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o Backeround of the Invention

In the practice of filtration technology, a fliiid siream is typicaily passed
through a filter structure for the purpose of removing a particulate from the stream.
Any filter element will be able to remove some proportion of the patticulate from
25 the stream during the lifetime of the filter. Filter efficiencies are typically defined as
the proportion of the particulate, entrained in the mobile fluid phase, removed by the
filter. Filter lifetime is typically considered to be related to the period of time that
 the pressure drop across the filter remains below a certain predetermined level to
 permit acceptable opetating parameters for the filter and operating equipment. A
30 filter must obtain a sufficient removal efficiency while maintaining a sufficiently
‘ *"low pressure drop to obtain useful performance., A high pressure drop is
¢haracteristic of poor operating efficiency for the equipment using the filter.
", As is true in many technologies, substantial trade-offs arise in any

~‘embodiment of 2 successfirl technology. Very often as efficiency increases, pressure
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filter media comprising a single layer of filter substrate, the substrate having a first
surface and a second surface, the substrate having a permeability of about 0.03 to 15 m-
sec” and an efficiency greater than 5%, the first surface and the second surface each
comprising a layer of fine fiber having a diameter of about 0.001 to .05 microns, the layer
of fine fiber having a thickness of less than 5 microns, the layer of fine fiber formed in an
amount effective to obtain pore size of about 0.0001 to 5 microns, an overall efficiency
under ASTM-1215-89 with monodisperse 0.78 micron polystyrene latex particles at 20
ft/min velocity of about 50% to 90% in any one layer and to obtain an efficiency of greater
than 90% in the layers combined.

In accordance with another aspect of the present invention, there is provided a
method of removing a particulate from an air borne stream, the particulate comprising a
liquid particulate, a solid particulate or mixtures thereof, the method comprises:

(a) piacing a filter structure in an air stream; and

(b) directing the air stream through the filter structure white
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through tWoreater than 90% in the layers combined.
We have found that a substantially improved filter media, filter structure, and

filtration process may be obtained by using a filter media having a controlled amount of fine
fiber in two or more layers in a media substrate or structure. By forming the fiber in reduced
amounts in two or more layers filter efficiency may be maintained or increased while lifetime
can be increased. In a preferred embodiment, a first layer of fine fiber is placed on an
upstream surface of the substrate, then a second layer is formed as a second surface
typically downstream. The efficiency of the upstream and the downstream layers can be
intentionally selected to be different. The downstream layer can have an efficiency greater
than the upstream layer. The layers are placed such that the filtered fluid passes through two
layers. The media can be formed into a filter structure in a variety of filter structure geometries
and formats. The double sided layer of fine fiber maintains or increases the efficiency of
filtration but substantially increases the lifetime of the filter. We have surprisingly found that

by placing an amount of fine fiber that results in an efficiency less than about 90% in a first
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nprises a fine fiber having a dianeter of ‘abou .0 0 m crons,

pr ef er abl ymagyad filtter structure. The polymeric materials comprise a composition that has physical
properties that provide improved efficiency and service lifetime in the unique filter structure.
The polymeric materials may be compositions that have physical properties that can also
permit the polymeric material, in a variety of physical shapes or forms, to have resistance fo
the degradative effects of humidity, heat, air flow, chemicals and mechanical stress or impact
while maintaining effective filtration during use.

In typical applications, for example, fine fiber is placed on the substrate, the fine fiber

layer comprises a fine fiber having a diameter of about 0.0001 to 5 microns, preferably about
0.0001 to about 0.5 micron, most preferably about 0.001 to about 0.3 micron formed in a layer
that has a layer thickness of less than about 5 microns, preferably about 0.1 to 3 microns,
often from about 0.5 to about 2 microns. Each fine fiber layer comprises an interlocking
randomly oriented mesh of fibers that results in a mesh having a relatively broad distribution
of pore size openings. For the purpose of this patent application, the term "pore" refers to a

passage or opening in the web through the fine fiber layer that is formed from a periphery of 2
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an increased pressure drop because of the reduced amount of fiber in the fine fiber layer.

The combination of two layers of fine fiber on opposite sides of a planar

media layer, each layer having a reduced efficiency, provides across the entire layered

structure, a substantially high efficiency. Surprisingly, this combination of two layers of fine

fiber on opposite sides of a planar media layer displays an extended lifetime due to a

reduced tendency to plug or fim. By distributing the filter particulate throughout the layers of

the construct, we believe that any undesired increase in pressure during the lifetime of the filter

may be reduced since the filtered particulate does not reside in a relatively narrow portion of

the fine fiber structure. We believe it is a surprise that the layered structure distributes the fine

fiber throughout the layers, thus substantially improving and extending the time the filter
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impinging particulate in the mobile fluid phase. Such an amount of particulate, in an engine

application, in a gas turbine application or other such applications would pass substantially
more particulate to the working parts of the mechanism such that substantial wear or failure of
‘the mechanical device could result.

For the purpose of this patent application, the term "media” refers to a woven or non-
woven sheet like substrate, having a thickness of about 0.1 to 5 millimeters and an efficiency of
about 5% to 80% often 20% to 80%, made from a natural or synthetic fiber such as cellulose,
poiyester, nylon, polyolefin, etc.

For the purpose of this patent application, the term "fine fiber” refers to a fiber having a

indeterminate length but a width of less than about 5 microns often, less than about 1 micron,
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In one embodiment, a reduced amount but useful add-on amount of fine fiber
would be a 0.1 to 1.75 micron thick layer of 5% to 40% solidity fiber layer (95% to 60%
void fraction). In this case the basis weight is 0.00045 to 0.11 mg-cm™? or 0.0028 to 0.7
ib.-3000 ft2 (1bs/3000 ft2is a textile and paper makers standard unit). In another
embodiment, an add-on amount of fine fiber would a 0.75 to 1.25 micron thick layer of

15% to 25% solidity fiber layer (85% to 75% void fraction} In this case the basis weight is
0.010 to 0.05 mg-cm® or 0.06m to 0.31 Ib.-3000 ft*
In a final embodiment, the upper end of the add-on amount of fine fiber would be
a 1-3 micron thick layer of 10% to 40% solidity fiber layer (90% to 60%



7 wvoid fiction) In this case the basis weight is 0.009 to 0.2 ng-can 2 or
0.055 to 1.2 [|b.-3000 1 2. For the purpose of this patent appﬁ@_amﬁ, Qgg
term"separate layer"” is defined to nean that in a filter structu az 19
a subst anty heet |ike substrate, that a 5 fluid stre | t hr ough
t he subst?ﬁa @%‘r’ﬁ%’t first pass through a first fine fiber 9&@%‘?‘?6F%e
substrate and subsequently pass through a7second fine fiber |ayer. These

| ayers can haweidfruetiindtiy thif chsclthebasipavmigiit is/0.009 tof &2 nphent bn@035 fodr2 | ayer s
can in theory, b gif actured in one processing step which covers the
entirety of bc}t’ﬁfowf'aces of a two sided sheet-like substrate resulting in

two separate fine frpeke hdpslcorHls pAEMBHPIidAbAIhERh "SdphraRi 1apRPRY eS| des
of the substrate. In nost applications, we envision that a Tirst fine

fiber |ayer witbmesn thasine diltonsterchupbaving esubsigatidlychettdikesubsmicathet 4 | | t hen
be passed agaif..thr i i i t second
| ayer. Forét heﬂ]%{li ?%%a?gg%#ﬂé#rg ﬂ%&&%ﬁ%ﬁ%ﬁ%&tﬁuﬁ?% E}Il%]gﬁ 5 ber

1 ayer pore si Zeyerlthe etibsitatecaniisbbsequeéntly passeh®ugle s sécvhé fine fiberdayepathesbor med

between the-intermngled fihers _in the fine fiber |layer. Brief Description
of the Draw nd&/ss "f3iv§ﬂ8tygif§&ﬁli@WGWﬁ%n%%ﬁWW&Fﬁa‘a&/el oped

conparing the ol ; ' il LN a
single sided (Ebrf bb e BYr O inonf BB ?&r]glghi’ﬁeésg%g?éﬁ’r ey ol
Briefly, the catfaceteferiwosidedshechdiksaitbstrain résaltingfih bwo sapesate finedibeabyemr i ses
In a double-sided f. fiber |ayer .contai nin I lter.structure. FIGURE 2 is
" graphi o ¢ dpRaetinte PRSP SRR o P I e ¥ ays.
-using the dualensisthi@dhkt D18rst filkefibé ldydwill Be fimbd6n b BMRLIcGM@8Hd S i N a 25
substantially reduced_percent power |oss in a hig& power  turbojet gas
turbine powersEbstE ep beprisedagninbrieh dielng Bleriggaeralingstoprio fhrasthgr o

drop in inche%ﬁ‘gjn ‘ﬁﬁr{rr caused by formng of a mneral oil filmon a fine
fi ber single si eg ter structure. The graph denonstrates that the
reduced effi ci ency Harlthepurpésewdthis pattist spplidatib, the tenm "8S8¢ fbadsyer pordisp over
its tested.life iJe the high efficiency fi.ne fiber |ayer obtaj an

extr el y it offt B bR WeR pois Saek LR 10 & g ErBieE bStect BeghterrHEt Byt vo
reduced effi gh@ncHind My&@Nsyegan maintain | ow pressure while obtaining a
conbined filter efficiency. 4 MAR ?0CH

Brief Description of the Drawings

FIGURE 1 is a graphical representation of data developed comparing the
- 20« efficiency of a conventional filter substrate with a single sided fine fiber filter and a
; -dual sided fine fiber filter. Briefly, the data demonstrates the substantial efficiency
" increase arises in a double-sided fine fiber layer containing filter structure.
- FIGURE 2 is a graphical representation of data showing that over a period of
80 days, using the dual sided fine fiber structure of the invention results in a
25  substantially reduced percent power loss in a high power turbojet gas turbine
powered system.
FIGURE 3 demonstrates the increase in pressure drop in inches of water
caused by forming of a mineral oil film on a fine fiber single sided filter structure.
- The graph demonstrates that the reduced efficiency filter structure has litfle or no
30  pressure drop over its tested life while the high efficiency fine fiber layer obtains an
exiremely high pressure drop within a very short period of time. Using two reduced
efficiency layers can maintain low pressure while obtaining a combined filter

efficiency.
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efficient fine fibeFlGERE 4 sadehdurtampriseatatiop of tiedingr esspiay ditopmateribles s

than 20 m nut | . gat. | ess efficient.fine fi.ber |ayer.survives in
these difficul ?gf%aquﬂcgﬂmﬁ%%esﬁﬁ °Psﬁ&?it?%%8€m[’ ﬁ‘&r‘ﬁs%/fgwﬁﬁ%ﬁ T |n sharp
contrast, the fcomprifésBAE fiaysifica caREREhaEOh ¥ 8 ARFnS silics andaklih&yl & €

mai nt ai ns an aifept able pressure drop for a significant period of tine.

The two | ayer f1adeEthecxhena condifions phopmh peitiengrd mnegal ¢ilatheept abl e -
ffici .5 FI k1) | :
;e)arltﬂ:ﬁlng%/es m%ﬁ%&%ﬁ%%ﬂﬁﬁ{%%é%ﬁ%ﬁﬂﬁ%%ﬁ%ﬁ g%t%;rl%grr?g %ﬁ%@@l’g‘é?"%@ﬁ?% e and

m neral oil. Crgbwteywhile theilessieffichamt finé fbertlinat smaiveaindthess diffcait bgt over and

D g e oy SRl E B oRab ot e T AbRB e e s Bt e
structure of tb@&@@bﬁ@t&hdﬂi&aghﬂ&ﬂaﬂe%@ﬁéaﬁ&ﬁ;eﬂ;tam%}és&’&e Rkhed .

Description of the Invention The filter construction of the irivention

i nvol ves a sub$iepHicant pgried of tipen Fhetwolysr filisr can meintsin lomeprossns inateese a
reduced anunt 40d a@ehiabfe iidigley] @yer when conpared to conventional fine
fiber layers. The substrate Coftains on a second side of the substrate, a
second reduced anouBIGORE Swimilariyeshiomisalie dffegest a dtsontdshkGreticulmevhen of fine

fiber layer haye correspondi.ng. reduced efficiencies. Accordingly, the
efficiency of f’?fﬂp?rf"ﬁgo g?‘lﬁ’g‘?m&é’?@?@r&n lagk partipylate and minexa] oil Sclearbhg,
efficient. 25 Hguwd\R4terid R bt H9id Hdhihd ' ; I OC;

overall efficiency of et he fil te]rﬁ str u%?ﬁré#@%g@%ﬁﬁezpdrr%g? arr%llrjbgt of

fiber in each l&yeyignifigutlygeduses ifetine fogching a high preaywge dtap)subst anti al | y
i e | ' ful Life of .the filt
rCeasE B R SRR B LT, 1,

subst anti al | y ofibeéasmtopore size in the fiber layer and a substantially
i ncreased 30 armount of internal volune for passage of the fluid nedia. 4
MAR 2005 WD 02120130 PCT/US01/26045 9

Detailed Description of the Invention

The filter construction of the invention involves a substrate layer having a
- 20 . firstside of the suBstrate, areduced amount of a fine fiber layer when compared to
conventional fine fiber layers. The substrate contains on a second side of the
substrate, a‘sec;ond réduced amount of the fine fiber layer. The reduced amounts of -
~ fine fiber layer have- corresponding reduced efficiencies. Accordingly, the
efficiency of the fine fiber layers is typically less than about 90% efficient.
25  However, éombining two fine fiber layers increases the overall efficiency of the
- filter structure, while the reduced amount of fiber in each layer reduces the tendency
of the layer to substantially increase in pressure drop and increases the useful life of
the filter stracture. The reduced amount of the fine fiber in both layers results in a
~ substantially increased pore size in the fiber layer and a substantially increased

30  amount of internal volume for passage of the fluid media. .



The fine fiber |ayers can be nade by el ectrospinning fine fibers using
conventional techniques. Mcrofiber or Fine Fiber Polyneric I\/&&#rg@qﬁ 2’0@3

i nvention provides an inproved polyneric material. This polyner 'h 5=V

i nproved phyed/maso and chemical stability. The polynmer finectabersesse fibers
with a dianmeter of 0.0001 to 5 mcrons, @.001 to 0.5 mcron or 0.001 to
0.3 micron. Fibers wth diapeter of up.to 5 m crons I crofi ber) or fiber
with di anmeter of up ¥ qi}?’e’@%ﬂ Wgﬁ&ﬁlﬁﬂfﬁsp%ﬁg(@& bses wiighi oned into
usef ul productcdnQertiingl wesWhen. forned onto a substrate). Nanofiber is
a fiber wwth dianmeter |ess than 200 nanoneter 10 or 0.2 mcron. Mcrofiber
is a fiber with dianeter | St 3PF Qe ZilD: © eriPWiatdfhis | arger than 10

m crons. This fine fiber C%M%nv&m roved
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I nvention .conprise .a.rando | st.ri;bution of fine fibers whigh c be
bonded to 2or %&E’ﬁmﬁdrﬂhﬁlf’% @Rn%l g‘i}f%‘tl .S%§%lgﬁ’h’gh‘? I?‘H@‘T’ri %réqe% a’feoéar‘?fasdgﬁma a
substrate | ayafiambiet 6f RO001to BRAEAMETGA tb 9.5 BikeH (0016 8S Midkén Fib&sul t of
the fine fiber barrier on the substrate bl ocking the passage of

particul ate. Suldiameter of v tor Ymigrons (Bierpfibar} ofibes withfdiamsefer aftupdA] to

pl eatability i : ' fi fi adher ed.
The fine fj bg-%rﬁ{irgiril(%%ﬂ{iﬁ%f) %%‘te"\ﬁ?@g‘;’%g@té’g"%%r %E‘iqm%ﬁratrs'&‘c#‘@%m ics,
fine fibers i rotthed éuto ms@iktrafe). MNanafibebis aditer with dishdarisss dingh 200 nahometky
smal | openings, ofifices or aces_. between the fibers. Such spaces
typicall ym ande, '%@f?ﬁ%%nﬁ?%@&%}s%.ﬁbqr&@ ?Fgﬁerllﬁrgeﬁfbﬁgﬁs?“%gflt@tm to 5
microns or of tigireA@n 0 thiéend. Thid AHleFHHRNSan B RiRiA Mle/foRh 8 hn ifthrévdd 2

m crons. The filter products conprise a fine fiber |layer tormed on a

substrate. Fi Bepl-laye nicvofilteaiion mediastruetires rEie finsfiboelayers of the ipinfiest er and
cel lul ose | ay i1, 1 lri-at that e .chaoi . 1he fine fiber
adds | ess thaﬁcro ﬁ%?é@%ﬁ‘@%‘ﬁ?‘ﬁ?ﬁ@&ﬁ %bg#ﬁgﬂ}%hvé"}lgﬁbo ‘?%St tfmgi:%cture
conpri si ng fi neteflotldng pétus substrate. In service, the filters can stop

incident particul ate from passing through the fine fiber layer and can
attain sﬁ‘gst anti al E&?@f%ﬁé&%ﬁ#@? %ﬂ“‘g’%‘b*ﬂ@ﬁ- paliratien performaucedar ti cl es

compr i 5i g dusbtiiediiBlA iR PRk BAtiRF 6P 3Rbeelk B PpEuSt cake

on the fine fiber surface and- maintains high initi over a
ef fici ency of Dassage efpatieulatendybstrateEiruetursl piopenties of stiffiess, ftrengtigont ami nant s

Canpr st nee i Spdlroerty BeMbdic i ulRBL ARy oo St Bl " °

fiber interlocking networks have as important characteristics, fine fibers in the form

.20 ofmicrofibers or nanofibers and relatively small openings, orifices or spaces
between the fibers. Such spaces typically range, between fibers, of less than 10
microns, about .01 to 5 microns or often about 0.05 to 3 microns, preferably about
0.1t02 mi_crons. “ _

Thé filter products comprise.a fine ﬁbér layer formed on a substrate. Fibers

25  from synthetic, natural sources (e.g., polyester and cellulose layers) are thin,
appropriate substrate choices.. The fine fiber adds léss than 5 ﬁlicrons in thickness fo
the ovérall filter structure oompﬁsing ﬁ]_le fiber plus_suBétmte. In service, the filters
Ga‘n.stog_ incident i}articulate from passing through the fine fiber layer and can attain
substantial surface Igadings of t:a?ped particles. The parﬁcles comprising dust or

30 other incident particﬁlateé rapidlj form a dust cake on the fine fiber surface and
mamtams high initial and overall efﬁciency of particulate removal. Even with
relaﬁvéiy fine contaminants having a pa_ﬁic_ie size of about 0.01 to about 1 micron,
the filter media comprising the finc fiber has a very high dust capacity.
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Dfferential céﬁ?ﬁ %%ﬂ&{%o ter gﬁ@%{dﬁ%ﬁ %gﬁghlm %ﬁ%ﬁéhc&po ymeric

mat eri al . Sucheducadflewiredtrictivihen corrbl ned with a preferred additive 25
mat eri al p£an form rface c a re addlt e on the mcr ber t hat
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difficult operating conditions. The finne .fiber of the class of materials
can have a di #nteéecond, la%duffer@ltmlymrsdlﬁpmgamﬂolmm mcvéefcnbémlgbéw have a

an outer  coat PRGIaY ProbehRfetls S e B Feufl o PRl b B 04 &

al l oyed in th@obmie;msmnﬁmbamactemambﬁhmedExt@ﬁemgled:hamioelmbﬁoieﬁuwe in the
bl ended

20 physically combined into a blended composition by an annealing process.

: Annealing implies a physical changc, like crystallinity, stress relaxation or
orientation. Preferred materials are chemically reacted irito a single polymeric
specie such that a Differential Scanning Calorimeter analysis reveals a single

_ polymeric material. Such a material, when combined with a preferred additive

25  material, can form a surface coating of the additive on the microfiber that provides
oleophobicity, hydrophobicity or other associated improved stability when contacted
with high temperature, high humidity and difficult operating conditions. The fine

| fiber of the class of materials can have a diameter of about 0.01 to 5 microns. Such
' microfibers can have 2 smooth surface comprising a discrete layer of the additive

" '30  matetial or an outer coating of the additive material that is partly solubilized.or

""" alloyed in the polymer surface, or both. Preferred materials for use in the blended

~ polymeric systems include nylon 6; nylon 66; nylon 6-10; nylon (6-66-610)

dopolymﬁfs and other liniear generally aliphatic nylon compositions. A preferred
nylon copolymer resin (SVP-651) was analyzed for molecular weight by the end
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copol yners and other linear generally aliphatic nylon conposi F“I gnm Q 200‘;
preferred nylon copolyner resin (SVP-651) was anal yzed for nol dc A o
wei ght by wohermas 4 MAR 2005 WO 02/ 20130 PCT/ US01/ 26045 gér/gs@pBposs
titration. (3.E Wlz and G B. Taylor, dejgermnation of the nolecular
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three conponent nylon, 5 nylon 6 about 45% nyl on 66 about 20% and” nyl on
610 about 25%mQMQ@rW$Bbt(K/N)M@ﬁb@W&SQ2h§O , Thietornposkioharesed. Hanser

Publ i sher, New,_¥York S5)i). rte sical preperties of SVP 651 resin
oot 10 15 20 Pal Tk FEBAH SlnilieReAyp EBES dofibofént BYlon,

Gravi t yD- 7921. 8800 Gtlbsut Ab%0nyibh 66 Bb&uf Q8%an( 2410 6 10mbBIItSI594)) (PRye22MgShor e D65
Har dness Mel ti Poi nt. DSCC( F) 154 (309) Tensil e Strengt hD- 638MPa

(kpsi )50(7. 3) lgiglfmwaéwwbe% vipy eslJhanger Byblisher, ey Yorg (1995)).

Modul usD-790MPa (kpsi ) 180 26) Vol une ResistivityD 257o0hm cnil012 . A

pol yvi nyl al cohol having a hydrolysis degree of from87 to 99.9+% can be
used in such pol yn8tepoyted psicalpropertias ef YR 68 msinyarer oss | i nked by physi cal
or chem cal agents. These PVOH pol yners are nost preferably crosslinked
and 25 conmbined with substantial quantities of the ol eophobic and

hydr ophobile¢ addi ti \Roperty ASTM Method Units Typical Value
Specific Gravity D-792 - 1.08
Water Absorption - D570 % : 2.5

" (24 br immersion)
Hardness D-240 Shore D 65
15 Meliing Point DSC _ °C(°F) 154 (309)

Tensile Strength D-638 MPa (kpsi) 50(7.3)
@ Yield
Elongation at Break D-638 % 356
Flexural Modulus D-760 MPa (kpsi) 180 (26)

200 Volume Resistivity D-257 ohm-cm 102

A polyvinylalcohol having a hydrolysis degree of from 87 to 99.9+% can be
- used in such polymer systems. These are preferably cross linked by physical or
chemical agents. These PVOH polymers are most preferably crosslinked and
25  combined with substantial quantities of the oleophobic and hydrophobic additive
' materials.
Another preferred mode of the invention involves a single polymeric
material combined with an additive composition to improve fiber lifetime or
operational properties. The preferred polymers useful in this aspect of the invention
30 include both condensation polymers and additive polymers such as nylon polymers,
. polyvinylidene chloride polymers, polyvinylidene fluoride polymers,

- polyvinylalcohol polymers and, in particular, those listed materials when combined
with strongly oleophobic and hydrophobic additives that can result in a microfiber or
nanofiber with the additive materials formed in a coating on the fine fiber surface.

35 Again, blends of similar polymers such as a blend of similar nylons, similaf
polyvinylchloride polymers, blends of polyvinylidene chloride polymers are useful
~ in this invention. Further, polymeric blends or afloys of differing polymers are also
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pol yvi nyl i dene chhismiplattdl ycthy irvestion. 18 iy kepstidal: 1eRAbNIBS 6 RMfnerk Bre
particular, those J]isted materjals when conmbined wth strongly ol eophobic
and hydr ophobi d‘S%fBJdPtfP%gg theamicgoftber materiplsjof the ipyeation.i Additive compesitionber

wth the additi igﬁ{.fg r Bl gaat i flne. fiber rface.
35 Again, bl engts{&o?ﬁg(lﬁéﬁ arc%% ymrglﬁgg‘gﬁ.ﬂ%gaisltg&%ﬁ%}#gn%fwg} tfezsiﬁsn(ﬁ'%gns,

Si Im lar  pol yvitw?at?'lblut)ﬂ_ pldaﬁph(a{si;xﬂneving ahlhcﬂmlikirF ﬁcfeighbbfllehsﬂhh:@ ﬁlﬁﬁuebl 3@%{1 @nibeel I )
pol yners arge use in.this inventjon.. Further, polymeric blends or alloys
of differi r% PO Shers TP R ISR CEnAch) Wﬂm&@ﬁéﬁwﬁp@ﬂ@s@ﬁ%ms 12

cont enpl at ed bybédiee oftuetiyleAdbridging Hofipd. SR sitiGADIRthS ﬁ}tﬁo@%&&ﬁfé of
polymers are useful in form ng the mcrofiber materials of” the Invention.
Addi tive conpodsriaghutyd genp gan bemndomly pastioaed aroundiniriogs. cBendifgbdtaesn | ow

mol ecul ar wei ' LL I n esin havi a

nol ecul ar wei g %lelg)? ? Fg@giﬁﬁgﬁogg%ﬁtn%%%ééy@gsﬁ%ﬁg@, ghtsﬂéﬂ‘.%on%ﬁegfrg@%m th

c P arac ':1 e Ir i zed ] bylémietig orateriat cmﬁ@:ﬁ@mmm ﬂbt?iwﬁolﬂﬁé geﬁ-ﬁhlébrtpb eﬁb&ﬁ nce
of nethyl ene bri n oups. . positions of the hydroxyl and the
tertiary E@t yl rﬁftg{‘?ﬁg?fgﬁo 158 gl metegakig SMWMEWMIP@B@& ng
bet h ' | : ; t

etween p enO}ds&dw&ﬁ%ﬁaﬁbWQhﬁﬁﬁH?&déﬁﬁlﬁggggﬁﬁ&@@e Coo?glgﬁ%g%e%ﬁﬂ an

randomly. Similarly, the polyneric nateria
al cohol sol ubl ecnnget-arematin rpHioyRMMAticainglie thealisence of amyobifidging piosppdvehnes A

Such material | 1.1 h rtiary butyl phenol resin described above
in that it is ?%y%%ht@%% f%%ﬁ%&hg‘ri c bonds that directly connect aromatic

ring to aromatic riA@ﬁﬁnﬂdﬁEﬁﬁ%ﬁé@&a&ﬁaﬁﬂh@h&éﬁdﬁ@oﬂfpﬁ%&Mﬁ%ﬁ
al kyl ene qr mth\ée!gigﬁga roups. A particul‘arlé{oreférred material of the
i nventi on *@ompP¥ &t Gmepden of 2bogh P ta 10microns. A pasfmmediiar sise about

0.001 to 10 m £in@BBetwlerPd 5 & §8GhnitidieD Fﬂ(ﬁn £ EfifsB B B0 e;ﬂ{ér 0.5
m cron. Dependi ng_on end use and pl?P'see@ eange‘?- or gﬁfela m%glop |éﬁs, t he
fi ber may be selcadngeptionsthefibdr may % seicctedrfeon D¢ ko 2 inicronOFB@5from®. 5
m crons fiber pr 1 10 yu crons. fi ber. c | bers with the
preferred si zg) Spﬁc\%gﬁb&élg? %lrgt‘qﬁ@?%’rcr%ﬁbﬁ't ,cﬁéi&?@vﬂﬁl%@ﬁefﬂfﬁdse
cl eani ng and ofibeprowslp ektelent filter activity, ease of back pulse cleaning and other aspects.

20  The highly preferred polymer systems of the invention have adhering characteristic

'such that when contacted with a cellulosic substrate adheres to the substrate with

sufficient strength such that it is securely bonded to the substrate and can resist the
delaminating effects of a reverse pulse cleanix;ig technique and other mechanical
stresses. In such a mode, the polymer material must stay attached to the substrate

25  while undergoing a pulse clean input that is substantially equal to the typical
filtration conditions except in a reverse direction across the filter structure. Such
adhesion can arise from solvent effects of fiber formation as the fiber is contacted
with the substrate or the post treatment of the fiber on the substrate with heat or
pressure. -However, polymer characteristics appear to play an important role in

30 determining adhesion, such as specific chemical interactions like hydrogen bonding,
contact between polymer and substrate occurring above or below Tg, and the
polymer formulation including additives. Polymers plasticized with solvent or
steam at the time of adhesion can have increased adhesion.



20 The highly preferred polyner systens of the invention have adhering
characteristic such that when contacted with a cellulosic su%gtlﬂ_r gﬁg
adheres to the substrate with sufficient strength such that st ¥ &Zﬁgﬁy
bonded t owdermudastrate and can resist the del anm nating geff/esiigcels a
reverse pul se cleaning technique and ot her_.nmechanical stresses. In such a

mode, the polyner material nust stay .atta_@ngad to the substrate 25 while
under goi ng a pul se 8h&nporiaspespectiodthe ipventibe isdhe nidity pf suphanicrodibener t ypi cal

filtration condjt.i C Ha) ver iregti [ the.fi r
structure. Sugﬁdn Haiﬁﬁégiﬁéﬁﬁgg)ﬁm 3‘? ?’%‘ég}ﬁﬁ%%%go veén s@%%%ugﬁ%?’ '#‘AT %%érﬁ[}%r mat i on
as the fiber i materslsaf thednventibi adelfornsadantand héhapsd tohefilpe sibstaaNwrhl of t he
fi ber on the sgﬁ)st rgte wi I h._heat or essure.

_ ) wever, polyner. .
charact eri st i c4°&ApeayiRciicibeysubsrates, ?Wbpaﬁ‘gofﬁ‘?r@en%wemﬁ%ﬁ of
adhesi on, §UCNsAtheHP fbkr drfd ol SHBveRs mhdl £ e HIAREs b KA gﬁﬂmﬁeaﬁd ng,
cont act betweeri pol ymer and substrate occurring above or bel'ow Tg, and the
pol yner f or mul glassdibers)uonrdioren amddvevengbass fabligarelastiqicacsnilikie nsaferials bots ol vent
or steamat the ti f adhesi a ve increased adhesion. H.MAR 2005
V0 031 5c) 130 SerrbEE g RERLL U B MR KRRt BE et PERBRR AT on 1 s
the utility ofussdicBhedt-gikebibaghic Of célRlsxid doarlwdkith&fdbahaf tHeabdaemeddtifoa fil ter

structure. In such a structure, the fine fiher _materials of the_invention
are forned on sEptfaredbat isplacad; ip e dluidsimsaminglading g air sireany ppliguid sigpam

synt heti ¢ 1fi beg, gldbsitdRt ' ' M ; We -ny\@%{ brics of
5 synthetic fi tc),gr n noﬁfrv?g{\?lglr%%gd ro%ﬁ?ﬁé@(ﬁdgﬁﬂg@g@ce u gzsn?lcs,
synt heti ¢ and Thy shepe dndstmsturewafitheviliammaerth! wonpen tlid desienfeapineers Onel ast i ¢
screen like materials both t ruded. and hol e. punched,, UF. and menbr anes
of organ o por yiReRE e der of e g kieBen e LR ke Beislarr B e ¢
non-woven web «fRRtstdf@BatPRmhiditfiBFbotR! Ondaspbét dftlie Mlitdrweddit &F th Alventfonds aced in
a fluid stream ncl udi nglyan- alr streamor liquid stream 10 for the purpose
of renmoving suspehthebdity efthedilisemediate suvive iamersiomin varmatadoia The shape
and structgre @f -Ehe.fi | S Sesi angi . One
por tant "Bar dg) Spot pldd iR Slennlchidifeltah B BNl Bt B
resi st ance t o mepmdingftheatilty of tHecfirte, fitlen v soivive oot hbmichcon@itivna apdtsunfivé he
filter media of the.invention i.s a test of the abplity of the filter nedia
to survive i m‘F&? gieghing ﬂfé]ﬁiﬁxtﬁﬁ?’@?ntf]%?q'ﬁmﬁso %&ﬁ #qa{:ca%’tmﬁ?ﬁ Fysiriali ne. The
| MYer si on t estpregittionisfistEngy @by Qirfablafs BRd 5tRihg SGiafif hideerdalte ability of
the fine fiber_to survive hot hum d conditions and to survive

_ Prcferably, the fine ﬁbe}r materials of the invention can survive tmmersion in hot

f 20  water while retaining at least 50% of the fine fiber formed on thé.suifacg of the
' substrate as an active filter component. Retention of at least 50% of the fine fiber
can maintain substantial fiber effiéiency without 1oss of ﬁlhatioﬁ c’apaéity or
_increased back pressure. Most preferably retaining at least 75_%. ‘The thickness of
the typical fine ﬁber filtration laYér ranges from aboﬁt 0.001' to 5 microns,
25 preferably 0.01 to 3 microns w1th a fine fiber basis welght ranging from about 0.01
' to 240 micrograms-cm?.  The fine fiber layers formed on the substrate in the
filters of the invention should be sﬁbstanﬁa]ly,_mﬁfofm in both filtering performance
and fiber location. By substantial ﬁniformity, we mean that the fiber has sufficient
coverage of the subétraié to have at least some measurable filtration e.fﬁciency,
_. 30 fhroughoﬁt the Covered substrate. Adequate ﬁlfratioﬁ can oceur with wide variation
in fiber add-on. Accordingly, the fine fiber layers can vary in fiber coverage, basis
~ weight, layer thickness or other measurement of fiber add-on and stlll remain well
within the bounds of the invention. Evena relatively small add—on of fine fiber can
add efficiency to the-overall filter structure. a o



the cleaning of the filter elenent in aqueous solutions that can contain,
substantial proportions of strong cleaning surfactants and ;FﬁQnMAR ZD5

al kal i nit ipals. Preferably, the fine fiber materi al
i nventi onx‘é(gﬁé@{}r@i ve imrersion in hot 20 water while ret glffﬁ rlsg(’i/g@ﬁ east

50% of the fine fiber forned on the surfat® of . the substrate as an active
filter conmponent. Rit@rshicams sdchads airaad gass@fams oftbee cdriynparficidate matexial mai nt ai n

substantial fiber.efficienc t hout | o of .filtration _capaci or
ner eased backgeine Afiegsmggtof 5ot o alhPiHie BiiFiip grater Sogt o oogd Hram
thi ckness of tye@eddidl Fat e)fa'niﬁe,fahiiﬁﬂéké ittdafn@td AR chFNEbf mefeed feHsa bR i

0.001 to 5 mcrons, 25 preferably 0.01 to 3 mcrons wwth a fine fiber basis

wei ght rangi ngeontpaier sk drives, FIVACqiR dlgamiogroepntitation and applivetisnismsingifileer

| ayers forged t.he. rate in the. filters ofethe, inventian shoul d be-
subst ant ably TAstARIT RGN SyemipliiTaty s b Plne ok MO ST PR 3R On. ey
substantial unpdwar geieratiomegifmient; At strasfididected bogasttifbines] Mid] air e@d0asage of
the substrate to have at |east sone nea u(%abl equaiéltrat,i on efficiency 30

t hroughout  t he"&gFEPUSHAR cgs,omgqqfik particufale materigbthersar Jp th d9ke wi de
variation in dfdisih afiitcdlie i SaRESE Rolahovt IR phititfidd R BY Shidrof@ AT 11

fi ber coverage, basis -  ayer thickness or other neasurenent o

fiber add-on aradseagers and/en i aestistics. Withirespettite abomd gas infakelstrednm/tont i on.
Even a relatively small: add-on, of .fine fiber can_ add.efficiency to. . .
Therover a1 10ees g tBRe i @psroF st faonsbsl tiept G b is
Flui d streans sdddd Rgadepaaidil@ocanchiRaibstai et tidthicntal wvadtiangmber i al
therein. The renoval of sone or all of the particulate material fromthe

fluid stream hevawa@echmismelnxaiyed, Inptheriingiances. produstien gases pRofEeBehs of
ot or i zed Veh'ﬁ&r&ﬁ:dluédrifal ?ﬁcwﬁ%‘éﬁ@fé}%ccg{t%igggrﬁcg%r&%lgﬂ?ﬁ?latg&gﬁp room

ventilation and appli catfons using : rrcs, woven
mat eri al s, ai rBeforeench gasss Eaxbayot shoukide:, disttiagdedshrongh varioysaleemsigener at i on

equi pnent ;.gas_sirea i rected ta, gas,tyrbi - and, air. streams to

VarT b by aRismet ol aBioher AT bt el offin a eBhe SREPPE 0 1 1
the case of GrBid malfdial 86 thdselsfed@si rabl e to renove the particul ate
matter for confort of the passengers and/or for aesthetics. Wth respect

“to air and gas i nt dkeengralamderstapding ofspineidhe basic prinaplasendaeblowsbiiat i on
furnaces, re ol OB AL B8k diShe & ggﬁﬂ g aus
particul ate ggﬁg%tg%fé@g%'bst an?%gqoag)gﬁagg% to tnhdefsﬂll?]{oghr%nar %ﬁl ng%rt o]
_ media: surface loading media; and, depth media. Each of these types of media has
20 been well studied, and each has been widely utilized. Certain pﬁﬁcip_lés relating to

them arc described, for cxample, in U.S. Patent Nos. 5,082,476; 5,238,474; and

5,364,456. The @mplete disclosures _@f these three patents are incqi‘porated herein
by reference. o _ o h
The "lifetime" of a filter is typically defined according to a selected limiting
25 " ﬁrcésure drop écross the filter. The pressure bliildup across the ﬁltef defines the
| lifetime at a defined levell for that apﬁ]ication or design. Since this buildup of
pressure is a result of load, for systems of equal efficiency a longer lifg is typically
directly associated with higher capacity. Efficiency is the propénéity of the media to
trap, rather than pasé, particulates. Typically the more efficient a filter media is at
30 | removing particulai&s_&om a"' gas flow stream, in general, the more répidly the filter
media will approach the '"lifetiﬁiéi" pressure differential (assumiﬁg other variables fo _
be'held_ constant). In thlS application the term “unchanged foi: filtration purposes”
_ refers to mamtammg suﬂ‘:‘:dent efficiency to remove partiéulate from the fluid
stream as is necessary for thé selected application. |



off gases fromindustrial processes or engines may contain partg IM}Q@ 2885
material therein. Before such gases can be, or should be, discharged
t hr ough vayQ tididownstream 15 equi pnent to the at nospher e PCEAISHEA6045e
desirable to obtain a substant ial renovals of particulate material from

.S

those streans. A g ral . under.st andi.n .0of the basi.c principles and
broblens of i ¢ EPrERert B BRIt RhapaRT e MoxaC R B B o
fol | owi ng typéeibefantlithicfifiber dhe poBichio eatdriad fdvideynkk gliysitBlhropetidsh nedi a.
Each 'of these types of nedia has 20 been well _ studied, and each has been

wi dely uti | i ze8ueAday progustsebiine sThesy metenglsshouldmetehange sigaifieaplydn f or
exambl e, 1 U.dinfRahemiSauct A foctttBrebng BBecthdies@hinfe o? iR sl

conpl ete disclosures of these three paternts are 1 ncorporate erein y

r ef er ence. 5 Therdckinfatriphyiically detdriordtem the pregice aif kynlight, ihemikigc highdi ng to a
selected limtin 25 pressure drop across filter. The pressure buil dup
Soross e {1 1tFReraEFesouhnoeafin? Brinanisstabe . AP imuglon FOfiSs Fiap

appl i cation ofim@gsved @o%yﬂdaﬁ@na&éﬂ@ thatkddHEAnQin plBfsRABproBertiss M thefed 6 of | oad,
for systenms of equal efficiency a |onger life i's typically directl

associ at ed wi tiAci¢igng ﬁ@cﬁe@@m@aﬂlmwmb@s@pﬂr@m&&mﬁm bymigity medi a
to trap, rathgr,tha csﬁ%ﬁﬁlenﬁé‘s” iculates. Typically the nore efficient a

filter media is a 0 renovi Aig particulates froma gas flow stream in
general, ite nore Papymirymitidal thht @n benwell ia the pdlymeric campodithms of theet | ne”
pressure different.ial um ng. pther variables to. be held constant).. In
this applicat i‘BYFn?ﬂ%qci‘%ffh Ogiﬁﬁﬁwg@aiwraa Pem ‘ﬁ'ﬁn@.‘?fmé‘latemgéf@? to
Mai nt ai ni ng- Sihblyotd hedia] SManile poRARME cBIMIbACHhELR] EEAThEIDAIT kA
streamas is lrfl)gggsg?y)?or the sel ec’tpg apf)Jci cation. 4 I\/AR%O?% 02/ 20130
PCT/ US01/ 2604 5ulfuls, rdyarpient exide pehisulfenchmedifisd polysalfenecpalyders andhon woven
and woven fabrj.c ' L G of . 1 Ihe. pal yner i ter.i rovi des
the physt cal B St rERto Bl Gls I L AR bt S bt 21
shoulhd ngls chqmlbeﬂﬁzﬂ@l@i f:dlgmwlvnd, pcgiy@mm" cHionde), ﬁdlirﬁae“hytrﬂdhmdak tmlngcul a
wei ght, becone |ess flexible or subject to stress 5 ¢racking. or physically
deteriorate i r?ﬂl?ﬁé"_’rﬁ §%9H§gmys@mﬂei_%@?mem éﬁfmﬁﬁﬂﬁwﬁg tres or

ot her negat i V%l&'ll‘éb?@!}%?é)?ﬂolﬁ% fidlche ﬂﬁbﬁdé)l‘y}lﬁpgdiﬂﬁideﬁé éﬁl&ﬁde?o an inproved

pol yneric nmaterial that can nmintain physical properties in the face of
i nci dent el ectpobivinyialeshol imvkrious degreasofi hpdrolymisi (B8¥te 90 5%)in giesslinkedand
hum dity and

t he vari ous nmechani sns involved. In other instances, production gases or

non-crosslinked forms. Preferred addition pdiymers tend to be glassy (a Tg greater
20  than room temperature), This is the case for polyvinylchloride and
.‘ polymethylmethacrylate, polystyrene pdlymer compositions or alloys or low in
- crystallinity for polyvinylidene fluoride and polyvinylalcohol materials. One class
of polyamide condensation polymers are nylon materials. The term "nylon" is a
* generic name for all long chain synthetic polyamides. Typically, nylon
25  nomenclature includes a series of numbers such as in nylon-6,6 which indicates that
 the starﬁng materials are a Cg diamine and a Cg diacid (the first digit indicating a Cg
diamine and the second digit indicating a Cs dicarboxylic acid compound). Another
nylon can be made by the polycondensation of epsilon (Cg) caprolactam (or other Cs.
12 lactams) in the presence of a small amount of water, This reaction forms a nylon-
30 6 (made from a cyclic lactam - also known as episilon-aminocaproic acid) that is a
linear polyamide. Further, nylon copolymers are also contemplated. Copolymers
~ can be made by combining various diamine compounds, various diacid compounds
‘and various cycfic lactam structures in a reaction mixture and then forming the nylon

with randomly positioned monomeric materials in apoiyamide structure. For



ot her physical challenges. 10 Polyner materials that can be us gbi- .
pol ynmeric conpositions of the invention include both additi oiﬁg IﬁAﬁ]iaﬂﬁ

condensat ighopRhygrer materials such as polyolefin, polyaggialse RQlyam de,
pol yester, cellul ose ether and ester, polyal kyl ene sulfide, po1 yaryl ene

oxi de, polysul fone, nodified polysulfone | ymers and m xtures thereof.
Preferred mat exgeple, &mylonfted-b,10mabdrial isvogdonymasufacuret frvgchexamethylime 15
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chloride), polyvinylalcohol In various degrees_ of hydrolysis (87%to
99.5% in cr oé@‘l’fpﬁ@é‘&d&r’fﬁeﬁ(ﬁfﬂdﬂﬁﬁgFi‘%ké’&‘“%dﬁ?ﬁﬂ.alm eferred addition
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pol ymer conposiopolynerothe ghdioyef sotvehbswéllingagent @liporiany. Ther sepmotedsolveht dene -
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condensat i on ﬂ%%_%ﬁﬁ%ﬂ&ﬂﬁqlgﬁeéW&es?wgmt m“?@’)‘ﬁﬁ a@% generic
name for all |l(@RtnelEP-SyEng) deAB gstﬁ@hacﬂp) SIS merTMRhGRHENE chibHd@RoRent. If
nonmencl ature includes a series of nunbers such as in nylon-6,6 which
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pﬁl ycondensat io?myﬂfo@ﬁsﬂeﬂbmadj%e(?thyhﬁeb&m?ﬁe(ne), Peﬂdx@ty;f@f ekapﬂoaabltm) in
the presence o mal | . unt o ter. This reactjon fornms a n n 30 6°
(mmde 1rom a CoAPASreRRidh ymENEE” R £o-eohIeHa CHACH MEUAREES OE 1 o) ¢ hat
is a linear REly&EA%de nditdd§inatedy! on copol yners are al so contenpl at ed.
Copol ynmers - can "be nade by conbi ning various. diam ne conpounds, various

di aci d conpounds  adlitien pdymens Jikt polyvinylideneslucrde, syadiotacticpalysiypenen

m xture a t rm he nwl ol wid.h randonl 0Si t.i.on noneri c
Tt eri a1 o ' S6Rol Bl bl el i lae M p ARSI BROL HL PRSP

PCT/ US01/ 2604 polykinyd uactple pamapliois @ddibio polynikds, sidhes ipdly(dcsylanitile)dhd its
manuf act ur ed fror’?i hexangt hyl gne . diam ne apnd a C6 and a Cl1Q hl end. of

di aci ds. A nyCBRelymsTswHh agvhicacid and wathaceylatas palyitaene, polyGpsylelarideht i on of
epsi | onani noc aaa%%ﬁ@&scbopbgﬁﬁf%&lytﬁaﬁyl HERIB S PA i YAl pblyAnd® and a

ClO diacid material. 5 Block copol yners” are also useful 'in the process of
t hi s i nvent i ogan b¢ selutior spun with relative ease because they are soluble at low pressures and

20 femperatuljes. However, highly crystalline polymer like polyethylene and
| polyi)ropylene require h1gh temperafure, high pressure solvent if they are to be
solution spun. Therefore, solution spinning 6f the polyethylene and polypropylene
is very difficult. Elecirostaﬁc solution spinning is one method of making nanofibers
| and microfiber.
25 We have also found a substantial advantage to forming polymeric
' _composiﬁons comprising two or more polymeric materials in polymer admixture,
alloj} format or in a crosslinked chemically bonded s&ucture. We believe such
polymer compositions improve physiéal properties by changing polymer attributes
_ .such as improving polymer chain flexibility or chain mobility, increasing overall
30 . molecular weight and prov_iding reinforcement through the formation of networks of
 polymeric materials. | ’
o .In one embodiment of this concept, two related polymer materials can be
| Blended for beneficial properties. For example, a high molecular weight
| | 'polyvinylc_:hloride.can be blenided with é low molecular weight polyvinylchloride.



copolynmers the choice of solvent swelling agent is inportant. The sel ected
solvent is such that boeth bl ocks were sol uble in-the soIventEHQh J@Ra@@wﬁ
is a ABA . (styrene-EP-styrene) or AB (styrene-EP) polyner in methylene
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chloride) and its various copolyners, yl met'hacr and its
vari ous copol ynenolymerc Further, 8 pdlyvinylalepobharingta lowldagicy of bydrelybis sachsa at hey
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Therefore, solution spinning.of the polyethylene and pol ypr_o%ene, is very
difficult. El egﬁ%&e&w@? sin jpdmide san hecrosslisked usngApRTQRHiatpEpsslinking

nanof | Der 30 ANl Nefos?n B el 3ind WA Boa S il B Al 20°

to formng polymeric compositions conprising two or e polymeric
materi al s i n pwithiler nittdgdnetom éy theaididy liflageraPolpvinylalcaha musadidlnéanche

chemically bonded,structure.. W _bel j.eve such ol ymer sitions inprove
physi cal prope?rf’i;sé@f‘ﬁ‘y“% 158¢ ﬁ%ﬁ“ﬁtﬁf‘?]ﬁs%‘g’taé ongalgl%h_ SiSHER &Vi ng
pol ymer chain fdr@xXidehyde! Wredd, nfeldhife TotRialdehyde feSi6 hfidtd M&%ﬁ%&,%ﬁp 36ds

mol ecul ar wei ght and providing reinforcement through the Tormation of
networ ks of  p¥idatheriporganie prapeunds.igdehydas diicidarmetbaes ripoxics aadprher t wo

rel ated " ﬁ@j Liin ' | fici ties. For
exanpl e, pgk%%ﬁé‘éﬁ ar ggged]% c%%‘aﬁﬁﬁpggfgehg%@ﬂﬁ%@ded wth a
| ow nol ecul ar welegidodyienamenondh wdiichcecroddBRGRY Dag DT &2 IOk EbVAISHXL / 26045

17 Simlarly,, a . high nol ecul ar, wei ght. nylon pmaterial, K can be plended with a
| ow ol ecul ar-bmbﬁ@%ﬁp@mﬁ AP s oiPYa BPlRg R Heishie Shetica
general pol ynefekigtance, overall strength and resistance to mechanical degradation.

We have found that additive materials can signiﬁéanﬂy impfove the
7 20  properties of the polymer materials in the form of a fine fiber. The resistance to the

effects of heat, humidity, impact, mechanical stress and other negative
environmental éﬁect- can be sxibstantially improved by the presence of additive
| mateﬂélé. We have fo_tmd that while processiﬁg the microfiber materiais of the
invention, that the addii_;ive maiena]s can improve-the oleophobic character, the
) 25 ) hydrophobic character and can appéar to aid in improving the chemical stabiﬁty of
| the mateﬁals. We believe that the ﬁne fibers of the invention in the form of a
mi'croﬁbex_' are _ri.I'nproved by the presence of these oleophobic and hydrophobic
| addiﬁves as these additives for_:il a protective layer coating, ablative surface or
| - penefrate the éuﬁage to some depth to improve the nature of the polymeric material.
30  Webelieve the importé_nt characteristics of these materials are tli:e:presence ofa
* strongly hydrophobic group that can preferably aiso have oleophobic character.
' _ Strongly hj(drophd];ic groups inciﬁde fluorocarbon groups, hydrophobic
 hydrocarbon surfactaiits or blocks and substantially hydrocarbon oligomeric

* compositions. 'I'hese materials are manufactured in compositions that have a portion



genus can be bl ended. For exanple, a high nolecul ar wei ght st;;rlgm?mhisal

can be blended with a | ow nol ecul ar wei ght, high inpact pol yst

Nyl on-6 5wégessfis@l can be bl ended with a nylon copol yner pg4fifdeBSsods
Nyl on-6; 6,6; 6,10 copolyner. Further, a §ol yvi nyl al cohel having a | ow

degree of hydrolr\l/ls_i s such as a 87% hydr_ol zed pol yvi nyl al cohol can be
bl ended with aof cmple@uleéhq@mmbﬁmub}gmsh/ﬂhnypémmmmﬁm degr ee

of hydrol ysis . 9. 9% a ' A L of. S erials in
adm xture can B’g}c\gﬁgggﬁgﬁﬁ%%ﬂnﬁﬁrﬁg{gog%g?g%&Eﬁgﬁ%p%l 0S5 E'lrll% Qll%gsgfga chani sns.
Nyl ons can be hydsgHobicke dleaphdbic groap sdsiatksulipfalgestsciitivit ofah@€adddided wile W th

the nitrogen atomjn the am de |inkage. Pol yvinyl al cohol terials can be
crossl i nked usﬂ’ﬁé"’m’ WS %@3@?%@%&%@@6%@% Aeacson Paemess ych

as formal dehygg, iRl Bief gﬁly% S it s,
boric acids and yg?ﬁgrﬁ%fnorgam cﬁlg n%g%!rr\ S. ?ﬁﬁh&@mﬁﬁggﬁggwtb?
ur et hanes, epowni asowmdl Bolte2>%Dykncght totabesfiberk iFoy0.2guicton filgradth 10% dng

technology is a L1 K apd ..under st oqd .ph eNon | L A,y
crosslinking ré Vﬁtle‘feggig%“r@ﬁﬁ@ 18 Séiﬁlf]&ﬁ‘ﬁoo%%ﬁ dogq %b‘ﬁﬂ%ﬁﬂ}%r
chai ns to subshanhigtddtowindrtay Surflet eEMiRtionRibglévedabosdgdue td &8I St ance,
overal |l strength and_resistance to nmechanjcal degradation. W have, found

that additive FaeEPatiblenagis ofthgplqopbabie pyhydprhwbic srrepsip the gk mataialof ¢ he
polyIer  maber | Alsh A hidhess'sBphidlo B roaddfait Blimed16r 16l Blifink O Foi'®
, nmpac mecnani ca an t

effects of heat, humdity t, stres ot her “negati ve
envi ronnent al @P$-ettron dianteter Sibbs 58k thadkingssicopespoads t20%hmaps. Rerice of

additive ~materials., W have fpund,that while proc in e.mcrofiber
material s of t%cmqsr‘ibl\éﬁfef%ﬁ,gert ﬁ@?ﬁ&%ﬁﬁ?@%ﬁ#ﬁ? g%slé‘f"% ﬁ?f%@@e the
ol eophobi ¢ chaj@itv@matérigs 2e ubedht aR AebuAt FABHR OB 25NN WkeAPRBHEcet 0 aid in
I nproving the chem cal stabili t%tﬁfélﬂ%{]ﬁq materials. We helieve that the

fine fibers of thigkeess gyerngfomd of a mcrofiber are inproved by

t he preseRce of thest ' r 9{@ icqy.-addi {i- se
addi ti vesq?orm a p?%ltg%ogée?@%ﬁﬁ%a&ygsrﬁ%ga ?b(r%g a %gﬁb\g%ﬁ?ﬁ%é@e@?l peget rate
t he surface tomsieres défhe nveptiominchde olipenerahavirg aindlémmlgraveighoif abomted i al .

30 W believe the ir ta aracteristics. these naterials.are the
presence of a @958??58@5%%‘8%&&#8% Sdootﬁﬁi’?‘ﬁéﬁbggﬁ’ﬁﬂ;@nﬁ?‘gm @Y have
ol eophobi ¢ chafidfid¢ surfaSlah@ A Yo M RAROWelphOFRiR or RS RS, Fludgs-aganiBon
groups, hydrophobic hydrocarbon surfactants or bl.ockS and substantially

hydr ocar bon ol Weftagagests usefgbbsthisiisyntion aressgania wolegitlss rapseseaied brdheur ed in
conposi tiggs tfatgave a portion-- 4 MAR 2005 WO 02/20130 PCT/ US01/ 25045
wherein Ryis a fluoroaliphatic radical and G is a group which contains at least one
hydrophi]ic group such as cationic, anionic, noniohic, or amphoterid groups.
7 Nonionic materials are preferred. ‘Ryis a fluorinated, monovalent, aliphatic organic
25  radical containing at Jeast _two'caﬁ")on atoms Preferably, itis a saturated
o perfluoroaliphatic monovalent organic radical. Howévér,rhydrogexrl or chlorine
atoms can be present as substituents on the skeletal chain. While radicals containing
a large number of carbon atoms mﬁf function adequafely, 'coﬁnpounds containing not
more than about 20 carbon atoms are preferred since large radicals usually Tepresent
30 aless efficient utilization of fluorine than is possible with shorter skeletal chains.
: Preferably, Ry contains about 2 {o 8 carbon atoms. I
" The cationic groups that are usable in the fluoro-organic agents employed in
' this invention may incltide an amine or 2 qﬁatemary' ammonium cationic group

" which can be oxygen-free (e.g., -NH,) or oxygen-containing (e.g., amine oxides).



18 of the nolecule that tends to be conpatible with the pol yngr materi al
affording typically a physical bond or association with the | 1;- mRV‘?@m?
the strongly hydrophobic or ol eophobic group, as a result of the

associ at i o efizotdee additive with the polynmer, fornms a preteetinmeosurface

| ayer that resides on the surface or becones 5 alloyed with or mxed with
the polyner surface |layers. The additive Can be used at an anmount of 1%to
25% by wei ght Sushamivsandqyeternaryammopiupy eafigpichiydophilictgroumysn bawsi t i ve

;g\élelt [ vtehﬁa:u;# §§'§ egiﬁ %% ’ ﬁﬂﬁ@k‘fﬂgﬁﬁfi% @@{@‘mp?ﬂ’d%Sﬁ(@%ﬂed to occur

due to the |mmnmahiohiomonﬂﬁeubmsuha‘shmmmhnﬂe@uﬁhtehvldwfundaobl C groups in

the bulk materi 50 At i ckness appears tg be reasonabl e ckness
for prot ective"agl%b' Wﬁﬁﬁ&%‘ﬁ daﬁ?é‘i‘gr cp Be the sapye s erifigigat s

corr esponds toﬁ{gg,{etﬁ@gs oﬁgg ﬁrefe?aﬂii?wsishmr@@]%ﬁlkﬁQ%ﬁpaé@xpsﬁﬂidﬁk”ess

corresponds to 2% nmass. Preferably additive naterials are used at an
amount of abouhydpoxide, o6bimidate.Usef ul surface thi ckness can range from10 A

to 150 A- 15 Aigongric.additives, .that ¢ N comi atlogvvlththe
polymer materi al snﬁl}eatnﬁém%\?'é%st %‘ﬁﬁ %"3%‘“%??8%%?% ﬁ?iv r? “ecul ar
wei ght of aboudmpiffkdtin tabbiventifclugs erbepslhivh B Qitizdtida chnbebhieraBeNd

i ncluding fluoro-chem cals, . nonionic_ surfactants_and | ow nmol ecul ar wei ght

resins or ol i gfgiogs. ﬂl@@#@l@gg)alﬁs@aymwﬁgu%mgsugmﬁﬁ) M s

i nventionjgre @$ ic molecules represented by the 20 formula R1-G wherein
Rf- s a quoroa I'phatic radical and Gis a group which contal ns at | east
one hydr ophi | PO:BM uPPOsidh, carsOEas M whered i) g metad iom INB4) oor @GRAGE er i ¢

groups. Noniog |c ma i.als a errel f|s a.f ap.e nonoval ent,
al i phatic orga %d?@ﬁp?gﬁ%eﬁoﬁﬁl eél L‘H&?do@ﬁ %'B#B _
Preferably, i tprbﬁra'bl}smadmt* efK* p\fhé bﬂémalanﬁhﬁtgrsuﬂmaﬂwb-oegagam C

radi cal . However, hydrogen or chlorine atonms can resent as

subst | tuent s oviettingagaptsy usedn thigdnyentignhave th%lfﬂr@alas rnSﬂng Indludede

number of ¢ %;]8 g@i@&, ;hg not
nore than about qi%[ﬁ-g‘g@watoms Jgl(r?e ?))r err%}% %%233 arge 3& ca s usual |y
represent 30 ambiesals eipiaaﬂym:anufabiutedzfadm eﬂlytwhma]l}aunsanﬁailaﬁambnxylmanmiobl e wth
shorter skel etal. chajns. erab cont.ai ns about ca

o The: catRg e RBats Rafngpertsa s o R b s St S
enpl oyed in tAitsridld URRde @ik {EBNtd SthiHEPH-EA MO oRAtich IHéXinGk FELY303HIONT UM

cationic grou
J pFC—431

20 The amphoteric groups which are usable in the ﬂuoro—orgamc wettmg agent

employed in this invention include groups which contain at least ons cationic group
as defined above and-at least one anionic group as defined above.
The nonionic groups which are usable in the fluoro-organic wetting agents
émployed in this invention include groups whi'ch‘ are hydrophi]ic.but which under
25 pH conditions of normal agronomic use are not ionized. The nonionic groups may
have formulas such as -O(CH;CHz)xOH where x is greater than 1, —SOZNHz,
_ -SOzNHCH2€H20H -SO;N(CH,CH;H),, -CONHa, -CONIICHZCH;;OH, or-
| CON(CH;CHon)g. Examples of such materials include materials of the following
structure:
30
F(CF,CF2),-CH2CH0«(CH,CH;O)o- H

wherein nis 2 0 8 and m is 0 to 20.



whi ch can be oxygen-free (e.g., -NH2) or oxygen-contai.ning I(ga.g.', & ne
oxi des). k 4 MAR 2005 WD 02/ 20130 PCT/ USO1/ 26045 19 Such aiy e MA& 2005

quat er nar ywagaRisym cat i oni c hydrophilic groups can have pfrmdlag,such as
-NH2, -(NH3)X, -(NH(R 2)2)X, -(NH(R2)3)X, or N(Rx)2-*Q, where X IS an

ani oni ¢ counterion such as halide, hydroxi2@e, sulfate, bisulfate, or
carboxylate, R2 is Biber flubro}Srgahik Wettiiigtigonts diethde dlidse Batidkfhib@odHemiclye as
or different 5 fromother R2 qgr s. Preferabl R2 is Har a C-16 al kyl
G oup and X i ISR O FpPIAR AL, Bt Nag  ARe0%: 2I6RANS B W6 BY v oh
are usabl e | n_ WloltSHOSAGHA AR fic'fhlokd- Bkl Giliing ks 2ticlefoc Bhprbigent | on

include groups which by ionization can becone radicals of anion

ani oni ¢ gr.oups fhaxochemisals desonibed fotrsample, inGHSNPateBQ80d. 2,764605EINR, 52203 HV]

- OPO3MR, or. - O | i , i on, _(SR14) +.  where
cach R i3 nadionen oore bt “Dopesh bTuibos 4 lebet buttmegnriagti,, e
Preferably Mi @r@dﬂie@?edﬂ%aé@ﬂ_&; ifctedethbeChnauhi OfikdtoHefiidils @kcrited, fok uor o- or gano -
wetting agents used in_this invention have the formula - COOM or - SGBM

| ncl uded 15 wi ekamppleHiB e Raterd Nog:d.83.@50¢ P.des.43 b3y S5 wed #0889 Gent s are

ani oni ¢ pol yneric ﬁﬁ%ﬁ%eébﬁsﬁc gjag@é:(h:sl\’aég‘&mi’n@% I%ﬁén‘a'ﬁu%%tyi&@iﬁ%' y

K
unsat ur ated carboxyl no- an nononer s havi ng pendent
f 1 uor ocar bon gmouipsic sprfactatesl AhwtheitaspecGolhlditives dat edushe used indhe polymastafnt s

obt ai ned fyom 3M.Cor por at i on .kno as FC. and . FC-431, 2Q The apmphotenc
or oups whi 15 & PiF eeabioh et s Aol il RuSiRemppact dgtaattedis g ad |

thi s i nventi on3MESdetehgfdauRenMhaGing G deabil fluck@@st one cationic group as
defined above and at | east one anionic group as defined above. The nonioni ¢

groups which are usable in the fluoro-organic wetting agents enployed in

this invention include groups } RRfahydrophi lic but which under 25 pH
condi ti ons of normal agronom gp%gg%re nag i oni zed. The noni oni ¢ groups may
have fornulas such as -Q(CH2CH2) xOH where x is greater than 1, -SO2NH2,

N G Cr 08r 2 VHEBT LS G CEARRI TR P i s | ncl ude mat or i &l s of the
following structur Furthi), nonionic hydrocarbon surfactants including lower alcohol
| ethoxylates, fatty acid ethoxylates, nonylpheno! ethoxylates, etc. can also be used as
 additive materials for the invention. Examples of these materials incfude Triton X-
100 and Triton N-101. .

20 ~ A useful material for use as an additive material in the compositions of the
.  invention are tertiary butylphenol oligomers. Such materials tend to be relatively
' Jow molecular weight aromatic phenolic resins. Suéh resins aré phenolic polymers
prepared by enzymatic oxidative émlplil_ag. The absence of methylene bridges result
_ in uﬁique chemical and physical stability. These phenolic resins can be crosslinked
25 with various amines and epoxies and are compatible with a variety of polymer
* materials. These materials are generally exemplified by the fo]lowing structural
- formulas which are characterized by phenolic materials in a repeating motif in the
_ absence of methylene bridge groups having phenolic and aromatic groups.



F(CF2CF2) " - CH2CH2O (CH2CH2O m H wherein nis 2 to 8 and inis 0 to 20. ESA
MAR 2005' WO 02/20130 PCT/ USO1/ 26045 20 O her fluoro-or gam@WARﬁQDﬁﬁ
agents include those cationic fluorochem cals described, for exanple in
U S. Patenvoblpsis®, 764, 602; 2, 764, 603; 3,147,064 and 4, 08d1ARB26844CH
anphoteric fluoro-organic wettl ng agents hPcI ude those arrphot eric
fluorochem cals described, for exanple, ifitU. S. Patent Nos. 2,764, 602;
4,042,522; 5 .4,069, 158; 4,069, 244; 4,09@A{67; 4,161,590 and 4, 161, 602.
Such anionic fluoro- organic wetting agents include those anionic
fluorochem cal s described, for exa 1S. Patent Nos. 2,803, 656;
3,255, 131; 3,450,755 and 4, 090, 967. H 1
Zonyl FSN and duPont Zonyl FSO noni gnilg factants. Anot her aspect of
additives that can be used in the polymergs of %0 the invention include |ow
nol ecul ar wei ght fluorocarbon acryla Lal s such as 3Ms Scotchgard
materi al having the general structuré&® CFRB(CX?)"-acrylate 15 wherein X is
-For -CF3 and nis 1to 7. Further, nonigpic hydrocarbon surfactants

Oatt

i ncluding | ower alcohol ethoxylates, f aci d et hoxyl ates, nonyl phenol
et hoxyl ates, etc. can also be used as laddiflive materials for the

i nvention. Exanples of these materials imglude Triton X- 100 and Triton
N-101. 20 A useful material for use as az? dditive material in the
conpositions of the invention are terti ﬁ but yl phenol oligonmers. Such
materials tend to be relatively |ow nolecul ar weight aromatic phenolic
resins. Such resins are phenolic polyners prepared by enzymatic oxidative
coupling. The absence of nethylene bridg ngesult i n uni que chem cal and
physi cal stability. These phenolic resins n be crosslinked 25 with
atilpl e

vari ous am nes and epoxi es and are comp
materials. These materials are gener gty exgnptified by the foll ow ng
structural fornmulas which are charadte &o by phenolic materials in a
repeating notif in the absence of hyteré bl dge groups having phenolic
and aromatic groups. '- 4 MAR 2005 WO 02/ 20130

ith a variety of polyner

wherein n is 2 to 20. Examples of these phenolic materials include Enzo-BPA,
o Enzo-BPA/phend], Enzo-TBP, Enzo-COP and.other related phenolics were obtained
from Enzymol International Inc., Columbus, Ohio,
} . It should be understood that an extremely wide variety of fibrous filter media
10 exist for different applications. The durable nanofibers and microfibers described in
. this invention can be added to any of the media. The fibers described in this
invention can also be used to substitute for fiber components of these existing media
~ giving the sig_i:iﬁqautadyant_age of improved performance (inproved efficiency



21 OHn OH OH5 OH PCT/USCL/ 26045 wherein n is 2 to 20. Exanpl es of these
phenolic materials include Enzo-BPA, Enna-BPAJphenol, EnZO-E; ? E@D
and ot her w@haiogsh phenol i cs were obtained from Enzym)l Ipé@@gﬁ%@@a nc
Col unmbus, Chio. It should be understood that an extrenely wde variety of
fibrous filter nedia 10 exi st for diffefent applications.' The durable
nanof i bers ancRof{os restucebpressies duophdue t theirtshiall diameton, bHe exhibiiog artdied t o any
of the nedi a. %‘ﬁ*’bers described in this invention can also be used to
substitute for conponents of these existing nedia giving the

signi ficant advant agélief mediaicondhiciiet dcaordigae td predeayelettiohindhades y VP

02/ 20130 ' - R 2005. PCT/ US01/ 26045 22  and/or reduced pressure drop) due
to their smal I12¥F ShBempeablgigopse Shyoup mediagr sibsiatehaving 2 fist suxtyce. Aﬁﬁfter
medi a cons¢ru t
Tayer of per moak of BAS BbCl RS & ARCBlARE st WILEPLY R i Fpdimeqtie
surface. A fi rooarsg fibeopsmagiia dudrﬂemrtoﬁaymﬂﬁae fiberde sarneed to ﬁletshb;tdater st

surface of the,f a rrrea se fibraous nedi a and a second‘

Toer ot O no Brbtlably R 1 B ATERANE i us BB TSR S ot

| ayer of per ndabing aﬁ&&éﬁgeajaﬁfewﬂsmq&@f 1%&&@@& Eh@ﬁﬂ%ﬁe ¥hong12an

aver age di arreter of at |l east 10 m crons i cal and preferably about 12
tqiféfylﬁ

(or 14) to 30 @ ¥dn30 microgs.phlspopreferably tmsea%llgﬁ;@ﬁnewy@ﬁ of
bl 0 r
et gt of (o ¢BEs? Bl nHALTROEbYRS U SR SuSE U BB Gl D )
150 g/ n2, and abmﬁ:tZOﬁrgéms/aieteyz greferhlﬂgabmﬁ Ocpora ISGPgﬁlﬁzemdmhzysttpbﬁexﬁblyat I ayer
f bl 0. 0005 h
Chi Ok, Tand ¢y greLs Egtn drolrae ey dt abiRedIbpe oI sk s Boo
mcrons) thi Ck)ooh5 nhdh Q2 RhifonShRE! ARATEMy Snd phsferlablySs aﬂcﬁy@@opfo @e3greabl e

coarse fi brous
inch (25-800 microns) thick.

15 In prefened arrangements, the first layer of permeable coarse fibrous

material comprises a material which, if evaluated separately from a remainder of the
construction by the Frazier permeability test, would exhibit a permeability of at least
1 meter(s)/min, and typically and preferably about 2-900 meters/min. Herein when
reference is made to efficiency, unless étherwise specified, reference is meant to
20. -efficiency when measured according to ASTM-1215-89, with 0.78p1 monodisperse
; _ polystyrene spherical particles, at 20 fpm (6.1 meters/min) as described herein,
Preferably the layer of fine fiber material secured to the first surface of the
layer of permeable coarse fibrous media is a layer of nano- and microfiber media
wherein the fibers have average fiber diameters of no greater than about 2 microns,
25  generally and preferably no greater than about 1 micron, and typically and
preferably have fiber diameters smaller than 0.5 micron and within the range of
about 0.05 to 0.5 micron.  Also, preferably the first layer of fine fiber material
secured to the first surface of the first layer of permeable coarse fibrous material has
an overall thickness that ismo greater than about 30 microns, mdre-préferably no
30 - more than 20 microns, most preferably no greater than about 10 microns, and
typically and preferably that is within a thickness of about 1-8 times (and more
' preferably no more than 5 times) the fine fiber average diameter of the layer.
Certain preferred arrangements according to the present invention include
filter media as generally defined, in an overall filter construction. Some preferred



material conprises a material which, if evaluated separately froma
remai nder of the construction by the Frazier perneability t&fit Mﬁgugggs
exhibit a perneability of at least 1 nmeter(s)/mn, and typi‘cal n

pr ef er abl ywabpuiis2- 900 neters/ m n. Herein when referenceptgui®dRodso
efficiency, unless otherw se specified, rgference is neant to 20.

ef ficiency when neasured accordi ng to ASTM 1215-89,, with 0.78 nonodi sperse
pol ystyrene spHEisementsip%sueh use coppriseythe mpdicsarnanged igacyindrjeal plegtedcr i bed

herein. Pref e(g??f)eﬁfﬁ%? "&Bg])r&ﬁrrée g‘%{"‘g Hgg‘gﬂ%@ﬁe r l}gﬁ%%hm% Yrefl hdsahe first

surface of the dials a layer of nano-
and m cr of i berdinesificn as afhmgeidinglazisiof Bercylindneal pattera géorfsidiemraggemettaribe of no

greater than abo 2 I cron .25 general Iy and pref bl y, greater than
about 1 micr on’fnegﬁrt?&nf ‘E&Pﬁ‘})edéﬂﬁn ToEPd I8 LN ofl"iﬂ%%rsdi Bters smaller
than 0.5 nCr Ofraigeniéhis tdy ihdledd §RGEn? linerd B EovhsBBarh inéls ¥ d¥sigédd for Al SO,
preferably the first layer of fine fiber material secured to the first

surface of theWPiqal;%’quﬁl}@ﬂabFWmabl e coarse fibrous material has an

overal | thickness tﬂ?ﬁoﬁé?ﬂﬁcﬁoﬁ@%%g}ate#gﬁdﬁﬁ%tihef])(}es'ghﬁﬁfﬁﬁibn%gﬁatemf%{ erably

;
no 30 nore than 20 mcron nos y “no greater an a
m crons, and inypnpactiyn with ofieefypesdfingedid) for éxampletdonventiohdlineddimets of about

1-8 times (and, nore pr abl more than 5 tines he fine fiber
aver age di ametBPIgYe ?ﬁ%ﬁi ﬁ{}g}ugypég © BY E%Weh%?’@ﬁw&wﬁwca%?ﬁd? ng to
the presen i ngepkdsent ihGiiet thay bl 1dfinate® i SordentRRhatia, e Uilidagd stacR an

overall filter construction Sofre preferred 4 MAR 2005 WO 02/20130
" PCT[ USQl / 2604 5arpgemeniangydednroiporated Gadhiegrab fogbwg) inte anadipestive@iies arr anged i n

a cylindrical;; e ' ' ' e ' rally
| ongi t udi nal | y‘,’lgiu".ﬁgig ‘ﬁ‘rﬁ’ of ﬁ%frés%#g’% éf&g%%ﬁ%egkl %%%P’tefféé‘ugna fhodtfiOFL % 1
cylindrical pagdcBmediddr goad loady mlgpinelybe uséibdownstesan oy davéntdoaalded i n
end caps, as with conventignal fil tﬁ{éls. Such 5 arrangenents nay i ncl ude

upstream | i ner@e‘é‘ﬁoasgﬁ)l}bﬁgf*_ 'éﬁ‘i‘PYPﬂE giﬁlteé}esi red, for typical conventional
purposes. 1hkn sone applif alrkiPimentiBERARE 6P ML pRGedt SnveifoPhs ﬁﬁ&bblﬂgﬁﬁd‘ on

may be used in conjunction with other Types of nedia, for§exarrp

conventional niadicaid filfer systgms,ie. wherein the particwate mptqyiat fodrerfiltered is catried dn i ne.
For orarm! e, P06 ALl ol R, b4 AR B b
i ncor porated (@mistécpcnls, faakunsl atrahgenioad far Sldring!fiteesists from air.
| According to the present invéntion, methods are providéd for filtering. The
20  methods generally involve utilization of media as described to advantage, for
’ :-ﬁltering. | As will be seen from the descriptions and examples below, media

according to the present invention can be specifically configured and constructed to
'prbvide relatively long life in relatively efficient systems, to advantage.
" Various filter désigns are shown in patents diéclosing and claiming various
25  aspects of filter structure and structures used with the filter materials. Engel et al.,

" U.S. Patent No. 4,720,292, disclose a radial seal design for a filter assembly having
a genérally cylindrical ilter element design, the filter 'ele.ment being sealed by a
i‘elatively soft, rubber-like end cap having a cylindrical, radially inwardly facing
surface. .Kahl'baugh et al., U.S. Patent No. 5,082,47 6, disclose a filter design using a

30 | depth media compﬁéing a foam substrate w1th i)leafed cﬁmponents combined with
the microfiber materials of the inVention. Stifelman et al., U.S. Patent No.
5,104,537, relate to a filter structure useful for filtering liquid media. Liquid is
entrained into the filter housing, passes through the exterior of the filier into an

interior annular core and then returns fo active use in the strocture. Such filiers are



I ncl udi ng one or nore regions of conventional nedia. It may be used

upstream of such nedia, for good | oad; and/or, it may be us ngﬁg\
from conv Wonak, nedia, as a high efficiency polishing %glrhﬁoy in

arrangenment s accordi ng to the present invention may al so
liquid filter systenms, i.e. wherein the pdticulate material to be f||tered
is carried in highlyquefil foﬁalfﬂtﬁnng;hy’drmhc fhidsa rigyepbettat, HEC Badntigo. ti}6]t3t&92present

i nvention may he used. |j st .col.l ector for ex l e arran enent

filtering fi neafﬂ“éfg'pfcﬁjo&?%’]ll Pﬂ@mbw%ﬁ%swen RFfFuchRy ehtains hods

are provided f e ckielia®hdpastof TELoARInTREA f%?ogﬁﬁﬁrrn%%dhtﬁﬂ\éﬂ&éiﬁed&hbﬁhﬁé‘t'on of
i

medi a as described to a vantagw, for ering. As wll be seen fromthe
descri ptions aﬁ@@kmﬁéﬁetbmbgh Jiltep sibile thequeisiyranpnipess th éhehastosmef theavent i on .

can be spegifi I,0 ively long-
life in re(lgat [ g kﬁéea?]‘lc’il cien gyrgt%ge o%”ﬁ% E%ﬂ‘?%?%g alV r§§ug4ﬁpt er designs
are shown in pé,Be@,ﬁeﬁ dissksos Zfijtet fituoting it 0gbs\aapeafic pleated &fpeddsignof fil ter

structure and str ctures sed with the.filter materials, Engel et al., U.S.
Patent No. 4, 75obEE Plugsed passages thal dequire adhd sheamy pagsythipugh pt lepst 888 enp| y
having a gene I b if ij e&%:g el ement
bei ng seal ed b%%dfg%gﬁ@§glﬁgs%fétﬂab§du%ﬁier i‘g%g(ﬁjggcap érfolrﬁl%ce
cylindrical, ré&hg Elttt‘rynﬁdw@ndb@/mcaﬁmm@patm shaped fdﬁahﬂdaaugttamthalﬁn@' fibkrS.

Patent No, 5 082,47 di sc ose L d| a
conpri si ng a f%%as?ggas‘?tl?‘éefl ’W %&ﬁﬁdﬁ%?%%eﬁtggg@rﬂﬁﬁgﬁg\ﬁ

m crofi ber mat ﬂfucakehﬁﬁngﬂmiemmtsmﬁtcaﬁbbﬂtﬂnﬁﬁaﬁﬂéﬁwrm&ﬁlﬁs oP&Ieent No.
5,104,537, relate to a filter structure useful for filtering liquid nedia.
Liquidis entWé{P‘%’f@& isrchogkft ak. Y. SePatgr Ng. r§g954§é§s@§wt3ﬂ‘€h§falep% exterior

'n the struct uf ReRggert BoRsmR gl BN B B8 108 46 PR el s 0as

24 highly us edndir mam‘after procesgingyadwanitpicce fdnatatis.a signgfidantdusaloadtih 1 Pat ent

The ot ruckar o SBRHeta 3 gt iEaePol sapeaep ErEnONS 425 IS AR Rt

or may not cor@@bmmmgﬁgﬁgtﬁgeﬁdﬁgg The air passes through the filter
while the noisture can pass to the bottom of the 5 housi and can drain
fromthe housi ng. Ghamefinesn ka2 palyestsr syntheticapedi Neme@a@zge&mceaub&ose a

2 LT L1 bbbk herapg ol BB MLt S UOLY 13
basis weight of about 45-55 1bs./3000 ft* (84.7 g/m®), for example, 438-54 1bs./3000
20 £ a thickness of about 0.005-0.015 in, for example about 0.010 in. (0.25 mm);
" frazier permeability of about 20-25 fi/min, for example, about 22 fi/min (6.7 m/min);
pore sme of about 55-65 microns, for example, about 62 microns; wet tensile
slxength of at least about 7 lbs/m, for example, 8.5 Ibs./in (3.9 kg/in); burst strength
‘wet off of the machme‘ of about 15-25 psi, for example, about 23 psi (159 kPa). The
25  cellulose media can be treated with fine ﬁber, for example, ﬁbers having a size

(diameter) of 5 mic_irdns or less, and in some instances, submicron. A variety of
methods can be utilized for application of the fine ﬁber to the media, ifitis desired
fo use fine fiber. Some such approaches are charactenzed, for example, in U.S.
Patent 5,423,892, column 32, at lines 48—60 More speclﬁcally, such methods are
30 described in U.S. Patent Nos. 3,878,014; 3,676,242; 3,841,953; and 3,849,241,
incorporated herein by reference. Enough fine ﬁb_er typically would be applied until
the resulting media construction would have the individual test between 50 to 90%,
tested according to SAE 1726C, using SAE fine dust, and an overall efficiency of
| greater than 90%. | ' _ |



| ayer of filter nedia in a "Z" shaped path to obtain proper filtering
performance. The filter nedia forned into the pleated Z shapg,qbf‘@j\ﬁg[
contain the fine fiber 10 nedia of the invention. den et al ent
No. 5, 853, wadadndasscl ose a bag house structure having fil pernsberm s that
can contain the fine fi ber structures of #1 I nvention. Berkhoel et al.,
U S. Patent No. 5,954, 8 dust col1ecto [uc ful in
processing typical | xa&ﬁll?eﬁfa ﬁ’@ﬁﬁ di;e"t'@’ g%&b Ofrom an

air stream aftsrsz@m@%ﬁémt&tm&t&wﬁﬁd@%&e&h@%@mﬁl G0iidik@RkadipRt | oad
in an 15 environnental air. Lastly, Gllihgham U.S. Design Patent No.

425, 189, di scl gmb@dlmentpthmauted consgmction (not ahhwnbnmuﬁcaatapere@ tes. Bbie medi a can

be a polyester di a,mad el J,u ar bIends of
these types of erl lsmeﬁiéhaéglaeﬁ%seg}ar%e 8’@?7”15{'1]0 ﬁﬁ%%tha is:

basi s wei gist ofiowiiebm4peribg bihd BROR ﬁl&%efﬁénmegiéﬁhani @peﬁlxgarsﬂcﬁ,ﬁma 54

| bs. /3000 20 fe; a thickness of about 0.005-0 or -exanpl e about 0.0

10 in. (0.25 nfyustrugtons sredesssibedantis: PaigniApplisation %TOf R§/A3H228, herein
exanpl e, abOUt bldtdB 8y deferencBtd il dntire Obétaﬁu%u?hﬁé‘ﬁ? anﬁﬁﬁs%?atéﬁ § ons,

for exanpl e, out 62 m'crons; wet tens strengt | east about 7
| bs/in, for examcbh@lufattl‘&emxmimsedmU&Phtg(ﬁApphdammSermﬂ@ng?/B?lﬁ&?e of f of
the machi ne of , about 15- Ztg% for exanple, about 23 psi (159 kPa). The 25
cel | ul ose nedi @RISR ?%Bé WL fine fiber, for exanple, fibers having
a size (dipaneter) of 5 microns or less, and in sone instances, subm cron.
A variety of nethods can be utilized for application of the flne fiber to
the media, if it is desired PefailedDesoyiptionifithe Ryapdngs,ch approaches are

3060- Wor o spert 1 SHO Ba ghfbuld ey BRUSH bruiheiBf o B Srent Nos
3,878,014; 3, 66’&;&114%8@%0953@6&1&:&3;&&&&@4&% Aﬁmoatpmtmbeﬂa herei n by
ref erence.  Enou n i ber woul p d un t.he

resul ting nedi ﬁ‘?‘t‘fﬁ&?" Bﬁ“a%{ljl’@“‘ﬁ 1§ p eyl C&‘t%ﬂ“a %félﬂ%@@ﬁd 50 to
90% testgd aﬁﬂ)@&ﬂéﬂﬂnﬁ@ﬁ%ﬁé&n&%@%&%ﬁﬁ%ﬁﬂ&ﬂh@h&%ﬁ cefilgseamdover al |
effieiency of :greater than 90% '- 4 MAR 2005 WO 02/20130 PCT/ USO01/ 26045

25 Exanpl e of #igdstie. The filier is ahout 6%%@%%@@# Pomphindigneterwith No.
5, 820, 646, whi reﬁﬂ not her
exanpl e enbodﬁlgn%l%?iegﬁ ffriﬁu‘{t%g con;rp;s F&}Y F?g%%\ﬁg% I'nc t;l}Jge’sgt apered
flutes. By "taparaesl to ai singlessmmmtmmlnmmh bae Iabrett offine mibar oea alllhsﬁgtetahé itor
length such t ha}:loutbli'e-mded structure having a layer of fine fiber on both sides of a substrate

20 'matenai. The smgle sided and double sided layers were constructed snmlarly to

show that a single layer of fine fiber provides alevel of ﬁltering' efficiency, while a
dual layer provides substantially lmproved filter efficiency. Causmg the mobile
medla to pass through two fine fiber layers, in effect, substantla]ly improves overall
filter efficiency. The substrate layer (no fine ﬁber) showed in the figure has, in

25 v1rtua11y all cases, substantially poorer efﬁmency than either the smgle or double
 sided fine fiber Iayers The single-sided structure shows a good level of efficiency.

'The double-sided structure shows the mzmqmm efﬁclency. In this way, the filter
construction can be engineered to have any arbitrary level of filter efﬁciency by

~ providing two or more layers of fine fiber that provide additive increases in overall
30 eﬁclency in the filter structure. In this test, the double-sided structure is better than
C the single sided material by Sto 10% depending on size. In this test, adding another
smgle layer of fine fiber to the double layer structure could add another 2 to 5%
- eﬁcmncy to a filter with the structure mcludmg layers of fiber. By adding another
-double—layered structure to the tested double layer structure (i.e. four layers of fine



5 downstream opening of the f lutes is larger than the upstrear i ng.. .
Such filter <constructions are described in U S. Patent Appl ?@3‘&@%&%%
No. 08/ 63Sv@éthoiberein incorporated by reference in its eaihfsBiYeosdet ails
about fine-fiber and its materials and rrgnuf acture is disclosed in U S
Patent Application Serial No. 091871, 583, 6herei n _incorporated by
reference. 10 fHearhihe st wesldradditively inerepssetMyiensy by S tFilgh depending en gr aphi ¢
represent ati On]ga%fiélgéig@” mental data conparing the overall filter
efficiency of ree different structures. Afirst structure is a

comrercial filter cRigtmei2dijgplayEhipsraftiohileiata of adargy, higtdswipall gaanibitedgererade of
a pleated 15 substrg&l}%ﬁor d froma continyouys. non woven fabric of treated

cel l ul ose and @’ﬁm : OfNS| 3 RO SULYR GV @W%W@ﬁ?%@%out 325.
mm i n di angt erygid DhigAeflicdenky SRk ﬁ&m@ﬁ}&tﬁbeﬁﬂay@ﬂmteTgr&eq&%ﬁﬁaﬁmnf' Iter, -
having no fine fiber, is cohpared to a singlé sided structure wth one

| ayer of fine ¢anipareddn adilisnbsving palyaoedventional filleutbstratesiefs saorheseen i thavi ng,
a layer of fing fiber on bat i des of a substrate 2 teri.al. The single
21 ded and. dounigrt e Pertald PES ot advd PRYY B e BrFBe BB hestBnar "o
single |ayer ofapidiyndgiifibgit. PThopoweSioss ik @uelo darallatidnedfi (h@nebifit pér€iincenhi | e
a dual layer provides subhstantially inproved filter efficiency. Causjng

the nobile nedfiede copipainationebihgiupigs bladeeby maierial payeing thrppghthe Glter, and
substant| aply SiREAY 8RO %G plltloulatds! THE hith/oFilieRGYino Fiber PYONHHRE fesl MUE" (1O

fine fiber) showed in the figure has, I y alT cases,
subst anti al | y 36power lofs ower e pesiod hetwee 6thand §(hdays.i Tibe power ldssiblsech agi ded

fine fiber layers. .The si.n -sided structure shows a good.|.evel  qgf.

el f1 ci ency. - HRREGRRR:S SEdeGed paeapd eI B el AR cEle By ftge 1
this way, the gower ?éne_rﬁﬁig%ldﬁéﬁl 0 deddwReotiifédBaneskutifg BRMRwaR ¥uBaddft r ary
| evel of filter efficiency by providing two or nore |ayers of fine fiber

that provi de d¥@iidefical;siderlyadide spntvgiag enginesconsfithethe segventonah flter, prer
structurejsin v@fﬁﬁ&e%ﬁv&%ﬁéﬁ&gﬂ%’%ﬁﬁ"ﬁﬂﬂ?d structure is better than the
ée al"by 5t b de

single sided materi ependi ng on size. In this test, adding
anot her - si ngl e | ajagureB showe a setididataclentoastchiinp flee ihergese is prassire dmpcoul d add

another 2 to 5% efficiency.to.a filter with.the structure including |ayers
of fiber. By SHREEORTREP AngShet layerson APt s GresebioiBeRl el doubl e
| ayer struct urgrdsbl. eWe belidvel Bt hSmdterdlioNeohtadis NRRmO0Rr el 24208 an oil

PCT/ US01/ 26045_ 26 fiber) the test _would additively increase efficiency by
3 to 10% deperfdmrpjugging the pores in the fine fiber layer. As the pores are filled, the pressure

20 drop tends to increase. This data shows that a relatively low efﬁqie_ﬁ.cy fine fiber

_ .layer (for example, a 45% efficient fine fiber layer) haé little tendency to increase in
pressure drop while an increased efficiency fine ﬁbér_la@yer (el g. 60% efficiency)
does substantlally increase pressure drop. This data shows that, depeﬁdjng on the

_ tendeﬁcy of the filter media fluid to plug the fine fiber, rednced éfﬁdiency can
25  substantially increase ifetime. This data, taken with the data of Figure 1, shows that
ganged fine fiber layers can provide increased éfﬁéichcy (additivély greatef than |
‘90%) while maintaining the low pressure drop incr;aése of low gfﬁéicncy layers.
This is particularly strongly shown by the very rapid iiiérease in the 90% efficient
1ayer which, upon iniﬁat,ion of the mineral oil loading, 6btai31s Van unacceptably high
30 - pressure dropwlthm a very few minutes of test iniﬁation. Since many filtration
‘ ' stmctures are made having a designed overall efﬁciency of 90% or greater, the use
~ofasingle high'efﬁcient ﬁné fiber layer can cause significant operating ﬁroblems
, wlnle an overall. 90% éfﬁcien_cy layer can be obtained by ﬁsing tWO or more fine
| _- ﬁber laye;s havmg subst_anﬁally reduqed efficiency Wﬁile still ai}oiding the high



particle size. Figure 2 dlsplays operational data of a Iarge h out put,
gas turbine power system The figure shows a power. curve der ﬁda Q 51
gas turbine engine output 5 using a high efficiency single SI ed fine
fiber |ayagolhbhdigs of the invention when conpared to a filgqyudagydod only
conventional filter substrates. As can be_seen in the figure, over a
period of 80 days, the power |oss to the s turbi ne engi ne becones

rapi dly signi fp@aswe drppefpewmsle lapers The t rhﬁ*ﬁmﬂgqraﬂmptﬁsﬂtfhémpmabl ne

per f or mance ot r assing
through the fi ?‘?% b(gdg%g}lggﬁ {‘Pég‘ﬁtr?gil%#e"%#a% y parﬁi gﬁﬁ(fr g %PS
efficiency finastTivberis- wmm&hﬁmdpessO.Uh&ﬁcmﬂ%@@ménellmﬁpmiebsﬁzoerI od
bet ween 60 and _80 days, The power loss in such an applicationis a
significant op iVGiP&ltYadvant age to the operation of the gas turbine

pover genersating stajshAR4 Hal Sadiiniive siniiRl JIRAsS power
output of two identical si de by-si de gas t%ﬁﬂgyéﬂgl neglro gﬂlgh\gm&?s t he
convent i onal f wherthe sometutss an ¢dposdtto hlpgtlncelfata sicle ag garbomisladki drefAR fing er .
Figure 3 shows t _of . data denmonstratin e j,ncrease drop
then var i ous. Pigh Bt fa SAbEale IR aRe A foffhey MifHRRRR BPRESE % i

mneral oil apifiGdbr, sl&?ﬁvﬂﬁltﬂﬂ\aadid%ﬁbfﬁﬂ@rﬂ\oﬂ% ﬂieﬁﬂxﬁctﬁ&@bﬂ@éa&séi‘&rj‘rl ne
fiber layer and forns an oil f| | m plugging the pores in the fine fiber

| ayer. As the FENe¥ossuEs cyeaey g% USNEa % ecb@fﬁawagy(@rﬁ%/ o eHicionblasE e
Thi s data gho ﬁ‘aﬁrét [ r
exanpl e, @5%6%?%?%0%%§%I negﬁlyé g;/ﬂeér &%Igés}g (fatht Qﬁﬁg}?ﬁ%{ﬁ{ei‘;ﬁ%&r)ease
in pressure ddmp cainbé ecdaned. Hﬂmsédl&éﬁmcbmcgeaﬁadlmes‘sm&oﬂ wysdonebyg. 60%

efficiency) substanti al | ncrease, pr.essu dr Thi s dat

that, dependi ng’a%ﬂ f‘ﬁ@b{%?%@?ﬂgs ﬁ&teﬁg%ﬁ%"%g Q“SF‘E)WB?g‘éTpﬁe fine
fiber, r educedetsg:w&ﬁeﬂomE&ée 0.9Rsliadh b@i'y!st?reln@ Eit8RpRtitled A20TBminlhi S

data, taken with the data of Figure 1, shows that ganged fine fiber |ayers
can provide i n¥¢leded efficiency (additively greater than 90% while

mai ntai ni ng the | ow f A Thi s
is particu arI y st ro%&%sé%o‘%m%q&ea?l%gd ﬁ&s‘ﬂevg °f| [ n%ﬁ%egé(ggftﬁe bﬁ}eﬁ%%%d
efficient |ayfine ﬁbﬂrcolf;thanpsmtiom ﬁn‘a‘igum"ﬁ diie ddnblertayare@ﬁbﬁ'léll,ﬁbadihag, obt ai ns

an unaccept abl ress re dro thin.,a very few mnuies of test
initiation. %’E’éﬂ’%ﬁﬁg IIQYFFPE%H “‘5‘{11?\3‘!&,‘1 gl;h #@%gyﬁ’é\ﬁ] Hdesi gned
overal I effi CI Sl TthidASp Bk Sc@abdiate G3NhdFRie Mbr ﬁy@ﬂs%@lﬁzﬂb%lﬁﬁ;ﬂ ci ent
fine fiber |layer can cause significant operating problems whiTe an overall

90% ef f i ci encyadhayrdrinématelietodhe sbatsete 65 lagking gosestantiakenace between th ber
| ayers.. ha? ng &9Q§tant lally reduced efficiency while still avoiding the
hi gh MAR 80

The mineral oil was ‘light” mineral oil with a specific gravity of 0.855 and a
viscosity of 27 centistokes at 40 deg C . The carbon black was made by CABOT
+ Corporation and was identified as Vulcan XC 72R GP-3059. Tests were performed
at 25 fpm media face velocity. SAE Fine and carbon black were fed using a tray
25  feederand a Japanese/ISO type deflocculator. The mineral oil was fed using a TSI
3576 atomizer. The compressed air pressure was set at 20 psi for both the
*deflocculator and the atomizer. For tests with SAE fine dust or carbon black
- combined with mineral oil, the oil was fed approximately 2 inches downstream from
the dust inlet. For SAE fine cornbined with mineral oil, the mass feed ratio was
30" approximately 5 to 1 respectively. For carbon black combined with mineral oil, the
' mass feed ratio- was approximately 1 to 2 respectively. The test media included:
»  Substrate layer — a wetlaid cellulose grade |



WO 02/ 20130 PCT/ US01/ 26045, 27 pressure drop of a single layey. Tt}g 3@5
for lifetime or increased pressure drop was done by | oadi ng’“LI‘MA I

with the npgighsHsqerosols. The test for efficiency used wagy gﬁ%ﬁng-SQ
Wi t h nonodi sperse 0.78 mcron polystyrene |atex particles at ft/ main
velocity. 5 Figures 4 and 5 denonstrate s38rvilar efficiency pressure drop
tendenci es when Subdratd layi&d Wit RidESRSRASAR vith 6090 FfidiGith daging BEHfiRS car bon
bl ack or SAE fine silica dust and when such a particulate is conbined with
mneral oil. Thefkerdayer, in particular, show that the addition of nineral
oil to the par}i cap -caus ver r.api . re. 1 NGE Agai n,
using a reduce%j eﬂte?}:"l&éhn%ym% _0263/%’9 I?(%eftngﬁg ?gﬁn%{fgfgﬁ%&%’eﬁ%? \Ki/cg)ggﬁernnr e
separate | ayers, Fiweidih effifibhd FBOVARSH B echii witltbmdyotoif ige Hb&ssur e

drop can be reduced. The test for lifetinme or increased pressure drop was -
done by | 8adihgFilise with afSeiengytaf 0o Resimay gerar oo layief fiag fiberor
efficiency used was ASTM 1215-89 with nonodi sperse 0.78 m cron pol ystyrene-
| atex particles at 20 ftlmn velocity. 15 Figure 6 shows an idealized side
view of the structure 60 of the doublExgdriteehtaf i ne fi ber of the invention.
In Figure 6, the double | ayered fiher 61, 62 on t&g& substpate 63 in a

| ayered structure 4B§ lenfyas ¢quitcted iQalemongizate thet thegise of o sgpaiale ) |
thinner than tfg eyl Pdbstidis eﬁéHl@ﬁr'hQ;ﬁhg%%&ﬁfcﬁd bihicidady ab@dtnepi cal 'y

adhered intimately to"the substrate 63 1eaving no substantial space between
the 20 | ay@r s.combanad tn@reduce an ovaall efficighey sreateciban theiefficiendiespftgeci fi c

gravity of 0.8 ng. a ~\Vi $COosi of 27.centistokes,at. 40 C C. The
car bon bl ack v@ggﬂ%ﬁgjeueb@m%ﬁ %Sp%?%n%% %ﬂ%’sﬁghﬁ%ﬁf*%}%gﬁwﬁs Vul can XC
72R GP- 3059. Twaiparedete sibdifa0 iR the sdiingddlal@roniie ifibef. dliesy SinabirkywerSAE Fi ne

and carbon bl ack were fed usi n%“g tray 25 feeder and a Japanese/ | SO type
def | occul at or .comparad; taerthird gryctuye bavingtwedayrgs af fhag fibessybstantiglly sigplar ton o

conpressed ai rth@éiﬁ?l%‘lﬁfer\ﬁ?ﬁné%%eé%hﬂ?é%' élagzefsfﬁ%ﬁe.tmfg&gfuy&%%ﬂ@f and

the at.om zer. For Test's Wlth. fine st “or carbon b conbined with
m neral oilf, twias pyodessrmldyf rewinsipe andiunwinging the dndiexer fioofiber toslembnsirate t he

dustinlet. For, SAE .fine.conbin L.t h.mneral oLl .the nmass feed.rati o was
30" appr oxi mat AP meckagici R ige ey B G hienDline, et foih imadtupE o
mneral oil, tgecessibaiiticed The ldyorswhse AR @k ®n@tytichal Srodeskias Rebhiqu& V.
The test nedia included: Substrate |layer -- a wetlaid cellul ose grade

: - and were tested using. _

This is an example of using a substrate with 65% LEFS, adding a fine fiber
20 layer with 66% LEFS (total then 88%), then adding a second layer of fine fiber with
66% LEFS (total then 96%). Substrates with LEFS efficiency of 5% up to 80% can

beused. We also may use higher fine fiber efficiency on the downstream side of the

filter (since we would have less plugging to worry about). The test for efficiency

. ~used was ASTM-1215-89 with monodisperse 0.78 micron polystyrene latex particles

.25 at20 fiymin velocity. _ ,

The following table shows the percent overall efficiency of the filter

structures. The tests were made by selecting a portion of the filier structure along
the width of the sheet like material. A sample was taken at positions 1, 2 and 3

- which con@spondcd fo the center of the web (position 2) and a sample taken closer

30 tothe edge of the web (positions 1 and 3). The substrate without fine fiber showed

| .. an overall efficiency regardless of sample position that is about 65%. The single

layer of fine fiber had an efficiency that ranged from about 86 to about 89%, these S

measurements appear to be within the experimental variation.



4 MAR 2005 WO 02/20130 PCT/ US01/ 26045 28 Substrate layer, wet laid
cellulosic grade with 60% efficiency having one fine fiber lma% @?r
with efficiency of 45% on Reemay scum with one |ayer of fine fiber ter
wi th effi wiceorg13of 60% on Reemay scrimwi th one | ayer of PCTrESGiiZoess 5
Filter with efficiency of 90% on Reenay 9rim-vvith one | ayer of fine fiber
Experinental An experinent was conducted to denonstrate that the use of
two separate fine fiber |layers on a substrate, each | ayer having a reduced
efficiency, could be 10 conbined to praguge an overall efficiency greater
than the efficiencies of the separate fine fiber layers. In this
experiment, a substrate having no fi ber was conpared to a substrate having
a singl e | ayet=ai-fin Betr—% et oRpar

Structure haMESTRRODUCTS T NIETE EOSTHON, Fecan \J?Tgﬁf?réﬂal:?fﬁm
single | ayer | 1 he Lwo-layer
structure 15| WiSSH <l nd unw ayer f ne
fiber to denmﬁsllgl%lL‘éyerlﬂli@ mechani cdi® stabllity 035 the fijne fi b@? to typical
fine fiber |aydermanufacturing or proces$ conditions. The |ayers werel nade
usi ng convent DmahLayr doeddiberg |t echrfibques {and we®%e testdqd usinB8 This.]is
an exanpl e off Résiongd Duslibsier aj € W t92 65% LEFS, agfling a[fine fpber 20
| ayer with 66% CEFS (total then 88% , then adding a Second layer of fine
fiber withs 66%LEFS (total then 96% . Substrates with LEFS efficiency of

5% up to 80% can be used.. W al so may. use higher fine fiber efficiency on
t he downstream si dé‘hgﬂualﬂwcrf)fﬁmeeﬁhegrbamgadséhvmeﬂﬁélenewmcrmﬁ@nmggl ng to

‘worry about).  The t ef f e M 1

nonodi sper se bafgﬁoé?ef)%%ﬁ?f?@ﬁ 1Yt9gt fg?}‘\g%%f% rent eov f/ i n

vel ocity. The effididiRwofithe fe! fibeSAPSS tﬁah@reﬁewsﬁiatoqmpﬁadté meﬁﬁﬂaauﬁﬁg:y of the
filter structures. The tests were nade by selecting a_portion of the

filter struct GP’édlﬂP‘é“rﬁﬁlowf’ﬁB" Fbgiaptigdredugtion efhibgoverall effigignsy of fhe Blteg 4 ppl e was
taken at.jposishhQis. 1. 2 and 3 which corresponded to the center of the web
(position 2) and a sanple taken closer 30 to the edge of the web (positions
| and 3). The substrate without fine fi ber showed an overall efficiency
regardl ess of sanp sition.that is abou 5% 0 a of fine
(Fber ‘had an et 11 CilBRAgoYPHASHGbPPmBIS b4 e pete Lo esdsRhpliot,

of the manufacture and use of the composmon of the invention. Since many

embodiments of the invention can be made without departing from the spirit and

15  scope of the invention, the invention resides in the claims hereinafter appended.



measurenents appear to be within the experinental variation. 4 MAR 2005 WO
02/ 20130 PCT/ USO1/ 26045 29 TABLE 1 TEST PRODUCTSAMPLE POSnON - mP rmgggg%%%ﬁ
Overall Efficiency ]23 Substrate (No Fi ber) 656565 Single Layer Fi'ne

Fi ber Dual Layer Fine Fiber969598 Rewound Dual Layer 949697 5 The dual | ayer
of fine fiber having additive efficg(gncy increase fromtwo |ayers of fine
fi ber range from about 95 to about %efficient. The overall efficiency
of the fine fiber layers that are rewound to duplicate manufacturing
condi ti ongeghowed no substantial reduction of the overall efficiency of the
filter 10 structure. The above specification, exanples and data provide a
conpl ete description of the manufacture and use of the conposition of the

i nvention. Sinpce ”ﬁrﬁhcfﬁﬁpﬁﬂérmtascompnfsﬂ?a's&‘éi’e’]ﬁ)‘;&@ﬂfﬁ@s&’ﬁ%ﬂgﬁde wi t hout
departing fromthe spirit and 15 scope o i nvention, the Invention

resi des Ui uheras bgving an@ﬁbﬁﬂﬁ@wadaasswﬁdeﬂ"acmhasmwzbwngw WE. CLAI M= 1. A
fine fi b%emiaam@,romgm GOS0 ﬁd%h@ﬁic?eng)agx%ém%arf $°tht%5 rﬁggbs”ate ‘the

substrate havi ng first surface and a second 3urface strate
havi ng- a Spéses: melswnéﬁuﬁ%@md@ﬂﬁﬁmﬁmgE%Whog@@ﬁbcaw'm efficiency

great er H%ﬁt{f%&"aﬁdﬁ??h?fﬁ:ﬁe?nbérk}ﬁ ﬁn‘&‘?ﬁépﬁifﬁuﬁﬁh%?ﬁm t'ﬂfckﬁ‘%?o ach

conprising a layer I ne anet er out 0.001 to 0.5
m crons, fﬁhﬁi&lléy@r’f%, the lapcrfof e ﬁbavfongethlmdmamnetsﬁff:@ive th eb@int han 5

M or onS. LG 980,00, 0h0 6 WiSlne! SITRFL Al TRARASHME S514.49 O obtai

por e si Z a m crons, an ove I ency under
ASTM 12 15A$9honodlspcrse .78 micron polystyrene latex particles at 20 fi/min velocity of

abeut 50% to 90% in any one layer and to obtain an efficiency of greater than 90%

- in the layers combined.

2. The filter media of claim | wherein. the efficiency of the fine fiber
layer-on the first surface is different than the efficiency of the fine fiber layer on the:

second surface.

3. The filter media of claim 1 wherein the efficiency of the fine fther :
laycr an a downstream surface. is greater than the efficiency of the fine fiber layer or

an upstream sucface.

4. “The fitter media of clairn 1 whcrcm the sheet-like filter substrate has
a tiuclcness of about 0.1 to 3 mitimeters, the first surface and the second surface :
each comprising a layer of fine fiber having a diameter of about 0.01 10 0.3 mlcrons-i
| the layer having a thickness of less thian 3 microns, the fine fiber selected such that "
after test exposure for a test period of 16 hqr&s to test conditions of 140°F airand a l
- relative humidity of 100% retains greater than 50% of the fiber unchanged for |
filtration purposes.

5. The fitter me.dla of elaim 1 wherewn the f ine fiber layer formed tnan
amount effccnvc in each layer, to obtain an efficiency of less than 85% and in both.
layers combined to obtain an overall efficiency of greater than 90% and the subswrate -

. hias an efficiency of about 5 % to about 80%.

AMENDED SHEET o 50:14-2002



Wi t h nonodi sperse 0.78 mcron polystyrene |atex particles at 20 fl/mn

vel ocity of about 50%to 90%in any one |ayer and to obtai n’@aﬁ MARQ?@@V
of greater than 90% in the |ayers conbined. 2. The filter nedia o f clalm
| wherein the efficiency of the fine fiber |ayer on the first surface is
different than the efficiency of thesgfine fiber |ayer an the;" second
surface. 3. The filter nedia of claim1 wherein the efficiency of the fine
fiber layer on a downstream surface-is greater than the.efficiency of the
fine fiber |ayex, ofThe&ittetupalis efataisur ¢baen the finEHbef layerdermeddinan 6f cl ai m |
wherein the sh -Like fi [ subst.r - LA s, qf: ut 0.1 to 3
milli et erdio %tecbf?‘gf tmschtrl grcgo %E%nst‘gfﬁsag%gn%%%rt%g?g% aélgc!ﬂ:ﬂp@brrpri sing a
| ayer of fiapes édulitiicdtavhnn @ oftalieffeicnof ofjpoartr DaBS% endxh@suhisgausns. t he

| ayer havi,ng a thickness of. |Less,t .3 mcrons, the fine fiber selected
such t hat ha?ﬁ??@’ef"é‘é?fs%’%t&gﬁt@a%‘p}%@ test period of 16 bows to‘test
conditions of 110F air and a relative humdity of 100%oretains greater

than 50% of the fib changed. far . fjltration purposes. 5.. The filter
medi a of cl ai merl: \Aﬁ!@ngﬂﬁ”P a?ﬁ%@’”f'iﬂb?‘“ﬁi%?eﬁ“f@?@&“ﬁﬁm?% " &punt

ef f ecti ve, amduneéftderiv@ Yeéach 13 B dHirdin an effciency efubyuici?d ©E$% hain85% and i n
bot h. . I%ers conbi ned. to obtain anI .overall effi&i eF%y O%H%I’ eater than
90% and t H¥ULEBEE FapRopLo %W'%?quéraérfé&‘ﬁﬁfw&ﬁ%ﬁ?‘% 9Py 3BBUE 80% AMVENDED
SHEET 2( C)substhie had afl @ficidnky df WO RQODatdlt §0%.The filter nedia of . claim1l
wherein the fine fiber layer fornmed in an anmount effective, in each |ayer,

~ to obtain an efficiency of less than 80%and in both Iayers combined to
; obtain an overg | et GieNayaifbs WikAE Rhortiat ARMRIAyéBmRdIaLAAat =  has an

efficiency of "about 20%to about.800/6 7. The filter nedia of claiml
wher ei n -t mdunhefTaclipg in ¢agh daver. &y ohiein iap efisiengnefiaboutdOfeotilreandif each | ayer,

to obtain g, gLk EhfRGY & RO $ARYD defciBRYeR Bk alePian BS%Ank Bker s conbi ned
to obtain an overall eftficiency of greater than 65% and the substrate has
an ef fi ci enwbstratf haalpo effickycy of abon(A0°BBLALeBL 80Vhe filter nmedia of claimt
wherein the fine fiber layer - formed in an anount effective, in each |ayer,
to obtain an efficiency of about:40%to 80%and in both |ayers conbined to
obtain an over & | eflibg filtenmedindf drivet whercinake BEofhentayetfermed man -

emount effective, in each layer, to ébtain an overall efficiency of less than 75% and

in bothlayers combined to obtain an efficiency of gi'cater than 80%, and retains

greéier than 30% of the fiber unchanged for ﬁltfa_tion purposes.

‘ID. The filter media of cflai_m 1 wherein the fine fiber forming an
interlocking mesh of fiber having on the average a pore size between fibers in the .
web of Iéss than about 3 microns; Wherein the filter media has an efﬁciency greaier
than the efficiency-of a single sided media and has a lifetime, defined as an increa'se; i

in pressure drop over the filter.of about 3 inches H,O at test conditions of 10 ft/min -

11. A method of remov}ing a particulate from an air bomne stream, the
particulate comprising a liquid particulate, a solid particulate or mixtures thereof, the
method‘compn'ses: |

(2) placing a filter sucture in an air stream; and

(b} di‘recﬁng the ai-fi;i‘.tream through the filter stracture while
mmonitoring the useful life of the filter structure; said ﬁltcrrstt:‘ucturc
comprising a fine fiber filtCif: media and single laycrof a ﬁltcr substrate the

substrate having a pcnncabfl-ity of about 0.03 10 15 m-sec” and an efficiency

- AMENDED SHEET



substrate has an efficiency of about' 20%to about 80% 9_The filter nedia
of claim4 wherein the fine fiber layer fornmed in an : armumﬁierﬁthz

in each layer, to obtain an overall efficiency of |less than 751/0- and 1n
both layers conbined to obtain an efficiency of greater than 80% and
retains greater than 30% of the fibé& unchanged for filtration purposes
10. The filter nedia of claiml wherein the fine fiber form ng an

i nterl ocking ma§h of ’E‘i b S, havibng on the veralge a gore si.ze between fibers
.in the web of! FEaE HaLN 415 PP T 5PV ERE AtAWI e AP RSP F&T%%kdi a has an
ef ficiency greaiefirst sulfade ahi eheaeboral serfase aath eongprizgleen bivded fiedber and has a

lifetime, defined as an incpease?.  in essure_ drop over the filter of
about 3 i nches "AeE afispgit o %Wif ?P%{ng’ 03# EOFe ?t'ﬁi[?"?%r TE{E“GA‘L'I?%t hod of
renoving a par bbb aiffckhERBFals Biah sREERAAS, Ihd Bfiber NSer Pantd Gikdnat €

conprising a liquid particulate, a sqlid Elgarti culate or m xtures thereof,
th. method cofpeistectivgfo phtaiagpresizs phabputdgdlle fraicrorse® air stream and

(b) directing thRieALY nitdef RB8TM-M GLUEIWId SrohbdibRisett TduGlcw£ Whil e nonitoring

the useful life of the filter structure; said filter Structure conpri sing
‘a fine fiber fippleyreneliar paririesishgd &/migyelociy ofabopt 304 (aUPen a% t he
substrate havi Bﬁe%y thih ¥ eficiéheP BE m@aB3nkiP9(hR ifne $yers @nd an

ef fici ency AVENDE T 20-11-2002 -4 NMAR 2005 32 of greater than 5% the

substrate havi sgming¢d.r st surface and a second surfacer the first surface
and the second surface each conprising a |layer of fine fiber having a

. diameter of about 0.001 to 0.5 microns. the layer of fine fiber having a

i thickness of | a3s tHeembhod of dais 1k wherbinnke ¢ffibency cfythe ifiofipardayien an  anount

effective tq obtain a.pqre Size of o 0..001-t 0.5 mcro an efficiency
nder - asTiok TR Bult R g lp B ARG MR Pt B Gl o

parti cl es sadondBuffdckm n vel ocity of about 50%to 90%in any one |ayer and
to obtain an efficiency of greater than 90%in the |layers conbiined. 12.
The met-hod of claiml| 1 wherein the efficiency of the fine fiber |ayer on

the first surfage i Sheinbhed enélaithBhwhreinahd éfftiengyofahe fihefibirngyet i ber | ayer
on the second surface 13.. The t hod .cl ai i I tJi V%’Lel’ in the efficiency
of the fi r?élaf B@Ftr ace 18 greater than the efficiency o the fine fiber fayer 6n an R

upstream surface.

4.  The method of claim 11 wherein the sheet-like filter substrate has a
thickness of about 0:01 to 0.5 millimeters, the first surface and the éccond surface
cach comprising a separate layer of fine fiber having a diameter of about 0.01 t0 0.3 ‘
microns the layer having a thicknes'ﬁ of less than 3 microns, the fine fiber selected
such that after test exposure for a 1est period of 16 hours to test conditions of 140°F

_ air and a relative humidity of 100% retains greater than 50% of the fiber unchanged! ,
for filtration purposes. - '

. 15, The method of claim 11 wherein the fine fiber layer form_f:d in an
amount effective to obtain an efficiency of less than 85% in any one layer and to
‘ob,ta_in an efficiency of preater than 90% in both layers combined.

16, The method of claim 11 wherein the fine fiber layer formed in an

. amotint effective to obtain an cfficicacy of less than 80% in any onc layer and 0

‘obtain an efficiency of greater than 85% in both layers combined.

=7 . AMENDED SHEET | 20411:2002



on a downstream surface is greater than the efficiency of the fine fiber

| ayer on an upstream surface. 14. The nethod of claiml 1 V\nedg,eMjARhEDOS
sheet-like filter substrate has a thickness of about QAl to 0.5
mllineters, the first surface and the second surface each conprising a

. séparate layer of fine fiber having 3 di aneter of about 0.01 to 0.3

m crons the-layer having a thickness df less than 3 m crons, the fine fiber
selected such that after test exposure for a test period of 16 hours to
test conditions of 140F -air and a relative humdity of 100% retains
greater than 50% of the fiber unchanged. for filtration purposes. 15 The
net hod of cl ai 711 WHemsthediohgtaim hbwhpsseythe fpefibsrdayes formed han ampunt
effective dupPdRtAvA@ih &lchislEReYuiih ah%sf&_iénbﬁefﬁﬁ% ki, a0ysRAR4 fdyer and to
obtain an efficiency of greater than 90%in both |ayers conbined. [6. The
net hod of Roffelayngre camiiped eiabtaithan yerdl affigjercy| ofwegater diandd 4 #nddhe  anount

ef fective tial I G4 o sran 80% i n any one |layer and to
obtai n. an %ﬁuﬁ%%ﬁ%@@%@eg{%@ﬁﬁg&o %‘%?/o??élﬂbot h | ayers conbi ned. AMENDED
SHEET -20=41-20.02. 4 MAR 2005 33 17. The nethod of claim 11l wherein the
fine fiber |ay fo i fectiv i r, to obtain
an efficiency g? abg%%fg&d?gc‘g@&?gﬁéeﬁﬁ tﬁ%ﬁbﬁg"%{gg’reg%ggm %%d to obtain an
overal | efamophesfiepticd, igeaeh dayer, tdwelnai 3efiviench ef atoub41% &4 80%asd mn ef fi ci ency
of about §5%,t,0 about,.80% - The t hed of ¢l ai 1 grei.n, the fine fiber
| ayer for ﬁjé%' ]%er%%m}l%rrlr%dugﬁt‘%gaﬁ B ,cqﬁﬁc%gcﬂ% & caaycégh,m\tgé '{'E)"})"tdarh;] % an

ef fi ci encysulndragtns tn éibency 804 oart% to abbot80%.ayers conbi ned to obtain an
overal |l efficiency of greater than 65% and the substrate has an efficiency
of about 20%to about 80% 19. The nmethod of claiml| 1 wherein the fine
fiber layer fonged The aRthod@duiaim f MckiniBe fific Abdrdiyrr &tivedl fd 41 ency of | ess

than 75%in any -one |layer and to obtain_an ficiency of greater than 80%
ot i | AEREYSCBRYSHE FOrbm I S HER T PAEY POHEFEA S he 11 no. 1 ber
form ng ambdinipérfioekdy ¢l gitsdt tai sobmboltaMiyfig cafibinb® average a pore size

between fibers in the web of |less than about 3 mcrons; wherein the filter
nmedi a has an efficiency greater than the efficiency of a single sided

medi a_and has aol i f ght BRihodktREE 1 AS/haRid ME FRaHBer formiRg@ssure drop over the
filter of ,ab?ut .3 inches H20 at test conditions of 10 filmn..

interlocking mesh of fiber having on the average a pore size between fibers in the

web of less than about 3 microns; wherein the filter media has an efficiency greater

than the efficiency of a single sided media and has a lifetime, defined as an increase_;'

in pressure drop over the filter of about 3 inches H,O at test conditions of 10 f/min.

 21.  The method of claim 11 whezein the particulate comprises a solid
particulate, a liquid particulate or mixtures thereof. -

22, The method of claim 21 wherein the particulate comprises residual |

- components of combustion. -

23.  The method of ¢laim 21 wherein the particulate comprises a fatty oil:

. afatty acid or mixtures thereof.

24.  The method of claim 2] wherein the particulate comprises soot, a fgri't

- ormixtures thereof

. AMENDED SHEET



21. The nethod of claim 11 wherein the. particulate conprises a solid

particulate, a liquid particulate or m xtures thereof. 22. Tbgejgrmmcg[}gﬁ
claim 21 wherein. the particul ate conprises residual conponent

conbustion. 23. The method of claim21 wherein the particul ate-conprises a
fatty oil.- a fatty acid or mxtures jihereof 24. The nethod of claim 21
wherein the particulate. conprises soot, a grit or mxtures thereof 20-11
-2002 ANMENDED SHEET 4 MAR 2005 34 25. A filter structure conprising one

| ayer of filter2s5subst ih¢renactdretchmpesiop onartayerdfﬁyerrﬁbafatémdehﬁebber t he

substrate | a first. surface.and a_s rface, the substrate
havi ng a P&t %ﬁ‘rftfg*gﬁf:‘aﬂ%?&f‘bﬁmb‘éa%“1\5‘“%?ﬁgzé“‘? Cﬁﬁ’&‘ijaseco‘é%fr ci ency of

great er trkaffa&;"/qhetshsstﬁwﬁaaﬁ@& pFeangubily Bgaﬁolm‘am mlmrsedamams of the fine
fi ber on the-substrate, gh fine fiber’ éer conpri si fi ber having

a dianet ‘&if“cé(ﬂ’tfﬁfe“ffrﬁf“ g e ‘&“rsﬁﬂmpﬁ BT 9 E‘FQ having a

t hi ckness ffe fitRpsn tﬂelaarrméwrrea"ehcms fibkhaydrico@pfisilefind Aly@hading fed in the
amount. effective to obtain a pore size gjmcabout 0.0001 to 5 microns, an

ef fi ci ency AmgEroLaBy0.0led)-pyicien. gachfms dbrs s davine 28hifknesof 17515 st yr ene

lat ex par thsl £imidbns? theffink Tibeilay&! fOgiddin e aamhreffe'éﬁ% Qb4 pdteany one
| ayer and to obtain an overall efficiency mgreater t han, 90-06 in the

| ayers corfpcrdgbow 0-0pAbtg 3 W@PWF@C’G’P")&M‘? SEMphdpreditthe ef fi ci ency of
one fine fdlaﬁfdlslp@%@r) 73 ﬂu&ﬂaﬁ pbi Etg?erne SHEUSHES 4t 30 Wrﬁirneﬁﬁ)@ﬁ bhaRut he

effrcrencyo ot her fine l'ayer in the filter structure 27. The
filter med® aﬁ:ur‘) HIWESGWi’é‘f@dr’(‘)thél“efquvéiagﬁéfw%yafﬁﬁeﬁéﬂﬁf“b%@’ | ayer on a

downst r eany, g ik aGEcdrshigdeat er than the efficiency' of a fine fiber |ayer on
an upstream sur?%c% égé The filter media of claim25 wherein the filter

substrate has a thickness of about 0.01 to 3 millineters, any surface

comprising a | ager afbiaeEEPeFcaBei P dhARL SR Pl APRNE 1001 to 0.5

m crons the |ayer having a ness o ess mcrons, the fi
fiber sel getedh Swdiltet hachad iseilfidres thamthosilicendyort aaybést ﬁlpleﬁliiﬁbcﬂ-fmfel]ﬁ hours

to test copgditions of 140F air and a retative humdity of 100%ret ai ns

27.  The filter media of claim 25 wherein the efficiency of a fine fiber
Jayer on a downstream surface is greater than the efficiency of a fine fiber layer on ~

an upstream surface.

2B. The filter media of claim 25 wherein Ihe- flter substrate has a
thickness of about 0.01 to 3 millimeters, any surface comprising a layer of fine £iber .
having a diameter of about 0.01 to 0.5 microns the layer having a thickness of Jess
than 3 microns, the fine fiber selected such that afier test exposure for a test penod
of 16 hours to test conditions of 140°F air and a relative humidity of 100% retains

greater than 50% qf' the fiber unchanged for filtration purposes.

29. The filter media of claim 25 wherein the sheet-like filter substrate has a -

thickness of about 0.3 to 1 millimeters.
30.  The filter media of claim 25 wherein cach fine fiber layer is formed

' in an amount effoctive to obtain an efficiency of less than 85% and in all layers

~ combined to obtain an overall efficiency of greater than 90%.

_ AMENDED SHEET




greater than 50% of the fiber unchanged for filtration purposes. 29. The
filter media of claim25 wherein the sheet-like filter substrate~hadfAR 2005

t hi ckness of about 0.3 to 1 mllinmeters. 30. The filter nmedia of claim25
wherein each fine fiber layer is forced in an anmount effective to obtain
“an efficiency of less than 85%and in all |ayers conmbined to obtain an’
overal | efficiency of greater than 98%  AVENDED SHEET 20- .I.'- 002 4 ; MAR

2005 35 31, The filter nedia of claim25 wherein each fine fiber Iayer is
formed 1n an giouniy,eh{S et r-RidBs Undrodfleth he KB Pl bRey than 80% and
in all |ayers conblne tain an overal I clency of greater than
85% 32. Tiha dmnduneeflentst w abitain hapffczBcywidesithpoddbhandiinell taybesr | ayer is
formed in a ef fect 0 Q fb,ci ency of about 40% to 85%
and in al FOTal%JrT% Or?)ttm" g‘?E{lrgffc'ﬁtﬂpr{%g%[%&eagalsl/ceff| ci ency 'of greater
t han 65% andt he substrate has an efficiency of about.5%to about 80%
33. The filter clalm Lei,n each. fl fiber is forned
in an amount ef ectf%ttlt%“t?gt“aq ﬁlagﬁgéf“fhicﬁal"é??@ flgfgg dﬁerfﬁﬁf‘%ﬁl 80% and in
al | | ayer sxracandindeffectioc &bibaalﬂa@eﬁ'ﬁmmd;ﬂabeﬁtf4om ®I86Y aid igaltadyers t han 65%

0, 0,
0o bbb obian st Pl A HORS o BT e R R o>
anmount ef kgefficieacy or ableiw toataves®h] ef ficiency of less than 75% and in all
| ayers conb conbined to obtain an efficiency of greater than 80% and
retains greater than 30% of " the fiber unchanged for filtration pur poses 35.

The filter medg® of Thd MidPmddidTRladh 25 WiRdin &Rh finb @berf|9feiis Tomd
-interlocking nesh of fiber having ore the average a pore size bet ween

fibers iniHeameusheifgclivetoobtain an afisiencoiabepigtise G0zt @ddo el &Yers| t er medi a
has an ef khihbhbE% cgﬁaﬁﬁwsverﬁlhﬁﬁc% SHpkd atdr QG659 208 184 NGLiLuShdeddnedi a and

has a Ilfetlne defined as all increase’, in pressure drop over the filter
of about anpﬁ@wesyq&abpgtwétceﬁmfcftﬂ”fmt|ons of 10 fthni'a. AVENDED SHEET
20 11=2002

34.  The filter media of claim 25 wherein each fine fiber layer is formed
in an amount effective to obtain anroverall efficiency of less than 75‘%; andinall
layers coh;bincd to obtain an efficicncy of greater than 80%, and retains greater than
30% of the fiber unchanged for filtration purposes. :

35. The filter media of ¢laim 25 wherein the fine fiber forming an
interlocking mesh of fiber having on the average a pore size between fibers in the
web of less than abeut 3 microns; wherein the filter media has an efficiency greater |,
than the efficiency of a smgle sxded med:a and has a lifetime, defined as an mcrease‘

in pressure drop over the filter of aE'out 3 inches H,0 at test conditions of 10 fi/min.
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