WO 2005/ 100661 PCT/ 1JS2005/ 009163 ALI GNED FI BER VWEB [ 0001] This invention
pertains to fibrous filtration webs and a nethod of nmating such 5 webs
wher e t hewwehmsewbéibit fi ber alignnent in the machi ne dipceasias/oene have
| engths of I1to 10 centinmeters.. 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.
N10 References relating to neltbl owmn nonwoven fibrous webs include U S.
Patent Nos. J 3,959,421 (Webexi gtNED FIBER O¥EB259 (M A sh et al.),
5,075,068 (MIlligan et al.), 5,141, 699 (Meyer et al.), 5,405, 559

+ (Shanbaugh), 5, 652, 048 (Haynes et al.), 5,665,278 (Allen et al.), 5,6667,749

(Lo ot Huphy, Sbg e RARR et %“15493%%%%8 Ada%oﬁf%gﬂ%&%ﬁpiéﬁ??es

+ 15 % 240 yABdwhERGHE ek oxhibit AHS. aﬁé%néﬂ%ﬂhief]ﬁacﬁneaduacuoéa&ﬁﬁav@4§1g&ﬁ45ﬂohy,
Jr.) and 6,521,011 Bl (Sundet et al , u. S. Pat ent Application

Publlcat |10011Nos1tmh¢$er2003/ 0089090 Al (Sundet et aI “090) and US

2003/ 0089091 Al (Sundet et al. "091). Sunmary of the Invention 20 [0003]
Nonwoven web manufacture typically,i voI ve deposition of fibers on a
novi ng col | ector surface. Perhaps B&nlf é a consequence of this notion,

mchi ne OUEL | RSB iRl Rits 399%??30” ety s Py e "

properti grdtRnde.g., faNwED nd hlefiBd fitdrs), insub@ioAPsadditey ailﬂdextﬂé absHRRae
directions. Nonwoven web manufacturers often strive however to nmake 25

pr otlct s Refsrenvgs redatingiie mash bl remaiwpey ae fibroug Webﬁ)lm‘b-piecu Bhhasertafospr operti es.

L e N e

| mpr oved 5, 1% @98 M rd%PPGMOS%WShdnﬁHhhgﬂ)eg 652|0T48QHh%slé§ﬂ 305 Jgengge The
resul tant webs are articularly useful for formng ?’aeate filtration media

havi ng plAlesctgdheyeld7, ’§49tﬁlan§0ér)sﬁ7%94&)(ﬁhﬁeowﬁbhm 11,648 (Adam gtpd.)pr esent
I nvent | O %‘eggemggp r?geate%s ilirss i’ncl%dg%t §1%%ten?ﬁos flP 559 §5b Bﬁ'l%rsgn ;5

filtrati
15 5,240,479 (Bachinski), 5,709,735 (Midkiff et al.), 5,820,645 (Murphy, Jr.) and 6,521,011
B1 (,Sundet etal. ‘011), and U. S. Patent Application Publication Nos. US 2003/0089090

Al (Sundet et al. “090) and US 2003/0089091 Al (Sundet et al. ‘091).
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Snmmary of the Invention

20 [0003] Nonwoven web manufacture typically involves deposition of fibers on a

moving collector surface. Perﬁaps partly as a consequence of this motion, the collected
) web may exhibit a small degree of fiber alignment in the machjne 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

25 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

30 to the machine direction. The present invention provides, in one aspect, a method for

forming a fibrous filtration web comprising:



1 WD 2005/ 100661 PCT/ US2005/ 009163 a) nelt-blowing a fiber-formng .
thernopl astic material through an array of nozzles in the presence of a

pri mary wWoued/iedseeamto forma plurality of fil anent dings2e@r09@st enuat ed
into fibers and directed towards a porous collection surface having a
direction of notion; 5 b) inpinging at | east one secondary fluid stream upon
the filanments or fibers to oscillate the fibers to and fro generally in and
agai nst thegag Imsl%ldiﬁnghﬁﬂéf f@Riing hBEhdplastio heidl Mgotftead iegre on the porous
collection surface to torma nonwven neltblown web 10 wherein the
secondary f| uikpzales Enhe pagpsacs ofipprimasy flyid wregacto|fpap a phuelityefent |y so that a
majority of t 0 e direction of:
notion, and Eel{rhglﬂs(%ﬁt%ge Me%ﬁ%t%dﬁﬁﬁggérhgﬁgggéﬂgé{ Q\{a%% eg({ro%;] fi bers having
| engt hs of abogsiledtidrosuafaoe havidfa difedtidh dfendtieased from the web. [00051 In
anot her aspect, the invention provides a fibrous filtration material in the
155 form of &) WeWikgng Aldeast oae srvgedasy fleidgtteamswonithe Alsmsatscs fibesgondi ng to a

di rection of 0 t si 0 sverse to
t he | engt hwi se Blr?%en&sll o%eﬁq?%ggmglge@%@“ ag%%ﬁ%ggﬁ {}Hm o%ﬁqrt%@t ic fibers
a majority of ad ch are aligned within of the direction of web
formation, and wherein in a web that has not been heat treated, fibers
havi ng | engtchscodlectaiie fibersendboperowncalipchamsuséace safam & REWAVER web. 20
[0006] These and%@ggvﬁr%%spects of the invention will be apparent fromthe

detailed descff In no event, however, should the above

SUPMA | iferdl@ tHeQBEdnddR 0@ strbdth eadse®hs ﬂhl&rﬁtb%s@iﬂaﬂe@ﬁﬂi&éiﬁﬂy%ﬁfthﬂ&t ter, which
subject matter is defined solely by the ) attached clains, as may be

arre ndednaomiyreg ﬂmcw@@ted ﬁbnrs az%almns withinst20°sifitemdiesction ef motionagd 100071 F@ .
Leb? 2 ORISR S RoTRHAE) -P SRR L T B "o
Fig. 2 10&@&1@6&65&@‘&0\&1 gw‘;a:fb a vacuum col l ector for use in the apparatus of
{0005}  In another aspect, the invention provides a fibrous filtration material in the
15 form of a web having an elongate lengthwise dimension 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.
20 {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.

25 Brief i)escription 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 is an overhead view of a vacuum collector for use in the apparatus of
Fig. 1.

30 [0609]  Figs. 3 — 6 are radar plots showing fiber alignment.
[0010]  Fig. 7 is a perspective view of pleated filtration media.



WFig. .1. 30 [00091 Figs. 3 - 6 are radar plots showi ng fiber alignnent.
[00101 Fig. 7 is a perspective view of pleated filtration nedia. 2 WO

2005/ 10069/ 1#06F/4dd5A005/ 009163 [0011] Fig. 8 is a perspeetrivseoisioesyss
partially in section, of a pleated filter nounted in a frame. [0012] Fig. 9
Is a graph showing filter pressure drop vs. air velocity. [0013] Like
reference synbols in the various figures of the drawing indicate like 5

el ement shooI elREk 3 pefspbitfreti d JastiAlkySn B&tioh Cof3GsikRed BRbAhbadedRSCr i ption
[0014] The phrase "nonwoven web" refers’to a fibrous web characterized by
ent angl efrféme. or point bonding of the fibers. 10 [0015] The phrase

<"filtraty b'L. ers t oro web capabl r ving at | east

parti cl %"W%ﬂﬁd"@?%&@%@%ﬁ“m %Pa?sﬁwsﬁg‘?l’ ‘gsr' %%P’gﬁc’t 'an 10 mfrom a

st ream ofo0asy f[lil@é’\ifeﬂﬁeﬁies@nﬁofsiﬁft&e@anfo%ﬁ%ﬁ@é@Ethé)ﬂra’vﬁnglmdiéhltélﬂaé pressure
-drop no greater than about 50 mm H2O. [0016] The phrase "attenuating the
fil &ment eleingnts. Theelestenisah thesdrawingrmee sgnoseadd.on of a 15 segnent of a
filament into a segnent of greater length and smaller dianmeter. [0017] The
word "neltblowi ng” refers to a nethod for form ng a nonwoven web by
extruding a fiber-form ng mater pRiailelTRyeipAod! urality of orifices to form
filaments while -contacting the filaments with air or other attenuating
fluid tolt@ddknudibe phiase fioravasensvabiirefers'to pifibraisaral chaacteaize@by col | ecting a
| ayer of the.attenuat.ed fipers., 2 0018] The phrase "neltbl own web"” refers
to a nonfRtEle °HB%PB%£¥°%F%BF%W ng. [0019] The phrase "nonwoven die"

refiers t @oaspi € Heiphttse “fiflyafioh iib® Yafe8 to b B wEbRapih@sLemoRRIslaR ldavn

fibers" and bl own mcrofibers” refer to fibers nmade using meltblow ng. 25
[ o@ 1] Thatiples bawdng amaverage mirticde tiaoweter graater tvad Oim rone s gzeam pbain nel t bl own
web- or flowing at a 0.5 m/sec face velocity at an initial pressure drop no greater than about 50

mm H>O.

10016} The phrase “attenuating the filaments into fibers” refers to the conversion of a

15 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.

20 10018] 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.

25 [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

30 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



to a nmeltbl ow ng apparatus for neltblowm web formation refers to the
I n-plane direction of web fabrication. [0022] The phrase "transverse .
di recti oWO 20p¥IW0&ded with respect to a neltblowi ng appardtigsen1e nel t bl own
web refers to the in-plane direction perpendicular to the machine 30
direction. [0023] The phrase "row direction" when used with respect to a
pleated filter element refers to a direction generally parallel to the

pl eat rivayas adpided sirycayrs with parglielisenerally phasp-edsof5reass nd b s direction
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crowns abgupaskstegirowsthiparalle], igeh@illypdmemhunddationg. a corrugated structure
with parallel, gﬁneral %&Sﬁomh undul ations. [0024] The term

"sel f- sUP t i nfe \RRnselsBPPArting Mdspased WHb EshReb 1¢ _PEPICier taam® 5 having
fficient: bl
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pl eat ed shbdtdreial teefisy & tuptuze, ahd Mheh uvddosich pdspadt so dipleated Wiflfer edfemto sti f f ness so

t hat thgﬁ do not col] apse _or bow_excessively when subjected to the air
pr essur diteyphess pleatehavs sufisiend stifngss se that they do @t sallapseopr Raysexsessively 0025] A

vari ety : Q LsSc ' | ber 10
wabs. TaaiHenBRbUEd B HBYD OrbBe TR Eoth LBl erblf iy R SE ARG O]
prlocesEQ}iomi ngAlﬁﬂmldf:{)bl}maﬁgnﬁpﬁlaE%bu@led&ﬂﬂakm?lblﬁi@é@eﬁyng&ﬂl iffter such a?]
pol yet hyl ene,_ pol ypr opyl ene or ol ybut yl ene; pol yam des; pol yesters such as
po@et hyYedfe Repieessiativg pabaners g thyrmeplas temcéa%& andpan e mrogsesed A§ingi ar t o

t hose skj | ) ' | | ~+15 [ 0026]
A vari oty okl s el RIS Ao bt Btk SRR ERIER o L ol
Repr es erpoiybntiterppdigahidpgrpolwisrss sk ashslgtthglede terepliifalatBadndtheilo. 3, 971, 373

to Braun, U.S. Patent Noq. 4,429,001 to Kol pin etkgn. and U.S. Patent No.

6, 102, o3vateralsihat wyble fagyiliay to those shilled Bfhe avth SAlyakdInS AR PABCEAY particul arly
preferr e%l%(pent particles. Mxtures of sorbent particles can be enpl oyed,
e.g., to absorb m xtures of gases, although in practice 20 to deal with

m ¥ ur eq400%6] gasAsvatittyrad yotbenteirticles daq bealldéciattbe Aommdienlvesbarif ¢dskad.ed fil ter

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. 6,102,035 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
20 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

\- y

sorbent particles and most preferably at least 90 weight percent sorbent particles are
enmeshed in the web.

25 [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

30 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.



enpl oyi ng separate sorbent particles in the individual |ayers. If enployed,
. preferably at |east 80 weight percent sorbent particles, nore preferably at
| east 84 WeQ gWe/Igesent sorbent particles and nost prefROTAH2Q0SHOI62ast 90
wei ght percent sorbent particles are enneshed in the web. 25 [0027] A
variety of primary and secondary fluid streans may be enployed in the

I nvention. Air is an especially convenient fluid for both purposes. The
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of the operating paraneters described below. [0028] Fig.1l shows a schematic
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supplied through inlets 20 inpinges upon the filaments 22 and attenuates
t hem i nt gicraspthesvidth offw¢iel&ingpinges mgow theffilaments bt Bbersrcapgng it fiiess @ nonwoven

web 28 whi ch can be.drawn away fromcollector 26 in t di recty of 5 web
Format i o sTURE 16 o £ el iAr LRk e@Finitihe 55 8e Aetitph e PIREA BB ot s
(not showhe résiitifi Sreb 2B aréSubsQutifly Mofedlighed RY the thacBife Afddtion taeReiidder

supplied to ducts 32 arrayed across the width of web 28 inpinges upon the

fi | &rent shoeastivitoyt the seroindeyyguendh desupplyo Theswsl’s machine digetionasdgener al | y

i n-qnd agai nst the chi di rection. ,The. col l.ected fibers.in the resulting
won I8 arBiodred difielBE Mol Bbyhien (T ih2auinh fedtPead shlivelfian woul o be
10 the cagfcibdl &Ftiesd HR1 LRGREBAYHPMENEINEL ErefteP RliYotropyaheWhén AraChi ne

direction and D transverse direction nechanical properties (e.g., its
machi ne dieeasianotueneair seppdysmotemgloyedt i on stiffness and tensile strength)

ot el AR} oSS eCRaRI PR e FRE G bt e s BT Pl is g
hi g5 s peefheR P 868148 A¥wn chollbAE 56 id%h ‘Pamithrasi? Heh. OMesRePRlRE 26 in a

"pai ntbrush" fashion. Measured at the L ]
collector, the oscillations can have a very large machine direction amplitude, e.g., more

than one fourth the die to collector distance (“DCD”) and in some instances more than half
the DCD. Several operating conditions may be especially desirable to achieve such
‘paintbrush deposition. For example, the oscillations may occur regularly, may have
20 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
i W) 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
25 towards the meliblowing 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
30 lengths) from conventional nonwoven webs, as the fibers typically are restrained in the

web by fiber-to-fiber bonding or by interfiber entanglement.



collector, the oscillations can have a very | arge machine direction '
anplitude, e.g., nore than one fourth the die to collector distance ("DCD")
and i n s®ife20fisoasices nore than half the DCD. Several paparsatosqgepieondi ti ons
may be especially desirable to achieve such paintbrush deposition. For
exanpl e, the oscillations may occur regularly, may have 20 increasing
anplitude en route to the collector, and may have a wavel ength for one
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webs, as the fibers typically are restrained in the web by fiber-to-fiber
bondi ng Pé‘?fe%‘iﬂ-i nterfiber entanglenent. 5 WO 2005/100661 PCT/ US2005/ 009163

[0031] }fﬁ@s 8 Cﬁ%@&m@f%ﬁfo&?on%ﬁg bQHxawrtﬁél%ﬁ%ﬁ BEﬁ%é?ﬁidhtoFﬁEisﬁﬁa.”pl e, heat
treatments (e.g., annealing, using equlprment not shown I n Fig. can provide
a 5if f epnsedilatingeatb 28.r OatndentiScatiey (dpywesiey caleddaring) may kowletek idestioly t o t ease

fibers fromthe web, as the fjbers may tend to fraciure and the web may .-
have gr ¢t Wb ﬁ%ﬂt&uorli%@blﬂ% cﬁl?f@%ehaé&ﬁcgﬁ&eéwemJ 9 thy Ebes DY GOBAHDR ng )
tinmes a ( Lh; ' 1Rl Lch e
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cont act ifitgrd tp enhance the web’s filtration performance, mechanical properties, aging
properties, surface properties or other characteristics of interest. Representative additives
include fillers, nucleating agents (e.g., MILLADT™ 3988 dibenzylidene sorbitol,
commercially available from Milliken Chemical), UV stabilizers (e.g., CHIMASSORB™
20 944 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 freatments (e.g., fluorine atom treatments to improve filtration N)
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
25 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 pum for flat blown microfiber (“BMF™) filtration
layers (more preferably about 7 to about 25 pm), and about 10 to about 25 pm for BMF

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

layers, and about 50 to about 100 g/m? for BMF pleated filters. Preferred solidity values
are about 5 to about 15 % for flat BMF filiration layers or BMF pleated filters.



themmwith water as disclosed in U S. Patent No. 5,496,507 to Angadjivand of
al., corona treating as disclosed in U S. Patent No. 4,588,537 to nasse et
al ., hydr sahznogitengslas di scl osed, for exanple, in U S POTER2008009183 908, 598
to Rousseau et al. or tribocharging as 15 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, nechanical properties, aging properties,
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fibers are aligned wthin he direction of notion more
pr eflér abl gngthoand Iﬁ’@emfa:tabht atafid’sﬁ a Fdrrative bAn@heradass fof pmfmﬁdewebmhwﬂmwec

gui de. 1o g et pERE SoplABE Ryeing S BREion TeRr SRy B ERRPS® Sbout 51 to

‘direction of motion Taber StlfﬁlGSS, and more preferably at least about 2.2:1.

[0036] It is possible to construct the disclosed apparatus and operate it under
condlttons that do not provide the disclosed aligned fiber webs, or under conditions that

20 wﬂl 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

25 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.

30 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



about 80% of the fibers are aligned within20 of the direction of notion, and
nore preferably about 60 to about 80% As a general guide for webs nade
from nyl wo,2003s10eé6ar abl y about 51 to about 70% of the fPOBNUS2005/609343 gned
within 20 of the direction of 10 notion. Very highly aligned webs can be
formed, e.g., webs having at | east 80% of the <collected fibers aligned
within 10 of the direction of notion. [00351 The discl osed webs have one or
nor e ansesondappijcenck elvamdycaso iy apeloyéddsut apprars it 4 be oécessaey.elnstedd itebs may

have at | east 1 rati.o of ..the in-plane directipon of tion tensile
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weak webs poorly suited to filtration. For exanple, if Insufficient

secondaPipviigayrbi bavipg redueerb T dhies Stitfhess. hecemyentionabeylindsical wwdlestPt at i ons may

not occ | ot.5;al subs | al ' . chi ne

directi g%fa%%c%@?{/léﬁ&%dg@%%ﬁg}_lleci’;rﬁetﬂg%q#?g@aﬁ@%@ gﬁ?/néé\)/l{é(géj%l%g | er webs

havi ng biga wétsevosd Sherb aftiubgtamivdlyeilicadUina i ilacking direqtioay & thé wlebg at i on

performance, but havi n% severely dim_nished nechani cal properties such as 25
I

stldf f nesgy Save lomeni air StifipessT fixsessiveddplaensths axickressive distanseaom the enpl oy
seconda [ iRl r [ . As a
cxcanpl oo iERg el sl LS o (oG by HRS B YR, €8, B cBiTRS, 15 "
bel ow amaheBéciilativpe e@iotteto the télldetorOdxcedsdugtfibeb Afterivatial oriéx 28D fieans of
secondary quench air per gram of extruded polynmer may be preferred, as my
be seco U’&]F%gequench air outlet velocities of about 15 to about 60 m sec. 30

These r ”%{mﬁ&e R ' ?m%g?‘ b b AR wihd BELRLS such as

t he nel ?E?gﬁn ng the gertléd prgga;arrg%l{%érr% oye ,&Pﬁgn%%rget asl's we{xgﬁté t ar get

wels sol bulitsingeamchppinatug dilce ¢hett sindwioin Fighk andFigy2 et he dawlilize ochthnsecskillgdr operty .

ani sotropy. Pulsation of the 7 WO 2005/ 100661 PCT/ US2005/ 009163 secondary

quench Hi cﬁﬁy al so be enpl oyed but appears not to be necessary. Instead it
[0039}] The fibrous filtration webs can be further stiffened if desired using a variety of

techniques.. For example, an adhesive can be employed to laminate together layers of the
web, e.g., as described in U.S. Patent No. 5,240,479 (Bachinski). The web can also be
20 made using conjugate fibers, e.g., as described in U.S. Patent No. 5,709,735 (Midlaff et
al.).
[0040]  The fibrous filtration webs may be employed in a variety of applications : )
mncluding 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
25 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
30 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 stiffhess of pleated media 100 and the substantial



.appears to be better sinply to adjust the secondary quench air flow upwards
or downwards to a steady state value that provides collected webs having

t he desi re@ opFHI06§3r operties. [0037] Fig. 2 shows a scRERASEUOSBWdShead vi ew
of collector 26. Die 12 is positioned 5 close to the |eading edge of
col l ector 26, but can be noved downweb to positions such as position 36 in
order to alter the properties of web 28. Such repositioning may for exanple
provi de m@nndwwn@m@bmemwmﬁmé@gowrdzreau@mhouhmq igvedtpl i ndri cal
coIIector
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t he mannemhidhis Wvogdvrared héreiny c?/r‘gt‘emm;led be carried 15 out using an appar at us
like that shown in Fig. 1 and Fig. 2 will be famliar to those skilled in

the art. [0@dBo1 ﬁh@nrrmw@u%ﬂmomb%@qsww&e&rew tp the RREpwWHIE BOPened | f
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Pat ent Nindi&atet¥ Gedéal (Banhémalkts ereldaeriadedut eafollekso be 20 nade using

coni' ugate fibers, e.g., as described in U S. Patent No. 5,709,735 (Mdkiff
et |.). [0040] The fibrous filtration webs may be enployed in a variety of
applications including ventilpilgR (I@b&'D fdggace and clean roomfilters),
pal llution control (e.g., baghouse |Iters fquid treatnment (e.g., water
“filters) [quléﬂsonﬂﬁ"equwetgemem fiber diameferd Wmlmgluﬁﬁdfaamdmgwﬁ])emﬂh@ime&al or

bi ol ogi c Sis ffinity nbra di.c ev) ces
di al ysi S?Mbwgh% Calﬁelgy%g‘?lmé?ﬁlﬁpl rﬁ‘l’%@“&? %éﬂ &%ﬂ“l“‘?oé‘ro to t hose
skill ed 'l\}ﬂechgﬁcal@rfgme%fse%ﬁfenf PHc@édn‘I@%Ci'Ba 1982.an especially preferred

application. For exanple, Fig. 7 shows | eated filter nmedia 100 having rows
of Weats 102. The rows are aligned in the transverse direction, and the

substantially-aligned fibers Iﬁﬁﬁf‘p gﬁ({ga{, aI| ed at 900200 with 30
istal Vb Pgongrek

respect to the row directi on ¥® respect to the machine
directiongod3) 9. Bhe overall visual web appearance was cvaluated using a Zeiss Instruments

dissecting microscope equipped with a charge coupled device camera having an § mm x
14 mm magnification window.

20

Taber Stiffness
w ) [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

25 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
30 INSTRON™ yuniversal 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



shows pleated filter media 100 and an expanded netal support 110 nounted in-
frame 112 to provide filter 114. The increased stiffness of pleated nedia
100 and wheosklesssant i al 8 WO 2005/ 100661 PCT/ US2005/ 00RABYS208§ M43
direction fiber alignnent transverse to the row direction both are believed
to contribute to increased resistance of pleated nedia 100 to pleat

deformation at hi filter, face velocities. Further details regardi ng such
F oot oddqvaBteld fefoming the maG I e ey SHRER U A Gh PG AT A TR ! | o
Serial R0Q dablearDeyoGiell 10 serRARRRURIR Aony hih ki Aten dat e herewi th and
entitled PLEATED ALI GNED WEB FI LTER, the disclosure of which is

I ncorporated herein by reference. [0041] The invention will now be descri bed
with reference to the foll ow non-~ | i ti ng exanples, in which all parts
and percentages are by wei gmgfﬁf'%&‘ﬁ’f‘ﬂﬁﬁf@@ iggi cated. Several P ,
Negsur epeass WEII&ateH ity Sidtor Qdr@Weterntidedhiéing biTg™FMyael $X3anet er [ 0042]

Ef fective geonetric fiber dianmeters were eval uated according to the nethod

set f oligh-spded@atoneaed Dtdy testér (bamberaliytavailatdé bid DI he.) udt didyiParti cl es, "
Institution of Mechanjcal Engineers, London, Proceedings 1B, 1952. 15

Opt i cal Pitilate STDORD ghaBenaergerosol iroving atrhes d{ina| Galipraediphoiemetsiiidfance was
eval uat ' | t | | ' : ' d wth a
char ge %gﬂlg?ée%qégew @%ﬁ@g&&?&éﬁ%ﬁ{geagﬁ eéﬁ%%@)?ﬁ &1?% mn%r%gﬁl&%ll% ?aé’ i'on wi ndow.
20 TabepenStratidotbamgh WAfALe D MKIS frests tvasdwen (donieétcialiy ngaiabMofileh 150- B
TABERTmMs[t@j,ffness tester (comrercially available from Taber I ndustries).

I
sdlar e Bskwmnenty) was carleyesiie mearwe prespwr dran/ (An, win oD dbmonghihene webs
using a haﬁ&eraz r blade to prevent fiber fusion, and 25 evaluated to
det er mi il H8PEAL4H9PF ness in the machi ne and transverse directions using 9
to 4 ~—111[ %DOP penetraz‘ion)
0, = 100
AP

was used to calculate Qr. Qp values can be reported as a curve plotting Qg vs. the DOP
challenge total mass after various time periods. However, the initial Qg value usnally

15 provides a reliable indicator of overall performance, with higher initial Qp values
indicating better filtration performance and lower initial Q values indicating reduced
filtration performance. Initial filtration quality factors Qg 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), more preferably at least about 0.8 and most preferably at least about -~

20 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
25 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



.sanplkes and a 15 sanple deflection. Stress-Strain [0045] Stress-strain (or

| oad vs. elongation) was neasured using a Mddel 5544 30 | NSTRONTM uni ver sal
t esti ng nWEHI0eELI0&Anmerci al |y avail abl e from | nstron CoPETUS2R&EPARgul ar 2.5
cmx 6.3 cmsections were cut fromthe webs using a sharp razor blade 9 WO
2005/ 100661 PCT/ US2005/ 009163 and eval uated to determ ne the maxi num force

and el ongation at maxi mumforce, using 6 to 10 sanples, a 50 nminitial jaw
separ at i & maintnem persanipatice raserdionr(tedownstreampart ple @auntupgtreame patick [ 0046]

i gh- opectl iR ae P et FLyethoD o8 Bechtrar el &% Bl Brob et o e
- and a di gs¥yim 0. halsat f partididsike fhmivhEdTaCieAe) @) pkifoimhdi@e alirvé2atd | Jm n.

Cal i brated photoneters were enployed at the filter inlet and outlet to

measur e friveenidPRAl dostdentigilevels neaychldolte dAx€Bped) andtogathieowithandnigial dléen il ter.

" An MKS pressure transducer (comercially available from 10 MKS i nstrunents)
vas Jenpl BPEYMRABCE PR MEY Srs ased fpdoman aﬁorpmﬂeﬁﬁmz@reﬁwéhﬁ U | ter . The

equat i on; A (07 PP t . QF val ues
gleo%@r?@eaaaéﬁﬂeetaéﬁgﬁt?fhng%.otp?mtnsgona}@@%xﬁﬁ’?% t‘g%ﬁfbe ave ﬁﬁrf%ﬁggﬁtﬂg o

can be r as a curve | Ve Peh DOP ¢ mass

af t er vaeverepes sadetogetermite. thé-missiverm effibiendyniepodingQrlneg(MER Vs fraltheyfilter5
provides a reliable indicator of overall performance, with higher initial OF
val ues indicating better filtration performance and |ower initial QF val ues

i ndi cating reduced fi Ig%%?}' gglg_ej( LR @?)H{'li%é'isbﬂiﬂﬂa&{pléhl tration quality

factors QF of at | east usi ng ppm dioctyl phthal ate particles
haviOng a si ze range between 10 &olypréjylera Webvel ing at a 7 cnisec face

YR8 Yool € RESTSLABLN s bescle AL 0.0 a0 oSl RLgRel APl gl | oo
of a secondary air quench system and a flat-bed collector arranged as in Fig. 1. Ina
conventional blown microfiber process, secondary quench air would not be employed and
the web would be collected on a rounded surface such as a porous drum. The modified

15 apparatus was used to make meltblown polypropylene webs whose fibers were highly:
aligned in the machine direction. The secondary air quench system employed 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
f,l___owing at various rates (or not at all) through the air outlets. The flat-bed collector

20 éinployed 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

25 m3/min. The DCD was adjusted to provide webs having a 0.5 mam H7O 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/m?2 for webs prepared using secondary quench

30 air at 50 or 35 m/sec outlet velocity, 5000 N/m2 for webs prepared using secondary

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

11



[0047] Filtration performance was eval uated according to ASHRAE st andard
52.2, "Method of Testing General Ventilation Air-C eaning Devices for
Renoval VEPRUSI18066Y by 25 Particle Size". The ASHRAE sRGHUSX0eH/WIHBuat es
filtration of a test aerosol containing |aboratory-generated potassium
chloride particles dispersed into an airstream A particle counter neasures
and counts the particles in 12 size ranges upstream and downstream fromthe
filter.qiEneh siesThe eolleatedivesbs &pdat B0l gas? basis weiphtcaorzoki fe BHT.i Thewehs val ues
for particles in variqus size nges.. .The m.njimum_conposite efficiency

val ues YEFCEEParitFates 4 G%E%Wﬁ%@g%&tw{%zéﬁg#é‘ég%g? albhe i ni mum ,
per cent nyRsdnafded af BERAbLOM T ENPa1EMNNS IS RAMRAS RohbRaf SLH1! ddRShRGRA particle
count x 100 for the size range in question) as the filter is |loaded to a
final ploelstuminedheipmethaniks! gropentiee @d Altmtion ghaliipfidter @r.sThewebnwersl .
efficiency (PSE) performance curves at increnental_ dust |oading |evels may
al 80 bealsehest bpatad atal?§° € dojet minutes and regvajuatedita deterais teeipmeehsnitghce curve
may be Hr%eéj .teé) forma conposite curve representing the mnimum performance
in eachP'SPZH I"ange. Points on the conposite curve are averaged and the

aver agepoysed tSet s@theloW METdbie] BiethdBRamgple NG, enCympensin ExgnpleNeg ( MERV) for

the filter. Exanples 1- 3 and Conparison Exanple 1 10 Pol ypropyl ene Webs
[0048] mcersaneair velaety 2ol massan walontbe fibeoduatandPosr sligemepidapand i ed by

201t O RS REHONALY: O OAUERSS XS SIARA B Tl 2 Bednegllgg or o anged

as in Fig. converti o m Crori rocess, secondary quench
aifh woupigl, ARDeTROYAEv A dird ;5@1‘5 DERRRL heFleRdcy ounded
surface suc?:iﬁhgs a porous ‘érumufﬁgnm ieg&15 appar at%ggwas eu ed to mak
mel t bl ovalugadbytheapst eake and s natio 9EMD TP TabereSthffurst ynd teatilegpredgthn t he

machi ne_di rect.i on. _The _secgn i ench system enpl oyed opposedi
nor i zonSeog belpSHb TaNe Are etinend T T GRS osT S oY oA pue

appr oxi PR YeabrERPREONabd e TRid S 1Y BT TEhdri el SRRNESASNG stkéngtit 3C chi | | ed
air flowing at various rates (or not at all) through the air outlets. The
flat-bed collector 20 enpl oyed a vacuum col | ecti on system | ocated under the

bed. The neltblow ng die was positioned over the |eading edge of the
coll ector. FINATM type 3960 pol ypropyl ene

12



«(comrercially available fromFina Gl and Chemcal Co.) was nelted in an
~extruder operated at 265C and fed at 9.1 kg/hr to the neltblowi ng die. The
di e was nWiMbme@delat about 265C usi ng resi stance heat /GNP i ed Wit h
300C primary air flowing at 4.2 25 nB/mn. The DCD was adjusted to provide
webs having a 0.5 mm H20 pressure drop at a 32.5 L/mn flow rate. For webs
prepared using secondary quench air, the DCD was approximately 20 cm For
webs prepared w thout secondary quench air, the DCD was approxi mately 34

13

cm The coll ector vacuum was adjusted to provi de webg having |8 - 9%
solidity. The collector vacuumwas 3250 N nR prepdr gd using
"~ secondary quench 30 air at 50 or 35 m/sec o gty <8000 N n2 for
webs prepared using secondary g ch.alr at Y4t |vel ocity, and
zero for webs prepareng 't,hout s bngary| 11 100661
" PCT/ US2005/ 009163 qtlﬁnghga};[ ng|wpl! ect ed l an 180 d/nP basis
wei ght and a 19 m EFDs Ehg @kbs=|wekeScof ona- ag descrii bed in U S
Patent No. 4,588, 537 |EoNasse al.! hydroch viegefigded in U S
Patent No. 5,908,598t 0 Roussepulet_al. and e S|f—detlermine their
mechani cal propertiesu,a o"-'fllt’a ipnfquality DF.| The Webs were 5
al so heat treated at onpq.'oquq [res and r ed to d%?ern‘i ne their
mechani cal propertléﬂﬁ ;[‘13 9§*°§3t out bl ow i i 1 dre tlhe Exanpl e No.
or Conpari son Exanpl e _No. "oﬁd ry aif vel fimgesg il ow ratio, the
fiber count and fiben, ali rmen ataj and th tilafjegel ity factor QF
for each web. Set outggbsl W J &lL are th e |1Q dirjection ("MD")
d.transverse direct OO%E "“F‘dfé""St ffnes ensill g dtrength val ues
for /t he each web, anc ratip of | MD tol TD ffingsq gnd tensile
strength. 1) Set out De|Q—W|n rabfef3 aje th ~JR|Tdhgr Stiffness and
tensile strength vaIL"’ Fcl_e(%treated dijtd{esldtio of MD to TD
Taber Stiffness and t ﬁﬁeg sffepgih|n 1P WO 641 PC,LI‘/ US2005/ 009163
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[0050] As shown in Table 1, webs made using secondary quench air had significantly
greater machine direction fiber alignment than webs made without secondary quench air.
This 1s further illustrated in Figs. 3 — 6, which are polar “radar” plots respectively showing
5 the number and orientation (in deigrees with respect to the 0° machine direction) of fibers
in Examples 1 ~ 3 and Comparison Example 1. Because fibers oriented at 0° with respect
to the machine direction could also be said to be oriented at 180°, the plots have
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

10 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

15 machine direction.

[0051]  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

20 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.

25 [0053]  Webs prepared using sccondarj( 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

30 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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14 WO 20¥98/24B06851 PCT/ US2005/ 009163 [ 0050] As shown iPCITEEH08S/M9163ebs nade
usi ng secondary quench air had significantly greater machine direction
fiber alignnment than webs made Wi t hout secondary quench air. This is
further illustrated in Fi 3 - 6, which are polar "radar" plots

r espect i00&4ly sﬁ@\ﬁh%@ﬂ T ﬂm@?@ﬂn@@dlsmgl sepnndenotepfinaig bad sigeifighntly r espect
to the g m 19 lIrfa %tgh(%ﬁ‘)essotfh ngsr € WltFX &rggco%%mgy qu%n@t?%écwgg rison

Exanpl e 1. eca ers oril e respec I ne

direct |mmdmiﬂgmlgma®obma@lf§ecbﬁd qﬁéndarﬁleﬂscalﬁadlsﬁ%@nﬁtdmlynh@*es have
symmetric |obes refl ected about the origin 3 shows for exanple that 12

fibers Wasolopistenshe skength @@nwebﬁnwégb@épu&%cqqﬁermﬂh@rdu rection, 9 fibers
wege or fOﬁgé]Ed Ak shd@n iPriti0 §!ieat treating could be used to increase web stiffness and

tensile strength. For several of the webs this could be done without causing a substantiai
change in the web’s overall mechanical anisotropy as measured using MD:TD property

ratios.

10 Examples 4 — 6
Smaller EFD Webs | )
[0056]  Using the general method of Example 1, meltblown polypropylene webs were
prepared using 300°C primary air flowing at 3.4 m3/min and secondary quench air and
collector vacuum adjusted to provide collected webs having an 80 g./m2 basis weight, 8 —
15 9% solidity and smaller effective fiber diameters than were obtained in Example-1. Set
out below in Table 4 are the Example No., secondary air velocity and mass flow ratio,

effective fiber diameter and the fiber count and fiber alignment data for the resulting webs.
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10 were oriented at +10, 6 fibers were oriented at
di scl osed webs had consi derably greater

5 show that the

-20, and so on. Figs. 3 -
machi ne direction

al i gnnment wdhzoesAadesiweb  prepared without secondary quen®&TaIS2005(08%16&d i n
the Fig.

Fig. 6.

In a further conparison,
1749 patent was evaluated to determne its fiber orientation

4

web shown in the Lau et al.
and fi ber

count, and found to have only 50%of its fibers aligned within20 of the 15
machi ne direction. [0051] The kig. 5(plots generally mrror the behavior
of a wetting fluid placed on Be=rgin- £o | ector side of the web. If a drop
of a suitable wetting fluid (prgf-8rabkhocpl@red to aid in observation) is
"so placed it wll tend to sprea# : Qéd“ he web in an oblong pattern
generally corresponding to the|radaR p|o ope shapes, thus providing a
conveni ent 20 indicator of theprraryrei+eetion of fiber orientation and
"web formation. When a wetting Eﬂgld i 5 placad on the Conparison Example 1
web, it tends to spread nore oraﬁé eveply {outward in an expandi ng
circular pattern. [0052] Tabl e|& %é ;@cﬂrq.hat as the secondary quench air
volunme increased, the filtratie m:qgal ty tagtor QF increased and then
decreased slightly. 25 [0053] @ng prepafed psing secondary air had visible
striations generally aligned il he npchi he| direction, a surface with an
overall smooth sheen and slight fuzzinesk,}apd few or none of the nodul es
that usually are found in convea;aﬂ%al bl ofwn| mi crof i ber webs. Fibers havi ng
approximately 2 to 5 cn1|engthg§aa spejdmased fromthe webs using
tweezers. Webs prepared withouliZsBcBridnf ™ gliench air visually resenbl ed
st andard 30 bl own microfiber webs®cHl | ecied pn a round col | ector. Sone
rejihively short (less than | |[cm indlvidual fibers could be renoved from
these webs using tweezers, but|endy withi great difficulty. 15 WO
2005/ 100661 PCT/ US2005/ 009163 .BGQS ] Asi{shown in Table 2, webs nmade using
secondary quench air had signi {&Eca@n&l y|<[®feL| ani sotropi ¢ Taber Stiffness
t han webs made wi t hout secondaﬂg;ﬂuencf*fﬂ“f Webs nmade using hi gher vol unes
of secondary quench air also hhd:giﬁnifi:a1t y nore anisotropic tensile
strength than webs made withoui®s&condary guench air.
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5 [0055] As shown in Table 3, heat treating could be used to increase web
stiffness and tensile strength. For several of the webs this could be done
wi t hout wauwdivigo@l subst anti al change in the web's oveP@IISHETHAM3cal

ani sotropy as neasured using MD: TD property ratios. 10 Exanples 4 - 6

Smal | er EFD Webs 1) [0056] Using the general nmethod of Exanple 1, neltbl own
pol ypropyl ene webs were prepared using 300C primary air flowng at 3.4

n8/ m n and secondary quench air and collector vacuum adjusted to provide
col | ect B95%Ebs Asshowy imifalBle 4gvaes hevaigssubethufial maghine ire@6rsithardi ty and

smal ler .effectiv i ber, di aneters.tha e obtained in Exanple 1. Set out
bel ow iﬂlwécoﬁ%{)%rqaﬂ%a@yi o%&y&g%ﬁ%q&gﬂgt%sr vel ocity and mass flow
ratio, effective fiber dianmeter and the fiber count and fiber alignnent

data for the resulting webs. 16 WO 2005/100661 PCTNS20051009163 Lo O'.o M
O 5. a;n oe r~~ n Bxamplep 7 gl0ad Qompatisen Ex@nples20amdPp e ~OV V 3 0 W |t

*ll
000 4*"qy, NN O. bcl M\i’]fll‘andNylonWebs

[0058] Using the general method of Example 1, polyethylene terephthalate (“PET”)
and nylon (ULTRAMID™ BS-400N nylon, commercially available from BASF Corp.),
were employed to prepare nonwoven webs using 350°C primary air flowing at 2.9 m3/min
10 and optional secondary quench air. A 12.7 cm DCD was used to prepare the PET webs
and a 16.5 cm DCD was used to prepare the nylon webs. The collected PET webs had an - )
85 g/m?2 basis weight, 5 — 6% solidity and a 16 pm EFD. The collected nylon webs had a -.
70 g/m? 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
15 ratio, polymer employed and the fiber count and fiber alignment data for the resulting

webs.
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W 17 WO 2005/ 100661 PCT/ US2005/ 009163 [0057] As shown in Table 4, webs

havi ng subys® aW6{il66trachi ne direction fiber alignment cARITUUEEOVMEW3Iat a
variety of effective fiber dianeters. 5 Exanples 7 -10 and Conpari son
Exanples 2 and 3 PET and Nyl on Webs [0058] Using the general nethod of
Exanpl e 1, polyethylene terephthalate ("PET") and nylon (ULTRAM DTm BS- 400N
nyl on, conmmercially available from BASF Corp.), were enployed to prepare

nonwoven webs using 350C irmrv ai lpwing at 2 9 nB/mn 10 and opti onal
secondary quench air. A 12. was| used fo| prepare the PET webs and a
16.5 c¢cm DCD was used to pie ng\he nyl bn webs. | The col | ected PET webs had
an D 85 g/nR2 basis wei ghﬂ ;6%@6%13;ty JyW A 16 m EFD. The col | ected
nyl on webs had a 70 g/ n2 g WBi ght bo)s lidity and a 17 - 18 pm EFD.
Set out belowin Table 5 ®he Exarrp e No.| o qurparison Exanmpl e No.,
secondary air velocity an¢—rmrass—Howtp—+att+p,rpoHyner enpl oyed and the
fi ber count and fi ber allgh_‘ngrw, gata fof the resultling webs. 18
=]
2%5% gl sk
-
55'.5%? mloolen  |o|n|o
28 35S N nln|a
g3 8
s25% (Sgl |m)ee
Zh;é
wn » =
212 &g
SIETES S8R |wl9%
T 8K
=S
g gigl o
g 3l B R=1R=1 R4
o eajfRa]dial vt | vt |
3 Alalae (21212
- - Ty
> £58
- 235 o o
MEE DRl [2I&|e
L Jle Tl
d 3 L
& n g
£oegg |
2323 ERR° [Rlal°
A TET
2 a8 .
IRt = 2 en
E?EZ_ ool B ulan|S| E
82 0 u e M ~lo M
RZO& o M o=

19



WO 2005/ 100661 PCT/ US2005/ 009163 N.8WO00a - -NO wOM\Dtl 'l O.a ,C O
MN NN zw 30 N OR.C---TTTTO.... \ vii Nt c~f1 N wO--b ONNON .rte .
b~0 zZWWQ2W51@&@ N r~ mr F Wd .--+ o0 00 Mv) 00 OPCOUSRMNONSGH' cn F w
8 ww O aaa zzzT 964 a q 0 ~ ~~ogafl ~~b+yvvi Oy OMNMN w
oaC Nen z Wc i4 ~00UWM UW 19

10

15

25

[0059] As shown in Table 5, webs having substantial machine direction fiber
alignment could be made using a variety of polymers.

Example 11
Additive
[0060)  Example 2 was repeated using a 1.5 % addition of the additive poly(4-methyl-
1-pentene). This increased the filtration quality factor Qp from 1.5 without the additive to

1.7 with the additive,

Example 12
Additives
[0061] Example 11 was repeated using a 1.5 % addition of the additive poly(4-methyl-
1-pentene) and a 0.5 % addition of CHIMASSORB 944 hindered amine light stabilizer.
The web was hydrocharged but not corona-treated. The filtration quality factor Qp 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 Q. The webs had an 85 g/m?2 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
Qr 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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MD 2005/ 100661 PCT/ US2005/ 009163 [0059] As shown in Table 5, webs having
~ substantial machine direction fiber alignment could be made using a variety
of pol ymengo 2605H8@6pl e 11  Additive [0060] Exanple 2 warCT/EfMe®WdlIadsi ng a
1.5 %addition of the additive poly(4-nmethyl- 1-pentene). This increased the
filtration quality factor QF from 1.5 without the additive to 1.7 with the
additive. 10 Exanple 12 Additives [00611 Exarrpl e 11 was repeated using a

1.5 %addition of the addltlve poI y(Zl"-abm&'lyI pentene) and a 0.5 %
addi ti on of CHIMASSORB 9 -afi-fe stabitiyer. 15 The web was
hydrocharged but not car tﬁﬁtw Pfltlﬁa?t“i" ‘sd‘ﬂa ity factor QF was

©2.5, and nore than doull e Qt angleE e| from conventi onal
untreated pol ypropyl ene BFBWgEm crofibers dé’VﬂkstQEut secondary quench
air. Exanple 13 and Conpari{®gh Exanple 4 20 OF Eval uation over Time [0062]
"Using the general nethdd diitiatangl e 1,1.8vel t bl own pDl ypr ppyl ene webs were

prepared with and w t hqut—seconrdary—guench at a 1770 secondary
guench ,J air: pol yner mass*¢ | ow{rati ol corona-tr&hted, hydr ochar ged, and
eval uated to determne |t HEIII’OOTI Ftratt E quat IIbial%[ or . The webs had an

85 g/ nR2 basis weight, 19-21 mEFD, 25 and pressure drop of 0.4-0.5 mm H20
at 42.5 L/min. Set out [bel awgi n Tabl epg5are t he (g: factors after various
curul ati ve DOP exposurelevels fdr the web <anp| e 13) or

wi t hout (Conparison Exdnpl &€08) secondé)ﬁy quench &Pd. 20{ WD 2005/ 100661

PCT/ US2005/ 009163 Tabl e 6 Cunutative Exanpte 13 wnpou son

_, ,) [0063] As shown in Table 6, a web made using secondary quench air and having
' substantial machine direction fiber alignment provided significantly better filtration
5 - performance than a web made without secondary quench air and having less fiber

alignment.

Examples 14 and 15 and Comparison Examples 5 — 7
Pleated Furnace Filters
10 [0064] The corona-treated and hydrocharged Example 2 webs, the corona-ireated and
hydrocharged Comparison Example 1 webs and a sample of ACCUAIR™ corona-treated

spunbond polyethylene/polypropylene twinned fiber web (71 g/m?2 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 filter elements having pleats 102 like pleated media 100 shown in Fig. 7.

15 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 suppotts 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

20 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 pm, 1 to 3 prn 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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DOP Wb,

QF Exanple 4 Chall enge,
100 0.6 0.15 150 0.45 0.1 200 0.3 <0.1

Veb, OF

made usiW@ 28@¢@tdary quench air and havi ng

fiber alignment provided significantly better filtration
a web made w thout secondary quench air and having | ess fiber
Exanpl es 14 and 15 and_Conpari son Exanp

(mg) | :
[ 0063] As shown in Table 6, a web

nitial

1.8 0.7 5010.2

subst ant i aPCHEBIMHT3r ect i on

les 5 -

alig

[ 0064] nnnén@@ rc@moﬁltee%fﬁ@@]ca’r@dﬁw} dearareyeit gEWaYﬁé!Il@ cprigariend te heter

corona-
ACCUAI

RRRhE SnBB iR TR
web (71 g/mZ basi s wei ght,

Clark Corp.) were formed into 50.8 cm x
having pleats 102 I|ke pI eat ed ned?[a l}?070 shovvn inFig. 7.

%g%l% I?%Qq enégg ?‘9‘

el

5 performance than

nment .

7 Pleated Furnace Filters 10

de \{\gbs and a sanpl e of
propyl ene twi nned fi ber
- 20 pm EFD, comrermally avail able from Ki nberly
63.5 cmx 2.1 cmfilter
15 The pleats 102

enent s

wer e arjr e 1ot R T ansv lalrection,
with 8 eat s (é X 5pl eatal c '11}9 nsi o e_plleated
medi a 100, U35 |sHMERR e é‘ﬁvgée ar Hé‘c'lto ﬂ k,g arts like
support nd nounted |in a cardbﬁ»a 2 Ml in Fig. 8
toformEfoQ-n'édfilter ike filter |{11Mm Tl Gaifer o
eval uatled for fliltration|performnce alBgérdi ) %ﬁ‘hmmd 52. 2,
"Met hod of Test|i ng Gener gl Venti | atijon Air- Cl panijngmbevimes f BrpORenpval
Efficiency by Rarticle S ze cat a 145 m sec|faceivel gcity. Th esults
r eport gd—bgfowri iHe treTm TOTT| T SETgegfigien | ues for
palroticl es |fn theﬁg?l]ziglgz 1ges Xg 1rup§m 1 '?'gp:i %%n an%i3 %% pm Table 7
al so r gperts—the—total—F t;eaJ; ﬂh* gm{*. Hotal+—partieculate—yet g. t -
captured b thd E ?“f‘”f@lg)z f t &0 |'dtionlof |t e eVl uat?bn] H3 )
treated
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
[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 HyO pressure drop than otherwise similar meltblown

10

nonwoven webs made without secondary quench air and having less fiber alignment 7

(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.
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21 WO 2005/ 100661 PCT/ US2005/ 009163 m ni num conposite efficiency and total
~filter weight gain values correspond to better filtration, |onger service
life or botd2denewssl filtration and | onger service |ife. PLARR00F/ENANDP| e VWb
Wb Initial Mnimm Total No. or Enployed Treatnent Pressure Conposite
Filter Conmp. Drop, Efficiency %Wight Ex. No. nmO0.1 1 to 3 to Gain, H20
to 1310 25.4 MmMm mmmHO 14 Exanple 2 Corona- 4.9 43 81 91 35 treated
15 Exanpl e 2 Corona- 5Exasplgd6o718md Comparisentfzamplel8hydr ocharged Conp.

Conmp. Ex. Corong:- 4.6,36 71 , rea . . Ex. Corona-
P2 51 o9 saPbattdFiidale Fiil FhcPpretuct prd ‘gréjéﬂoc%%’.ﬂ%N R Cor ona-
4.6 41 8Q00ss] 26.Usingihe genef] inethatl o ERarhple® D) a1 5 hiowelttlowd alifreed fiber

corona-treated or corona-treated and hydrochar ed neltbl own nonwoven webs
nmade usi BYYBEPyIeEameb fiasrerenaitreated duf hydieshas sesshumor bgat treetedi RIS debect i on

R Y S ST
nonwov en stiffirsyebbsias preparodiiising carotdairgateieat) bhdwiharping adndhiestgrdatnant f Thier
al 1 NNt i had 2 2.2 MD Taber Stiffness vahue and is identified below as the web of Example 17,
A yet stiffer web was prepared using a 1.5 % addition of the additive poly(4-methyl-1-
pentene), corona-treatment, hydrocharging and heat treatment. This web had a 3.7 MD

10 Taber Stiffness value and is identified below as the web of Example 18. The Example 16

- "} — 18 webs and a sample of ACCUAIR corona-treated spunbond
polyethylene/polypropylene twinned fiber web (having a 2.1 MD Taber Stiffness and
identified below as the web of Comparison Example 8) were formed into 30 cm x 27 cm X
21 cm high filter elements having pleats 102 like filter media 100 shown in Fig. 7. The

15 filters had 13.8 pleats/10 cm along the long dimension, and were sandwiched between and

glued to expanded metal supports like support 110 in Fig. 8. In a series of runs, each such
filter was mounted in a PLEXIGLAS™ plastic frame whose transparent side plates
permitted the pleat edges to be photo graphed. The frame side plates touched the filtration
media edges but permitted pleat movement. The frame was mounted atop a vacuum table

20 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

D 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

25 filter weight gain values.
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(Conpari son Exanples 5 and 6). The Exanple 14 and Exanple 15 webs al so -had -
conpar abl e or better m ni num conposite efficiency than a commercial spunbond .
nonwoverw@ehs(1@mépar i son Exanple 7). The Exanpl e 14 aneCEX&R/@IB webs had
better particle capture (as evidenced by their higher total filter weight
gai n values) than the 15 Conparison Exanple 5 - 7 webs. 22 WO 2005/ 100661
PCT/ US2005/ 009163 Exanples 16 -18 and Conpari son Exanple 8 Pl eated Furnace
Filter Face Pressure Drop vs. Velocity Evaluation 100661 Using the general
met hod of Exanples 14 and 15, a neglagieqym aligned fiber polypropyl ene web
was corona-treated and hydrocharged but not heat treated. This web 5 had a
1.7 NVD Taber Sti|fExfrpleNd.ws [aND Taberdp MotdliFiltebWedheGainhe web of Exanpl e
16. A stiffer \Aeboﬁﬁﬁmmrecgﬁmdgg corona-treqt ment, hyjdrochargi ng and
heat treatnment. [This web had a 2.2 MD| Taber Stitfness valjue and is
identified below as the web of Exanple|17. A yet stiffer web was prepared
using a 1.5 % additien—of the—additiveipolyw(4-—net-hyl-l-—pentene),

cor ona- t r eat ment},__hydrd®chargijng ahfl heht treatmd?” This web had a 3.7 MD 10
Taber Stiffness |value¥nd is fiderd2fied bel ow a-2he web of Exanple 18. The
Exanple 16 -18 [webs a8d a sanpl 8.pf ADCUAI R cda¥®oha-treated spunbond

pol yet hyl ene/ pollypCegip. @xegt W nnexlt fi ber web (hgaeng a 2. 1} MD Taber
Stiffness and identified below as the web of Comparison anple 8) were
formed into 30 cmx 27 cmx 2.1 cmhigh filter elements having pleats 102
li ke fil0p€7] medbefilted veronextinmouEiteg. in 2. dudteuidped witheansanieadneBr@ngl eat s/ 10 cm

| the | di mensi nd .sandwi ched bet d gl t ded
TeSal SHPBS oM S fsi e ril [ Sl s e BRpLuoeen Bht02, 01 “Sbe e
filter we® sgapéRtatbrbm Pk BX(SRAPIMREASTRCELARIIE 180PIMbDraBePar ent si de-.

pl at es fpefm’tted the pleat edges to be photographed. The franme side plates
t ouchedStffeess)ifilter beganro exhibitaobergbls pheat dpformatiane thapifested hyppionking. The frame

donnvar et BBk DD BUE B it PR S R 0Bl P PP s g o
synt het Egan@iile 17 (BEIRTD TaneraStiRicRs) ahil Coiperitin IHmpTE BilEastcgMa exdiifit t al ¢ into

the air streamuntil the filter pressure drop reached about 0.35 in (0.9 cm
oftOwat erotiggabdqipleat 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

15 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,

U

indicative of pleat distortion, as airflow increased.
[0068] Various modifications and alterations of this invention will be apparent to those

20 skilled in the art without departing from this invention. This invention should not be
restricted to that which has been set forth herein only for illustrative purposes.
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approximate 1.5 nisec face velocity. This sinmulated a substantial natural

| oading level. Set out belowin Table 8 are the filter descriptions, M
Taber Stiffness values and total 25 filter weight gain values. 23 WO

2005/ 100661 PCT/ US2005/ 009163 Table 8 Exanple No. or MD Taber Total Filter
Weight Gain Conp. Ex. No. Stiffness (g) 16 1.7 37.9 17 2.2 40.2 18 3.7
33.4 Coin . Ex. 8 2.1 36.2 [00671 The filters were next nounted in a duct
equi pped with an anenonmeter and 5 exposed to flowing air at velocities
sufficien il use pressure drops between about 0.2 in. (0.5 cm of water
and 1.2 i%%ﬁégﬁgn) of water. The Exanple 16 (1.7 NMD Taber Stiffness) filter
began to exhibit noticeable pleat deformation, manifested by pinching
together of the pleats at the filter air inlet side, at a . 0.35in (0.9 cm
pressure brop. ATHghodsiamaking a fibroys Hltgipnrygl prhagh mﬁfﬁ@% SYMBHYS Conpari son

Example 8 filtgr t Thbds | ; f ion at a 0.5
in (1.3 cm pr@é@ﬂ?@ggpg%fﬁgﬁgbﬁﬁg%%@gm%%hﬁga%hﬁﬁfhﬁﬂgggﬁ§????Eess) filter

di d not ewndriziss in thopicsembloéapliwaty Giefl orerat iodinrmeaghurdity af filatneints thd acem)

. Fig. h Lot qf th d in inch f t
e ™ anerisarard PR EE 0 T e S e Sy N ERS e PR LA SR e 16
(curve 1ll@motmanple 17 (curve 117), Exanple 18 (curve 118) and Conpari son

Exanple 8 (curve 119). As 15 shown in th$ 9, the Exanple 18 filter
exhi bited a | ihdapingierad ieae qng sproadany fWidgtispmapon therfflpaepts achissed, wher eas

t he ot her ' LA ‘ ' 0 , indicative of
pl eat dis?%ﬁ%%%ﬂ?hgégg%???gab?%%?%%@%geq?ggggﬁﬁogﬁﬁﬁhg§ﬁndifications and
al t erati ons ofc}chilecting rerfiieononahk poves aplpatienturface tolfose a n@@wsyenl | ed i n t he
art wthout %eparthg fromthis invention. This invention should not be
restrict edYBOVRREOwAi ch has been set forth herein only for illustrative

purposes. wherein the secondary fluid stream quenches the fibers and causes them to
oscillate sufficiently so that a majority of the collected fibers are aligned within £20° of
the direction of motion, and so that for a formed web which has not been heat treated,

fibers having lengths of about 1 to about 10 ¢m can be teased from the web.

2. A method according to claim 1 wherein the secondary fluid stream quenches the
fibers and causes them to oscillate sufficiently so that about 55 to about 90% of the fibers

are aligned within £20° of the direction of motion.

3. A method according to claim 1 wherein the secondary fluid stream quenches the
fibers and causes them to oscillate sufficiently so that about 70 to about 85% of the

collected fibers are aligned within £20° of the direction of motion.
4. A method according to claim 1 wherein the secondary fluid stream quenches the
fibers and causes them to oscillate sufficiently so that fibers having lengths of about 2 - 5

cm can be teased from the web.

5. A method according to claim { wherein the collected fibers have an average

effective fiber diameter of about 3 to about 25 pm.
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24 CLAIMS |. A nethod of making a fibrous filtration web, which nethod
conprises a) nelt-blowing a fiber-formng thernoplastic material through an
array of nozzles in the presence of a primary fluid streamto forma
plurality of filaments that are attenuated into fibers and directed towards
a porous collection surface having a direction of notion; b) inpinging at

| east one secondary fluid streamupon the filanments or fibers to oscillate
the fibers generally in and against the direction of notion; and c)
collecting the,fibers on.h r .l ection,.surfa to far nonwoven
mel t bl owng'web %r%e?tqunac? %rg}ngg?:gﬁ“ aﬁliN h% b g'%s??croé]gar &d‘én%ﬁgg] u%'é%?bhéar s and
causes t hitbart and @agdslthem & csofiatecuditidnylySo tHahebe vaebrmag ar ledsy aQf1 datieot ol | ect ed
fibers are ali ne%,vvithi n. 20, of the direction of potion, and so that for a
formed veedhinde iectipgolratipnienstle pireagihdq trangverse dEeeian HNtORSIMEE of about

lto abougtre],gthqmn%a‘rs(}qﬁmtﬁ%ggggn%t;,_omthe web. 2. A nmethod according to claim
1 wherein the secondary fluird stream quenches the fibers and causes themto

oscillate sufficiently so that about 55 to about 90% of the fibers are

aligned wi,thin,20 .0f the.dir ion of pofion. 3, thod according to claim
" wher ei 't ne ALRuR TGSl T afbersTEine B MT AP0 BRAMAINES Prem to

osci | | at efibdi indcdaasdsltyens @ dsoRlateadffitiently) sb thadtheutebGaYaoikast Bd:1 @ab bect ed
fibers are ali gned_vvithi r} 20. of the direction of nmption. 4. A nethod
accor di ngteo-qlage hirectighe! gngiionpiensde gy ) tlptrete SiePeiom QiieRdDstte  fibers

and causegreg]gﬁrusﬁ@a%qw@hge QH‘?B? ciently so that fibers having | engths of
about 2 - 5 "cmcan be teaséd fromthe web. 5. A nethod according to claim!]l

wherein the collected fibers have an average effective fiber dianmeter of
about 3 tQ abo ein the

t 25 [tin.,. 25 6 .A nmethod according to claiml wher
cecondary®r | it MePReatEdn e e b P St Sl e Rl OB Tt
suf fi ci enfibats & dahigds thdhe torebilRRSsusicidn®iash taat the Ivabaiak @t 1@4st a 2:1 ratio of

the in- plane direction of motion Taber Stiffness to transverse direction of motion Taber

Stiffness.

9. A method according to claim | wherein the secondary fluid stream quenches the
fibers and causes them to oscillate sufficiently so that the web has at least a 2.2:1 ratio of
the in- plane direction of motion Taber Stiffness to transverse direction of motion Taber

Stiffness.
10. A method according to claim 1 wherein the major surfaces of the web exhibit
striations corresponding to substantial alignment of individual fibers in the direction of

motion.

It. A method according to claim 1 wherein a wetting fluid placed on the web

preferentially wicks in the direction of motion.

12. A method according to claim | wherein the secondary fluid stream comprises air

at below ambient temperature.
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the in- plane direction of notion tensile strength to transverse direction
of notion tensile strength using a 50 mm gauge length. 7. A nmethod
according to claim| wherein the secondary fluid stream quenches the fibers
and causes themto oscillate sufficiently so that the web has at least a 4:1
ratio of the in- plane direction of notion tensile strength to transverse
direction of notion tensile strength using a 50 nm gauge length. 8. A

met hod according to claiml wherein the secondary fluid stream quenches the
fibers ang ca ciyll ffl i ent| has at

| east a 9%1 rg?ﬁ%ﬂbpgm%h&ng§ dawgﬁg gf?@é To1°0 r?ﬁ ﬁgﬁf?% 8FS§€|ffness to

t ransver setidof ot 00 tofabdsmtzoomgfﬁab@n secBhddr{ fAlelper gnanpofr@uma. according to
claiml wherein the secondary fluid stream quenches the fibers and causes
themto oscillate sufficiently so that the web has at least a 2.2:1 ratio of
the in- pl@ane dieaelieh@h @élhl‘ﬁﬂl mpt%fn tﬁ&'ﬁ%&%@laﬁ@d&vﬁ@&ﬂh@ pofoudi rection of
noti on Taber Stiffness. % hod according to claim | mhereln the maj or
sur f aces wtleqtivn svmpeebtmpbintbru@tfaﬂmn ons correspondi ng to substanti al
alignment of individual fibers in the direction of notion. 11. A nethod
according to claiml wherein a wetting fluid placed on the web

preferentisal | YA wethkd atdbrding talélniact Whsredf thetibér Bscillde atann@igliddlicagcor ding to
claiml wherein the secon ar flujd strean1conpr|se at bel ow anbi ent

t enper at UPESUISE ahthe PAOHRE 5’6 ?Laél‘?r‘i tisgnededinam opg f w@@ﬁﬂlwée &@®ondary

fluid StQﬁ@g&%hﬁ%ﬁmﬂésﬁthgﬁgdﬁg&ﬁkégﬁghﬁggO to about 2000 grans of secondary
fluid per gram of polyner. . nmet hod according to claim1l wherein the,

fibers are laid domm on the porous col l ection surface |n a pai nt brush

fashi on d ac t | a ereln the, fibers oscillate at
an anplltﬁge éﬁ? rns*a%cOlr ngiagﬁép“@?%ﬁg%%g [58§”&%egnh fHCE> Bhat is nore
t han one dngilitide chheutdisthapeub b@[ﬁcﬂ@rhﬁlrﬁtbé ay of nozzles to the porous

col I ection surface.
17. A method according to claim 1 wherein two generally opposed secondary fluid

streams impinge upon the filaments or fibers.

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

route to the porous collection surface.

19. A method according to claim 1 further comprising annealing the nonwoven web
at a temperature between about 100°C and the polymer melting temperature for a time

less than 10 minutes.

20. A method according to claim 1 further comprising corona-treating or

hydrocharging the nonwoven web.

21. A method according to claim 20 wherein the secondary fluid stream quenches the
fibers and causes them to oscillate sufficiently so that the web has a filtration quality
factor Qy 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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16. A method according to claim|l wherein the fibers oscillate with
increasing anplitude en route to the porous collection surface. 17. A

met hod according to claiml| wherein two generally opposed secondary fluid
streans inpinge upon the filaments or fibers. 18. A nethod according to
claiml wherein the fibers exhibit a whip-like action en route to the
porous collection surface. 19. A nmethod according to claiml further

conpri sing annealing the nonwoven web at a tenperature between about 100C
and the | ymey | i ng t.enper,atu for atine less . thap 10 m nutes. 20. A
met hod a(%gbr (rzlr?\nr&g&'é)d 3?%( nrrqu ﬂ?‘{’h[j‘“@g"ﬂ%’ﬁ%isﬂ"ﬁ p(!e@ﬂ%Bﬁé}let\V%at ing or

hydr ochar gi ng the nonwoven web. 21. A nethod according to claim 20 wherein
the secondary fluid stream quenches the fibers and causes themto oscillate
suf fici ety fomethad acqoading i dlaigr &2 wherein ks plpaty angiaigyed geaeally Q@ of at

| east abqphsRr@ ¥ Heired B thn%l‘?nhﬂlle RkOph & ﬁmﬂ@'étséfl?-ls ohﬁ%'fﬂ&r.a Slze
range between 10 and 700 nmtraveling at a 7 cnisec face velocity. 27 22. A
nmet hod according to claiml further conprising pleating the web. 23. A

met hod acgording, to ¢l ai.m 22 wherejn.the pleats are aligne neral ly
ranover 22t o4 el FLAHR ARsREHTORTS 047 8 15y e fn Bl n Rl et
sel f - suppihtsitgh dorletinding24 a diedtioaroPugb ffbrfatiah hfha NBtEY hadthwiRet he form of a

web having an. el ongate | engthw se dinension correspaondi ng to a direction of
web f or medimepioERnEY s 1P ¢ \Rngh wise dimengiopetis Wsh comangl@ msBbloynt he | engt hwi se

di mensi o 1 §i : ‘ PR [ fibers, a
maj ori tyrhgp R\?\ﬁﬁﬂﬁ&g&@[ﬁé{l? g[ﬁ‘gg’ avq\ﬁ %’hﬁﬂﬁ%\ggvhé%odt?%@‘@g? ﬁ@gl on g’?mﬁeb formati on,
and if t higrevisin dfaecbrfotmét@enaridgithe twebdiedot Hekbkeas trbated. ipetsdraginpdengdls about 1

to about 10 cm.can be teased . fromthe b. .25. A material according to claim
24 wher ei(‘%ag%dt“’%}%of&bﬁﬁ‘o‘iﬁ‘? b i fr‘f"ﬂ\éﬁef‘?@ers are aligned within 20 of the
direction of web formation. 26. A material according to claim 24 wherein

about 70 to about 85% of the collected fibers are aligned within 20 of the
directi ortSef Vemateyriaseerding to claim 24 wherein about 55 to about 90% of the fibers are

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

26. 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.

27. A material according to claim 24 wherein fibers having lengths of about 2 - 5 cm

can be teased from the web.

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

fiber diameter of about 3 to about 25 um.

29. A material according to claim 24 wherein the web has at least a 2:1 ratio of the in-
plane direction of web formation tensile strength to transverse direction of web formation

tensile strength using a 50 mm gauge length.

30. A material according to claim 24 wherein the web has at least a 4:1 ratio of the in-
plane direction of web formation tensile strength to transverse direction of web formation

tensile strength using a 50 mm gauge length.
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27. A material according to claim?24 wherein fibers having | engths of about
2 - 5cm can be teased fromthe web. 28. A material according to claim24
wherein the fibers have an average effective fiber dianeter of about 3 to
about 25 m 29. A material according to claim 24 wherein the web has at

|l east a 2:1 ratio of the in- plane direction of web formation tensile
strength to transverse direction of web formation tensile strength using a
50 nm gauge |l ength. 30. A material according to claim?24 wherein the web has
at | east 391_4 1A Fr%te'rlgl z?cfc xtdi lpoTailglﬁ%egéilg %%ue%.r}lagfat I‘@E&pa.fzolrm{) Iopﬁlleti NSl l e
strength to transverse direction of Web i ornati on . tensiTe’s rength using a
50 nm gaugane diregtidn ofAGebIbrmaAiomeliaben &iffrecclonchngrdeairetdinoi24bvbhmiagion t he web
has at leﬁ?} §'§ﬁ§l ratio of the in- plane direction of web formati on Taber
Stiffness 46 P9 EHfSYerse direction of web formation Taber Stiffness. 32. A
material according to claim24 wherein the web has at least a 2.2:1 ratio of
the in-plane direction of web formation Taber Stiffness to transverse

di recti orZf wematetighspapiding Takaein 28pitfcraiethe weddias A lnast @ 2i2al raieebihgi ng to
claim24 Mg aked i JFReBfo ti{oﬁ%ﬁerﬁtif&??&t%ﬁn%@e lair%ct’o%torf'vx%y ons .
corresponding to substantial al'ignnent of 1 ndiVvidual TBErS YR the direction
of web fformatondiaber3tiffnAsgrat erial according to claim 24 wherein a wetting
fluid placed on the web preferentially wicks in the direction of web
formation. 35. A material according to claim24 wherein the web has a
filtration quald iaerhPsdc8ding cRimal WA (RS DrifeddDr i@ wadlxpm di octyl

phthal ate particles having a size range between 10 and 700 nmtraveling at
a 7 cnl sedrifiwpecerespyiding tozgbstantial alignment of individual fibers in the direction of

web formation.

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

preferentially wicks in the direction of web formation.
35. A material according to claim 24 wherein the web has a filtration quality factor

Qr of at least about 0.6 using 100 ppm diocty! phthalate particles having a size range

between 10 and 700 nm traveling at a 7 cm/sec face velocity.
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