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FI ELD OF THE | NVENTI ON The invention conposite filter for
renovi ng wal g2eb7g@nti cl es entrained in “ m%‘ﬁ“ l@ M\ anbi ent gi¥/EPIYRES1
specifically, it relates to a conposr conprising at |east one
nonpr ebonded upstreamtier and one non- pr E8%Pded domnstreanrtrer useful for
filtering particulates fromanbient air. The term "pre-bonded" neans herein
that a conposition of filter medium such as thermally bondabl e fusing

fi bers or adhesi CAMPOSITEFHIETERWAND, METHOBADE MAKINGHEHESAME ective to
activate the binding mechani smthereby formng a separate, free-standing,
cohesi ve, and typicaIIy sel f supporting web of that filter hibuk -
Such a g pﬂﬁﬂh Re mechanical l'y mani pul ated by s m@n@mﬂmmmmms as
mnndrng on aroll, unmnndrng froma roll, cutting and the

"tier" herein neans a band forned fronrnon prebonded filter mat8Pfal into a

stratum.,of . uni stratified s re | n.contr nmeans a
separ at HRGVBRiGbIRilEs 1 aicorinaste Hientar tamiid pold Banins epféiedinamtnatho
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such asprebanded Lpsiréam tiedand one moniprebdndedodovdistreammtierusefuldor filleringas very
demandl‘gg_él @ PStrlalgﬁﬁ Ilcatlons such as renoval from gases of specific
particl pug M@ de varieties of contaninants i ncluding from
inert to biochemcally sensitive, ambng others. It is now well appreciated
that the contam nating partrculates in a gas stream can have a wide variety

of si zeEhe tpronipre-bonded peeans:herein iaba gamposiion of fhermedium, sueh e drweranlly and
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bet weencijttihg and eheelient repl acenents. The traditional approach to achieving
t hese objectives has been to provide a nultilayer filter nmedi um conposed of
separ at e, i ndi viduall'y designed |ayers which are each intended to
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For exa a very por ous an In scrimis o prot ect
under | ystr@ufn d>ﬁwﬂtar;asteatrﬁeﬂ rstrm:tate as contraist, & dayerioveans, a sepayatebn prerlmnded,

particles; a orous er is typically used to capture
substan?ﬁ%?u gﬁﬁﬂﬁ? rge particles, and an ultrafine dianmeter

fl ament, Iom/por05|ty | ayer |s usuaIIy prescri bed for renoving the snall est
particles to increase filtration efficiency. Fromthe many choi ces
avail abl e, separate filter layers are selected and conbined in a

presel e %ﬂﬂﬁ '@ﬂ g?led as a group to forma nmultilayer, and

t her ef oﬁg\ ﬁmﬁ gﬁléﬁ& . The one or nore adjacent |ayers can be
bonded to each other or the |ayers can be unbonded. Optionally, the

i ndi vidual Payers can be sandwi ched between covers, typically of paper, for
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shapes, e.g., eloﬁgated and spherical, and chemical and physical compositions, e.g.,

odor-free and odoremitting particles.



tier and one non-prebonded downstreamtier. However, as will be shown in
detail below (Fig. 2), in this conposite filter a relatively high pressure
drop acr ow® @2gowonposite filter occurs. Further, also thepcprrp2241i fe
time of this filter is |ow WO 02/ 0720107 PCT/ EP02/ 02251 I n view of this,

t he objective probl emunderlying the invention is to provide a conposite
filter in which the pressure drop across the filter is maintained | ow and
which has a long service life time. SUMVARY OF THE | NVENTI ON Thi s objective
pr obl ermbrssemlemﬂyl filtyationcteahsiogychés evelved to providedilten meﬁiuawmararehdapﬁedetot

t | bonded t t
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mediumis kept |ow a ervi ellfe of the filter is increased.
Further?ﬁ?'ﬁ&q 'ﬁOé\ﬁtﬂt&g ﬁg@\feggf st'Pmﬂ"&&eﬁ Site filter nade up of at
| east two stacked tiers of filtration material bonded together to forma

unitary stratified structure. The conposition of filtration material in any
gi ven tTha traditipnal spipeeachdiorachiayirigoihesa otijestivasihag been taprovigeda muitiayeofilter
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al so be used to stop passage of these and even smaller particles.
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A drawback of the aforementioned multilayer system of constructing multifunctional filters is
that there is repetitive processing of the filter media which can be excessive. That is, the
filter material in a given layer is first processed to form the individual layer, then it is
processed to assemble that layer in the multilayer filter. Each step adds to the compaction
and cover, if ever slight, of the final filter product. This tends to raise the pressure drop
through the filter and reduce dust holding capacity, thereby limiting service life.

WO 01/03802 discloses a composite filter comprising at least one non-prebonded upstream
tier and one non-prebonded downstream tier. However, as will be shown in detail below
(Fig. 2), in this composite filter a relatively high pressure drop across the composite filter
occurs. Further, also the service life time of this filter is low.



Preferably, the conposite filter of the above nentioned kind conprises a
rati o of average pore dianeter of upstreamto downstreamtier RPD in the
range of woo2@hlox 10. Due to this ratio, the dust hol di ngpeppR&Ihys10f the
upstreamtier is greatly increased, such that the upstreamtier acts as a
pre filter for the downstreamtier w thout increasing the pressure drop
across the conposite filter. Additionally but not exclusively, such
conposite filter may conprise an average pore dianeter of the upstreamtier

PDU, W {rnhvieWdf thi§QniobjecBvé bestidrhunderljing tm@menﬁiﬂ\ it prodlk 8 cdhtposhe filken

Al'l above di scussed conposite filters may nprise upstreamtiers with a
rel ati v Woek thﬁaprméum;gp:acgomthg fikerdp mﬂlptamampw @@%fh@h hap gdera seryigesi t y
"ADU < Ofgqn%cnﬁ and a thickness Din the range of 0.5 M < D < 2.5 nm
Choosmg t'hese paraneters results in an upstreamtier with the required
.RAPV and APFC. Further) this conposite filters may al so conprise downstream
tiers with a relative pore volunme RPVD being snmaller than RPVU, an apparent
density ADD in the range of 0.07 g/an < ADD < 0.14 g/cnB, and a thickness

Din thQUWﬂ?ﬁWbFGFH?’WYENQIGNO nm Choosi ng these paraneters results in

an downstreamtier e required RAPV and APFC. Further, the upstream
tier of any of the above discussed conposite fllter nay preferably conpri se
Due to such . a

St ruot uf 65 ety SFekigm i saiveg i & eomeeRtedPkIcs TteuNG,A Seatd o abigrt alst

hol di ”gc&ﬁBﬁﬁhb ¥t least one non-prebonded upstream tier and one non-prebonded downstream
tier, wherein the ratio of absolute pore volume of upstream tier to downstream tier RAPV >
2, and the absolute projected fiber coverage of upstream tier and of downstream tier APFC

> 95%.

Due to the parameters of this composite filter, the pressure drop across the filter medium is
kept low and the service life time of the filier is increased.

Further, this invention enables to provide a composite filter made up of at least two stacked
tiers of filtration material bonded together to form a unitary stratified structure. The
composition of filtration material in any given tier is preselected to perform a desired filtering
function. For example, fine, (i.e., small diameter) and densely packed fibers can be selected
to capture very small dust particles such as those of about 5 micrometers and smaller.
Additionally, electrostatically charged fibers can also be used to stop passage of these and
even smaller particies. Similarly, bulky, highly porous media designed to have large dust
holding capacity can be utilized to trap medium to large size dirt particles.

Since the composite filter of the invention comprises pre-bonded tiers, the bonding of at
least one and preferably all of the tiers to form the unitary structure is begun only after the
stacking of all the tiers of a particular desired composite filter structure has been completed.
The resulting structure is a single body composed of different types of filtration material
which appear as distinct strata.

In view of this, the stratified structure is formed by building up a stack of tiers of selected



WO 02/ 070107 PCT/ EP02/ 02251 Preferably, the above di scussed conposite
filters may conprise an upstreamtier having a dust retention DRwth
respect twodistoarticles with a diameter correspondi ng t opdhEp@WeIsade pore
di anmeter of the downstreamtier of DR4> 99% This feature avoids an

cl oggi ng of the downstreamtier, and therefore, further maintains a | ow
pressure drop across the filter and further increases the service life tine
of the conposite filter. Additionally but not exclusively, this effect can
be i ncrfitatish materiais) Bezause ttie tigrsrare nompretiorided, thel compaonemts of eddheticr] that s
in flow direction in the upstream%‘ir is higher than in the downstream
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upstreamti ermal [y "bon using, biconponen

nmonoc o npmifoemt anpbiheneeis 4 I'faezys isterface Hetwesntieatietsi er of nel t bl own fibers. In
this aspect a single tier is constituted of a single type of filter nedium
for exanple, 100 % bi conponent polynmer fibers, nmelt blown, staple fibers,

or Spunpriisrabiyl HEEGRpodild MfeP Bf ineeabbve rigntRRBB X d ébrﬁ%r‘ié&ra FEIS ST@VBFdgRe an

upstreamtier "having a conposition selected fromthe group consisting of
100 w %ptrechametesof upsirgamito dowastean tier BRD ivftharangeefi4 siRRD <11D. w %
bi component pol yner fibers with a conplenentary anount of natural fibers,
such as fluff pulp fibers or kokon fibers, staple fibers or a m xture

t her eof pughlirs FARNtheudtnol i baddty of 1 MistreaRASASBRANIN@EbYEE such

thermal |y bondabl e fusing fibers a conpl enentary anount of flu pul p
fi ber s, thet thel upstieas tieracta agiaprafier foe theodownsiream terawitiwadt jneseasingthe ti er

I's consiituted I f | uch as an air-laid, usually uniform
bl end o#’resg‘él%angﬁQ%fgs&gtﬂgﬁ@m%%géme@nd fluff pulp (FP) fibers. Since it is
al so desirable to provide a stratified structure, adjacent tiers in a stack

may have different conpositions. Nonetheless, a conposition of one tier can
be” r epeAdditionallyput nat exclusirelposusheompasits fiteronay somprise antayerage pAre| east
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All above discussed composite filters may comprise upstream tiers with a relative pore
volume RPVU > 94%, preferably RPVU > 96%, an apparent density ADU < 0.05 g/em?®, and
a thickness D in the range of 0.5 mm < D < 2.5 mm. Choosing these parameters resulfs in
an upstream tier with the required RAPY and APFC.

Further, this composite filters may also comprise downstream tiers with a relative pore
volume RPVD being smaller than RPVU, an apparent density ADD in the range of 0.07
g/cm® < ADD < 0.14 g/em®, and a thickness D in the range of 0.1 mm < D < 0.4 mm.
Choosing these parameters results in an downstream tier with the required RAPV and
APFC.

Further, the upstream tier of any of the above discussed composite filter may preferably
comprise fibers having a length in the range of 0.1 mm to 3.0 mm.

Due to such a structure, the upstream tier can be made bulkier to provide greater dust
holding capacity.



This structure of the conposite filter differs fromthat of conventional
multilayer filtration nmedia which are fornmed by lamnating a plurality of

i ndi vi duatwofg2lobeo7 medi um | ayers that have each been pre- bon@ggpd@2isar m a
sel f-supporting web prior to formati os of the nultilayer |am nate. Such
unitary stratified structure provides a nunber of significant advantages
over conventional filter nmedia. In one aspect, the unitary stratified
structure can be made bul kier to provide greater dust hol ding capacity than
a lam nate of individually, pre-bonded |ayers having conpositions
con-espondi ng respectively to the tiers of the unitary structure. This is
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| east tyL&e i AR : | 5 INdsmand a
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. Pref er aplerage peredianatencfibe downstesarh tibeofDRf> 98fs structure may have a
sheath of one polyner and a core of a different polynmer having a nelting
poi nt hi gher than the one polynmer. The core nmay conprise pol ypropyl ene and
t he shept; LAd { irb ki c Teron
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wi || criompressuretdnep aeraskthe filtar anddutiinendncreasesthe: sesvice dife lime ofitheher
increased. Preferably and alternatively, the above di scussed conposite
filter ?Ri?p%%tﬁ;ﬁt%e an upstreamtier further having fibers selected from at
| east one of uncharged split filmfibers, charged split filmfibers and

m xed el ectrostatic fibers. Accordingly, the present invention now provides
a conpoAdiditionallythest nobexclusively this effeatean e incoegseddin adsinpositedilteaiphwhick the

i ndependent.ly c ri.sing at |east. one,fil i Tai er | ei ng
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forma Mﬁsﬁféén?ﬁér@SuEh%ﬂ‘uéﬂuwdee?i%@/égmhirﬁtar e ressure ep acsadapt ed
to receive particul ates entrai ned 02/ 070107 PCT/ EP02/02251 7 in air
and a s#t&dnd boundary surface adapted to discharge filtered air, this
conposite fitter show ng a reduced pressure drop and a prol onged service
life time. Al above discussed conposite filters may be enbodied in a

vacuum The aompoSitdfiterant divdissed 20beé | vay oivprise! Bnfupstream tiddof dmakid)m
filter” is nmeant a filter structure intended to operate by passing a gas,

pr ef er alfeymally bondablefusing Ricesnesent pymangcarapenen pelymardivers aidagh t he
structu i e AP i I ; to
he st dagnstiEr 88 6heASoNRTpORE Ih B et S S P Roh el oo Bos,
of air &ffilker mBdiim, for example, 108 1% bitoaipoaedtpelgmbrifisdrs cmelt blowh, tsteplé fibensy
di scharge si de i? "downstreant’ for exanple. Cccasionally herein the terns
"in froftSRUNbORd THameeRtsq" have been used to denote rel ative positions of
structure elenments as being upstream and downstream respectively. O
course, there will be a pressure gradient) sonetines referred to as

" pr essuAkerdatiyely, the composhe filter may cerapliseyan upsireardier having @nsarpesitions
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particle-containing layer in series wwth the conposite filter of the

invention, for exanple to absorb odors or toxic contam nants. Moreover,

"certain | i i . - r fl I
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such asuhiformpblend iof picomponeht polymer fithdry laaddlufUPC]FPidibersine | ami nated to a
“boundary surtace of an appropriate unitary stratified structure, conposite

filter. The present invention also provides a nethod of nmaking a conposite

filter gjndehifis AdVGeditabib to(BRbLS Stebtifids sBL&DR, Sbjacent tiers in a stack may have

different compositions. Nonetheless, a composition of one tier can be repeated in a stack



(a) laying dowmn a filtration material onto a support to formthe upstream
non- pr ebonded WO 02/ 070107 PCT/ EPO2/ 02251 8 tier, (b) depositing onto the

upst r eam wioar/oye7 downst r eam non- prebonded tier, and (c) bergkb@biy tiers
to forma conposite filter having a utary stratified structure. BRIEF
DESCRI PTION OF THE FIGURES FIG 1 is a schematic diagram showi ng in cross
section an enbodi nent of the conposite filter in accordance wth the

i nvention having a unitary stratified structure of two tiers. FIG 2 is a

di agr analtioughreg lddst ope diep of diffdrenp coinpbbition shpulditecprbsénitdyeteerrtts tisks ahd a
conposite grl or art filter. FIG 3 is a schematic diagramshowi ng in cross
_sect i onSHNSCABPOEHBBdI nent of the conposite filter in accordance with the
i nvention having a unitary stratified structure of three tiers. FIG 4 is a
schemati c di agram showi ng in cross section another enbodi nment of the
. conposi This &truttere ofhthecompbsitedilter differshfeorn tivatraf iconvérstionabmailtilayer filknation
stratified, structure of four tiers. FIG 5 js a schemtic, di agram show ng
1 et oseGENAIER 2l e ESHBBIAHEG BIAINCONISHGURLAeT Meciy T4V et bt v o
with thggd hiebére | Lol I\ieseristt  tihe R4S .
FIG 6 ?%éH;Hsc E}%l}t)l o |agragﬁn%s ovv|§('I bﬁﬁbc\&%tggnig? ?@?@rﬁ ﬁ@dra @%%ﬁrrrent
of the laminateer ed conposite filter of FIG 1 in conbination with a filter
| ayer adj acent
Such unitary stratified structure provides a number of significant advantages over
conventional filter media. In one aspect, the unitary stratified structure can be made bulkier
to provide greater dust holding capacity than a laminate of individually, pre-bonded layers
having compositions corresponding respectively to the tiers of the unitary structure. This is
because each portion of the conventional filter medium is compressed at least twice: once
when the individual layer is formed by bonding, and a second time when the individual

layers are laminated to form the filter.

Preferably, the bicomponent polymer fibers of this structure may have a sheath of one
polymer and a core of a different polymer having a melting point higher than the one
polymer. The core may comprise polypropylene and the sheath may comprise poiyethylene.

Additionally, the core may be disposed eccentric relative to the sheath. In such a structure,
the fibers will crimp with the result that the bulkiness of the tier is further increased.

Preferably and alternatively, the above discussed composite filter may comprise an
upstream tier further having fibers selected from at least one of uncharged split film fibers,
charged split film fibers and mixed electrostatic fibers.

Accordingly, the present invention now provides a composite filter comprising at least two
nonprebonded tiers each tier independently comprising at least one filtration material and
being distinct from the adjacent tier, in which the tiers are bonded together to form a unitary
stratified structure having a first boundary surface adapted to receive particulates entrained



t her et o. WD 02/ 070107 PCT/ EPO2/ 02251 9 FIG 7 is a schematic diagram
showi ng in cross section anot her enbodi nent of the three-tiered conposite

filter ofwidzor¢ohbn conbination with a filter |ayer adjacepirhppfeisa- Fl G
8 is a schematic diagram showi ng in cross section anot her enbodi ment of the

four-tiered conposite filter of FIG 4 in conbination with a filter |ayer
adj acent thereto. FIG 9 is a schematic diagram showi ng in cross section
anot her enbodi nent of the five-tiered conposite filter of FIG 5 in

conbi naini ainand &lsesohd bbendarg sarfacelpdaptet t6 discharge fitefed &if) this conyositedilterc
cross section di agram showi ng the two-tiered cqn&c}zsite filter of FIG 6
bonded $RPWRJ adpdeeed Prassue dnop\aad apralonged-sandse Jte tie.ul t r asoni cal 1y

"bonded layer. FIG 11 is a schematic cross section di agram show ng the
three-tiered conposite filter of FIG 7 bonded to an adjacent filter |ayer
~with an adhesive or ultrasonically bonded layer. FIG 12 is a schenmatic

bonded Al 2BV disaRed CaTBESIE MOR Al oR PSR § USGHUTCIGARB RS AT
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operate by passing a gas, preferably air, which entrains usually dry solid particles, through
the structure. The convention has been adopted in this application to refer to the sides, tiers
and layers of the structure in relation to the direction of air flow. That is, the filter inlet side is
"upstream" and the filter discharge side is "downstream" for example. Occasionally herein
the terms "in front of and "behind" have been used to denote relative positions of structure
elements as being upstream and downstream respectively. Of course, thers will be a
pressure gradient, sometimes referred to as "pressure drop", across the filter during
filtration. Vacuum cleaners typically use bag shaped filters. Normally, the upstream side of a

vacuum bag filter is the inside and the downstream side is outside.

In addition to vacuum cleaner bags, the composite filter of the invention can be utilized in
applications such as heating ventilation and air conditioning (HVAC systems, vehicle cabin
air filters, high efficiency (so-called "HEPA") and clean room filters, emission control bag
house filters, respirators, surgical face masks and the like. Optionally, the composite filter
can be used in such applications with an additional carbon fiber or particle-containing layer
in series with the composite filter of the invention, for example to absorb odors or toxic
contaminants. Moreover, certain applications, such as HEPA and clean room filters can
employ additional layers in series with the composite filter of the invention, such as low
porosity polytetrafluorethylene (PTFE) membrane laminated to a boundary surface of an
appropriate unitary stratified structure, composite filter.

The present invention also provides a method of making a composite filter of the above
kind, comprising the steps of

(a) laying down a filtration material onto a support to form the upstream non-prebonded



FIG 9 bonded to an adjacent fitter layer with an adhesive or
ultrasonically bonded layer. FIG 14 is a schematic diagramof an inline
process fwo @roelozi ng a conposite filter according to a preigrF@H2251
enbodi mrent of the present invention. 8 WO 02/070107 PCTI EP02/ 02251 10
DESCRI PTI ON OF PREFERRED EMBODI MENTS In the foll ow ng, and before

di scussing explicitly discussing the preferred enbodi nents of the
invention) different filter material conpositions which suitably used in

t he pr esent ilmyenti on are described in greater detail: Regar ding the
di scuss | ow, . DI N 44956-2 test h een_ enpl oyed rmne the
i ncr eas g PRRSING.ONIP dhe Upstreara tigr %@é&é’\‘ﬂs tre@ r%aona HFna@Fjeaner bag

constru |on éiﬁ%-g f'éh"! vels: 0,
0.5) 1.0; 1@0'?‘%%&1 an iégﬂglrgrggmpbﬁté er rreag{g?%l?/ﬁ%r?tsg?ﬁ |ntﬂ%.ldsr§ Loadi ng
. Test: The dust | oading part of the DI N 44956-2 is perforned at 0.5 gram
increments fromO to 2.5 g/(n2 x s) on seven bags of each sanple. However,
the pressure drop values are not recorded again. The maxi num sust ai nabl e
air per gRME DESCRIPTYON OFTHREEIGUREY M ned on the bags, which had the
specified | evel s of dust |oading. Standard Vacuum Cl eaner Filter Bag
Material: This material, sonetines referred to as "standard paper"” has
traditionally been used as a single ply in which it provides dust
filtration and containment, as well as the strength and abrasi on resistance

requi refi®f a arssHantatRAMGrakPshowi h%m Erak€ sb&lon 4n émbedindht Af #RIHndsite
enabl e easy fabrication on standard ag manufacturing equi pnent. The paper

i s predoni nant filier yvapenrdance wﬁmmeelaw@twmhmmg)a|Upltaﬁytstra¢3ﬁad/§tmcturesgfrtwnet| C
fi ber such as @é}]sy[et hyl ene terephthal ate] (PET) type polyester, and is
produced by the™Wet |aying process. The standard paper typically has a
basi s wei ght of about 30-80 g/n2 and commonly about 50 g/ nez. The PET fi bers

typically have a fineness of 1.7 dtex and lengths of 6-10 mm_This per
has airF %ér%eaﬁla diagram, showinghe pressuhaipp ofdoe 5@@PD$|(Q@tQ(|%|f|%ﬂda

aver age pore Sé@ﬁ%@%@@ﬁ#arﬁﬂtem However, the efficiency as determ _ned

fromthe DIN 4 I's only about 86% Anot her characteristic is that
the pores are qui ckly clogged with dust and the dust hol ding capaci ty is
further I|mted g/ the very thi nopaﬁer t hi ckness of onlg/ about nmm
G. is a schematic dlagram showing in cross section another mbodlment of the
composite filter in accordance with the invention having a unitary stratified

structure of thres tiers.

FIG.4 is a schematic diagram showing in cross section another embodiment of the
composite filter in accordance with the invention having a unitary stratified
structure of four tiers.

FIG.5 is a schematic diagram showing in cross section another embodiment of the
composite filter in accordance with the invention having a unitary stratified
structure of five tiers.

FIG.6 is a schematic diagram showing in cross section another embodiment of the
two-tiered composite filter of FIG. 1 in combination with a filter layer adjacent
thereto.



WO 02/ 070107 PCT/ EPO2/ 02251 11 Spunbond Nonwoven: A nonwoven of spunbond
pol ynmer fibers can be deployed as a filtration tier in the structure. The
fibers cawgm@bioany spunbond-capabl e pol ymer such as pol y@sggiso22s1

pol yesters or polyolefins. Basis weight of the spunbond nonwoven shoul d be
about 10-100 gl nz and preferably about 30-40 g/ne. The spunbond nonwoven
shoul d have an air perneability of about 500-10,000 L/(n2 x s), and

pref erably about 2,000-6,000 L/(n2 x s) as neasured by DIN 53887. The
spunbongiG:gn alsspsdhenedtietiagraireshoning in erbss gectionSmotiherambodiment oftber! eece:
Scrimrefers to a generally |ight basis weight, very open porous paper or
nonwoven web. BEes- er\ﬁé’i“gﬂﬂ%PQﬂte%H@r%fcl:rlﬁrrﬁi"%C@W‘BF@HPPW'tatﬁ)ﬁlterﬁ)’ﬁ?aﬁd@ﬁﬁﬂt, and
‘frequently abofﬁteré]tg” 17 gl n2. The scrim sonetines referred to as a
supporting fleece Usually has air perneability of about 500-10,000 L/(nR2 X
.S). It is primarily enployed to protect other tiers or layers from
abrasion. The scrimcan also filter the vergel argest particles. The scrim

as wel | FlI&& &inyisa sshematicigiagram showing by Pee Sectign anotherembediment ebiney

char ged provi t ’%n% i J ki I S50 -laid
Hi gh Dust Capg@?’{ '9@'%& erl aqﬁb\@téﬁ?gﬁgt ﬁ?ﬁ?@?ﬂaﬁéﬁgﬁ@. a?fjllfg?rrgét)Ieérr ;égi{a,c\ﬁﬁ{
frequently refteretd. to herein as "wet-Laid capacity paper" is bulkier,

t hi cker and nore perneabl e than the standard vacuum cl eaner bag filter
paper. It perforns nultiple functions. These include resisting shock

| oadi ngflé id tersid%h%fméﬁar@rgﬁ] shc{vga;ggir%regxs séétlonedrigiSerderibSdiehf 8ntheror ti on

of small dust particles, e anounts of particles ile allow ng

air to flow t hiivestigred emppsite fikerstiFIGr Hin combinatidrowith editenlayedadjpcant hi gh
particle Ioadiph%g%hi ch extends the life of the filter. The wet-laid
capacity paper A | y conprises a fiber mxture of wood pulp fibers and
synthetic fibers. It typically contains up to about 70% wood pul p and
correspondingly nore synthetic fiber, such as PET, than the standard paper

descr i bEB.d6ovis.a sehematiccrossssaation diagramoshoningtherwo tiered compesite; fiiter of

i gt of 50 o 0 Beep e aater ndilanbryphen PR of ik e choeg., o

size can be grggeer than 160 nm Thus, the paper is able to hold much nore
dust in its pores before clogging up. Basis weight of the wet-laid capacity
paper typically is about 30-150 g/n2 and preferably about 50-80 g/nR2 . The

‘Qﬁgljlt aggl_cg‘;ﬂoa/: i(,ié’ seHARGtic iSsPsddtiBh dibithmPHdwirtg fhel thtdd-fidre@"tofddsftt ARGYor!
FIG. 7 bonded to an adjacent filter layer with an adhesive or ultrasonically bonded

layer.

FIG. 12 is a schematic cross section diagram showing the four-tiered composite filter of
FIG. 8 bonded to an adjacent filter layer with an adhesive or ultrasonically bonded
layer.

FIG. 13 is a schematic cross section diagram showing the five-tiered composite filter of
FIG. 9 bonded to an adjacent filter fayer with an adhesive or ultrasonically bonded
layer.

FIG. 14 s a schematic diagram of an inline process for producing a composite filter
according to a preferred embodiment of the present invention.



determ ned by the DIN 44956-2. Inportantly, the wet-laid capacity paper has
air perneability higher than the standard filter paper. The perneability

| ower | i myo d2laetopr ef erably shoul d be at | east about 500 Lpd¥Rpot3ldsy nore
preferably at |east about 1,000 L/(nRix s) and nost preferably at |east
about 2,000 L/(nm2 x s). The upper limt of perneability is defined to
assure that the paper filters and holds a major fraction of the dust
particles larger than about 10 nm Consequently, a secondary high

ef fi ci eDESCRIPTHONGF PRERERREDEMBODIMENTSam is able to filter out and
contain fine particles nuch |onger before showi ng indication of a
.substantial pressure drop increase across the filter. Accordingly, the air

Bbout _abas PR 2rifeto dsERaRy ey BischiShy Kb iRtofbapmgBE |
_nost pr ﬂfeanmntwnaunﬁsnait ﬁﬁemlatemam@npwmswb):h suttably used in theqreséntt t he
wet -l ai d capacit r., s es y well designed as a nulti purpose
filtrat !né!ﬁn{?qrb?r%qgsﬁggﬁgmgle@?%(ﬁ% tream of the secondary high efficiency
filtration tier. Dry-laid H gh Dust Capacity Material: Dry-laid high dust

capaci ty material, sonetines referred to herein as "dry-laid capacity
paper") Rbgardmg thisediscussion kelow, DN 44956-2 testhas heehemeioydrhtpsdetemyine del

t d i duced wi th |
P aohnol BtPase s praseure Ay o dindrast Sxamnles ol dadier tRghethadoditimchiPEl ch
pl ays aghardiftictidng WitRhihe 8081 dtdnd RFIOWGEBSIET 0.018] 110, 1.8021078Rd STPGram.

operate in the absénce of water. Thus) at the same basis weight, dry-laid
capacity paper, is usually nmuch thicker than standard paper and the

050 i Faeebiin s Fing Blsfl sadi TatrThdbs Goadho Bafter shaiPyh dapep2as ' ©
capaci t geféRfid a\edﬂs g@éﬁ\ iféreRRMECHOMIO0 15D, 5IgV(lr)ﬂi?»< §)'éh @@iqusbgs &fyachls@mple

nmet hod 1s | atex Ing in which the late inder may be applied from
wat er - bEowever, :tanprﬁseuee dreptvaiues ars noé tenerded againc hhemaxjnumiswgtainakle pisi ng

and beaboabily GAEER eLe err BieiriBbd Bine BabE 1Rlieh Rl MelpP 4R B sf ifall®

i n discradihgratterns such-as dots dianonds, cross hatches or wavy |ines by
gravure roll followed by drying and curing. The second nmethod is thernal
bondi ng, for exanple by utilizing binder fibers. Binder fibers sonetines
referred to herein as "thernmally bondable fusing fibers" are defined by the
Nonwoven Fabric Handbook, (1992 edition) as "Fibers with | ower softening
poi nt s Standaed VacudimiEleanenFiltéreBageMatddain t he application of heat and
pressure, these act as an adhesive." These thermally bondable fusing fibers
generally conpletely nelt at |ocations where sufficient heat and pressure
are app { f r
thei 1 or henafliah, SGmefihes LRk 3 e erd bt HalmBRl Lo e hen
heat ed sidplerply in whidb nrmnglelesfdu'sﬁ filtration anct eontainment,rasawell a$ ther sicengtiband ment

up' 1 0. 5B SSIEIRSIRQN e Bt vacuL SRR P cTiE bensl B oo HEl opBhis ¥
Exanpl eénéﬁle@aﬁyfram&raﬁoh BAstéifiard Bagfindm}féctarfﬁg’b@@?ndhj?' gapdrene (" PP")

and a sheath of "nore heat sensitive polyethyl ene . The term "heat
sensi t i peedominartiycanpesestofamblaached wasdrpule with &7 %raf asyedhalicdibee Rychbas heat

sheat h- BOVARER BrEbhRsR BET) SRR rERRsien Bl S by FRPatIA a0 o1 ®aboun

90- 160 Eﬁweegs'rrfé stafdardiep i ¢y tlymiasmwemvafebdsut@beeo ?mztamg poi nt,
preferably by at |east ahout %rees C hi gher than that of the sheath
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that th |ber W Cri bond| g ste and t hereby
i ncr easenlyrabawtiD20ahnt.he dry-1l ai d capacity. Th| s wll, of course i mprove
its dust holding capacity. Thus, in a still further WO 021070107

PCTI EPO2/ 02251 14 preferred enbodi nent the core and sheath are | ocated
side-by-side in the B/C fiber, and bonding is achieved with a through-air
oven. A thernmal cal endar, which would conpress the web nore than

t hrough-air bonding and is less preferred in this case. O her polyner
conbl nat i ons that may be used |n core/sheath or 5| de- by 5| de B/ C f| bers
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the DI N 44956-2 Test is approximately 80% Dry-laid capacity paper should
have about the sanme basis weight and the sane perneability as the wet-laid
capaci ty womer7elescri bed above, i.e., in the range of abouicTrtéh2824390 L/ (nR2
X s), preferably about 1,000-5,000 LI{mmz x s) and nost preferably about
2,000-4,000 L/(nm2 x s). It has excellent dust holding capacity and has the
advant age of being nuch nore uniformin weight and thickness than the
wet - | ai d papers. Several preferred enbodi ments of dry-laid capacity paper
are contenplated. One is a | atex bonded fluff pulp fiber conposition. That
is, the fibers conprising the paper consist essentially of fluff pulp. The
term"f on 2 a nonwoven conponent of the filter of this
"invention which is prepared by nmechanically grinding rolls of pulp, i.e.,
fibrous cellulose material of wood or cotton, then aerodynam cally

.t ranspoAtnongovbr of sppnbandyediymer fiberg canineateptdyeddads afiltrationy tiegn dine strycture.

f 1 hi A WI M| | b dt i nd the pul p. .So-called Da
B e e e
dth ‘ ‘ i f i j 2
char act By 4RIy, Bl WBiof of the spufibrtu fbiud et ¢RRIGLE BEdl 0. 100G and
or t hogopreferdblysaboiub 86-40Td/at. The splmbondnanwovearshioujodiaviean aif péimbeatility of

per pencraiitaoor 186A Linfh31 a3 etelgraBBiatal 20 P LABRoraiet Passiuet by
nonWovoDINB38S7 TP rbon /e oldoibuaagi Ry, | vent i on prof er ably

are from about 0. 5- WO 021 070107 PCT/ EPO2/ 02251 15 mm | ong. The fibers
are held together by a | atex binder. The binder can be applied either as

powder Lo migl i Rt Biﬁ s usually present in the dry-laid capacity
paper imm—eggéﬁd 10-30 wt % and preferably about 20-30 wt % bi nder

sol i ds based on weight of fibers. Another preferred enbodi nent the dry-laid
capacité paper conprises a thermally bonded blend of fluff pulp fibers and
at | easBedimaetars tasaigenerally figiht hasisweightl vBrcepsioprats papener nanvwayves welbr e

b comorie A BARY g 4 bl o ORGEBEA TR 7 P =
essent i Fhe gciirmasometimbs ngfefrad td abersuppbring fiseze euallyesas si paimesbility of har ged

before or after being incorporated into the conposite structure of the
i nvent i 8POUtBAD-1;0R gré@b Xo8)- ltmprypamlv eMmnieyed tadr ategbgthenligys of layereframo

m cromne P L ! r 0,41 : nd
the. 1 engbiasiogl The ScHvbAfFaias Btidng Ler] lardSsF paEisS] e St adhal ABnFferof
of the thelfilter tompobitd) @an beer electrddiatidaliy shargbd ppovitied tHeomatrial haosuitables, a

wi dth of about 15 to 60 mcroneters, and a length of about 0.5 to 8 nm The
split fHIRRCHIGRIOREEIES: he i nvention are preferably made of a pol yol efin

such as pol ypropyl ene. However, any polyner which is suitable for making
fibers may be used for the split filmfibers of the conposite structures of
t he i nvévatilaid High &yst EapacitysMatesial:e pol yners i ncl ude) but are not linmted
to, polyolefins Iike honopolyners and copol yners of polyethyl ene,

pol yt erepht hal ates, such as pol yet hyl ene terephthal ate) (PET))

pol y(bunydtasig High ERidt Capatit) matdpb), fradRbitlycocférrdteto/hertint et fii§ capacity
terephthal ate) [PCT), polycarbonate, and 'pol ychlorotrifl uoroethyl ene

( PCTFE) paj@h is bydier, dbickserand, mere permaeakie thap tbe stansiery uacuwss clegppr/bag filkates,

Dol yphelgr il REp RS puedg sHEEbRY HRsHAG e hpB 3buk Bty Tkt oriigRs
of honogipt particies, dlitefirg @ s_i?‘fﬁﬂéant bBrtioheofBiresielist partitles Aidlding large anmolgit bpn i s
exenplified wth split filmfibers nmade of polypropylene, WO 02/ 070107
PCT/ EPOPAISiES While allewingsair i flaupthsaugheasilywiherekyprovaingm louepregsurgddrgh @t and

"nor phol H%h%ﬂiﬁ%b@daimﬁicf;@é@rﬁsw?liifértfﬁhé]f}ﬁerpeen shown to produce filns

wthap anc ani cal "propertires and brittleness required to
produce split filmfibers. These PP split filmfibers may al so be

"subsequegnt | iven the desired | evel of crinp. Al djnmensio of the split
i r ' FBe wakiaid Copagpaner usuallogararriaes & T FUT T ol BHPTIRENS FRL, o
synthetic fibers. It typically contains up to about 70% wood pulp and correspondingly more

synthetic fiber, such as PET, than the standard paper described above. It has a greater



one nethod for production of the split fibers, is disclosed in U S. Pat.

No. 4,178,157. Polypropylene is nelted and extruded into a filmwhich is

t hen bl owwo edvoyom7! arge tube (balloon) into which anbient pét/Ep/d2841r oduced
or allowed to enter, in accordance w ah conventional blow stretching
technol ogy. Inflating the balloon with air serves to quench the filmand to
bi-axially orient the nolecular structure of the PP nol ecul ar chains,
resulting in greater strength. The balloon is then collapsed and the film

is strethidkpdsdtiancthe stawdapd paperofiabous 032 mnl atea typical bésis veight of 50 gym%  hel d
in the m?e of two ,contacting rollers, with the application of var

_anount sPgfe gizealsare Wéﬂta{ Ha tﬁ%h%é\ﬁ@@%ﬂ?@e PigpIcane greater F'@fu)(@% g]“ﬂr an

G vi ng i 128 Bagor 18RI HER AR et RfteBurss okre kRN i Basweiont,

.set. Thef Mewwtﬂaldsapacnw/mpayltﬁaﬂ:aﬂy israbaut @0at 5O ginefarad preferablytaeut 50480i n t he
machi ne flzrectl on which will subsequently becone the |ong dinension of the
split f8Mhfibers. The filmmy be electrostatically charged before or
after it has been cool ed down. Although various electrostatic charging
techni ques may be enployed to charge the film two methods have been found
to be nibke wet-la‘idz capacity peiper has atfineetusbpartiolediitvationpeficiency ofrabolit 66:6316 s

id f t 3 bet DC | ectrod

Cor ons. RieE eV RRLA 4558 SribpuRais s Vet B capeiey bebl vk 9 ch one.
| 30 kV

Sﬁé°?ﬁe9%@§%i?“ﬁg“‘e@?’§£ﬁd8“*tﬁ£%”’ﬁ£§t HEpRr TS THIGBLIRY loaRe MRS © 20 kv

The sec pr&ﬂeraplymmcwe atrieanioabaut SOP 14’ he), Blose preferably at leastaliont;1,000

1005 BRI & EhAich Gt prifbrapiat b8k ateRe 2ot titng sh PR U R oe 11
whi ch aﬁérrﬁéﬁﬂllh?fs @a‘mwtb%@smrtﬁanheIprapbaﬁnérs%ndwm rffﬁ%ﬁbﬁbﬂﬂ% ddst in

whi ch I mis suspended on insulated rollers as the film passes around

the i nspagiclsianger thasrakousfl O, Fogaequantly, a Recersia m’elgalef&mmqys‘ltm medium

e t < PORRORRE A Smand 5 A T B o 6 ECURA S Rl mfdPpdeterare

Techni qelowihg ummttdnvdf aistﬂﬁﬁaﬁti@l Pred8lre\drbp increaseacros® thedfilter. rmowidglzomen
one side of the filns with simlar magnitudes of negative volts on t

ot her sAliPepneabiity of thaywat-iejd earapity ﬁapqueferabw Shevid be @trmosst@bpake 0R20net al

120 to PTG oK biefetRps atmiost 3pogts b Ty 4, i e RRerdably atneddo® ©

bi ased abblitet, 000 Ll(rré'am) itisthus Sebm that lthewwbtalaugcmamy pdpenissespecially wen to
this roller/wire char ng caonfiguration, resul in | ower vo

pot ent | SPSOBRY A8 A4THEAUGHS6 RTaSaR KaE kbe PostRenad wslreal phheseqancany high

vol t age O volts on the filmsurface with generally equal but
opp05|t%ﬁggwégﬁw%gg&ﬂﬁpeach side are typically obtained. The hi gher surface
potential s obtained by Technique |I, however, have not been found to result
n. -ff|C|enC|es of the webs nade fromthe
split fFEH 2 FEReT-or &: because it is easier to |ace up and pass
t he f|In1through t he Technlque | device, this nmethod is now predom nately
used to cha{ge_the filns FFIOF to the sp I|tt|n8 process. The cool ed and

st r et chBy-aid highedLish 6apasitydnatetald semetimes sefatred 40 hgreim as gey-laiticapaciim i s

about - 5BERP oy L ey RS ARSH R Gabayh Hgket Bl @é{@ﬁ'dgﬁa#ﬁtwt*%@*@e&a

tow whi g émfétér@kﬁw bt & predtcsd Witslaiieyhed fechholoby BRE preferabinby aefler paipt

then cut into the desired staple length.” I'n a particularly preferred

e ][Tb](c)fll Pﬁmcessﬂéyttrpgen-&oadmgmhm plays adargetryll egitracingihe; rgel@c@abpwas o:‘ al |
ghar ggdios(%:’l%# cide?‘?{qil’o Bgté;(é? r efera eﬁ%?ﬁfﬁ?ﬁte‘} u $ abﬁ%ﬁ%@?ég% qut';@'&' eld

pr efsent glapac&ﬂgmape5 i8hisuaith muach thlqkeetrmmété?d%!‘dcpapetﬁng(ﬂww -laichchparity
prefera about 40 I C nt. fiber a t 10- 0 wt % nore
prefer alﬁ’ﬁéeraﬁ%? tyRjc dv%h)bojlﬁ tﬂﬁ @P@e&?l@a@z}dﬂ %tnd t he

el ectrostaticatly charged split filmfibers at about 20- 80 wt % and nore
preferably about 40 wt% This dry-laid high dust capacity may be thermally
bonded, preferably at a high tenperature of 90-160 degrees C, nore
preferably, at a tenperature |ower than 110 degrees C and nost preferably
at about 90 degrees C. WO 021 070107 PCT/ EPO2/ 02251 18 M xed El ectrostatic
Fi bers: O her preferred enbodi nents of the dry-laid capacity paper
conprises a thermally bonded paper with 100% "mi xed el ectrostatic ribers",
a blend of 20-80% m xed el ectrostatic fibers and 20-80% B/ C fibers, and a
bl end of 20 80%mxed el ectrostatl c fibers, 110 70%f| uff puI p and 10 70%
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Mel t bl own Fl eece: A synthetic polyner fiber neltblown fleece can optionally
be deployed as an tier between a multipurpose tier and a high efficiency
filtrati owotozere10The nel t bl own fl eece tier increases over apdr/fpdaorsii on

ef ficiency by capturing sonme particles3 passed by the multipurpose
filtration tier. The neltblown fleece tier also optionally can be

el ectrostatically charged to assist in filtering fine dust particles.
Inclusion of a neltblown fleece tier involves an increase in pressure drop

at gi veTheidwt-laidorEaﬂ!anﬂy papelonmr €ah be bonﬁe@rhmealyrbyttwbanemm Tred first wiethod
referab has a basis wei ght of about

fleece tier. Th wn flee
10 50 glﬁﬁ@eéhenﬁln% el iFtF%& inde A bey aRlieaitagn wefercoasescisAarNBL | k
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_tier whiotibtweaim bbtb@aseebymh'ylngamdctfemcﬂmmg proicess cgn baaiskl. The latex bisder
re-filter | ac t t | ai d capaci r dr | aci t
Paper . TRkalsOHP BoRIedn et nat B sithoss odta ERfRondH srdsh letes Shdtass
usi ng leHe’s' rave “%"0\,\)@&5], rgrg}@r&;rmge of about 10 degrees C. In

uses r

contrast, nvent | onal norﬁgy omair at an anbient tenperature
of 35-45 degrees C. Also the collecting dlstance fromthe MB die exit to

or ocoss e Heeeuamag s nerirel POERGTRL PaiBEls i MBRNo oS ToRts. BRSPS,

Addi t i ogthétimed réiBrrbd td hU\%lrﬁ‘QQVtﬁéﬁﬁallysodiﬁéﬁldJMSM@'ﬂ%r@ drew%rné@ggﬁﬁ@t ure

attenuation air _tenperature of about 5 degrees C instead

nor mal MNenweven FabricHendbogle (4092 edltnn)zademS wilhriewer softening pointswaan VB

For ri ot s HieuRB bpdb et aRiES e BRERRR dped e 457070107
PCT/ EPOgditRiel" PRedenthiefmally SontiiblePfusimigl fitepsrgendrally @ombrémy g dt 16ctiBAs at ur e
and the | onger collecting distance cool down the MB filanents nore.

Renovi nwhers=aufiicient heatiapdipsessur are aepliedder mﬁefveb therehy adhering hervatrixi n

wobe. RIS PO R L8 Y8 bk Fot el el Ehotventor PyisYaRE, no.

when dewhen hedteeridherd e wide rangesf fibfbusmatdrialdi gh Bul k Mel t bl own nonwoven
woul d have nore open area. Even with a basis weight of 120 g/n2, the air

perneablllty of the H gh Bul k Mel t bl own nonwoven i s 806 L/(nQ X S). By
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Hi gh Bul k MB nonwoven is well-adapted to renove |arge quantities of |arge
dust particles and to hold | arge anobunts of dust. Accordingly, H gh Bulk MB
nonwoven tier is suited for placenent upstreamof. and as a pre-filter for

a filtration grade MB tier in a vacuumfilter structure of this invention.
Spunbl own ( Modul ar) Nonwoven:




A new type of neltblow ng technol ogy described in Ward, G, Nonwovens

Worl d, Sumrer 1998, pp. 37-40 is available to produce a Spunbl own ( Modul ar)
Nonwoven woiok@idie7 f or use as a coarse filter tier in the pEasemborayention.
Optionally, the Spunbl own Nonwoven cam be utilized as a filtration grade
mel t bl own fleece tier as called for in the novel structure. Specifications
of the Spunblown (Mdul ar} Nonwoven are presented in Table Il. The process
for maki ng the Spunbi own (Mdul ar) Nonwoven is generally a neltbl own
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tier wwét-laltep dpems,dest wei ght of 10-150 gl nz) typical weight range of 20-80

g/nm2 and with a preferred weight of 75 glnR2. The FP | ayer 37 has different

bl ends of pulp fibers and bi component (BIC) fibers. The biconponent fibers
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bonded fluff pulp fiber composition. That is, the fibers comprising the paper consist

essentially of fluff pulp. The term "fluff puip”" means a nonwoven component of the filter of
this invention which is prepared by mechanically grinding rolls of puip, i.e., fibrous cellulose
material of wood or cotton, then aerodynamically transporting the pulp to web forming
components of air laying or dry forming machines. A Wiley Mill can be used to grind the
pulp. So-called Dan Web or M and J machines are used for dry forming. A fluff pulp
component and the dry-laid tiers of fluff pulp are isotropic and are thus characterized by
random fiber orientation in the direction of ail three orthogonal dimensions. That is, they
have a large portion of fibers oriented away from the plane of the nonwoven web, and
particularly perpendicular to the plane, as compared to three-dimensionally anisotropic
nonwoven webs. Fibers of fluff pulp utilized in this invention preferably are from about 0.5-5
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gl n2. Notably, the independently conposed tiers 37 and 38 neet at interface
36A. Thi swpberdigace is different fromthat in a | am nate qictyisiessgbonded
|l ayers in a nultilayer conposite. Dueigo the fact that formation of a
pre-bonded | ayer is not needed to produce the structure 36, at |east one of
tiers 37 and 38 can be sufficiently flinmsy that it could not be fornmed into
a free standing web to be incorporated as a |layer in a conventional

nul ti | ayen longnPhs fibers arbaelpigetenbyisdatdxaindar. The bindee cawbe applicdreitiedr 231. 4
cnBl g, the downstreamtler of 7.7 cnBlg, resulting in an ratio of absolute

pore voPQWRETK@nuUlsIoN78  The absol ute projected fiber coverage, i.e. the
unit area which is covered by fibers when perpendicularly |ooking at the
tier, of the upstreamtier APFC is 97.7% APFC of the downstreamtier is
39 3/. B‘mdfepisu usuatly prasedumthbédrﬁlamCa;mmtylpapermthairamge)tbf aboutl ag?mm;,eand

i amet er ups tier oWns amtier Is realized, the

aver ageP ﬁg?ébﬁabﬁﬁfgb 3t9‘WQ° rl?ﬁfﬁ?@& at%e@@fb\@@abt IRTEr oneter, the average
pore size of the downstreamtier being 14 mcroneter. In order to obtain

t he above RAPV and APFC val ues, the upstreamtier conprises a thickness of
1. 7 nmm Anothappeefemed emtmdimemtfthe daplaidhtaperjty papercampriges\aetheanallyidndes of
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RAPV and APFC val ues can al so be obtained with differe t hi ckness,

appar enbicarmpeonent palyrder fitersi ve pore volune. FIG 2 illustrates the highly
I nproved pressure drop across the filter depending on the anount of dust
filtered by the conposite filter. The upper curve shows the conposite

filter g? fitlFilbhReibeRar acteri stics di scussed above. The | ower curve shows a
ITter

prior ar consi sting of a spunbond as upstreamtier and a neltbl own
as downstreamtier. The prior art upstreamtier has an absol ute pore vol une
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021 070107 PCT/ EPO2/ 02251 25 A further enbodi nent (not shown) has the sane
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downstreamtier of 7.7 cnBlg, resulting in an ratio of absol ute pore voI une
RAPV = 2.95. The absol ute projected fiber coverage of
The split film fibers of the invention are preferably made of a polyolefin, such as

polypropylene. However, any polymer which is suitable for making fibers may be used for
the split film fibers of the composite structures of the invention. Examples of suitable
polymers include, but are not limited to, polyolefins like homopolymers and copolymers of
polyethylene, polyterephthalates, such as poly(ethylene terephthalate) (PET), poly(butylene
terephthalate) (PBT), poly(cyclohexyl-dimethylene terephthalate) (PCT), polycarbonate, and
polychlorotrifluoroethylene (PCTFE). Other suitable polymers include nylons, polyamides,
polystyrenes, poly-4-methylpentene-1, polymethylmethacrylates, polyurethanes, silicones,
polyphenylene sulfides. The spilit film fibers may also comprise a mixture of homopolymers
or copolymers. In the present application, the invention is exemplified with split film fibers
made of polypropyiene.



the upstreamtier is APFC 99.9% APFC of the downstreamtier is 99.3% To
optim ze the dust holding capacity, a ratio of average pore dianeter of

upst r eam Gigegy/drorofiownstream tier of 5.93 is realized, the pyEEPGR2PA €

di anmeter of the upstreamtier being 8% m croneter, the average pore size of
the downstreamtier being 14 mcroneter. In order to obtain the RAPV and
APFC val ues, the upstreamtier conprises a thickness of 1.2 mm an apparent
density of 0.042 g/cnB, and a relative pore volunme of 94.7% The downstream

tier commeusedf PPtﬁblﬁhé%SﬁltWalﬂ}u%hmuléﬂwéi@h@ ad n@%‘rﬁlég e81n Brridatg s,

and a relative pore volune of 87.4% In a further enbodi ment (not shown)
t he upsstr@auﬁqsms hesmehoyestoqppduce films witho propgH Balanice &ff machanicakrprappeies

fibers. I ed in
al 1 var P Bllteess (B8RS pAitoe ol HbSRy THLEP st i Aodfaligho b3

.l east 28Gbs8iquehtpgiven thie desired leyelasf crlimpt Al diménsioroofthb lsplif filkmi fibers mag) of
shoul d be used to_achi eve adequate thermal bonding. Generally, at |east 10%
and preF%'-llrﬁﬁlQe&@nqcb‘a‘érﬂnQ@WHtﬂCB"ﬁ%g}es'bﬂ% used for enhanced cover and
filtration efficiency. The tier can be free of B/C fibers or other types of
thermal |y bondabl e fusing fibers if latex binder is used. FIG 3 depicts a
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the airyg erEiyut 28 tb Soa\hi gh filtration efficiency MB as discussed with
respect to the above enbodi nents. Conponent 53 is a Dry-Laid FP conposed of
air-laid pulp and BIC fibers. FIG 6 depicts a unitary conposite filter 54

bonded 100 360N areREEonRRIY Biet the SSbicouteftRETRY fcnvioibuies fofhrisa ™
, honwovep 8 Pat, NoVs, uohummmdnmdlﬁsaimgmmch is referred to as Tantret(tm)
Technique | and Technique lI, which are further described herein. It has been found that
Technique ll, in which the film is suspended on insulated rollers as the film passes around
the inside circumference of two negatively charged metal shells with a positive corona wire



WO 021 070107 PCT/ EP02/ 02251 27 FIG 7 depicts a unitary conposite filter 58
of the sanme construction as shown in FIG 3, conposed of three tiers 59, 60

and 61, bwode@76107 an outer |ayer 62 consisting of a paper,pEEEPIReIs1
nonwoven with a weight ranging from 1@ 100 g/n2. FIG 8 depicts a unitary

conposite filter 63 of the same construction as FIG 4, conposed of four
tiers 64-67, bonded to an outer |ayer 68 consisting of a paper, scrimor
nonwoven with a weight of 10-100 gln2. FIG 9 depicts a unitary conposite
filter d&f®ath shiel, irgpaesdtoa highest Vmitagaﬁpdferﬁﬂalﬂo the fipns. cBerdrally, withtTieehsiqus- 75,
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of three tiers 83-85 to an outer layer 87 consisting of a paper, scrimor
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predominately used to charge the films prior to the splitting process.

The cooled and stretched film may be hot or cold electrostatically charged. The fiim is then
simultaneously stretched and split to narrow widths, typically up to about 50 micrometers.
The split, flat filaments are then gathered into a tow which is crimped in a controlled
numbers of crimps per centimeter and then cut into the desired staple length.

In a particularly preferred embodiment, the dry-laid high dust capacity paper comprises a
blend of all of fluff pulp fibers, bicomponent polymer fibers, and electrostatically charged
split film fibers. Preferably, the fiuff pulp fibers will be present at about 5-85 wt%, more
preferably about 10-70 wt%, and most preferably about 40 wt%, the bicomponent fibers at
about 10-60 wt%, more preferably about 10-30 wi% and most preferably about 20 wt%, and
the electrostatically charged split film fibers at about 20-80 wt%, and more preferably about
40 wt%. This dry-laid high dust capacity may be thermally bonded, preferably at a high
temperature of 90-160 degrees C, more preferably, at a temperature lower than 110
degrees C and most preferably at about 90 degrees C.



Wher e bondi ng between layers is indicated in enbodi nents of Figs. 10-13,
conventional interlayer bondi ng nethods, such as ultrasonic bondi ng can be
used i n pwaoddiopr i n conjunction w th gluel adhesi ve bondidigepybisened
above. A preferred process for producisng an enbodi ment of the novel
conposite filter conprising a unitary stratified structure of MB and FP
conpositions is shown in FIG 14. The illustrated process provides a
product lam nated to a scrim paper or nonwven to facilitate handling,

pl eat i ngixed atiecEibéts: i s al so possible to provide an unl am nat ed
conposite filter by replacing the scrim paper or nonwoven with a
supporting conveyor to carry the non-prebonded tiers through the process.
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enbodi nment he FP tiers 7 and are primarily conposed of "pul p" and
bi corrponent (BIC) fibers. D|fferent types of BIC fibers nay be used as
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and ot her can su tate of up to /o the BIC her mal
bondi ngmiord preferabiyt from\d0R0 top0:8edSimilacy .. Fta’tenﬂ:ﬂ?‘*ﬁ@ﬁ% ¢eacihea tlnaiathe ragtjo 8,
15, 18, and 20. Many types of thermally bondabl e fusing fibers which
conpletely nelt and are also known as "nelt fibers" also can be used in

pl ace of the BIC fibers, except in dry-laid tier conponents where 100% B/ C
fi ber would be used. FIG 14 further illustrates optional conpactor 10

whi ch decreases the thickness of the web and i ncreases fiber-to-f ber
adhesion of FP tiers 7 and 9. It should be noted that the extensive



The next equi pnment conponent shown in FIG 14 is another FP applicator 15,
whi ch deposits an FP web on top of tier 14 (or on tier 12 if a second MB
tier 13 iwowio7omel uded). Then the non-prebonded assenbly gdr/kp®Rfo3284 t h
tier 16 uppernost travels through anotder optional conpactor 17. Next the

i ntermedi ate product is conveyed beneath one or nore additional FP units 18
and 20. FP applicator heads 15 and 18 incorporate the Dry-Laid Capacity
tier into the structure. FP applicator 20 is primarily designed to produce
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split fpaperfi bers and "m xed electrostatic fibers". If no B/C fibers or

ot her types of thermal bonding fibers are used in FP tiers 16 and 19, then
| at ex bi nder should be applied at units 23 and 27 to bond the tiers. If B/C
fibers getobifFidagees of thermal bonding fibers are incorporated in either
of FP abvl'ﬂfﬁm?"%@ﬁds 15 and 18, then |l atex binder still can also be
applied at units 23 and 27. WO 02/ 070107 PCT/ EP02102251 31 The

conpact Byl BolFiss thef meBREh ek b cplphalibe Akt ahaf b GBREY 1
pr evi ougmlitipLRSYER: tick 2RE & Kigh lefiicfery Siltfdfihafet.eThe e RBISWA o884 ferlhérdass

process steps that are cunulatively effective to formthe unitary _
strat i f pearalfiltration eiciency vy cepturingi some partisles passedby themuliipurpesefiteation t er

e i moarn he Plablawn e e A ERal b be Sk Rbh@a chBrosd GrasBltif nai ng
the ti efiferingdipleltiist pAtticles! ciusion ofef melbleantfleetsd Ger ihdolves ahincresse inhat t he
bi ndi ng steps take pl ace be&lﬁnnl ng in the illustrated enbodiment with a
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froma {lé itﬂerdi spersion or enul sion, applied by kiss roll or gravure
application) or sprayed as a dry powder onto the substrate and then
thermally fused or bonded thereto. The | atex al so serves as a sealant in
that it_mnimzes dust that can emanate from outsids surfaces of the F
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m crowave, or convection oven. A conbination of these can also be used. A

t hrough-air qv i rﬁferred, If B/C fibers or other types of thermally
bondablﬂﬂgugihé&ﬂbggﬁb—gﬂﬂggﬂésent in the internedi ate product, then ovens
25 and 29 can serve to thermally fuse such fibers to continue the bonding
and formation of the unitary structure. Fromthe oven 25, the internedi ate
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PATENT CLAINMS 1. A conposi filter for fiJtering a stream of .apbient air
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upst r eapomparedioR6-230 dagnees £ far filkratioPRtade MR prodactionh@he enlsles auendh airer
of claim1, wherein the ratio of average pore dianeter of upstreamto
downstreamtier RPDis 4 < RPD < 10. 3. The conposite filter of claim 2,
wherein the average pore dianeter of the upstreamtier PDU > 60 wm
preferably 80 ~m < PDU < 200 wn 4. The conposite filter of any one of
claims 1 to 3, wherein the upstreamtier conprises a relative pore volune
RPVU > 94% preferably RPVU > 96% an apparent density ADU < 0.05 g/cn8,

o ~ " o .



6. The conposite filter of any one of clains 1 to 5, wherein the upstream
tier conprises fibers having a length in the range of 0.1 mmto 3.0 nm 7.

The conpowig®@bodoter of claim6, wherein the orientation ofcibafobigrs in
flow direction in WO 02/ 070107 PCT/ BP02/ 02251 33 the upstreamtier is

hi gher than in the dowmstreamtier. 8. The conposite flter of any one of

clainms 1 to 7, wherein the upstreamtier conprises a dust retention DRwth
respect to dust particles with a dianmeter corresponding to the average pore
di amet dowef attévuationrzit terparature, lowerbRelbtediSérature ahd tivolopger tellecting distariceany
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Conposi éfﬁcliahéy 8f theTHigh BuR B notRVe asiditerddinéd b§ tPDIN 229562 stV s 108%6,
sheath is polyethylene. 13. The conposite filter of claim 12, wherein the

core i sWWihesytheduo wiete put together aith dlae High Bulk W aonwoven on the inside of the bag,
the air permeability was still 295 L/(m? x s), and the filtration efficiency of the pair was

99.8%. The high bulk meltblown nonwoven can be uncharged, or optionally electrostatically
charged provided that the nonwoven is of material having suitable dielectric properties.

High Bulk MB nonwoven of this invention should be distinguished from "filtration grade MB"
which also is employed in the multitier vacuum filter structure of this disclosure. Filtration
grade MB web is a conventional meitblown nonwoven generally characterized by a low
basis weight typically of about 22 g/m? and a small pore size. Additional typical
characteristics of filtration grade MB nonwoven of polypropylene are shown in Table 1. A
preferred high bulk MB nonwoven of polypropylene optimally includes about 5-20 wt%
ethylene vinyl acetate. Filtration grade MB nonwoven hasl generally high dust removal
efficiency, i.e., greater than about 99%.

TABLE |
More Most
Preferred Preferred Preferred
Filtration Grade MB PP
Weight g/m? 5-100 10-50 25
Thickness, mm 0.10-2 0.10-1 0.26
Air Permeability, Lm®xs)  100-5,000 100-2,000 450

Tensile Strength, MD, N 0.5-15 1.0-10 3.7



WO 02/ 070107 PCT/ EPO2/ 02251 34 14. The conposite filter of claim9, wherein
the upstreamtier further conprises fibers selected fromat |east one of
unchar gedwapéziazoforl m fi bers, charged split filmfibers andpoi/kesk/io2251

el ectrostatic fibers. 15. A vacuum cl eaner bag conprising a conposite
filter in accordance with any one of the preceding clainms. 16. A nethod of
maki ng a conposite filter in accordance with any one of clains 1 to 14,
conprising the steps of (a) laying down a filtration material onto a
supportT«altus|tbc8tr'£lrtgﬂa=1 QCPsNr eam G+t r ebonded 'tDeIIO (b) depo8iZ2ing onto the
upstrea t| t he downstream {:qﬁ pr ebonded and (c) Qggdi ng the tiers
to for %"lefénmlter h gaunltary tratlfled stfitture. 17. A
conposi H@ﬁBmkeMBppoduced by the nethod of claim16. 18. A vacuum cl eaner
bag conpri sing a, conposi te filter produced by the nethod of claim 16.
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Jeal Cakcr?évs(/: %Jp%adf?ﬁ%lﬁ)?o%ﬁ& kecc?\n!oio!g%l a%'sgrig‘ed in Ward, G., Nonwovens World, Summer
1998, pp. 37-40 is available to produce a Spunbfown (Modular) Nonwoven suitable for use
as a coarse filter tier in the present invention. Optionally, the Spunblown Nonwoven can be
utilized as a filtration grade meltblown fleece tier as called for in the novel structure.
Specifications of the Spunblown (Modular) Nonwoven are presented in Table Il.

The process for making the Spunbiown (Modular) Nonwoven is generally a meltblown
procedure with a more rugged modular die and using colder attenuation air. These
conditions produce a coarse meltblown web with higher strength and air permeability at
comparable basis weight of conventional meltblown webs.

Microdenier Spunbond Nonwoven:
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A spunbond ("SB") nonwoven, occasionally referred to herein as microdenier spunbond can
also be utilized in this invention in the same way as the coarse filter tier or the filtration
grade meltblown fleece tier previously mentioned. Specifications of microdenier spunbond
are listed in Table Il. Microdenier spunbond is particularly characterized by filaments of less
than 12 mm diameter which corresponds to 0. 10 denier for polypropylene. In comparison,
conventional SB webs for disposables typically have filament diameters which average 20
mm. Microdenier spunbond can be obta~ned from Reifenhauser GmbH (Reicofil lll), Koby
Steel, Ltd., (Kobe-Kodoshi Spunbond Technology) and Ason Engineering, Inc. (Ason

Spunbond Technology).
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Preferred Embodiments:

#10% & ()-G#10% i & ()-GF110% & ()-&$10% & ()- " 110% & ()-. $@$$[ ¥&( dEYNC
(#10% & () -$10% & ()-s$10% & ()-s"10% & () - ¥P86 & () - 3$10 ()-3(?))B*CD
*EFCT*bCSH10%VE () - LO! 109K (prefdied 10° Preferred Preferred
Spunblown (Modular)
Weight g/m? 10-150 10-50 28
Thickness, mm 0.20-2 0.20-1.5 0.79
Air permeability, L/(m?xs)  200-4,000 300-3,000 1,200
Tensile Strength, MD, N 10-60 16-40 43
Tensile Strength, CD, N 10-50 12-30 32
Fiber Diameter, micrometer 0.6-20 2-10 2-4
microdenier spunbond PP
(Ason, Kobe-Kodoshi, Reicofil I1l)
Weight, g/m? 10-50 20-30 17
Thickness, mm 0.10-0.6 0.16-0.5 0.25
Air permeability, L/(m,"?xs)  1,000-10,000 2,000-6,000 2,500
Tensile Strength, MD, N 10-100 20-80 50
Tensile Strength, CD, N 10-80 10-60 40
Fiber Diameter, micrometer 4-18 6-12 10

Representative products according to the present invention are illustrated schematically in

Figs. 1, 3-13, and described in greater detail as follows. in the figures, air flow direction is

indicated by arrow A.

In FIG. 1, a unitary composite filter 36 made from two tiers is depicted. The upstream (dirty
air side) tier 37 is a Dry-Laid FP Capacity tier with the broadest weight of 10- 150 g/m?,
typical weight range of 20-80 g/m? and with a preferred weight of 75 g/m?. The FP layer 37

has different blends of pulp fibers and bicomponent (B/C) fibers. The bicomponent fibers

comprise 60%PE and 40%PP. The downstream tier 38 is a high efficiency MB component
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. c 77 GoaoD @Es 38 mest atinteriage GPAI This infoftage is)differgnt from that in a laminate of two

pre-bonded layers in a multilayer composite. Due to the fact that formation of a pre-bonded
layer is not needed to produce the structure 36, at least one of tiers 37 and 38 can be
sufficiently flimsy that it could not be formed into a free standing web to be incorporated as a
layer in a conventional multilayer composite.

The upstream tier has an absolute pore volume of 21.4 cm®/g, the downstream tier of 7.7
cm®/g, resulting in an ratio of absolute pore volume RAPV = 2.78. The absolute projected
fiber coverage, i.e. the unit area which is covered by fibers when perpendicularly looking at
the tier, of the upstream tier APFC is 97.7%. APFC of the downstream tier is 99.3%.

To optimize the dust holding capacity, a ratio of average pore diameter of upstream tier to
downstream tier of 6.21 is realized, the average pore diameter of the upstream tier being 87
micrometer, the average pore size of the downstream tier being 14 micrometer.

In order to obtain the above RAPV and APFC values, the upstream tier comprises a
thickness of 1.7 mm, an apparent density of 0.044 g/cm®, and a relative pore volume of
94.4%. The downstream tier comprises a thickness of 0.21 mm, an apparent density of 0.11
g/cm®, and a relative pore volume of 87.4%. it is understood that these values are
exemplary only; in particular the above RAPV and APFC values can also be obtained with
different thickness, apparent density, and relative pore volume.

FIG. 2 illustrates the highly improved pressure drop across the filter depending on the
amount of dust filtered by the composite filter. The upper curve shows the composite filter
with the characteristics discussed above. The lower curve shows a prior art filter, consisting
of a spunbond as upstream tier and a meltblown as downstream tier. The prior art upstream
tier has an absolute pore volume of 6.9 cm®/g, the downstream tier of 8.1 cm®g, resulting in
an ratio of absolute pore volume RAPV = 0.85. The absolute projected fiber coverage of the
upstream tier is APFC 69.3%. APFC of the downstream tier is 92.3%.
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L: ! 10% Bicomponent (B/C) fibers. The bicomponent fibers comprise 60%PE and 40%PP. The
downstream tier is a high efficiency MB component with a weight of 24 g/m? The upstream
tier has an absolute pore volume of 22.7 cm®/g, the downstream tier of 7.7 cm*/g, resuiting
in an ratio of absolute pore volume RAPV = 2.95. The absolute projected fiber coverage of
the upstream tier is APFC 99.9%. APFC of the downstream tier is 99.3%.

To optimize the dust holding capacity, a ratio of average pore diameter of upstream tier to
downstream tier of 5.93 is realized, the average pore diameter of the upstream tier being 83
micrometer, the average pore size of the downstream tier being 14 micrometer.

In order to obtain the RAPV and APFC values, the upstream tier comprises a thickness of
1.2 mm, an apparent density of 0.042 g/cm®, and a relative pore volume of 94.7%. The
downstream tier comprises a thickness of 0.21 mm, an apparent density of 0.11 g/cm®, and
a relative pore volume of 87.4%.

In a further embodiment (not shown) the upstream tier comprises split film fibers and "mixed
electrostatic fibers." Split film fibers and "mixed electrostatic fibers" are not used in all
variations of the upstream tier, but at least 10% and preferably at least 20% B/C fibers or
other types of thermally bondable fusing fibers should be used to achieve adequate thermal
bonding. Generally, at least 10% and preferably at least 20% pulp fibers are used for
enhanced cover and filtration efficiency. The tier can be free of B/C fibers or other types of
thermally bondable fusing fibers if latex binder is used.

FIG. 3 depicts a unitary composite filter 39 composed of three tiers. The first tier 40 is a
coarse drylaid component made of 100% B/C fibers. It mainly serves as a pre-filter and
protects downstream filter material. The broadest weight range is 10-100 g/m? with a typical
weight range of 20-80 g/m?, and a preferred weight of 50 g/m The upstream tier 41 is a
Dry-Laid FP Capacity component as discussed in the above embodiments. The
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downstream tier 42 consists of high filtration efficiency MB media or other ultrafine fiber

diameter materials such as SpunBlown Modular or Microdenier Spunbond.

Fig. 4 is a diagram of a unitary composite filter 43 made from four tiers of material. The first
tier 44 is composed of Dry-Laid FP of 100% B/C fibers. The broadest weight range is from
10-100 g/m?, typical weight is from 20-80 g/m? and the target weight is 50 g/m® The
upstream tier 45 is a Dry-Laid FP Capacity tier as discussed in the above embodiments.
Alternatively, tier 46 may contain at least 10% and preferably at least 20% B/C fibers, 10%
and preferably at least 20% pulp fibers, and may contain varying amounts of charged or
uncharged split film fibers. It may contain varying amounts of "mixed electrostatic fibers". At
least 10% and preferably at least 20% BIC fibers or other types of thermally bondable fusing
fibers should be used to achieve adequate thermal bonding. Generally, at least 10% and
preferably at lsast 20% pulp fibers are used for enhanced cover and filtration efficiency. The
tier can be free of B/C fibers or other types of thermally bondable fusing fibers if latex binder
is used. The downstream tier 46 contains MB filter media as discussed with respect to the
above embodiments. The outer tier 47 is a Dry-Laid FP composed of air-laid pulp and B/C
fibers.

Fig. 5 is a diagram of a unitary composite filter 48 made from five tiers of material. The first
tier 49 is composed of Dry-Laid FP of 100% B/C fibers. The broadest weight range is from
10-100 g/m?, typical weight is from 20-80 g/m? and the target weight is 50 g/m®. The
upstream tier 50 is a Dry-Laid FP Capacity component as discussed above. Component 51
contains carbon granules or carbon fibers to absorb odors and to remove pollutant and
toxic gases from the air. Component 52 is a high filtration efficiency MB as discussed with
respect to the above embodiments. Component 53 is a Dry-Laid FP composed of air-laid
pulp and B/C fibers.

FIG. 6 depicts a unitary composite filter 54 of the same construction as shown in FIG. 1,
composed of two tiers 55, 56, bonded to a supporting outer layer 57 consisting of a paper,
scrim or nonwoven with a weight ranging from 10-100g/m?2.
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FIG. 7 depicts a unitary composite filter 58 of the same construction as shown in FIG. 3,

composed of three tiers 59, 60 and 61, bonded to an outer layer 62 consisting of a paper,
scrim or nonwoven with a weight ranging from 10-100 g/mZ.

FIG. 8 depicts a unitary composite filter 63 of the same construction as FIG. 4, composed of
four tiers 64-67, bonded to an outer layer 68 consisting of a paper, scrim or nonwoven with
a weight of 10-100 g/m?.

FIG. 9 depicts a unitary composite filter 69 of the same construction as FIG. 5, composed of
five tiers 71-75, bonded to an outer layer 76 consisting of a paper, scrim or nonwoven with
a weight of 10-100 g/m?.

FIG. 10 depicts a laminate of unitary composite filter 77 of the same construction as shown
in FIG. 1, composed of two tiers 78, 79, bonded to a supporting outer layer 81 consisting of
a paper, scrim or nonwoven with a weight ranging from 10-100 g/m?, wherein the outer layer
is bonded by glue or an adhesive 80, in which the latter could be a latex binder or a hot melt
adhesive.

FIG. 11 depicts a laminate of unitary composite filter 82 of the same construction as shown
in FIG. 3, composed of three tiers 83-85, to an outer layer 87 consisting of a paper, scrim or
nonwoven with a weight ranging from 10-100 g/m?, wherein the outer layer is bonded by
glue or an adhesive 86.

FiG. 12 depicts a laminate of unitary composite filter 87A of the same construction as FIG.
4, composed of four tiers 88-91, to an outer layer 93 consisting of a paper, scrim or
nonwoven with a weight of 10-100 g1mA?, wherein the outer layer is bonded by glue or an
adhesive 92.

FIG. 13 depicts a laminate of unitary composite filter 94 of the same construction as FIG. 5,
composed of five tiers 95-99, to an outer layer 101 consisting of a paper, scrim, or
nonwoven with a weight of 10-100 g/mA?2, wherein the outer layer is bonded by glue or an
adhesive 100.
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Where bonding between layers is indicated in embodiments of Figs. 10-13, conventional
interlayer bonding methods, such as ultrasonic bonding can be used in place of orin
conjunction with giue/adhesive bonding mentioned above.

A preferred process for producing an embodiment of the novel composite filter comprising a
unitary stratified structure of MB and FP compositions is shown in FIG. 14. The illustrated
process provides a product laminated to a scrim, paper or nonwoven to facilitate handling,
pleating or packaging. It is also possible to provide an unlaminated composite filter by
replacing the scrim, paper or nonwoven with a supporting conveyor to carry the
non-prebonded tiers through the process. The final unitary composite filter consists of at
least two-tiers, although each tier may contain more than one type of fiber or other materials
as discussed above, and generally consists of three to five tiers, which are thermally or
latex bonded. The electrostatic charging of the composite filter is preferably done in-line by
the Tantret "cold" electrostatic charging process, although MB fibers may be "hot" charged
in-line upon exiting the MB die. Also, split film fibers, which were electrostatically charged
during their production, may be introduced by the FP applicators. Furthermore, "mixed
electrostatic fibers" which have opposite polarities after rubbing against each other due to
different triboelectric properties may be incorporated into the composite by the FP
applicators.

Now referring to FIG. 14, an optional unwind | is located at the starting end of the line to
allow for the feeding in of an optional support layer 2, which may be a scrim, paper or
nonwoven. Components 1, 2, 4 and 5 are optional in that the inventive unitary composite
filter is laminated to a scrim, paper or nonwoven only to facilitate handling, pleating or
packaging. A conveyor belt 3 runs the entire length of the line; however, it may also be
separated into shorter sections with one conveyer section feeding the assembly of tiers
onto the next sections as required in the process. Also at the starting end of the line there is
an optional adhesive applicator 4 for dispensing an adhesive 5 in the form of glue or hot
melt adhesive. This adhesive application station can be utilized when it is desired to in-line
laminate a supporting layer to the unitary stratified structure of the novel composite.
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However, it should be noted that applicator 4 is not intended for pre-bonding tiers within the
stratified structure.

Next, as shown in FIG. 14, there are at least one, and preferably two, FP applicator units 6
and 8. The primary function of the FP applicator units at the beginning of the line is to
produce and deposit dry-laid tiers 7 and 9 onto the optional adhesive tier 5, or onto the
conveyor belt 3 if the optional support layer 2 and adhesive 5 are not used. The dry-laid
tiers 7 and 9 may be the same or have different compositions and properties to meet the
requirements of the end product. In any respect, the role of tiers 7 and 9 is primarily to
support and protect the MB or related filter media tiers 12 and 14. In the illustrated
embodiment, the FP tiers 7 and 9 are primarily composed of "pulp" and bicomponent (B/C)
fibers. Different types of B/C fibers may be used as described above. For example, a
preferred type has a core of higher melting point fibir such as PP and a sheath of lower
melting point fiber such as PE. Other preferred compositions of "pulp” and B/C core sheath
PP/PE are 50% "pulp"/50% B/C fibers in tier 7 and 25% "pulp"75% B/C fibers in tier 9. If
latex binder is not applied in section 23, then at least 20% B/C fibers or other types of
thermal binder fibers should be used. On the other hand, if latex bind is subsequently
applied in sections 23 and 27, then 100% "pulp” fiber can be applied by FP applicators
heads 6 and 8. Also, it is possible to apply 100% B/C fibers from FP applicator 6 or
applicator 8, or from both applicator heads 6 and 8.

In additional embodiments, instead of 100% B/C fibers, monocomponent regular staple
fibers of PP, PET, polyamide and other fibers can be substituted for up to 80% of the B/C or
thermal bonding fibers that may be applied by any of the FP application heads 6, 8, 15, 18,
and 20. Many types of thermally bondable fusing fibers which completely melt and are also
known as "melt fibers" also can be used in place of the B/C fibers, except in dry-laid tier
components where 100% B/C fiber would be used.

FIG. 14 further illustrates optional compactor 10 which decreases the thickness of the web
and increases fiber-to-fiber adhesion of FP tiers 7 and 9. It should be noted that the
extensive pre-bonding typically employed to separately produce the layers is not the
objective of this optional compacting step utilized in this inventive in-line process. The
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compactor 10 may be a calender, which may or may not be heated. The MB or related filter
media 12 and 14 may be deposited by one or more MB dies 11 and 13 onto the FP tiers 7
and 9. The primary function of the MB component is to serve as a high efficiency filter, that
is, to remove small percentages of small size (less than about 5 micrometers) particles. The
specifications of filtration grade MB media and related ultrafine fiber diameter types of filter
media are given in Table |.

The process can include at least one or more MB dies 11 and/or one or more related fine
denier, (ultrafine fiber diameter) fiber applicators 13, designated as X. For example, if two
identical MB units are utilized, then units 11 and 13 will be the same. Other variations
contemplated to come within the breadth of this invention include having the first unit as a
SpunBlown (Modular) or Microdenier Spunbond (SB) system first to form a filter gradient of
coarser to finer high efficiency filters. Another contemplated variation is for one or more
SpunBlown (Modular) or Microdenier SB systems to be used in tandem. Still another
variation is to use a Microdenier SB first followed by a SpunBlown system.

The next equipment component shown in FIG. 14 is another FP applicator 15, which
deposits an FP web on top of tier 14 (or on tier 12 if a second MB tier 13 is not included).
Then the non-prebonded assembily of tiers with tier 16 uppermost travels through another
optional compactor 17. Next the intermediate product is conveyed beneath one or more
additional FP units 18 and 20. FP applicator heads 15 and 18 incorporate the Dry-Laid
Capacity tier into the structure. FP applicator 20 is primarily designed to produce very open
(i.e. bulky) FP primarily for dust holding capacity rather than as a filter. The very open FP
tier 21 preferably is produced from 100% bicomponent B/C fiber or blends of B/C with ratios
of B/C to "pulp" characterized as being higher than is normally used to produce coarse
pre-filter FP webs. Either or both FP tiers 16 and 19 can also contain split film fibers and
"mixed electrostatic fibers". If no B/C fibers or other types of thermal bonding fibers are used
in FP tiers 16 and 19, then latex binder should be applied at units 23 and 27 to bond the
tiers. If B/C fibers or other types of thermal bonding fibers are incorporated in either of FP
applicator heads 15 and 18, then latex binder still can aiso be applied at units 23 and 27.
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The intermediate product with uppermost tier 21 then travels through another compactor 22
and thence through a section of the production line where the previously loose, unbound
tiers are subjected to one or more binding process steps that are cumulatively effective to
form the unitary stratified structure of the composite filter. Preferably, all of the filter
components that will be incorporated into the unitary stratified structure are incorporated in
the intermediate product at this stage prior to binding the tiers together.

With further reference to FIG. 14, it is seen that the binding steps take placs beginning in
the illustrated embodiment with a latex binder 24 being applied by applicator 23. The latex
can be sprayed from a liquid dispersion or emulsion, applied by kiss roll or gravure
application, or sprayed as a dry powder onto the substrate and then thermally fused or
bonded thereto. The latex also serves as a sealant in that it minimizes dust that can
emanate from outside surfaces of the FP tier. After adding latex binder at 23, the
intermediate product fravels through a heating unit 25 which dries and cures the latex
binder to bond the composite. The heating unit can be a heated calender, or an infrared,
microwave, or convection oven. A combination of these can also be used. A through-air
oven is preferred. If B/C fibers or other types of thermally bondable fusing fibers are present
in the intermediate product, then ovens 25 and 29 can serve to thermally fuse such fibers to
continue the bonding and formation of the unitary structure.

From the oven 25, the intermediate product is cooled by system 26, and then a second
latex binder is applied at 27. As illustrated, the path of travel and spraying unit 27 are
positioned to apply latex binder to the side opposite the first application. The intermediate
product containing the second latex binder 28 then passes through a second through-air
oven 29 and through another cooling section 30. Next, the fully bonded composite film
having a unitary stratified structure is charge in cold electrostatic charging station 31,
preferably, a Tantret J system. Finally, the composite film 32 is slit to desired width or
multiple of widths on shiter 33 and rolled up by the winder 34. Although electrostatic
charging is illustrated to take place toward the end of the process, it is contemplated that
charging at a stage prior t6 application of latex binder can be performed, provided that the
binder and the subsequent procedural steps do not significantly drain the charge from the
intermediate product.
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4, The composite filter of any one of claims 1 to 3, wherein the upstream tier comprises
a relative pore volume RPVU > 94%, preferably RPVU > 96%, an apparent density ADU <
0.05 g/cm?®, and a thickness D in the range of 0.5 mm < D < 2.5 mm.

5. The composite filter of claim 4, wherein the downstream tier comprises a relative
pore volume RPVD being smaller than RPVU, an apparent density ADD in the range of
0.07 glcm?® < ADD < 0.14 g/cm®, and a thickness D in the range of 0.1 mm < D < 0.4 mm.

6. The composite filter of any one of claims 1 to 5, wherein the upstream tier comprises
fibers having a length in the range of 0.1 mm to 3.0 mm.

7. The composite filter of claim 6, wherein the orientation of the fibers in flow direction in
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the upstream tier is higher than in the downstream tier.

8. The composite filter of any one of claims 1 to 7, wherein the upstream tier comprises
a dust retention DR with respect to dust particles with a diameter corresponding to the
average pore diameter of the downstream tier of DR > 99%.

9. The composite filter of any one of claims 1 to 8, wherein the upstream tier comprises
dry-laid, thermally bondable fusing, bicomponent or monocomponent polymer fibers and the
downstream tier comprises meltbiown fibers.

10.  The composite filter of claim 9, wherein the upstream tier has a composition selected
from the group consisting of 100 wt% bicomponent polymer fibers, a blend of at least about
10 wit% bicomponent polymer fibers with a complementary amount of natural fibers, staple
fibers or a mixture thereof, and a blend of at least about 10 wt% monocomponent polymer
thermally bondable fusing fibers with a complementary amount of fluff pulp fibers, staple
fibers or a mixture thereof.

11.  The composite filter of claim 10, wherein the bicomponent polymer fibers have a
sheath of one polymer and a core of a different polymer having a melting pdint higher than
the one polymer.

12. The composite filter of claim 11, wherein the core is polypropylene and the sheath is
polyethylene.

13.  The composite filter of claim 12, wherein the core is disposed eccentric relative to the
sheath.
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selected from at least one of uncharged spiit film fibers, charged split film fibers and mixed
electrostatic fibers.

15. A vacuum cleaner bag comprising a composite filter in accordance with any one of
the preceding claims.

16. A method of making a composite filter in accordance with any one of claims 1 to 14,
comprising the steps of

(a) [laying down a filtration material onto a support to form the upstream non-prebonded
tier,

(b)  depositing onto the upstream tier the downstream non-prebonded tier, and

(c) bonding the tiers to form a composite filter having a unitary stratified structure.

17. A composite filter produced by the method of claim 16.

18. A vacuum cleaner bag comprising a composite filter produced by the method of
claim 16.



