%%?fp 55" t he general net hod
of Exanple 1, neltblown pol ypropyl ene webs were
prepared with and wi thout secondary quench air flow ng
at a 1770 secondary quenExampleddl ynmer nass flow rati o,
corona-treated, hydr ochar%(eig .V%nd evaluated to
determine their filtratio thityfactor Q. The webs
[00608d aEXﬂﬁ%lglanzh?%ja&wdgh@ﬁg a lag/é %ddititﬁé EFtBe/aﬂﬂﬂiv@ oly(4-methyl-
ressure drop o .4-0.5 mm . at 42.5 L/mn. Set out .
1"Pfg°é?f’8§v fwsm asegthe filtration qyplifiecior Qrfremerl -3 withewtdthe additive to
170&%% \I/teVDOD exposure levels for the web made with
Sy FEM%) or without (Conparison Exanple 4)
secondary quench air.Table 6 [0063] As shown in Table
6, a web made usi ng secondary quench air and havi ng
subst anti al machi ne di r eBxamplefli2ber al i gnnent provi ded
significantly better fil tz&@&'ii%s performance than a web
made wi t hout secondary quenclﬁ alr and having | ess
[0061]] ber Egdrigle ré ivas répeangd wingla 806 additiemdf the apditive @Bly(4-methyl-

Exanpl e -1
l-pentenré? andS a 8.5 % addition of CHIMASSORB 944 hindered amine light stabilizer.
The web was hydrocharged but not corona-treated. The filtration quality factor Qf 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

Qg Evaluation over Time

[0062] 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/m? basis weight, 19-21 pm EFD,
and a pressure drop of 0.4-0.5 mm H»O 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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Pl eated Furnace Filters [0064] The corona-treated and

hydr ochar ged Exanple 2 webs,

t he corona-treated and

whyasoelsar ged Conpari son Exanple 1 webs and a BERpEm®on609163
ACCUAI R(tm corona-treated spunbond
pol yet hyl ene/ pol ypropyl ene tw nned fiber web (71 g/m

basi s wei ght,

~20 mm EFD, commercially avail able from

Ki nberly Clark Corp ) vverd‘aibdnfﬁred into 50.8 cmx 63.5

cmx 2.1 cmf At-S—hayihg .wu,, 102 |ike

pl eat ed nedi|a IB aﬁ E mf?;l ﬁ’ PIPPILEt s 102 were
arranged so |t ha oI B I| ﬁ%‘&ﬂﬁ‘* h|the
transverse di ¢Ball ‘i’lkﬁ‘?’ vvlth 87 pl elat WVehRQB pleats/ 10
cn) al ong the | 6B8 diension. Thel pl eated nedia 100
was sandwi ched Todiaheen and 1l ued [t o expanded| net al
supports like Stp or-t—1+10—and—Hot | ar dboar d
frarrelikefrarreq Chovvnin Fig 8 to“forma franed

filter like[TTTtigp 114. The dini S‘hed pifsters| were
evaluated far filtratilon perfornance accordihg to
ASHRAE st andard 152. 2, {"Met®d8 of Testithf Cener al
Venti | ati on fAH—Eeanihg—DBevces—fFor—Rerpval
Efficiency By P&tticle Sizé™ at g 1.5 H'sec face
velocity. The results reported below in Table 7 show
t he m ni mum conposite efficiency values for particles
[0063} t hésshown rraﬁ@jxlg 60n Beb made psing &ectoodayrmﬁmimwaxtcihMg

suo el g B B Renlren S piei g gt g 518866

perfofrh@&ice €l wEb AAdOIvithbe: RYddat ﬂlﬁaﬁch bilr ah& hivink B4 Yiber
_conposite efficiency and total filter weight gain

aligg@pifes correspond to better filtration, |onger service
life or both better filtration and Ionger service
life. Table 7 [0065] As shown in Table 7,
cor ona- trmhﬁ@l@n4mﬁdorsaaﬂd€ah@drﬁaﬂmu s ged
mel t bl own nonwoven webs nmade using secondary quench
ai r and havi ng substilatted Furpaes Filters rection fi ber

[OO(ﬁ] In |g Prgﬁn@ EorbRX BEREE Snd iy @BChatoh B8 deB G DSbL L reated and

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

spunbond polyethylene/polypropylene twinned fiber web (71 g/m? basis weight, ~20 pum
EFD, commercially available from Kimberly Clark Corp.) were formed into 50.8 cm x
63.5 cm x 2.1 cm 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 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 pum, 1to3 pm 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. Higher
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conposite efficiency at a ImmH O pressure drop than
ot herwi se sim |l ar neltbl own nonwoven webs nmade wi t hout
w@emonadmsy quench air and having | ess fiber alP@nos2un5/009163
(Conpari son Exanples 5 and 6). The Exanple 14 and
Exanpl e 15 webs al so had conparabl e or better m ninmum
conposite efficiency than a commercial spunbond
mininpmwoveposielsifidmeyand soal fHieawelight Zpin vihees Eraagpload 1atbetter

Gt ey HE T ORY rir Ebedet Fd ftoélgeervg%vpﬁ“fféa‘ n
val ues) than the Conparison Exanple 5 -

webs. Exanpl es 16 - 18 and Conpari son Exarrpl e 8 Pl eated
Furnace Filter Face Presshablef¥ op vs. Velocity

oAt "Web””o J Oy the Ylglﬁ‘r;ai e R <21 P! Frtal
l‘%ﬁ'a (dr% 1 ge lglrovvnea |(3,e b r ﬁﬁ{o | eng Wiy

oo ImRIReds) o fréatteflt o et ﬁéi .
CPF’é’at ¢d. This web had a 1. OPabertaifich Zo), 5] SV eight
Ex¥0.i ¢ i dentifild bel ow as thE“’Web o‘?l rtpile 318, | A Gain,
stiffer web was| prepared usi fd2@or briadt | edt rrele 25.4 mm
hydro¢hargi ng and heat treatment. [him \wimhadum 2. 2H20

Al

MD Taber Sti ffness value and is identified hel ow as (g)
3 VTGOl SR aNPT SCknal YET 59 TTET43eD gAY PSEPar edss
usi ng d | t&eg 4of the additive

o

{ EI. II I | A clic], COTUT r L ed It

Wodh%f lﬂT and FF ?t eat ment . Thes Wb Hadh f§.737'1
I\/DTaﬁber Stlffne and is identified hel ow as
the web of Exa x P afg‘?do Examplel 16 -118 vebs and a

Contpl ¢ CMAJDUAI R 667@8a- t [ eatded spuBbond’l | 86 23.8
Ex|5yet hyl ehe/ pol ypritsetedene |t wi nned| fi bei wel (haviing a

CBnip. MD JahprESt | f f Qesmaand |i deid i f | ed2bel & (aso3 hﬁa weB.9
©f. 6Co Epari son anhted 8nd were for m@d info 30 cm x 127
cmx 2.1 cm hi ghpbiidobfrel q=rrents havi ng|pl egts 102

S dia N0 M Tgers nag
(if’?m?, fEIA([éf % 2? tl m %ﬁ%&g the | gngl gl rré}lsn nﬁ) Ian9 whr e@@.l

[¢1 M)V}

[0065] 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 H»O pressure drop than otherwise similar meltblown

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

Comparison Example 5 — 7 webs.
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gl ued to expanded netal supports |like support 110 in

Fig. 8. In a series of runs, each such filter was
worewatiedei n a PLEXI GLAS(tnm) plastic frame whosBCT/US2005/009163

transparent side plates permtted the pleat edges to

be phot ographed. The frame side plates touched the

filtration nedia edges but permtted pleat novenent.

The frame wdxamples - 48 apd LompanisentEtAmpla®d exposed

to a' r a do 6l irected box e fil.ters
wer ei) egggolgﬁwcgngﬁl}fja%é’d TSt v ‘;o"a%‘iltynﬁﬁbl ugtiofy, o

[00660: S0UsThy thef geneifal SdtholioTExd@les D4Shd anda fr@ltﬁlowlihtél’lghétﬁﬁber
air streamuntil the filter pressure dro reached

polygrnpyteng web was qogomy- %@ﬁed@d\hafl@chﬁige@hwa\w headitragted. This web

o
o 1500 29 AAHSELD e T B Q0 o8 MBS Blampre 1
stifferhvectf Whg prepated osing k:omna—treme'ﬁa bﬂdroféhalfginmsl heat tuesgmenttd This

web ey 2 LM oot SsfHiee A ¢ Rt e s der Wk A Bppmple 17.

A yRRGIBRES K 8ppSreRasiag al10s % Lt @f’tfle addiMed g&y@ ﬁ%thyl 1-
sufficient to cause pressure drops between

pentpge), qomor&-trnqtmﬂt Weidrerhaggidg and hcart tree@nemm This webthad.a ’JTF]MD

o RS 15 b BRRE bR AETR 1503 ampe 1

- 18piébshhag shﬁhgﬁJMCQUAHR%oﬂJn@&ie%teatspﬁﬁlﬁmﬁl lter air
inlet side, at 0.35.in 9 cnm) pressure dro The

polyethylEap/ @omrqulezleWm&é &belswpb fhramg)2 2h MR ADsT PiEress and

f
1deng‘§?§ﬂ9ér%§\tx/?ag rghéa %v@ﬁ %6@@&?5}1%0% Egéﬂ‘ll%li)é %)r eglrsellﬁr; 1?1’[00.‘;@%{1 X 27 cm x
2.1 dux Aiphl fdtet 8lefBents Iinkaiieats B33 fifanfbar)médih 1@0 sldjwil indfig. 7. The
ﬁltelzsg aeﬁﬁ S&qgété/ﬁ'g abI e;ggl t%a- de %gargg%&éoagl S%/egg s%{dmpﬂg;d%etween and

lueBt
g P

filten §ag wonnted i 8 PLERIGRPISE :pPas(lc trame vilvB} frafSparemt sidd alates
pemgl&eé #e p%ea% dges(%o go antogragﬂeP(ﬁ{Eptlrame s1$1e p{aYes touc%)ed the filtration

media edges but permitted pleat movement. The frame was mounted atop a vacuum table

D(D

and exposed to air from a downwardly-directed box fan. The filters were loaded by
sprinkling a synthetic dust made from a 50:50 mixture of SAE Fine Test Dust and talc into
the air stream until the filter pressure drop reached about 0.35 in (0.9 cm) of water at an
approximate 1.5 m/sec face velocity. This simulated a substantial natural loading level.
Set out below in Table 8§ are the filter descriptions, MD Taber Stiffness values and total

filter weight gain values.
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shown i
| i near

non-1|i near

as airf

n Fig. 9,

the Exanple 18 filter exhibited a

increase in pressure drop as airflow increased,
wob@saeset he ot her tested filters exhi bited a PCT/US2005/009163
i ndicative of pleat distortion,

r esponse,

| ow i ncreased.
alterations of this invention w |l

[ 0068] Various nodifications and
be apparent to

those skilled in the art w thout departing fromthis
d not be restricted to

o Ongspﬁégner ein on

t hat whi ch has been set f

i nvent i

on. This inve

ly for

illust
fibrous
nmel t - bl
t hr ough
pri mary

Cohdy. 3, N9,

owi ng a fi ber|-
1 an array of

l H—d-streat
1T Ui g T OO

A xateple N R @f §SVB-Rhber:

tiffftis¢
form ng

nozzl es i

to-form

Tot FIRENWEiSH

met hod c
F her nopl as
n the pres

nl ||ra| |

t QR

rrses. a

hg a

ic material

ence of a

yv-of filam

nts

t hat ar

e _attdfuat ed

Lnfnl?IhP

sanrldj

ted towa

ds a

porous [col | edffi on surfack2having a dir4b2ion of
nmotion; b) i MBi ngi ng at 3.2ast | one secoifdhry fluid
st ream|upOamphExf 8| gnents1or fibers tGmacillate the
fibers generally in and agai nst the direction of

notion; and c) collecting the fibers on the porous

[0065%| | eElhg Bliers wreramext mpuntadin & dueirmavinead Féthtas asgmometer and
oo BRSNS BORPLRIY I & LSRR E B Bt 02

in. (O Gl dneaifechidridperns2 B 63 é!:h) @ﬂ‘wﬁeﬂl\ﬂ THe Ekaaibléifm (he MD Taber
irection of notion at has. not

Stlff@é@h filferlpegap i eubit flp%@aélemifwe {%gfo{frgﬂg%nhmglamfe%%m pipchigg
togeﬂ%)%g%gﬂ&% atle a?ﬁ?}lmﬁﬁl erei ﬁga ou 5@&6 %@ t E)%?g}? The

accor g toc
Exatipie F1 (2 MIxTebaStifnest) vid ﬁ:ompm@somexangms (fidiets tegamfo exhibit

noticr,‘re%HeopQéat deformation at a 0.5 in (1.3 cm) pressure drop. The Example 18 (3.7 MD

Taber Stiffness) filter did not exhibit noticeable pleat deformation even at a 1.2 in (3 cm)
pressure drop. Fig. 9 shows a plot of the pressure drop (in inches of water) vs.
anemometer reading (in nominal units) for the filters of Example 16 (curve 116), Example
17 (curve 117), Example 18 (curve 118) and Comparison Example 8 (curve 119). As
shown in Fig. 9, the Example 18 filter exhibited a linear increase in pressure drop as
airflow increased, whereas the other tested filters exhibited a non-linear response,

indicative of pleat distortion, as airflow increased.

[0068]

skilled in the art without departing from this invention. This invention should not be

Various modifications and alterations of this invention will be apparent to those

restricted to that which has been set forth herein only for illustrative purposes.
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3. A nethod according to claim lwherein about 70 to
about 85% of the collected fibers are aligned within

wWQ@Qoosflotshe di recti on of nmotion. 4. A nethod ackor/uib1eg5/009163

to claimilwherein fibers having | engths of about 2 - 5
cm can be teased fromthe web. 5. A nethod according
to claimlwherein the collected fibers have an average

CLAMSctive fiber dianmeter of about 3 to about 25 mm 6.

1.

A nmethod according to claim1 wherein the web has at

| eastA mefhol ofahakingdh fibbeisifitipationeveh, mébdh mathod compiicss:
tensile strength t nsverse diyectio

{ ensiPemetd Rpging Avsrgomgs thermgalagy wa %&ﬁ{ﬁhrwgﬁl&n array of

met hod ﬁ@fﬂéﬂhrﬂ@a f,sfeséﬂc@ offh gmﬂaﬁr ﬁma strBfn W& BraspRtality of

least a 4 :1 ratio of the inpladane direction of hotion
t ensi | efisamentgthhat are attemmsaﬁenwéihm st dirpetedftowandis @porous

ot hod SISO AUFEES A SrONRT O ACURE web has. at

| eastpyai ¥1né1ﬂg3dt ﬂ&sthnetda@oﬂdﬁﬁJ fiie sttedng apoothedlami®rits 6N fibers
Taber Stiffness to transverse direction of notion

Taber St9 pﬁcrfiéaé@theg‘lbem sraerdy imerbraninsg thegliteripmpiimotion; and
wher eé cél'?&t Wg ?Bn k}féga%tror]ﬁ c%llgcéljon S f'aQe ﬁ’)ffofrﬁ & nonwoven
ction o not'1 on ber

|npla ire ness to
t r ansvemnsstbtbwrewthb on of notion Taber Stiffness. 10. A

met hod .accordi n | aim 1l wherein the nmj.or

of RS seseeBt T efge G%G%@Pr@%&ﬂdﬁsﬁ@a‘?éu%m iy So that
su Q‘?ﬁ?&tﬂgégt‘ R é(ﬂf&%ﬂtﬁb@fs A& th%iieg Wathid LD 5F thd dfrb&ion of

dire not 1 on. . hod according to claim1
whaagion, aadmshstrﬁmgnfalvmbdh@ Ias oot aen el tyeated, fibers having lengths

of about 1 to about 10 cm can be teased from the web.

A method according to claim 1 wherein about 55 to about 90% of the fibers are

aligned within +20° of the direction of motion.

A method according to claim 1 wherein about 70 to about 85% of the collected

fibers are aligned within +20° of the direction of motion.

A method according to claim 1 wherein fibers having lengths of about 2 — 5 cm

can be teased from the web.

A method according to claim 1 wherein the collected fibers have an average

effective fiber diameter of about 3 to about 25 pm.

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

strength using a 50 mm gauge length.

A method according to claim 1 wherein the web has at least a 4:1 ratio of the in-
plane direction of motion tensile strength to transverse direction of motion tensile

strength using a 50 mm gauge length.
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preferentially wicks in the direction of notion. 12. A
nmet hod according to claim1 wherein the secondary

WO bawsdowstr eam conpri ses air at bel ow anbi ent  PCT/US2005/009163

10.

11.

12.

13.

14.

15.

16.

17.

18.

tenperature. 13. A nethod according to claim12

wherein the secondary fluid streamflows at a ratio of
about 500 to about 2000 grans of secondary fluid per
gr drmgthog absarding td glaim 1rvsheneid thecweh basry 1east €2 diratig of the in-
wher ein. fd bers are j . DQF OU .
corias Bk atmadish Fsbe sAifed W EnP iR ARG motion Taber
metShidlessccording to claim 1 wherein the fibers

oscillate at an anplitude, as measured at the porous

col | ec n surface,

[ that js nore than gne fourth the .
di <t 3 163@?%1%%0 a}a.maa horsip I Wb P f?ﬁ@%ﬁ?@ﬁﬁmﬂo of the 1n-
Coll R HiRRicHE AGEon Ther StiRER 96l iraGS0FsH1dRgctich & BbtBnlTaber
whérein the fibers oscillate with increasing anplitude

en Stiffaess. t o t he porous collection surface. 17. A
met hod according to claim1l wherein two generally

oppo ry flui Wago] t oy
ePRORBoL SRty Lt SRR R BRIRP N o
whetrationgd frdsphelisg exdubbiahtial alMairpert ioff éndividhalrfibers ihaké e
to the, porous collection surface.19. A nethod

ac dHEEHIPBOEai m 1 further conprising annealing the
nonwoven web at a tenperature between about 100C and

t hey PRINGEBECITRING 1B 1A TPRRGEH raewétﬁﬁ% futd gTRcdd@nsné W@b
10 m nutes. 20. "A nethod according to cllaim1 further

comppefersniglycwichs e theakinetinap efmétyady. ochar gi ng t he
nonwoven web. 21. A nethod according to claim20

wh X rer{eﬁlotdr?l%c%&gqg %la?mfli \!vﬁerrgi‘ﬁitﬁensegggdair;f ﬁu}:fs%e%ﬁl c(g?nprises air at

below ambient temperature.

A method according to claim 12 wherein the secondary fluid stream flows at a

ratio of about 500 to about 2000 grams of ‘secondary fluid per gram of polymer.

A method according to claim 1 wherein the. fibers are laid down on the porous

collection surface in a paintbrush fashion.

A method according to claim 1 wherein the fibers oscillate at an amplitude, as
measured at the porous collection surface, that is more than one fourth the distance

from the array of nozzles to the porous collection surface.

A method according to claim 1 wherein the fibers oscillate with increasing

amplitude en route to the porous collection surface.

A method according to claim 1 wherein two generally opposed secondary fluid

streams impinge upon the filaments or fibers.

A method according to claim 1 wherein the fibers exhibit a whip-like action en

route to the porous collection surface.
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of at |east about 0.6 using 100 ppm di octyl phthal ate
particles having a size range between 10 and 700 run

wo e@sabieny at a 7 cnisec face velocity. 22. A PE/OSm05/009163

19.di r Acesthed gfcordng e

according to claim1 further conprising pleating the
web. 23. A nmethod according to claim22 wherein the
pl eats are aligned qe_neral |y transverse to the
il fthepraapreangemnepbngrthegronwoven web at
self:s [ | V| ' [ Lirati
e el ek Sh 1080 oft e eBer kbR ifracure fora
| endinb\Wéss ¢haghi IPeniiuess. corresponding to a direction of
web formation and a narrow w dt hwi se di nensi on

t to t.he | engt di mension, th b
20.conBrh RO B TRB e TR T BITen FR R 1 y

of MRIr6hasdifs fld MRS vih Web.n 20 of the direction of web
formati on, and wherein in a web that has not been heat
treated, fibers having | engths of about 1 to about 10

21.cm Adnethed aecarding fo oJaim A Wietsin the weh hes g ditiration quality factor Qg

22

23

24

25.

26.

27.

28.

according to claim?24 wherei.n about 55 to.about .90%.of
 heottiepLabguE0 R qsm@@%%@lﬁctzgpo%ﬁalawamﬁ%wvm% ffize range

Webp SeERT & Ak 78PnmAraVBESY 41317 GRS Bb89elbeirg! ai m 24

wher ei n about 70 to about™ 85% of the collected fibers
are aligned within 20 of the direction of web

for ﬁ:emqétgm acrprding teacleimy 4furthee oerdpiiging pleeting thewed.
wherein fibers having | engths of about 2 - 5 cmcan be

tea t . ek | C ' '

AR DS MR 08 22 DL lesl 00 AR bovarse
di atvethe diredtioalduhotdntardakopleated wobfGiths Fsebdupponing filter.
according to claim24 wherein the web has at |east a 2

L s e BT B S ET LSl LA R

f or g@{dn@iBn cBASIHoRAR S QA Betibhl WD BN RBORMIENdrRRGH thwise
dimension transverse to the lengthwise dimension, the web comprising nonwoven
thermoplastic fibers, a majority of which are aligned within +£20° of the direction
of web formation, and wherein in a web that has not been heat treated, fibers

having lengths of about 1 to about 10 cm can be teased from the web.

A material according to claim 24 wherein about 55 to about 90% of the fibers are

aligned within +20° of the direction of web formation.

A material according to claim 24 wherein about 70 to about 85% of the collected

fibers are aligned within +20° of the direction of web formation.

A material according to claim 24 wherein fibers having lengths of about 2 — 5 cm

can be teased from the web.

A material according to claim 24 wherein the fibers have an average effective fiber

diameter of about 3 to about 25 um.
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30. A material according to claim?24 wherein the web
has at least a 4:1 ratio of the inplane direction of

wowrwsflarenat i on tensile strength to transverse BCT/E81009009163

29.

30.

31

32.

33.

34.

35.

of web formation tensile strength using a 50 nm gauge
length. 31. A material according to claim24 wherein

the web has at least a 2:1 ratio of the inplane _ i
di ris8ateiel a¢copfibg foelain 24 whvrshethe Srabrlag atlpagt@ 2:1 ratio of the in-

tr . . . . . .

32 PRREREGh PRk Bimiolt Fasl CHIREL R G R
hasforhatiomastsile stre@gth isimpiadOafimtdaegé lenpihane di recti on

of web formation Taber Stiffness to transverse
direction.of b formation. Tabep Stiffness. 33 _A.. .
et S P, P 0 PBIR PR (i BV e A lBest 4 Tatio of the in-
surglaasire@tioh BEwWER BorfafibR tdnsidd §tfcAkINOBIra8SV dr@SBRREbMNBS web
to substantial alignnent of individual fibers in the

di rieenstinn tepsilgestrenghvging ard0 ma gangerdenstti al  accor di ng

to claim?24 wherein a wetting fluid placed on the web

pref ?r%a%ﬂail Q%(lé%diﬁ% %&;glairﬂ )] %ef@ir{ gﬁ%%e%%agfaf )55 a2241 ratio of the in-

formati on. erial according to clarm
wharlaienditdotomedHwhib soranafivh TaladriSoififngssatbittaps femst direc@m of web

at | east ut .Q usi ng 100 ppm di octyl phthal ate
par P’&‘T‘té)é’aﬁagwﬁﬁﬂge%si ze range between 10 and 700 nm
traveling at a 7 cmsec face velocity.

A material according to claim 24 wherein the web has at least a 2.2:1 ratio of the
in-plane direction of web formation Taber Stiffness to transverse direction of web

formation Taber Stiffhess.

A material according to claim 24 wherein the major surfaces of the web exhibit
striations corresponding to substantial alignment of individual fibers in the

direction of web formation.

A material according to claim 24 wherein a wetting fluid placed on the web

preferentially wicks in the direction of web formation.

A material according to claim 24 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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