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Background of the Invention

In the practice of filtration technology, a fluid stream is typically 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 particulate 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 operating 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
characteristic of poor operating efficiency for the equipment using the filter.
As is true in many technologies, substantial trade-offs arise in any

embodiment of a successful technology. Very often as efficiency increases, pressure
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20  filtration process can 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 can 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
25  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.
30  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 layer on a side of a substrate combined with one or more second layers, in a

filter structure, obtains a filter having greater than 90% overall efficiency and
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unique improved filter structure. The polymeric materials of the invention comprise
a composition that has physical properties that provide improved efficiency and
service lifetime in the unique filter structure. The polymeric materials of the
invention are compositions that have physical properties that can also permit the
polymeric material, in a variety of physical shapes or forms, to have resistance to the
25 degradative effects of humidity, heat, air flow, chemicals and mechanical stress or
impact while maintaining effective filtration during use.

In typical applications, 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

30 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
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fiber layer on one side of a substrate displaying an average efficiency of about 90%

into a filter structure having two fiber layers that have an efficiency of less than
80%. While the first single layer fiber structure will permit about 10% of the
particulate (90% efficient) to pass through the layer, a single efficient layer will have

25  an enhanced tendency to experience quick pressure drop increase. By forming two
layers having an efficiency of about, for example, 75%, a filter having an overall
efficiency of about 87.5% can result with substantially reduced tendency to an
increased pressure drop because of the reduced amount of fiber in the fine fiber
layer.

30 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 film. By distributing the



25 an enhanced tendency to experience quick pressure drop increase. By
formng two |ayers having an efficiency of about, for exanple, 75% a
filter havonoz2m@so overall efficiency of about 87.5% can rREDIUBOMI6DLS
substantially reduced tendency to an incgeased pressure drop because of

t he reduced a ' ' [ | Yer. - T ' kon of
two | ayers ofﬁﬁ%ﬂ%“@%%%?ﬂgﬁ“ggﬁggﬁﬂg‘%f%%@pgﬁmghgr§%£Fﬁ8ﬁ§§?é&§ggggﬁ%%ach

| ayer having nctaskizgseslid duriipaliec liftime ofdise filoreasbé heluead dife thé &jteredd
structure, a substantially high efficiency. Surprisingly, this conbination

of two | ayer paifulpierioes pefaesidn inbistaively narr@upasionokiing wiae fpartaiciuag er

By fi ot ri buti i TSR b b TSo i BB SRR ASRBRADh: Beftivds, oF 111
t hr oughouts t hehrbipheustheflayiehs tlagrabstamtially Waprloeinigeve ekieadingniye tirnel e filea

increase in pressure during the lifetinme of the filter can be redyced since
the filtered TRHEUPEHPESSEIEY lﬁiﬁtL%@F&émgli?dam?"%méfr}WSWH%&PPoﬁP tion of
the fine fibey;&iueh hi6¥iBufel 1S @ surprise that the |ayered
structure di st}sﬁtgﬁesufﬁgeﬁ?‘%eﬁﬁ %lerggﬂe%'hr oughout the |ayers, thus

subst anti al | y i npr Biliengomstruictotisdraste nbfainké a tvanety ofiphysid¢al dormartsaiRiltes havea

pressure drop, |l ess than, the designed. I mum pressure drop. Such
G Strbut | on BETHENEOPRLERS BRSSPt eat ot pr Dt eq S ¥ TRGHel Have
obt ai ned 1@ vVap{flelenfhtd BMfeAR! fofREITRtRin cﬁiﬁ&rﬁfaﬁcdﬁﬁ%@es, Reglgdevatapgad into

pl anar sheet-like filter barriers, pleatéd panels, Cylindrical or 10 oval
el ements, el enmhotbersoBaeitofhess Mitarfoinradiy ¢apdle construciadicpad  arapgadug atvariety

el enents and hers. .Each.of fthe filter fornmat an be.constructed and
arranged in a° 9“8‘[‘5‘701116)?05%?%\/(%“ ’i@‘?ﬂ%ﬁ?’gi"%g@ W%?%Ir?s tsflbﬁiﬁrgﬁteﬁe n be used
that results hedfahiRsding tweic€throi@d AndAGG14@rt Wi ce through a fine fiber

| ayer. The nedia in the filter elenment or structure can be treated with a

fine fiber, 15 fofhe medisintessBltesfelanns of sivetire ean b teatekwith 2fingdiber, ber
| ndli cat egsa T Reke AL @nikiRBhiiof iR Erehl AAERL P indlard D804 ph o o H O

or less often s ’and, Tn ances, subs rally

submi cron di agRt er giambtey 8f 0.0091 &f 5 fkdrbRs 16 BIER 0.001 itd DZedickais abign
manuf acture and application of fine fiber to the nedia. Kahl baugh et al.,
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by reference herléBnPatent No. 5,423,892; McLead , U.S. Patent No. 3,878,014; Prentice, U.S.
20 Patent No. 3,676,242; Lohkamp et al., U.S. Patent No. 3,841,953; and Butin et al.,

X

U.S. Patent No. 3,849,241; all of which are incorporated by reference herein,
disclose a variety of fine fiber technologies.

The conventional filter construction involves the application of fine fiber to
the substrate in a single layer in a substantially complete coverage of the media.

25  Sufficient fine fiber is typically used in the fine fiber layer such that the resulting
media construction has an initial efficiency of greater than 50%, preferably greater
than 80% (on an average basis) with no individual construction having an efficiency
less than 30% (the efficiency test is ASTM 1215 89 using monodisperse 0.78 micron
polystyrene latex particulate at 20 fi-min™). For conventional filters, efficiencies

30  lessthan about 30% on the average or for any particular filter is typically considered
unacceptable since such a filter would pass a substantial proportion of the 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
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Preferred-add-on paraneters are as follows: 15 D nensions Range Layer
thickness (gm 0.1 to[BimSHdMEI Ty %5 10 iU DeNSRHed) 0.9 10 1.6 (1.2 to
L) Layer thickness (um) 0.1t03

Solidity % 5 to 40

Density (gm-cm™) 0910 1.6 (1.2t0 1.4)

Basis wt. (gm-cm™) 4.5x 107" to 0.00019

Basis wt. (mg-cm™) 0.00045 to 0.19

Basis wt. (1b.-3000 ft.™) 0.0028to 1.2

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
20 0.0028 to 0.7 1b.-3000 £t (Ibs/3000 ft™ is 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 0.06 to 0.31 1b.-3000 ft.
In a final embodiment, the upper end of the add-on amount of fine fiber

25  would be a 1-3 micron thick layer of 10% to 40% solidity fiber layer (90% to 60%
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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 little or no
30  pressure drop over its tested life while the high efficiency fine fiber layer obtains an
extremely 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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Description of the Invention The filter construction of the invention
i nvol ves a substrate |ayer having a

Detailed Description of the Invention

The filter construction of the invention involves a substrate layer having a

20 first side of the substrate, a reduced amount of a fine fiber layer when compared to
conventional fine fiber layers. The substrate contains on a second side of the
substrate, a‘second reduced 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, combining 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 structure. 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.
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i nvention coPRIRPEsS aranderd distréhusion pbling Ghers whicheantbiebended niferm emn be
bonded to formteqﬁﬁk{n%tn%gl ocking net. 15 The fine fiber is forned on a
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The fine fib | 1t et ' Hay i eristics,
fine fibers iﬁa[sts#e% ggﬁﬁnﬁgg@%fﬁﬁﬁgﬁgﬁer nggﬁﬁﬂg%?f%g?}gssg%é%’at i vely
smal | openi ngglegatability are praovidegiiscas substrate to which the fine fiber adhered. The fine

fiber interlocking networks have as important characteristics, fine fibers in the form
20  of microfibers or nanofibers and relatively small openings, orifices or spaces
between the fibers. Such spaces typically range, between fibers, of less than 10
microns, about 0.01 to 5 microns or often about 0.05 to 3 microns, preferably about
0.1 to 2 microns.
The filter products comprise a fine fiber 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 less than 5 microns in thickness to
the overall filter structure comprising fine fiber plus substrate. In service, the filters
can stop incident particulate from passing through the fine fiber layer and can attain
substantial surface loadings of trapped particles. The particles comprising dust or
30  other incident particulates rapidly form a dust cake on the fine fiber surface and
maintains high initial and overall efficiency of particulate removal. Even with
relatively fine contaminants having a particle size of about 0.01 to about 1 micron,

the filter media comprising the fine fiber has a very high dust capacity.
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15 The fine fiber can be made of a polynmer "naterial or a polymer plus
additive. Onandm sfcend,dut difideenopolymer {diffening imrpolymer tped, yrodecubir evegght or

COMPE1 19 8 Ly RO 30 B GeRN bl AL e Soh BOLep i ng
condi tioned Opolym@AbRAd 8dn 18 B¥A@sEshd RIRE Bd!'A SinglEBemical specie or can be
20  physically combined into a blended composition by an annealing process.
Annealing implies a physical change, like crystallinity, stress relaxation or
orientation. Preferred materials are chemically reacted into 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 a smooth surface comprising a discrete layer of the additive
30  material 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)
copolymers and other linear generally aliphatic nylon compositions. A preferred

nylon copolymer resin (SVP-651) was analyzed for molecular weight by the end
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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
matérial 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, similar
polyvinylchloride polymers, blends of polyvinylidene chloride polymers are useful
in this invention. Further, polymeric blends or alloys of differing polymers are also
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size provide excellent 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 cleaning 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.
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20  water while retaining at least 50% of the fine fiber formed on the surface of the

substrate as an active filter component. Retention of at least 50% of the fine fiber
can maintain substantial fiber efficiency without loss of filtration capacity or
increased back pressure. Most preferably retaining at least 75%. The thickness of
the typical fine fiber filtration layer ranges from about 0.001 to 5 microns,

25  preferably 0.01 to 3 microns with a fine fiber basis weight 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 substantially uniform in both filtering performance
and fiber location. By substantial uniformity, we mean that the fiber has sufficient
coverage of the substrate to have at least some measurable filtration efficiency

30  throughout the covered substrate. Adequate filtration can occur 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 still remain well
within the bounds of the invention. Even a relatively small add-on of fine fiber can

add efficiency to the-overall filter structure.
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I filter strycture. WO 02/2Q130 PCT/ USQ1/.2604 4 Fl uid, streans
such as arr affBuRyaentde ﬂlﬁ?aﬁ?%‘oﬂ?heéem ltd’éary?liﬁ ‘%ﬁ?@‘é%ﬁ ‘g\l? @mr"f‘ast“g?tf‘étfal r%‘évlala?%. The
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streams direcnegial Quifase IbadiRE AR Tia; A depth imedlid. CRHER of Chesd BipkPoEmEdIN LSt i ON
furnaces, often include particulate material therein. In the case
20  been well studied, and each has been widely utilized. Certain principles relating to
them are described, for example, in U.S. Patent Nos. 5,082,476; 5,238,474; and
5,364,456. The complete disclosures of these three patents are incorporated herein
by reference.
The "lifetime" of a filter is typically defined according to a selected limiting
25  pressure drop across the filter. The pressure buildup across the filter defines the
lifetime at a defined level for that application or design. Since this buildup of
pressure is a result of load, for systems of equal efficiency a longer life is typically
directly associated with higher capacity. Efficiency is the propensity of the media to
trap, rather than pass, particulates. Typically the more efficient a filter media is at
30  removing particulates from a gas flow stream, in general, the more rapidly the filter
media will approach the "lifetime" pressure differential (assuming other variables to
be held constant). In this application the term "unchanged for filtration purposes"
refers to maintaining sufficient efficiency to remove particulate from the fluid

stream as is necessary for the selected application.
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flexible or sy @6slinRe® oSS Preferred addition polymers tend to be glassy (a Tg greater
20  thanroom temperature). This is the case for polyvinylchloride and
polymethylmethacrylate, polystyrene polymer 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 starting materials are a Cg diamine and a Cq diacid (the first digit indicating a Cs
diamine aﬁd the second digit indicating a C¢ dicarboxylic acid compound). Another
nylon can be made by the polycondensation of epsilon (Cs) caprolactam (or other Ce.
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 cyclic lactam structures in a reaction mixture and then forming the nylon

with randomly positioned monomeric materials in a polyamide structure. For
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' 20  temperatures. However, highly crystalline polymer like polyethylene and

polypropylene require high temperature, high pressure solvent if they are to be
solution spun. Therefore, solution spinning of the polyethylene and polypropylene
is very difficult. Electrostatic 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,
alloy format or in a crosslinked chemically bonded stfucture. We believe such
polymer compositions improve physical properties by changing polymer attributes
such as improving polymer chain flexibility or chain mobility, increasing overall

30  molecular weight and providing reinforcement through the formation of networks of
polymeric materials.

In one embodiment of this concept, two related polymer materials can be
blended for beneficial properties. For example, a high molecular weight

polyvinylchloride can be blended with a low molecular weight polyvinylchloride.
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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 effect can be substantially improved by the presence of additive
materials. We have found that while processing the microfiber materials of the
invention, that the additive materials can improve the oleophobic character, the

25  hydrophobic character and can appear to aid in improving the chemical stability of
the materials. We believe that the fine fibers of the invention in the form of a
microfiber are improved by the presence of these oleophobic and hydrophobic
additives as these additives form a protective layer coating, ablative surface or
penetrate the surface to some depth to improve the nature of the polymeric material.

30 We believe the important characteristics of these materials are the presence of a

* strongly hydrophobic group that can preferably also have oleophobic character.
Strongly hydrophobic groups include fluorocarbon groups, hydrophobic
hydrocarbon surfactants or blocks and substantially hydrocarbon oligomeric

compositions. These materials are manufactured in compositions that have a portion
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material can be blended with a low nolecular weight nylon material .
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20 formula

RrG

wherein Ryis a fluoroaliphatic radical and G is a group which contains at least one

hydrophilic group such as cationic, anionic, nonionic, or amphoteric groups.

Nonionic materials are preferred. Ryis a fluorinated, monovalent, aliphatic organic
25  radical containing at least two carbon atoms. Preferably, it is a saturated

perfluoroaliphatic monovalent organic radical. However, hydrogen or chlorine

atoms can be present as substituents on the skeletal chain. While radicals containing

a large number of carbon atoms may function adequately, compounds containing not

more than about 20 carbon atoms are preferred since large radicals usually represent
30  aless efficient utilization of fluorine than is possible with shorter skeletal chains.

Preferably, Ry contains about 2 to 8 carbon atoms.

The cationic groups that are usable in the fluoro-organic agents employed in
this invention may include an amine or a quaternary ammonium cationic group

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



Strongly hydrophobi c groups include fluorocarbon groups, hydrophobic

hydr ocarbon surfactants or blocks and substantially hydrocarbon oligoneric
conposi t ivome2/20ibese materials are nmanufactured i n conposi PCDUSOIs645 have a
portion WO 02/20130 PCT/ US01/26045 18 of,the nolecule that tends to be
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becones 5 al | gyesh aMiédic esuniéricacsush hbhilide, ipalryxiee, ssifatbAsienlfayers. The
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t hi ckness appears be r.easonabl e thickness fo rot ect.ive coating. For
0. 05-mi cron di anet iﬁe pRIBRIC Srafps Nhigh AR 4 e’&‘&{‘? @BE%%@B%%&P&&@? For 2

m crons thi Ckaggﬁ £d Bethis iﬁ%rﬁohm&meﬁéuﬁ%mmsfmaﬁen%% B&ne rRdigf1er abl y
the additive tgrlals are used at an anount of about 2 to 25 w.% Useful
surface thi ckfi@sensc diheraaivgec gnoops hey RavedodmassuchBs COPMeSOsMaedi ti ves

t hat can lae ufﬁgg)lk/lg conbi nation with the polyner materials of the

i nventi ot% nc €&V ol i gomers having a nol ecul ar wei ght of about 500 to

about 5000, prehgmnablop brf(ﬁﬂ)}fﬂvliiﬁﬁéi%l\@@ﬁﬁ,éﬂﬁia@iﬁﬂ]@\ﬂﬁ!&"?bﬁ%ﬂﬁ@f‘ﬁ cal s,
Ol 1

noni oni ¢ surfactants and | ow ol ecul ar wei ght resins or Oner s.
FI uor o- or gani whetgesaeh Rgisdgdependenslyftlpr substituted ar mospstitiede eCorlifghi c

1 uor oal s phat e Aty M WhdS < sl USHE. AL Lo onnoone

hydrophi | i ¢ giettigidedts aseddatthie tiventiaihHRitks foRtla0WOOMaT -80FNMO Tadlided
groups. Nonionic materials are preferred. Rf. is a fluorjnated, npnoval ent,
al i phat i d5or gifhin the grougiof anioaisrluarerorasnie Wetiag eganiiare arioaie PlBREIC
Preferably, | {na{eﬁaﬁs tgé%écﬁ Goheadifch! Ok %&fcﬂﬁglg)'f findIRANLE ERbxAlIAME
radi cal . However, hydrogen or chlorine "atons can be present -as
substituents aml dibeid skaloatedd havivgd pend¥iftiflerocarboadrsups @ppaided tigereta. Saclge
nunber of carbon _a{ ons nmay functi n,adeﬁ;uatﬁ&, conpoynds cont iﬂ)i n% not
om 3 0 -430 an

materials include surfactants obtained rporation known as F
FC-431.

20 The amphoteric groups which are usable in the fluoro-organic wetting agent
employed in this invention include groups which contain at least one 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
employed in this invention include groups which are hydrophilic but which under

25  pH conditions of normal agronomic use are not ionized. The nonionic groups may
have formulas such as -O(CH,CH;)xOH where x is greater than 1, -SO,NHj,
-SO,NHCH,CH,0H, -SO,N(CH,CH,H),, -CONH,, -CONHCH,CH,OH, or -
CON(CH,CH,0H),. Examples of such materials include materials of the following
structure:

30

F(CF,CF,),-CH,CH,0-(CH,CH>0)-H

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



nore than about 20 carbon atons are preferred since large radicals usually
represent 30 a less efficient utilization of fluorine than is possible with
shorter ske@bme@Bo chains. Preferably, Rf contains about 2PC€TDUS0ICAN{ZON
atonms. The cationic groups that are usablg in the fluoro-organic agents
enployed in this invention may include .amne _or a quaternary anmoni um
cationic group whOdréaarderseiipgesiting agsnisdngude thagegatigpicSMprenemisalai ni ng
(e.g.. amne QX.A6S foRaNIARITS Bhrdi 14 36065, oifeutal3 317,06 B

quat ernary amoni um’cati onrc hydrophi i c grougs ¢an have’ Tormul as such as
-NH2, - ((NH3) X4,069,N68.R30ch) afaphtdvtd kS organier wettih fR2g et s>icludb drose amphaterdn

ani oni c counterion such as halide, hydroxide, sulfate, bisulfat

car boxyl at e, ﬂEOHOSth%?ISéi{q@e‘éIfRWX%H?Ua%é) aegt Nog2?, éipﬁ%sgéima as
or differant Q . | ¥161%02 ioficHuote al kyl
group and%X i g’oﬁg’??%fe%ﬁ@ﬁ%/%g%@%?j §’0"F’F%1|e’§s%q at é¥6 'ﬁoe ';sr#ég(r%lfug g:r ouups whi ch
are usabl e i notgansiciwatimpagengainclodeviiosé agorag @ndwchanishlsyestribad,tthi s i nventi on

includ whi_ch i-oni [ [ ' . Th
ani oni ¢ or oupExHRIeAB LS TR es S0R0xS Samann. Soouns st BUBRE  pcsh w1
- OPO3M2, or - OPOBHML aMBRE Bf M chndtbridls A8 dRPort Fdnyl N 4hd duPéntZelISG  where

each Rl is independently H or substituted or unSubstituted Ci- al kyl .
Preferably M nenipic surfictantShAngtheif aspeat of advitbyesdhajican ps usefd inflee falymers 06r gano

wetting entg used .in.this .invention hay he farmul a.-COOM or - M
el uded 1De eFrmpng et oB e R O G e Ao HE PR SRS ar e
ani oni ¢ pol ynegyeScotdtotid mhi@rikMRivaR thy gémRil baedteed from et hyl eni cal |y
unsat urated carboxylic nmono- and di am% nononer s havi ng pendent
fl uorocarbon groups appended thereto. Such materials include surfactants
obt ai ned from 3M Cor poration as_FEC-430 and FC-431. 20 The anphoteric
groups which are usable int 3%300%%§ani c wetting agent enployed in
this invention include groups which contain at | east one cationic group as
defined above and_ at | east gne anionic_group as defined above. The nonionic
groups wHidch whereisXs & oirGHiand ninl i brganic wetting agents enpl oyed in
this Invention i nCldf i #GRa PuitihiRThdhEnBWwiichotinder | 25 pH
condi ti ons of normal "agt‘onom ¢ uUse are not 1 onized. The nonionic groups nay
ethoxylates, fatty acid ethoxylates, nonylphenol ethoxylates, etc. can also be used as

additive materials for the invention. Examples of these materials include 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
low molecular weight aromatic phenolic resins. Such resins are phenolic polymers
prepared by enzymatic oxidative coupling. The absence of methylene bridges result
in unique 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 following structural
formulas which are characterized by phenolic materials in a repeating motif in the

absence of methylene bridge groups having phenolic and aromatic groups.



have formul as such as -Q( CH2CH2) xOH where x is greater than 1, -SO2NHZ,
SO2NHCH2CH2OH, - SO2N( CH2CH2H) 2a - CONH2, - CONHCH2CH2OH, or - CON( CH2CH2OH) 2.
Exanpl es vof ox2mbo mat eri al s include naterials of the foll orMTgSo1sd6en4sct ur e:
30 F(CF2CF2) n CH2CH20- (CH2CH2O)mH whergjin n is 2 to 8 and inis 0 to 20.
WO 02/20130 PCT/ US01/ 26045 20 Ot her fluoro-organic wetting agents include
those cationic fluorochem cals describe@H for exanple in U S. Patent Nos.
2,764,602; 2,764,603; 3,147,064 and 4,069, 158. Such anphoteric
fluoro-organic wetting agents includg tkose anphoteric fluorochem cals
described, for exanple, in U S. Patent
4,069, 158; 4,069, 244; 4,090, 967; 4,161} and 4,161, 602. Such ani oni c
fluoro- organic wetting agents include those artonic fluorochenicals
described, for exanple, in U S Pat 0sep2, 803, 656; 3, 255, 131,

3, 450, 755 and 4, 090, 967. Exanpl es of suc nararial s are duPont Zonyl FSN
and duPont Zonyl FSO nonionic surfacta|! . Anot her aspect of additives

that can be used in the polyners of 1f i nvention include | ow nol ecul ar
wei ght fluorocarbon acrylate materials as 3Ms Scotchgard materi al
havi ng the general structure: CF3(CX2)™s€rylate 15 wherein X is -F or
-CF3 and nis 1 to 7. Further, nonionic p%grocarbon surfactants including
| ower al cohol ethoxylates, fatty acid e xyl at es, nonyl phenol

et hoxyl ates, etc. can also be used as additive materials for the

i nvention. Exanples of these materials include Triton X- 100 and Triton
N-101. 20 A useful material for use as an additive material in the
conpositions of the invention are terti &% butyl phenol ol igoners. Such
materials tend to be relatively |ow wei ght aromatic phenolic
resins. Such resins are phenolic polyns yrepared by enzymatic oxidative
coupling. The absence of nethyl ene brid esult in unique chem cal and

materials. These materials are generally exenplified by the foll ow ng
structural '

OH

wherein n is 2 to 20. Examples of these phenolic materials include Enzo-BPA,
Enzo-BPA/phenol, 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 significant advantage of improved performance (improved efficiency



formul as which are characterized by phenolic materials in a repeating notif
In the absence of nethylene bridge groups having phenolic and aromatic
groups. W®O022@B6WL30 PCT/ US01/ 26045 21 CH n H3C CH3 OH PCHUSOW/ZGHS o n O
5 OH wherein nis 2 to 20. Exanples of these phenolic materials include

Enzo- BPA, Enzao- BPA/ nol y4e) r rel.ated enol i cs
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be under st oodgrhgtityan extrenely vvi de variety of fibrous filter media 10
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and/ or reduced pressure drop) due to their di anet er e exhibiting
greater dur a@arﬁetfgbrow media end moad lﬂdnls@frﬂnﬁt ﬁbﬁm isgecunedito hetsubstrate. pr es ent

i nvention i n\chlgr 518 f'tﬁ é er eec nea be coarse 1fcl brOUSéJB%Q

substrate havi'® s ]&?f r S5 O G i REPFP B el “Hedi ais
secured to thgvid f’ﬁi axﬁewgfeaﬁ@na& dfhﬂehstrl@tmicmftypfcanﬁmﬁaa@lafeeablﬁa@m @2
fibrous nedia and a second layer of fine fiber is secured to the substrate.

Preferably therifyie3Q Iamnsoﬁlﬁéﬁ’rﬁ@aﬂlbﬂ?@éﬁﬁ%@dﬁp‘fﬂn@d@’%ﬂf BergRbleonpri ses
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second | ayer shoup2o0rgahisaneter’, preferably about 0.50 to 150 g/m and most preferably at

least 8 g/m®. Preferably the first layer of permeable coarse fibrous media is at least
0.0005 inch (12 microns) thick, and typically and preferably is about 0.001 to 0.030
inch (25-800 microns) thick. |

15 In preferred 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 otherwise specified, reference is meant to

20 - efficiency when measured according to ASTM-1215-89, with 0.78p 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 is no greater than about 30 microns, more preferably 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



10 coarse fibrous material conprises a nedia having a basis weight of no
greater than about 200 grans/neter2, preferably about 0.50 to 150 g/ ng,
and nost woef/anably at |east 8 g/n2. Preferably the firspPCT/ager2604s

per meabl e coarse fibrous nedia is at Iea 0. 0005 inch (12 mcrons) thick,
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According to the present invention, methods are provided 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
provide relatively long life in relatively efficient systems, to advantage.

Various filter designs are shown in patents disclosing 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 generally cylindrical filter element design, the filter element being sealed by a
relatively soft, rubber-like end cap having a cylindrical, radially inwardly facing
surface. Kahlbaugh et al., U.S. Patent No. 5,082,476, disclose a filter design using a

30  depth media comprising a foam substrate with pleated cdmponents 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 filter into an

interior annular core and then returns to active use in the structure. Such filters are



In sonme applications, nedia according to the present invention may be used
in conjunction with other types of nedia, for exanple conventional nedia,
to inproveowwssal | filtering performance or lifetinme. ForPCEYampéess nedi a
according to 10 the present invention nayge I'am nated to conventional
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can be specifically configured and constructed to provide relatiyely |ong
life in rel at Thefiferunedia fwdéwtt@mlea@ézﬁwﬁtfag%at cg e the fipghb ‘He5| gns
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structure and structures used wt the iTter nat’erv’a

U. S. Patent Nestruofyréd@yiRg ﬁ,lteﬂelsmhms ¢had carachinddin fedinedésr gmucftmes af ﬂnel ter
assenbly haV|n y ica nment . desi the filter
el ement bei ng! é%tll%e]g‘%{{déo 'éaﬁ H‘gg{ Nﬂt 5 9% §'6§rSﬁ?WI@éi“§h‘a’Hg‘étﬁr havi ng a
cylindrical, gadinak WeﬂlﬂW?ﬁ‘&Jek’snf@B}Ipﬂlly%ﬂrhfa% largéhﬁﬁ%éﬁg tc?filtélJ dust ﬁ’blﬁ

Pat ent No. 5 082, 476, disclose a | ter design uSing a depth nedi a
conprising a amamsmmaftmocmmng pM@akmcbe(g@mweatsgmﬁmbidmdlq&dumant he
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Liquid is enpipi Agek usiigthé Derltdr ibgpn housi ng, passes through the exterior
of the filter into an interior annular core and then returns to active use

in the structure. Shemefiaceebg aapbyevier otiroe 3EdRCTMEHIMaE0HeM Czﬂulhb‘@hl y
useful for fi hlt ﬁ%ﬁd&%#@(&r %H) s8f 1tn]a gﬁ; (ﬁl%%% ?lte oq“lusabfle ?Iul(gD %tn%% 18:

5,613,992, s |caI engi ne ai r tntak TR UE ure The
structure obt Badimvelght dﬂatbamt 45h£5 mvsnomaﬁz (849 ¢h?)ofor tl@nplous-H1dsH3000maY OF

MRy not %8nt AR ae’cﬂ}c{q?elzsg%?abrg%t 0. 005 O 015 in, for example about 0.010 in. (0.25 mm);
frazier permeability of about 20-25 ft/min, for example, about 22 ft/min (6.7 m/min);
pore size of about 55-65 microns, for example, about 62 microns; wet tensile
strength of at least about 7 Ibs/in, for example, 8.5 Ibs./in (3.9 kg/in); burst strength
wet off of the machine 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 microns or less, and in some instances, submicron. A variety of
methods can be utilized for application of the fine fiber to the media, if it is desired
to use fine fiber. Some such approaches are characterized, for example, in U.S.
Patent 5,423,892, column 32, at lines 48-60. More specifically, 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 fiber typically would be applied until
the resulting media construction would have the individual test between 50 to 90%,
tested according to SAE I726C, using SAE fine dust, and an overall efficiency of
greater than 90%.



The air passes through the filter while the noisture can pass to the bottom
of the 5 housing and can drain fromthe housing. Gllinghamet al., US.

Pat ent NovO 052820, 646, disclose a Z filter structure thatPop®soizessseci fic
pleated filter design involving pI ugged fassages that require a fluid

streamto pass thr h at =r of filt. "Z" shaped
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invention. den et al at ent 853, 442, disclose a bag house
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of the inventjon rkho nt, No, 5,954 84 show a dust
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| oads to &ilt gswhkitehmldpeing ¥ 1R flutsd & ABRrhirethe Rp AERASotai, \WRCkK Bitee e
generates a significant dust load in an 15 environnmental air. Lastly

G I lingham Uc@strietisingaredeserhednn U.d Batag dpplivationdicsisl No. 05%4639,230, h@félﬁ usi ng
the Z filter deS| dla ti medi a
made from cel "GP Patedtt'of eg%erglhcg 3‘? Fﬁ g’éq?ét%gssatbgﬁt nfél?effa S. I E&eaI}(Sgrrpl e of
usabl e cel | ul asEmaRdh@uteds ddclobabingU. BEP Gt AquhahtumtSeﬁﬁ}E’é. 09871,58M0 ft2
(84.7 g/m, for exanple, 48-54 | bs./3000 20 ft2; a thickness of about

0. 005- 0. 015 i RereingpeERAIMSASYABEEANCe. 010 in. (0.25 my): frazier

per meabi ljjty of about 20-25 ft/mn, for exanple, about 22 ft/mn (6.7
mmn); pore size of about 55-65 m'crons, for exanpl e, about 62 m crons;
wet tensile strength of at mmledalbauhpﬁohbstlierDrdvﬁngsaxarrpl e, 85 1Ibs./in

(3.9 kg/in); burst stren th t off of the_ machine ﬁqi about 15-25 psi, for
exanpl e, about 23 B&gueh ¥§9‘3¥F§§°reﬂ§%§‘3@t§u%9f?}‘ﬂ’8§@eﬂ% a2 ComPHRE R at ed with

fine fiber, for. axael Srcithye mgimaf@aeﬁ sahaﬁres(mfm &Lﬁeﬁsa‘s m crons or

| ess, and in sone | nstances, mcron. A variety of ods can be
utilized for epphec# fidier m’rtrtdge Thisefilfer pex cytlindtited cmmhlg; madle ofta pleatetbsi r ed

to usefl e fi such approaches are c rac for exanple, in
patlant | BABHCJOBeAINY AORBC TPy RSk SORS OF RGHES CHBLTRIBAI 1. such

rret hOdS are 3%@1?&1@ e diltePisldbout 673 BMlin Neght a%rd&%%u% m#h 19 Bardétér with

3,841, 953; an 849,241, incorporated herein by reference. Enough fine

fiber typical mpdmmlﬂad;s Cl!feftbaptrﬂll wih. ubhis commiesial &idter, havigg meding ftbends r uct i on

woul d have the indiy]dua est .bet ween 90% ted ac i n 0 SAE
19560, ot ng P rde gt kg SERCHES it yrodpyer oF nk BBbFoh ERESERR D 500,
WO 02/ 20130 PEELKEE16 Shicturdhaving a layer of fine fiber on both sides of a substrate

20  material. The single sided and double sided layers were constructed similarly to

show that a single layer of fine fiber provides a level of filtering efficiency, while a
dual layer provides substantially improved filter efficiency. Causing the mobile
media to pass through two fine fiber layers, in effect, substantially improves overall
filter efficiency. The substrate layer (no fine fiber) showed in the figure has, in

25  virtually all cases, substantially poorer efficiency than either the single or double
sided fine fiber layers. The single-sided structure shows a good level of efficiency.
The double-sided structure shows the maximum efficiency. 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 efficiency in the filter structure. In this test, the double-sided structure is better than
the single sided material by 5 to 10% depending on size. In this test, adding another
single layer of fine fiber to the double layer structure could add another 2 to 5%
efficiency to a filter with the structure including layers of fiber. By adding another
double-layered structure to the tested double layer structure (i.e. four layers of fine



Exanpl e of usable filter constructions are described in U. S. Pat. No.

5, 820, 646, which patent is incorporated by reference herein. In another
exanpl e wveobzzlitaent the fluted construction (not shown) iPCTUdER6v4per ed
flutes. By "tapered,” it is nmeant that %e flutes enlarge along their

| ength such that the 5 downstream opening.of the flu I s larger than the

upst r eam openaﬁ‘ﬁ) ﬁ@ﬁ@%“ﬂ“ﬁ@“@h@ﬂ%ﬁ %gﬁgn%h@%&i@?)gl@e dﬁ@?j’% Pat ent

Application b . 08/ 639, 220, herein incorporated by reference in its
i8le s12€.

entirety. Details about fine fiber and its materials and manufacture is
di sclosed in U S. Fgued displays cperatoomalSiat of a Iege, DEhnins.ass turhime gioyyer

I ncorporated by referepce. 10 Detailed Description of the Drawn Figure 1
is a graphic ?%prs@?ﬁ ﬁ%%ﬁ&%‘?s %Q?)\g?ricmc%pvacﬁrgmcao%atﬁ%%e Tige'e (gl\%/peutt al |
filter efkicigafyanightdfidend)i idgs Sidbd fhé HBrUARS filthr bf ths invehfisiewlee is a.
commercial filter cartridge.” This filter is a cylindrical cartridge nade of

a pleated 15 sunpareditoe filterrhasingromhy eonyeortidnalibites spbsiraigsy ks qanbeiseeron the eat ed

cellul ose and. synthetic.. Th Llter is_about 5 .1 hej ght bout
395 mm i d afEEbrou e erindrsd ke pir Bl e U el ioia] Sl 200eE
filter, havi ngpily Sichgichhtb &lhe posver kReRAIUE G Hepradasion Oif Chestutiab sdrfonmbmee W t h
one layer of fine fiber on a substrate and to a doubl e-sided structure
havi ng a | ayefuedp cppigminatioarof ghe yetipe blpdpsdygpaterial passingtheoush thefikes ard  The

si ngl e si;ded - j gj@? r r Lo how
that a silﬂgl esllﬂg%lgg ld?hﬁfbﬁ) e ?L{%%ﬁp?g\\??%lggﬁg{éﬁggﬁé gﬁe@?ﬁrégé‘%leg?%i ency,
whil e a dual 2%geever frse vivelespaioddictnden 80l ayid iSays/ €Lhef pdwee lossfid suchency .
Causing the nobile, nedia to pass throi.lg?twofi e fiber layers, in effect,
subst ant i al | y2hnkspiRnds asiearfagant opsratiqual Fventageio 901??’%“%‘&18@%? gEEUIRr (no

fine fiber) shawed. ]lti? i T Bhi 129 oBRinel bl YRddsWrifd theGRFEP tof
substanti al | proo%girl&g#l ?:tlzlﬂénéy t Egﬁtag'ila'?ﬁer llqt\éheglm ns eﬁéor eg)gubl e()autpgioded
fine fiber | atwer&lentidabside-bytsidesgad dutbsierengines, ens ithshacguoetidmy lterpbne

efficiengy. The daubl e-sided structure shows the maxi numefficiency. In
this way,cl%t hewftﬁlﬂ?egl?lghsg%é?qcﬁgse e’éﬁ%erbe engi neered to have any arbitrary

llevel of filter effiggiENehbovdla scbbPHAtaligBHodsWaLRY thEBh@edsBYEpestlire fiope fi ber
that provide additive increases in overall 30 efficiency In the filter

structure. | nwhen garicas singichgnaibdy|layess anetisubsiraie areraxposeddetatreineraheih  t he
S0 1 0 T e e 1 FRAAMSBERY R B Pl o e
another 2 to fih pRikingitBOSdret fh e ffink FiBEr Midrh AlsiBe péres GiteU1Red] fhe lprdtkig | ayers
of fiber. By addi ng another
20 ~ drop tends to increase. This data shows that a relatively low efficiency fine fiber
layer (for example, a 45% efficient fine fiber layer) has little tendency to increase in
pressure drop while an increased efficiency fine fiber layer (e.g. 60% efficiency)
does substantially increase pressure drop. This data shows that, depending on the
tendency of the filter media fluid to plug the fine fiber, reduced efficiency can
25 substantially increase lifetime. This data, taken with the data of Figure 1, shows that
ganged fine fiber layers can provide increased efficiency (additively greater than
90%) while maintaining the low pressure drop increase of low efficiency layers.
This is particularly strongly shown by the very rapid increase in the 90% efficient
layer which, upon initiation of the mineral oil loading, obtains an unacceptably high
30  pressure drop within a very few minutes of test initiation. Since many filtration
structures are made having a designed overall efficiency of 90% or greater, the use
of a single high efficient fine fiber layer can cause significant operating problems
while an overall 90% efficiency layer can be obtained by using two or more fine

fiber layers having substantially reduced efficiency while still avoiding the high



doubl e-l ayered structure to the tested double layer structure (i.e. four
| ayers of fine WD 02/20130 PCT/ US01/ 26045 26 fiber) the test would

addi ti velwobmemease efficiency by 3 to 10% dependi ng on PaErwsel/mo4s ze.

Fi gure 2 displays oper ational data of a lgrge, high output, gas turbine

power system The fiqure sh urve derived fr t ur bi ne
engi ne out put? TeRSUTE f10) g atﬁ“@im%ﬁ’?‘i &%\gﬁ?ﬁ} ilffefiae of Hléﬁeaf‘?d?\@e?sf]%éﬁoﬁ’ F3r
filter of thedbl{bvr%)nlbh&lﬁg‘tﬁbeﬂtéi%&?ﬂh@?eclt@d Qerf)édlé eThd'R¥ B @RlcicE RspMSilsi onal
filter substrates.” As can be seen in the igure, over a period of 80 days,

the power | osaSTdI-1RAES-§asvithunbiospersgioryd mewrméystmm bikex reiripiésfat @lnt . The
power | oss |sft ue tg d[gradatlon of the turbine performance due to
cont ami nat i on" OFE€r bi ne bl ades by material passing through the filter,

and 10 pl yggi ng of Figueestyaries Eérﬁéﬂsﬁrﬁt@%lmffd?%fﬁdl&i&y?rédsﬁﬂe%&ﬁ’teﬁﬂéiﬁlefs' ber
| ayer shows |ess than 2% power |oss over a period between 60 and 80 days.

The power | os¥Whemthesemctres aspprnosed fogrparticulate puphi asicedaon biskoabAE e
advant age to Etﬂ 8195‘13: aﬁﬁ (200 Qlchtd! ar@&ﬁ%é iéfc%trﬂﬁned%\ﬁ?@ Igeferﬁec{ll\’;\‘gh{} e %tgtlfl on.

This data was 0Bt ai ne by rreasur ower outpu i‘cal

si de- by-si de gﬁ‘ﬁcﬁlhlﬂ' Bhove tlemgterwﬂnmrwnﬂnérbn dlhtb thepueivtliarah chisktadiery one 15
with the high efficiency fine fiber filter. ure 3 showos a set of data
denonst r at i ngrAPHEPTEHEFCEISERPT HEHEB.IFING aerp@fyed nea (#5608 %ssthgiert) fayee fi ber

layers onga SHRSLY @tE.a1E %a??tg?@%fjs p{? erfll @Eﬁ es 84 be ngfn? S0a wike @E% hf‘e"e
that the mneral ol I cont a er an ornms an

pl uggi ng the popesanbarédmeed.i The testtferhteameror 1r&$easmpm@smd@p®va‘sldbhebly the
pressure 20 drop. tends. to jncrease. This data shows that a relatjyely | ow
efficiency fi loalling s fsﬂttra%t thergericd pgropele, %B Oépfﬁceﬁn@x Do yias AT

layer) has "iilsesé%ﬂﬂ%&%di elsB B 7R 2B 013@ éﬁé&%ﬁ% g{a AR 1M b6 rdfinl NCr eased

efficiency fine fiber layer (e.g. 60%efficC ncy s substantially
i ncrease presselo@tydrop. This data shows that dependi ng on the tendency of

the filt media fluid | ug t.h fi ber redu ffici C

subst ant elél ly incr lﬁéleeéoltchf dea%ﬁ?é“ argv Qf&k%ﬁ t?eﬂ&i:afﬁ’alg%fs“%agur e
1, shows that fingapgest thd ﬁﬁeﬁtid?lerlnh?i’g(ﬁéé tﬁ@&otﬂﬂé’lﬁ'y@t%d'ﬂ%f 6R2bn8h¢ | Ci ency
(additively greater than 90 e mEintaining the |ow pressure drop

increase of |eWwsedtbicdiieadgyer Sturel' isishowis Bhe ﬁneﬁbarlaxersﬁl cﬁﬁgllr@/ shown by
L7, Y, iR S5 ot U5 SPRGTLI s T e PPl L S0
wi thin a veryadieyedintibiasy @f the estistraicBilédvir@no sobBeatisRpYceictwdeatthe®n
20  layers.
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  feeder and 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 combined 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:

o Substrate layer -- a wetlaid cellulose grade



structures are made having a designed overall efficiency of 90% or greater,
the use of a single high efficient fine fiber |ayer can cause significant
operati ngv@ooiiens while an overall 90% efficiency | ayer PCEUS@IE60t5% ai ned
by using two or nore fine fiber |ayers E ving substantially reduced
efficiency while still avoiding the high 02/ 20130 PCT/ US01/ 26045 27
pressure dr op® oSubstsitelpiyer, | stdaid calldosiegrade wiith 60Pe effieteney hivieg eresker
pressure drop vv?% 1done by loading the filter with the recited aerosols.
The test for ef fI°& 3?(8'&/ used was ASTM 1215-89 wi th nonodi sperse 0.78

m cron pol ystyr gngrh@tiesrierRhéy 61 8% 8h Rébay §drith Rrithedn@GayeY of Bindfilg#r es 4 and
5 denonstrate simlar efficiency pressure drop tendencies when the

structures are &Flpwseth efficengact §05hbaReema scras withrdvedaysk af finofib&GAE fi ne
silica dust and en such a particulate is conbined wiith m.peral oil. These
Gata in Sparti B mitsridaenRet 40 oRRaPmRYSETER SR 4% P Tibee

particul ate can cause a very rapid pressure increase. Again, using a

reduced efficiency (45-60% efficient) layer 10 in two or nore separate
| ayers, overall efficiencies can be Hxiperimieméal whil e pressure drop can be

reduced. The test for lifetinme or jncreased pressure. dro s done by

| oadi ng the filter™ e et et F?l?eddlcg?ﬁ%ggr_flg&trﬁ etﬁflt:tg? u?eg?f@f) fs?%ﬁragﬁcy used
was ASTM  121HnB88baM1ayerdON e dilsRefSech 1a§8r RAVEROR rddRLBERAS), katl@%eparti cl es
at 20 ft/mn velocity. 15 Figure 6 shows an 1dealized side view of the

struct ur 060 emhinesd Waubducesn daerall effintericy Igeatefthanibe eficisnciesaf then Fi gure 6,

< shown. - TheXprRt e herdisay dn @ beBrinRb 3 cfiupur Pl o ABY RS, "L e
substrate 63.cohijRirdd o Subbiedte hayies & sibdle 192r oF fink ¥iBeiC Alteye stAdhigELrlere

intimately to the substrate 63 | eavi n%wno substanti al space between the 20
| ayers. The nfomenasgd i 4 thitd strugtprghavingityve dayiersef fing fier subsissipy Snylanta ty of

0.855 and a ' ' ' . r ack was
made by cagorhe SEELRYertl ok SRELL B G hor e, Tnic PGS SRR 20
Tests weld pewhoproeeksediby Bwihding amthuavihding thedwt ldygr fitd\fibdrito dermotktatr bon

bl ack were fe usiﬂg a tr%y 25 fez,der and a .Jgpfane e/ | SO type

def | occul at o_rt. e pirshaniral stabilgy pf thy 1nF@J?%‘§i%° g fibeg iy gr ’é‘?’g%’lff‘czt@ih?g Fhe
oD oo RIS SISty 28 e i ARGl bl
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
be used. 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  at 20 ft/min velocity.
The following table shows the percent overall efficiency of the filter
structures. The tests were made by selecting a portion of the filter structure along
the width of the sheet like material. A sample was taken at positions 1, 2 and 3
which corresponded to 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

measurements appear to be within the experimental variation.



conbined with mneral oil, the oil was fed approximtely 2 inches
downstream from the dust inlet. For SAE fine conbined wwth mneral oil,

t he mass weez2aiaii o was 30 approxi nat el y 5 to 1 respecti vECYUSH@G045ar bon
bl ack conmbined with mneral oil, the % feed ratio was approximately 1
to 2 respectively. The test rredl a include Substrate layer -- a wetlaid
cel lul ose grade WD 02/20130 PCT/US01/ 26045 28 Substrate |ayer, wet laid
cellulosic grade with 60% efficiency hpyxpgpg pne fine fiber layer Filter
with efficiency of 45% on Reemay scrimmwth one |ayer of fine fiber

Filter with efficiency of 60% on Reemay scrimw th one layer of fine fiber
5 Filter withefficiency of 00%qg v_corim-with-one |l aver of i

{iber Exper| RENTARQDUGE e LSAMBL 1O 5 Percent (o) OVerdILEficienyp L (s e
of two separlate fine fiber Ihyers bn a slibstraté, eachl|layer Having a
reduced ef fi|chuhstgte Modiiberbe | 10 c®bi ned|[to protfuce an |overal PSeffici pncy
great er than| $ingledfadyecFiaaci es| of t188 separate fi8e fiber, layer89 In th|s

experinment, [@Fisebstrate having no fiber was conpared tq a substrate having

a single IayejbugrLar},bpplnggpg@f rnesggsTruciures vgy € corpared g a thi rd
structure hd"RéWgﬁn"(‘l‘D@ﬁiﬁy& of 1 B4 f Ut:l substagy Tatty st an7 to —th

si ngl e | ayer—et+—+t+ne—i+ber—oen—the—stnhngletayer—strueture—th-s—two—tayer
structure_15 was processed by rew ndi ng and unwi ndi ng the dual |ayer fine
fiber to Uenmonstrate the mechani cal stability of the fine fiber to typical
fine fiber layer npudagidyel SRR fibeP hOERS 8dEARSELTRASy inthasd ﬁa@rta,owere nmade
usi ng conventional processing techniques and were tested usin This is an
exanpl e of udslayers af §ueberaregevirarh abG%I5 ke 8bowi @8V neffigieni. nhefavis 20 | ayer

with 66% LEFS (.t ot al 8 the dd| o | aye f f.pne fiber
W th oo Lerdipiniuet OF Ind Bkt o S Bl 5 8ol dﬁl&ﬂ?te%@%.%fﬁm;@ o 5% up
to 80% can b@&ndaRshs séwa oosubBintits eeddicB6€ 6f the Beerhil REAci@icy iof iRMleron t he
downstream side of the filter (since we would have |ess plugging to worry
about). e t¥BICUE®r efficiency used was ASTM 1215-89 with nonodi sperse
0.78 mcron polystyrene |latex particles 25 at 20 ft/mn velocity. The
follow ng table shows the percent overall efficiency of the filter
structures. The t eFhsabure eperiiitatiby, exeinplet iand data peovidencahpltedefdription

structure al on
otg[he manufacture and use of the composition 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.



the wwdth of the sheet like material. A sanple was taken at positions 1, 2
and 3 which corresponded to the center of the web (position 2) and a

sanpl e t aken2/zdieser 30 to the edge of the web (positions RCEONE01RG045The
substrate without fine fiber showed an eral |l efficiency regardl ess of
sanpl e positiggt at s about 65% The single Ilayer of fine fiber had an
efficiency th *fromabout 86 to about 89% these neasurenents
appear to be within the experinental variation. WO 02/20130 PCT/ US01/ 26045
29 TABLE 1 TEST PRODUCT SAMPLE POSI TION - Percent (% Overall Efficiency 1
2 3 Substrate (NolFibeAfiggitesfiBer 18ediglcemptisiog aFheet-1i86 filjer 8dstreshe Dual

Layer Fine Fiher, 96.95 98 wound Dual .Layer 94 97. 5 The dual .l ayer of
Fine 11 ber hadlR iRE 4 LSRR ERLA Sy oP ST ieo i SO STR{EFe iy s 408 { e
fiber range fgamcabihcoRprishgaliaydr cT8He &hbi Kdvait a didReteP¥LaRIuk 0.081 ké gisency
of the fine fiber layers that are rewound to duplicate manufacturin

condi ti ons showsans,hedayss haying althicksense of Isps than f aicions g finefiberdp inof -t he

filter 10 structure. .Jhe above.specifi ion, ex I t rovi de a
corp! et e deschl BPb B <rErNens SHEASE I EAeR o SRR R AR D of “Cne
invention. Simeaodisgtyse ETOMLro®PoIFst9fent Mex ﬁafﬁﬂbé RO iR @eldBiEofleshout
departing fromthe spirit and 15 scope_of the invention, the invention

resi des in ththasPAvnis 2nkees lexet e taeptimatciivenapr b eder tharPUsodnbotoss 30
VE CLAIM 1. i ther filter nmedia conprising a sheet-like filter
substrate, th@yéﬂssﬁglgyrﬁg'vi ng a first surface and a second surface, the
first surface and the second surface each conprising a |ayer of fine fiber
having a di ameter of about 0.001 to 0.5 _m_crons, the layer. havipg a

thi ckness of |ess than bhediisranedia phelaim hé"hﬂ%‘éfhefeé“g“r‘r@&}’iq{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 fiber
layer on a downstream surface is greater than the efficiency of the fine fiber layer on

an upstream surface.

4. The filter media of claim 1 wherein the sheet-like filter substrate has
a thickness of about 0.1 to 3 millimeters, the first surface and the second surface
each comprising a layer of fine fiber having a diameter of about 0.01 to 0.3 microns
the layer having a thickness of less than 3 microns, the fine fiber selected such that
after test exposure for a test 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.

5. The filter media of claim 1 wherein the fine fiber layer formed in an
amount effective, 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 substrate

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

6. The filter media of claim 1 wherein the fine fiber layer formed in an

amount effective, in each layer, to obtain an efficiency of less than 80% and in both



an anount effective to obtain an overall efficiency under ASTM 1215-89 with
nonodi sperse 0.78 mcron polystyrene |latex particles at 20 ft/mn velocity
of | ess woam®@e® in any one |ayer and to obtain an effi cPenvgoiafooLr eat er
than 90% i n both Iayers conbined. 2. The filter media of claim1 wherei n
the efficiency of the.fine fiber layer_an the first su

s djfferen
than the ef f1 BYeRegmBinct ReobieRcqusEnl qIESieReycr sroier ety A%50 e snbltaE T

filter medi a pfs 4lfidedey¥rab8itD PG folid gdegncy of the fine fiber layer on
a downstream surface is greater than the efficiency of the fine fiber |ayer

on an upstream surface. 4. The filter rredla of cIa|m1 whereln t he

h -like fil b h Kk
Tho first surface and 6 CKBORERIEar FALT SRR KB LA GO PIpR e T ne

fiber having am@i¥Ek&ivedin LR Wyef) t&ébthm&&ﬁabmmboﬁmf% 2Y83% hading a
t hi ckness of less than 3 mcrons, the fine fiber selected such that after

t est exposur ebqstbrlayarStC@mblmtp@@t%m anl gvesgllieiiciegcy ebgreatenthan 08Wsandftha 40F ai r
and a relati ve fsgé{?:h Mef%{gw%%é%é gg@éﬂgﬁqﬁ%@ Orthan 50% of the fiber

unchanged for® t Oh media of claim1l wherein
the fine fiber layer forned in an anount effective, in each |layer, to
obtain an efficiency of less than 85% and in both |ayers conbined to

obtain an overal | &ffictenglergnedjp ebelaim { phsregpthefing fibee laygn®rmed & athas an
ff f 0 0
\i/nelr g: ﬁntcﬁeo ‘ ?lﬁé\ﬂ#ﬂteg@ctrﬁ’e;&e%gg ‘I'aﬁr go/ bbtin ahdikd Jf 9!.'49)/0@0 /a'aﬁr&?{l | ayer

I'nN"an anoun ectlve In eac
to obtain an bcﬁthﬂ@esmomb@fﬁedl tebtdilnamoBRa effidichoy bf)gfeaﬂéﬂlﬁﬁbﬂ%]ﬁﬁ the
PCT/ US01/ 26045, 31 | ayers_conbin tain an overall efficiency of
greater than @Mﬁﬁaa%%eféawgw F%OUH%%P 493 PRT%ency of about 20%to about
80% 7. The filter nmedia of claiml wherein the fine fiber layer fornmed in
an anount effective, in each layer, to obtain an efficiency of about 40%
to 85%and in both IayTEhesﬁttm‘rrhédiazdf d:laino&mdﬂereiraﬂnedimrﬁiiet laykf formedtyanof

greater than 65% and. t he . sub an effli nc of ..abo %t o_about
80% 8. The fRPPRY ﬁ%%ﬁ"&ﬂ’fea&ﬁi% Shtgincan pver afficignoy %Fssltg%fs%ﬂ?%d in

tan SSgDunEj ef fnesdih MGersicBrBafel th @mfn aﬁéfﬁéﬁl%@' OF bt & tha 8GACdQEtafliOUt 40%
(0} oand in

greater than 30% of the fiber unchanged for filtration purposes.

10.  The filter media of claim 1 wherein the fine fiber forming an
interlbcking mesh of fiber having on the average a pore size between fibers in the
web of less than about 3 microns; wherein the substrate 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 ft/min.

11. 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) placing a filter structure in an air stream; and

(b) directing the air stream through the filter structure while monitoring the
useful life of the filter structure; said filter structure comprising a fine fiber filter
media and sheet-like filter substrate, the sheet having a first surface and a second
surface, the first surface and the second surface each comprising a layer of fine fiber
having a diameter of about 0.001 to 0.5 microns the layer having a thickness of less

than 5 microns, the fine fiber layer formed in an amount effective to obtain an



both | ayers conbined to obtain an overall efficiency of greater than 65%
and the substrate has an efficiency of about 20%to about 80% 9. The
filter neddaxofidecl aim4 wherein the fine fiber |ayer fornedr/UR0ZRs45amount
effective, in each layer, to obtain an o Erall efficiency of |less than 75%
and in both layers combined to obtain anm“efficiency of greater than 80%
and retains gffisioney urdes A0 191 5188 avith papodisperes &g%‘iyjmf%en Polystyrens ktex

pur poses. 10. i i j i j i orm ng an
i nterl ocking %%rgﬁe%?ﬂ%ﬁ/ggﬁ g}gg)f%ogiﬁg%tﬁé&%%?%gﬁ 31&%%#61]@?2%5 e{nv\%len fibers
in the web otffickasy bhgreatebthah 98%inbothnayerwba@nkinad.t he substrate has an
efficiency greater than the efficiency of a single sided nedia and has a
lifetime, defined as an increase in pressure drop over the filter of about
3 inches H2O at tegy .COTEéHe%ﬁ dFclaifl lfltvéHHé?nthje.]Bfﬁfie $¥afle Bhe FIBEANRY @
particulate froman air borne stream the particulate conprising a liquid
particul at e, en telfirst gpafiate sulifierentthamthe effiogency lof thediine filee layeeorhthe

conpri ses: (ag Blgci ?ag a filter structure in an air stream and (b)
directing t heS&PRe $¥+%&E8m t hrough the filter structure while nonitoring the
useful life of the filter structure; said filter structure conprising a

fine fiber filter media and sheet-like filter substrate, the sheet having
a first surface antB.a s€bongthodwfthin 11 mierdin thotefEcicheoef thnting filkerdascond

surface eath conmprising a layer of fipe fiber. havi di.anmet er of about
5001 to 0.5 it ERBHES ST PisEF v Pk Cfieierld St BuCHTRAE ok £ ons.
the fine fibegpdd¥@rsuffRégred i n an anount effective to obtain an WO 02/20130
PCT/ U801/26045p 32 efficiency under ASTM 1215-89 with nonodi sperse 0.78

m cron pol ystyrene latex particles at 20 ft/mn velocity of |ess than 90%
in any one layer apg to I.n fk Gl f € %. 1 n both

| ayer s conbi ned. 1ngi Thgﬁgeh}%khggaogfc laﬁlé?%}%geq%h%rsg?‘%q?{?gﬁge%P@Fé%(%é (Q)f t he

fine fiber | ajfidknesyoflabeutf0.05to &S kfikieetdrs thk fifsesi@fice ahd thetsaeordfshtfaceency of
the fine fiber |ayer on the second surface. 13. The nethod of claim 11
wherei n the efachepepeyingfa sepaateilaer pf fag fibenpaying grligmefsiplsabosahdLin9-dce i s

durace. 14, TRERREELRN L MIGGEE N M5 LA Belhe MRPRACRT, (i

has a such that after test exposure for a test 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 formed in an
amount effective to obtain an efficiency of less than 85% in any one layer and to

obtain an efficiency of greater than 90% in both layers combined.

16.  The method of claim 11 wherein the fine fiber layer formed in an
amount effective to obtain an efficiency of less than 80% in any one layer and to

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

17. The method of claim 11 wherein the fine fiber layer formed in an
amount effective, in each layer, to obtain an efficiency of about 40% to 85% and in
both layers combined to obtain an overall efficiency of greater than 65% and the

substrate has an efficiency of about 20% to about 80%.



t hi ckness of about 0.01 to 0.5 mlIlinmeters, the first surface and the
second surface each conprising a separate |ayer of fine fiber having a

di anet er vo® 0akwoed 0.01 to 0.3 mcrons the |ayer having arehiuskessss of | ess
than 3 mcrons, the fine fiber selected 3guch that after test exposure for
a test period of 16 hours to test conditiions of 140F air and a_ relative
humi dity of 100% r E8-ai n$heymethod of elaim 15 mdacesin theelins fer layse foangd i arf or

filtration puLpQSESsredtve, HGIEHAOY ftaf! AlMibinWNSTBhE 008 o 403E ahd BT

| ayer formed n an anoun rve obtarn an eftrciency of less than
85% i n any onieoth &yyers cntbiheal toebtan in everd! éfficienay yf glatgr thah 656%tdndnth®0% i n

both layers conbi ned. 16. The nmethod of claim wherein the fine fiber
| ayer forned #L&bsféﬁe%amﬁfiﬁ@n%ef%%t%Q%é%éﬂeﬂ%%é%- efficiency of |ess than
80% in any one layer and to obtain an efficiency of greater than 85%in

both | ayers conbined. 17. The nethod of claim 11 wherein the fine fiber
| ayer formed in anl9.anpTh¢ mefHodof chamm 11 whesstt tHeafyrer fiber tayebfomned anan

efficiency of about 40%to 85%and..in both |ayers conmbined to ohtain an
overal | effi ciTBoRG} erFCtb‘%eetatogFa“% %‘#%@%Ya?lﬁe?shtgzn 2%%?‘%}{ an %ere?ﬁgi‘? ficiency

of _about - 20% g AR ANy MRk 0L PETLEAL.ARTincdS 18. The method of

1
claim 1l wherein the fine'fiber layer forned in an anount effective, in
each layer, to obtain an efficiency of about 40%to 80% and in both |ayers

conbi ned to obtain,an oyer al fficien of .great er..t han 65% and t he

substrate has an e%@i ciXﬁ%?ehﬁoﬁé’%{%ﬂmég&(')hteﬁeuggjc?ﬁneg&% ?%‘gl.mgrﬂje met hod of
claim 11 whergidilockipginhddf offﬁB@frhalvﬁagefn th® hveRaled Np@ko siz8 Betken FbERGA thee t O
obtain an efficiency of less than 75%in any one |ayer and to obtain an

ef ficiency ofweh ebless them gbow Gomicronsovhereingles Sliergnesdinbes ampgficivrey greathiod of

claim1l whergin.the-fine fiber .formng.an _.inter. Ki sh_of fiher
havi ng on thet%%g}eaeggmgnﬁ'o flea Séli@%%gg(} ng]ﬁ‘ aflld 3% gilkegﬁq%ggﬁ&v@lf 58 lﬁlcéésaggt han
about 3 m cr oiSresshiRy &b oVérahd filtéradf abdianttas BO fftést coRtons@reatigmin. t han

the efficiency of a single sided nedia and has a lifetinme, defined as an
increase in pressure drop over the filter of about 3 inches H20 at test

condi ti ons of 10 3 ny 216 BRLAFS oHorchh feBaldoutlAEEGh 408 AR LI Cul at e
conprises a solid particulate, a liquid particulate or mXxtures thereof.
22. The net hoghrtidulateaa haild pattienaterorniietupesrthereof. at e conpri ses resi dual

22.  The method of claim 21 wherein the particulate comprises residual

components of combustion.

23.  The method of claim 21 wherein the particulate comprises a fatty oil,

a fatty acid or mixtures thereof,

24.  The method of claim 21 wherein the particulate comprises soot, a grit

or mixtures.thereof.

25. A filter structure comprising one or more sheet like filter substrate
and three or more layers of fine fiber, each sheet like substrate having a first surface
and a second surface, the surfaces comprising three or more layers of the fine fiber
on the substrate, each layer comprising fine fiber having a diameter of about 0.01 to
0.5 micron, each layer having a thickness of less than 5 microns, the fine fiber
formed in the amount effective to obtain an efficiency under ASTM-1215-89 with

monodisperse 0.78 micron polystyrene latex particles at 20 fi/min velocity of less



conponents of conbustion. 23. The nethod of claim 21 wherein the

particul ate conprises a fatty oil, a fatty acid or m xtures thereof. 24.
The net howo of2@B@i m 21 wherein the particul ate conprises BODUSOZR6G45 t  Or
m xtures thereof. 25. Afilter structure orrpr|S| ng one or nore sheet |ike

filter substr nd t hree, or ers of each s t. i ke
s:Jbst ratg havﬁ?‘ﬁﬁ %’Pr@f’ ong laygran tﬁﬁba./f‘ %‘b‘é%f*ﬁ%} ¥6383é°{$rﬁ%ters€‘f‘? g@%‘s‘n |

conpri sing thﬂh@qa}ggs bosndpyers of the fine fiber on the substrate, each
| ayer conprising fine fiber having a dianeter of about 0.01 to 0.5 mcron,
each layer having a thickness of less than 5 microns, the fine fiber

f dinth t t f f de 1215- 89
W th monodi sper se3. 7o it bgishr GLHBrbAL whGieu i ERfelerdy o ine B e v
vel ocity of |gpger &Qh@%A&Qmel?mffégm}%ﬁ%éeff%nwaﬂthe@ﬁ{«elﬁrbelallayemlethé ayer

and to obtain an overall efficiency of greater than 90%in the |ayers
conbi ned. 26.setped surfacer medi a of claim 25 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. 27. The filter nedia of claim

25 wherein the effrientle Afteranddidef élhipers whaneed therffideweshfigamfibstr f ace is
greater than the efficiency of a fine fiber |ayer on an _upstream surface.

28. The fil t eleyeren adewnsiiean siriace ip greater thandhe ﬁ@étenpy REa fine fiber laygs oy at e

has a thickn 0.0l to 3 milineters, any surface conprising a
| ayer of fi neﬁﬁgsgfeaﬁﬁgﬁ%g a dianeter of about 0.01 to 0.5 mcrons the

| ayer having a thickness of | ess than 3 mcrons, the fine f| ber sel ected
such that after test ex e for a.test _period of 16 t

condi tions of 140F2%i r Aherikermaedie plelamn2s W prpipthe Shess 01151 ﬂi’sg%t@i“ﬁ%r

t han 50% of t I, [ ter
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of about O. 3 filber hawinlgl a dihetesof dbout MOkt 0. Bmﬁcrorredledayﬁr he‘#flag antlbkndseofi n t he
fine fiber er fornmed

in unt . ef f.ect.i a to obtain
an"of {1 ot encyleot traadneru BeGRaRRet siepistinuch geate? LS Bmeaietty 1t n an
overal I effi cheyadoral HuRab edst EQRANIHYT 140°F air and a relatlve humidity of 100%

retains greater than 50% of 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 the fine fiber layer formed in an
amount effective, 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%.

31.  The filter media of claim 25 wherein the fine fiber layer formed in an
amount effective, in each layer, to obtain an efficiency of less than 80% and in both

layers combined to obtain an overall efficiency of greater than 85%.

32.  The filter media of claim 25 wherein the fine fiber layer formed in an
amount effective, in each layer, to obtain an efficiency of about 40% to 85% and in
both layers combined to obtain an overall efficiency of greater than 65% and the

substrate has an efficiency of about 5% to about 80%.



31. The filter nedia of claim25 wherein the fine fiber layer forned in an
anount effective, in each layer, to obtain an efficiency of |ess than 80%
and in bovdo2tagers conbined to obtain an overall effici encyusél/go4sat er
than 85% 32. The filter nmedia of claim 233 wherein the fine fiber |ayer
formed in an anou ef i y of
about 40%to 85% ag%’ i nﬁ-ﬁ%%#%%%dl‘g?gag% ?ﬁ’z‘%f e%&tﬂegl?lg?fr?gra% %r\e/%%gﬁl L

ef ficiency of agoedtetiectieatn &5H/d@etj té betaincanbetficiaticy dfabowrn08f td 80% aad irof
about 5% to about 80% WD 02/20130 PCT/ USOl/26045 35 33. The filter nedia
of claim25 mh@thémr%wmwéwb@&anawa eldicipnay phetsater thanante adithetive, in

each | ayer, %% R gfpeﬁt{k eﬁ\fo\éupﬁo(ﬁ%?gou@gg/t 0 80%and in both |ayers

conbined to obtain an overa I ency o reat’er than 65% and the
substrate has an efficiency of about 20%to about 80% 34. The filter nedia

of claim 25 whereip, the e fiber yer ormed in_an unt eff ctive, in
each layer, to obt g‘i‘ ﬁﬁ%gg?rép‘?dl%f)# %é;whsqem thg ding Iﬁgﬁm‘%%%faﬁﬁe g ot h
| ayers combi ngg t‘?\}enmgéégﬁif%r%ﬁ't@ﬂ ir%n Bk t&ﬁm@ﬁb?bfqgs@thm% %@ITHS

greater than 30%of the fi anged for filtration purposes
filter medi a wfbath Eyers26mbineddo nbtahleaﬂefﬁeieﬁdybrfrgréammhang% anide@misocki ng

mesh of fiber havi t aygerage, a r.e ze between fibers in the web
of less than %gﬁ?{ﬁgmgﬁ%‘r%ﬁg‘?ﬁﬁﬂé&@ﬁ@?ﬁ@@ﬁ%@%@%ﬁ% an efficiency
greater than the efficiency of a single sided nedia and has a |ifetineg,

defined as an increase in pressure drop over the filter of about 3 inches
H20 at test conditddns ke filberfmgdid af claim 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 about 3 microns; wherein the substrate 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 ft/min.



