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The invention also relates to polymer materials can be manufactured with

improved environmental stability to heat, humidity, reactive materials and

25  mechanical stress. Such materials can be used in the formation of fine fiber such as
microfibers and nanofiber materials with improved stability and strength. As the
size of fiber is reduced the survivability of the materials is increasingly more of a
problem. Such fine fiber are useful in a variety of applications. In one application,
filter structures can be prepared using this fine fiber technology. The invention

30 relates to polymers, polymeric composition, fiber, filters, filter constructions, and
methods of filtering. Applications of the invention particularly concern filtering of
particles from fluid streams, for example from air streams and liquid (e.g. non-

aqueous and aqueous) streams. The techniques described concern structures having
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extends into the interior of the filter element. For example, U.S. Patent No.

4,218,227 discloses mounting a Venturi with the inlet of the Venturi element resting

20  on the side of the partition of the filter chamber opposite the filter element. U.S.
Patent No. 3,942,962 discloses a Venturi element with the Venturi inlet portion
extending into the interior of the filter element.

The invention relates to polymeric compositions with improved properties
that can be used in a variety of applications including the formation of fibers,

25  microfibers, nanofibers, fiber webs, fibrous mats, permeable structures such as
membranes, coatings or films. The polymeric materials of the invention are
compositions that have physical properties that permit the polymeric material, in a
variety of physical shapes or forms, to have resistance to the degradative effects of
humidity, heat, air flow, chemicals and mechanical stress or impact.

30 In making non-woven fine fiber filter media, a variety of materials have been
used including fiberglass, metal, ceramics and a wide range of polymeric
compositions. A variety of techniques have been used for the manufacture of small

diameter micro- and nanofibers. One method involves passing the material through
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20  arrangements have been developed for particulate removal. However, in general,

continued improvements are sought.

Summary of the Invention

Herein, general techniques for the design and application of air filter

arrangements are provided. The techniques include preferred filter media. In

25  general, the preferred media concern utilization, within an air filter, of barrier media,
typically pleated media, and fine fiber, to advantage. The filter media includes at
least a micro- or nanofiber web layer in combination with a substrate material in a
mechanically stable filter structure. These layers together provide excellent
filtering, high particle capture, efficiency at minimum flow restriction when a fluid

30  such as a gas or liquid passes through the filter media. The substrate can be
positioned in the fluid stream upstream, downstream or in an internal layer. A
variety of industries have directed substantial attention in recent years to the use of

filtration media for filtration, i.e. the removal of unwanted particles from a fluid
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20  fiber can form physical bonds between fibers to interlock the fiber mat into a

integrated layer. Such a material can then be fabricated into the desired filter format
such as cartridges, flat disks, canisters, panels, bags and pouches. Within such
structures, the media can be substantially pleated, rolled or otherwise positioned on
support structures.

25 The invention provides an improved polymeric material. This polymer has
improved physical and chemical stability. The polymer fine fiber (0.0001 to 10
microns, 0.005 to 5 microns or 0.01 to 0.5 microns) can be fashioned into useful
product formats. Nanofiber is a fiber with diameter less than 200 nanometer (about
0.2 micron). Microfiber is a fiber with diameter larger than 0.2 micron, but not

30 larger than 10 microns. This fine fiber can be made in the form of an improved
multi-layer microfiltration media structure. The fine fiber layers of the invention
comprise a random distribution of fine fibers which can be bonded to form an
interlocking net. Filtration performance is obtained largely as a result of the fine

fiber barrier to the passage of particulate. Structural properties of stiffness, strength,
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filter media of the invention usi ng the i nproved 20 polynmeric materials of
t he invent i onofhcndéniasling enmdiions.of hethpioy efifes and napfibenpérieimagehisgher
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structure of the filter materials provides an overall thinner nmedia

al | owi ng 2Gpr bolsterie araterialeef the mvgniien prevideea number of advantageous features
including higher efficiency, lower flow restriction, high durability (stress related or

environmentally related) in the presence of abrasive particulates and a smooth outer
surface free of loose fibers or fibrils. The overall structure of the filter materials
provides an overall thinner media alloWing improved media area per unit volume,

25  reduced velocity through the media, improved media efficiency and reduced flow
restrictions.

A preferred mode of the invention is a polymer blend comprising a first
polymer and a second, but different polymer (differing in polymer type, molecular
weight or physical property) that is conditioned or treated at elevated temperature.

30  The polymer blend can be reacted and formed into a single chemical specie or can
be 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
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Speci fi ¢ G aviNyorl PId&its Hanllbédk, MtiaKohas ed Mamser BytbidReryNewSY ork (1995)).
Reported physical properties of SVP 651 resin are:

20 -Property ASTM Method Units Typical Value
Specific Gravity D-792 - 1.08
Water Absorption D-570 % 2.5
(24 hr immersion)
Hardness D-240 Shore D 65
25 Melting Point DSC °C(°F) 154 (309)
Tensile Strength D-638 MPa (kpsi) 50 (7.3)
@ Yield
Elongation at Break D-638 % 350
Flexural Modulus D-790 MPa (kpsi) 180 (26)
30 Volume Resistivity D-257 ohm-cm 10"

A polyvinylalcohol having a hydrolysis degree of from 87 to 99.9+% can be
used in such polymer systems. These are preferably cross linked. And they are most
preferably crosslinked and combined with substantial quantities of the oleophobic

35  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
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absence of nethyl ene bridging groups. e poSitions of the hydroxyl 15 and
the tertiary budlyiingheahsemcanfbetiydertdridgingagotpso rlde pasitionsiof the hydnoyyl

sonding. PELvec RISl el ol ahuts BSc s el N nargtp "o
al cohol  sol ubbgwaemphenolic nuclei always occurs next to hydroxyl group, not randomly.
Similarly, the polymeric material can be combined with an alcohol soluble non-
linear polymerized resin formed from bis-phenol A. Such material is similar to the
tertiary butylphenol resin described above in that it is formed using oligomeric
20  bonds that directly connect aromatic ring to aromatic ring in the absence of any
bridging groups such as alkylene or methylene groups.

A particularly preferred material of the invention comprises a microfiber
material having a dimension of about 0.001 to 2 microns. The most preferred fiber
size range between 0.05 to 0.5 micron. Such fibers with the preferred size provide

25  excellent filter activity, ease of back pulse cleaning and other aspects. 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

30 stresses. In such a mode, the polymer material must stay attached to the substrate
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
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20  significant period of time. The immersion test can provide valuable information
regarding the ability of the fine fiber to survive hot humid conditions and to survive
the cleaning of the filter element in aqueous solutions that can contain substantial
proportions of strong cleaning surfactants and strong alkalinity materials.
Preferably, the fine fiber materials of the invention can survive immersion in hot
25  water while retaining at least 50% of the fine fiber formed on the surface of the
substrate. 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%.

30 Brief Description of the Drawings

FIGURE 1 depicts a typical electrostatic emitter driven apparatus for
production of the fine fibers of the invention.
FIGURE 2 shows the apparatus used to introduce fine fiber onto filter

substrate into the fine fiber forming technology shown in Figure 1.
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with additives forma single conponent material that does not "display
di st i ngui shabpeesent invention;

FIGURE 22 is a side elevation, partially broken away, view of another
embodiment of an air filtration system including filter elements and Venturi
20  elements, according to the present invention;
FIGURE 23 is a schematic, perspective view of a filter element usable in the
systems of Figures 21 and 22;
FIGURE 24 is a schematic, cross-sectional view of the filter element of
Figure 23, taken along the line 24-24 of Figure 23;
25 FIGURE 25 is an enlarged, schematic, cross-sectional view of the filter
element of Figures 23 and 24 sealed within the system shown in Figures 21 or 22;
FIGURE 26 is a partial cross-sectional view of an embodiment of a filter
element with a Venturi element mounted thereon, and usable in the system of Figure
22; and
30 FIGURE 27 is a plan view of a pulse jet cleaning system and a Venturi

element.
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engines, gas turbines and combustion furnaces, it is desirable to remove the
particulate material because particulate can cause substantial damage to the internal
workings to the various mechanisms involved. In other instances, production gases
or off gases from industrial processés or engines may contain particulate material

20  therein. Before such gases can be, or should be, discharged through various
downstream equipment to the atmosphere, it may be desirable to obtain a substantial
removal of particulate material from those streams.

A general understanding of some of the basic principles and problems of air
filter design can be understood by consideration of the following types of filter

25 media: surface loading media; and, depth media. Each of these types of media has
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.

30 The "lifetime" of a filter is typically defined according to a selected limiting
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
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20  cracking or physically deteriorate in the presence of sunlight, humidity, high
temperatures or other negative environmental effects. The invention relates to an
improved polymeric material that can maintain physical properties in the face of
incident electromagnetic radiation such as environmental light, heat, humidity and
other physical challenges.

25 Polymer materials that can be used in the polymeric compositions of the
invention include both addition polymer and condensation polymer materials such as
polyolefin, polyacetal, polyamide, polyester, cellulose ether and ester, polyalkylene
sulfide, polyarylene oxide, polysulfone, modified polysulfone polymers and
mixtures thereof. Preferred materials that fall within these generic classes include

30  polyethylene, polypropylene, poly(vinylchloride), polymethylmethacrylate (and
other acrylic resins), polystyrene, and copolymers thereof (including ABA type
block copolymers), poly(vinylidene fluoride), poly(vinylidene chloride),
polyvinylalcohol in various degrees of hydrolysis (87% to 99.5%) in crosslinked and
non-crosslinked forms. Preferred addition polymers tend to be glassy (a Tg greater
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20 Block copolymers are also useful in the process of this invention. With such
copolymers the choice of solvent swelling agent is important. The selected solvent
is such that both blocks were soluble in the solvent. One example is a ABA
(styrene-EP-styrene) or AB (styrene-EP) polymer in methylene chloride solvent. If
one component is not soluble in the solvent, it will form a gel. Examples of such

25  block copolymers are Kraton® type of styrene-b-butadiene and styrene-b-
hydrogenated butadiene(ethylene propylene), Pebax® type of e-caprolactam-b-
ethylene oxide, Sympatex® polyester-b-ethylene oxide and polyurethanes of
ethylene oxide and isocyanates.

Addition polymers like polyvinylidene fluoride, syndiotactic polystyrene,

30  copolymer of vinylidene fluoride and hexafluoropropylene, polyvinyl alcohol,
polyvinyl acetate, amorphous addition polymers, such as poly(acrylonitrile) and its
copolymers with acrylic acid and methacrylates, polystyrene, poly(vinyl chloride)
and its various copolymers, poly(methyl methacrylate) and its various copolymers,

can be solution spun with relative ease because they are soluble at low pressures and
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pol ypr opyl enebe blended with a low molecular weight, high impact polystyrene. A Nylon-6

20  material can be blended with a nylon copolymer such as a Nylon-6; 6,6; 6,10
copolymer. Further, a polyvinylalcohol having a low degree of hydrolysis such as a
87% hydrolyzed polyvinylalcohol can be blended with a fully or superhydrolyzed
polyvinylalcohol having a degree of hydrolysis between 98 and 99.9% and higher.
All of these materials in admixture can be crosslinked using appropriate crosslinking

25 mechanisms. Nylons can be crosslinked using crosslinking agents that are reactive
with the nitrogen atom in the amide linkage. Polyvinylalcohol materials can be
crosslinked using hydroxyl reactive materials such as monoaldehydes, such as
formaldehyde, ureas, melamine-formaldehyde resin and its analogues, boric acids
and other inorganic compounds. dialdehydes, diacids, urethanes, epoxies and other

30  known crosslinking agents. Crosslinking technology is a well known and
understood phenomenon in which a crosslinking reagent reacts and forms covalent
bonds between polymer chains to substantially improve molecular weight, chemical

resistance, overall strength and resistance to mechanical degradation.
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known cro ent King te a known and
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materials Canty%ﬁc%ﬂilfalp%?/gll%al%on%; gssocmtlon with the polymer while the strongly

hydrophobic or oleophobic group, as a result of the association of the additive with

20  the polymer, forms a protective surface layer that resides on the surface or becomes
alloyed with or mixed with the polymer surface layers. For 0.2-micron fiber with
10% additive level, the surface thickness is calculated to be around 50 A, if the
additive has migrated toward the surface. Migration is believed to occur due to the
incompatible nature of the oleophobic or hydrophobic groups in the bulk material.

25 A 50 A thickness appears to be reasonable thickness for protective coating. For
0.05-micron diameter fiber, 50 A thickness corresponds to 20% mass. For 2
microns thickness fiber, 50 A thickness corresponds to 2% mass. Preferably the
additive materials are used at an amount of about 2 to 25 wt.%. Oligomeric
additives that can be used in combination with the polymer materials of the

30  invention include oligomers having a molecular weight of about 500 to about 5000,
preferably about 500 to about 3000 including fluoro-chemicals, nonionic surfactants
and low molecular weight resins or oligomers. Fluoro-organic wetting agents useful
in this invention are organic molecules represented by the formula

R-G
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f1 uor o- chemi c%Pgl, ol%ﬁfgrﬁ oﬂ%pssﬁ?fgﬁaﬁg}'n&z% ﬂr?(’j e %ﬁ'g‘%rﬁ}l%?mé/\gﬂqéﬁ?h&esi ns or
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20 The anionic groups which are usable in the fluoro-organic wetting agents

employed in this invention include groups which by ionization can become radicals
of anions. The anionic groups may have formulas such as -COOM, -SOzM, -
0SOsM, |
-PO;HM, -OPO;M,, or -OPO;HM, where M is H, a metal ion, (NR'y)", or (SR'4)",
25  where each R' is independently H or substituted or unsubstituted C;-Cs alkyl.
Preferably M is Na™ or K*. The preferred anionic groups of the fluoro-organo
wetting agents used in this invention have the formula -COOM or -SO;M. Included
within the group of anionic fluoro-organic wetting agents are anionic polymeric
materials typically manufactured from ethylenically unsaturated carboxylic mono-
30  and diacid monomers having pendent fluorocarbon groups appended thereto. Such
materials include surfactants obtained from 3M Corporation known as FC-430 and
FC-431.



WO 02/20133 PCT/ USQOL/ 25111 15 wherein Rfis a fluoroaliphatic radical and G
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from ot heLO R2qarpuRs. Preferably, R2is Hor a Cl_16 alkyl group and X is
hal i de, ydroxi de, or bisulfate. 20 The anionic groups which are usable in
the fluoro-organic wetting agents enployed in this invention include

groups which by ionization can e i k‘;H ni.ons. The anionic
groups may have fornmul as sucﬁ(%@m% Z%I‘ﬁ -PO3HM - OPO3M2, or
-OPO3HM where Mis H, a netal ion, (NR14)+, or (SR14)+, 25 where each Rl

is independently H or substituted or unsubstituted C1-C6 alkyl. Preferably
Mis Na+ or Kwherfiren pyZfost argldnan0 m2@ groups of the fluoro-organo wetting

agents us in this nvyention have the fornul.a,- ro- M .l ncl uded
wPihi n thB gr oup oA TBRIGORAIE NG TEEdS g ayRinie TRt obaRaRt
pol yneric mey&ctiBéd féydXafipld i UTBNEdtantNGsed, 764,602 €1 164,603; sall younsat ur at ed

carboxylic nono 30 and diacid nononers having pendent fl uorocarbon groups
appended t her #069,18%c huchhamphdteriosfluareiongraicswetting rgentsinghdathnse ampbeteds

Corporati on kﬂ&c%cﬁesmiﬁg_s Zc]ige)’socn%Q(‘ij, for example, in U.S. Patent Nos. 2,764,602; 4,042,522;
4,009,158; 4,069,244; 4,090,967; 4,161,590 and 4,161,602. Such anionic fluoro-
20  organic wetting agents include those anionic fluorochemicals described, for
example, in U.S. Patent Nos. 2,803,656; 3,255,131; 3,450,755 and 4,090,967.
Examples of such materials are duPont Zonyl FSN and duPont Zonyl FSO
nonionic surfactants. Another aspect of additives that can be used in the polymers of
the invention include low molecular weight fluorocarbon acrylate materials such as

25  3M's Scotchgard material having the general structure:
CF3(CXy)q-acrylate

wherein X is -F or -CFs;andnis 1 to 7.

30 Further, nonionic hydrocarbon surfactants including lower alcohol
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.
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usable in the fluoro-organic wetting agent enployed in this invention
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3, 450, 755;@nd 4, 090, 967. Exanpl es of such materials are duPont Zonyl FSN
and duPont Zonyl FSO nonionic surfactants. Another. aspect of additives
that can be used in the pol yners of thed vention include | ow nol ecul ar
wei ght fluorocarbon acrylate materials s as 25 3M's Scotchgard materi al
havi ng the general structure: CF3(CXZ" ate wherein Xis -F or -CF3
and nis 1to 7. 30 Further, nonioniT carbon surfactants including
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17 A useful material for use as an additive material in the conpositions of
the invention are tertiary butyl phenol oligonmers. Such naterials tend to
be rel at iw@by201Bdw nol ecul ar wei ght aromati c phenolic resPOFUSEBMSHIIr esi NS
are phenolic polymers prepared by enzymafd ¢ oxidative coupling. The
absence of nethylene bridges result 5 in unique chem cal and physical
stability. These phenolic resins can be ddHsslinked wth various am nes
and epoxies and are conpatible with a varjety of polynmer naterials. These
materials are generally exenplified hy : ow ng structural fornul as
whi ch are characterized by phenolic ¢ S|in a repeating motif in the
absence of nethylene bridge groups havi phendl i ¢ and aromatic groups. 10
OHn H3C CH3 OH OH n WO 02/20133 PCT/USOL/ 25111 18 OHOn O OH

Enzo- BPA, Enzo- BPA/ phenol, Enzo- TBP, SN
were obtained from Enzynol Internatio @ ., Colunbus, Chio. 5 It should
be understood that an extrenely w de va~Nglty of fibrous filter nmedia exist
for different applications. The durabl e nanofibers and mcrofibers
described in this invention can be addedOHo any of the nedia. The fibers
described in this invention can also be used to substitute for fiber
conmponent s of wheefen &4 I ExmGlea ofghese pheriolie nsitgriuld inchidt Eady-BPAgge of
i nproved performance (i nmproved efficieEE% 10 and/ qor reduced pressune(?rop)
t

due to their ERe-BPa/eheadleEnzeuliBPe BashlCoitiand pthy setpted pherplighiverg gbtaine

from Enzymol International Inc., Columbus, Ohio.

and ot her rel ated phenolics

5 It should be understood that an extremely wide variety of fibrous filter media
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

10  and/or reduced pressure drop) due to their small diameter, while exhibiting greater
durability.

Polymer nanofibers and microfibers are known, however their use has been
very limited due to their fragility to mechanical stresses, and their susceptibility to
chemical degradation due to their very high surface area to volume ratio. The fibers

15  described in this invention address these limitations and will therefore be usable in a

very wide variety of filtration, textile, membrane and other diverse applications.

Detailed Description Of Certain Drawings

The microfiber or nanofiber of the unit can be formed by the electrostatic
20  spinning process. A suitable apparatus for forming the fiber is illustrated in Figure
1. This apparatus includes a reservoir 80 in which the fine fiber forming polymer
solution is contained, a pump 81 and a rotary type emitting device or emitter 40 to
which the polymeric solution is pumped. The emitter 40 generally consists of a
rotating union 41, a rotating portion 42 including a plurality of offset holes 44 and a
25  shaft 43 connecting the forward facing portion and the rotating union. The rotating
union 41 provides for introduction of the polymer solution to the forward facing

portion 42 through the hollow shaft 43. The holes 44 are spaced around the
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i tter” 4 anbOlgr i Bt SRt oh deridir B FEVf orr bEPuf RGBS e Sour ce
61 and connecgmARs tdvardBElI&AinMM &Gl 7ERRRHed b8 $AEH0I \Wpkyifibally, e grid 60 and
emtter 40. In use, the polyner solution is punped to the rotatltqr;éJ uni on 41

or reservoir -cleettoptaticqotential beggeermered 6@ andhihd emalésrdy ippexts s eharge toohat es
thile 90 9 G AR IRLER i Bl SR PA PGPSR o
posi tioned ont@fardlgh@ 60 SiRed fheg atrlve.antl A€ collected on substrate 12 or an efficiency
20 layer 14. In the case of the polymer in solution, solvent is evaporated off the fibers
during their flight to the grid 60; therefore, the fibers arrive at the substrate 12 or
efficiency layer 14. The fine fibers bond to the substrate fibers first encountered at
the grid 60. Electrostatic field strength is selected to ensure that the polymer
material as it is accelerated from the emitter to the collecting media 70, the
25  acceleration is sufficient to render the material into a very thin microfiber or
nanofiber structure. Increasing or slowing the advance rate of the collecting media
can deposit more or less emitted fibers on the forming media, thereby allowing
control of the thickness of each layer deposited thereon. The rotating portion 42 can
have a variety of beneficial positions. The rotating portion 42 can be placed in a
30 plane of rotation such that the plane is perpendicular to the surface of the collecting
media 70 or positioned at any arbitrary angle. The rotating media can be positioned
parallel to or slightly offset from parallel orientation.
Figure 2 is a general schematic diagram of a process and apparatus for

forming a layer of fine fiber on a sheet-like substrate or media. In Figure 2, the
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media. In Figure 2, the WO 02/20133 PCT7/ USOL/ 25111 20 sheet-1ike substrate
i s unwound at mehaoiimgp@Poseshandsippedd-if nécessubatta @p stadion 26 s Thhelreet-Hke ect ed to

a splicing station 21 erein.miltiple |l engths of.the. substrat an be

api fced for cotaand HBEeRues S shered A puSridng i s e 5P ke
substrate is wdihE€6htBIhd Sy ﬁﬂdﬂ@sigmdmor_tfaﬁﬂé}%@&xsiﬁg@éb@@ziZ conprising the
spi nni ng technolog¥_of 5 Figure 1 wherein a spJnnlng device forms the fine
fiber and |ays theFigume3 i deoanping glectromiceograph image showiingiike wiasionship pé
substrate,. Affer the fine fiber |ayer is I th sheet-1jke

subst rat o1 n DRiee} BfsartEir bafoe 32 Short i RoTY wlolle pRURE dtbfrstte are
directed to atdvBabizks 6B3dTEINN tHpiddliceruidst hodia aRP irPME it@li€al Pine Gdesitigturdde
sheet-like substrate and fine fiber |ayer is then tested in_an efficiency
nmoni tor 24 (sbefigws 3/4R4he 2 ngcngs pagickodl amlthof inalkrongagtighe 32 & showRddApor at ed

by reference f | A . 85 ' ' r es,): ' | f
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appropriate spindle for further processing 26 and 27.. .
20  appears to be approximately equal to or greater than the typical openings between

the fibers in the fiber web 35 while the 5 micron particle 34 appears to be larger than
any of the openings in the fine fiber web 35.
The foregoing general description of the various aspects of the polymeric
materials of the invention, the fine fiber materials of the invention including both
25  microfibers and nanofibers and the construction of useful filter structures from the
fine fiber materials of the invention provides an understanding of the general
technological principles of the operation of the invention. The following specific
exemplary materials are examples of materials that can be used in the formation of
the fine fiber materials of the invention and the following materials disclose a best
30 mode. The following exemplary materials were manufactured with the following
characteristics and process conditions in mind. Electrospinning small diameter fiber
less than 10 micron is obtained using an electrostatic force from a strong electric
field acting as a pulling force to stretch a polymer jet into a very fine filament. A

polymer melt can be used in the electrospinning process, however, fibers smaller
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hazardous chem cals. El'ectrostatic spinning can

20  nanofibers, such composite makes an excellent ﬁlter medlum for self-cleaning

application. Cleaning the surface by back pulsing repeatedly rejuvenates the filter
medium. As a great force is exerted on the surface, fine fiber with poor adhesion to
substrates can delaminate upon a back pulse that passes from the interior of a filter
through a substrate to the micro fiber. Therefore, good cohesion between micro

25  fibers and adhesion between substrate fibers and electrospun fibers is critical for
successful use.

Products that meet the above requirements can be obtained using fibers made
from different polymer materials. Small fibers with good adhesion properties can be
made from such polymers like polyvinylidene chloride, poly vinyl alcohol and

30  polymers and copolymers comprising various nylons such as nylon 6, nylon 4,6;
nylon 6,6; nylon 6,10 and copolymers thereof. Excellent fibers can be made from
PVDF, but to make sufficiently small fiber diameters requires chlorinated solvents.
Nylon 6, Nylon 66 and Nylon 6,10 can be electrospun. But, solvents such as formic

acid, m-cresol, tri-fluoro ethanol, hexafluoro isopropanol are either difficult to
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i ncl ude eth anol t et | i done due
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are dissol ved @t ha L sopropanol , acetone, nethanol and
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adhesi on to We have found that filters can be exposed to extremes in environmental conditions.
20  Filters in Saudi Arabian desert can be exposed to temperature as high as 150 F° or
higher. Filters installed in Indonesia or Gulf Coast of US can be exposed high
humidity above 90 % RH and high temperature of 100 F°, Or, they can be exposed
to rain. We have found that filters used under the hood of mobile equipment like
cars, trucks, buses, tractors, and construction equipment can be exposed to high
25  temperature (+200°F), high relative humidity and other chemical environment. We
have developed test methods to evaluate survivability of microfiber systems under
harsh conditions. Soaking the filter media samples in hot water (140 F°) for 5
' minutes or exposure to high humidity, high temperature and air flow.
Referring to Figure 21, an air filtration system or assembly is depicted
30  generally at 110. The system 110 depicted is shown with three units or modules
configured together in side-by-side arrangement. This arrangement can be, for

example, of a size that fits into a 6 ft by 10 ft by 10 ft space.
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in dlrtyfg gha ‘?{g?’gaigti‘ierass(efngy with particulate matter). An outlet or
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el enents of t
structure 128 is sealed on all sides to hermetically seal the dirty air chamber 122

20  from a clean air chamber 160. The filter elements 132 mounted to the stepped, tube
sheet structure 128 are positioned in the dirty air chamber 122 in stepped or spaced
apart, partially overlapping relationship, in a generally downward direction at an
acute angle of inclination with respect to the horizontal plane of the upper surface
panel 116. In this manner, a distribution space 133 is defined in the uppermost

25  portion of the filter assembly 110. As the dirty air enters the assembly 110 from the
inlet 120, it is received into the distribution space 133 prior to its being filtered.

The individual filter elements 132, as depicted, include pleated media 135
formed into cylindrical tube elements each having ends. Other than preferred media
formulations described below, the construction of each element 132 and how it is

30  supported to the tube sheet structure 128 is similar to the filter element of U.S.
Patent No. 4,395,269 and U.S. Patent No. 5,562,746, each of which is incorporated
by reference herein. Details of construction of the filter element and how the filter

media is fashioned into stable cylindrical shape and confined with end caps is
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di scl osed i n s shegdtldhbymaoka assembbe 3s (Serbedin)U.Swhatent Ne 5.8Bdt4pde at ed by

reference hegein, éaplif&ﬁﬁ?ﬂecﬁbggh%e{ :szfi gures 23 and 24, one of the filter
el ements 132 i o &Héwn 1N perspective view and cross-sectional view In

general, filter el ReRsmtinddhain to Figure 21, in the arrangement depicted, the filter elements
20 132 are arranged in pairs, in an end-to-end relationship. Each of the filter elements
132 that is most adjacent to the tube sheet 128 is sealed to the tube sheet 128, while
each of the elements 132 that is most adjacent to the stepped panel 129 is sealed to
the stepped panel 129 by way of the yoke assembly. Further, each of the filter
elements 132 that is adjacent to each other and stacked end-to-end against each other
25  is sealed to the adjacent filter element 132 between the respective end caps.
Figure 22 illustrates an alternate embodiment of an air filtration system 110",
The arrangement of Figure 22 is similar to the arrangement of Figure 11, and
includes an inlet 111', an outlet 112", an access door 113', and side panels 116', 117
Further, there is a dirty air chamber 122', a clean air chamber 160', and a tube sheet
30 128 The tube sheet 128' separates the dirty side 122' from the clean air side 160'.
Mounted within the air filtration system 110' and against the tube sheet 128' are filter
elements 132'. One difference between the system 110' of Figure 22 and the system
110 of Figure 21 is the existence of Venturi elements 170, described further below.

Figure 26 illustrates schematically one of the filter elements 132' operably installed
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a seal 141 w Bﬂ&é\gaﬁb‘fﬁgﬁg%ﬁenﬂi%gosﬁ% c{ifeggy%ggh@wﬁtﬂ ahlo@H L Ring! 134t he

arrangement depi er elenents are arranged In-pairs, in
an end-t o- end(Fighre2i6p irsthic pubetshedt safictinteel 281 4o @rto direcrerybisof chairéshed ait mtorost

adj acent to the tube sheet 128 is sealed to tffe tube sheet 128, while each

of the el ementl 0PSB IRteriQr 38 o%@galrgé%itgre%pmp@st At ];étbz'ep@é@dyb%ﬂéulwp? S

seal ed to}Ot h@aﬁ{:se@gﬁgckﬁﬁﬂ@el Val“?e%),!BYOW\g‘%f)_ egg)#iﬂgaﬁfﬂ*é%nﬁﬁfsﬂ%’eﬂ?!)%de Frkcdeta each
ele adj acent r

of the filter nts 132 that”is o each oth and st acked
end-t o- end agair, el theic bomitohend gperationsrakedv i thhertadj acent filter el enent

132 bet th ti d . j 22 il t.rat | t t
155 betveen [he r opPSELLYE Sd ARG, B AU 22,f LLustiates, on ghigrpete
is simlar tojfchRleahn ﬁﬂ&%@ﬁ%o&ﬁ-sﬁ%;%gﬁogﬁ%,(oﬁvglﬁtuﬁﬂﬁllgﬂﬁcﬁ?g@‘)[‘l7'4[‘51%a 111", an

outlet 112", an access door 113", i de panels 116", 1 . Further,
there is a di thrgatgiorticnhiiebdn theaRpictel entealimerity thetedmblse atbifuser portion (eube

sheet 30 8' ., The tube sheet. 128 separates . dirty sjde 122' fromthe
clean ai r 151 q¥eadg o eERaioau Tar e PR 114 eobibirhe v aiando. “ang
agai nst the t yh@cstiRels tA2drfuséroltidd B an@lteweihttri 18ét poribe 1 4. ARteRNISe
bet ween the system 110' of Figure 22 and the system 110 of Figure 21 is

t he exi st encethsfVepsyn elemest bBifethrongh #igs difases rli7B awo the alersraibediager 1§ gure 26

illustrates schemti cal l ne of the filt | enen ' r .
installed WO ngﬁm% %ggﬁsﬁ%glt ugf}beﬁl{eﬁfﬁen'gﬁhf%%%%ﬁgggﬁgéf t he tube
sheet 128'. Acgasieet22enbebmididilaiod Heflenat@n (ie., no back-pulsing). The

20  diffuser portion 172 depicted has a diverging (or flaring), essentially straight wall

177 to facilitate pressure recovery during the normal filtration condition. The throat
portion 176 may be concave in the direction toward the interior thereof, as disclosed
in U.S. Patent 5,562,746; or, in the one depicted in Figure 26, may be contoured to
gradually decrease in diameter from a base line 106 to the outlet portion 172, as
25  described in U.S. Patent 6,090,173.
The Venturi element 170 is positioned on the tube sheet structure 128 in
relation to the filter element 132' such that the Venturi inlet portion 174 is disposed
in the clean air chamber 160'.
Still in reference to Figure 26, it can be seen that the Venturi element 170 is
30 secured to the tube sheet 128' by way of a suitable fastener 181 connecting the base
line 106 to the tube sheet 128'. Other details of the Venturi element 170 are
described in U.S. Patent Nos. 5,562,746 and 6,090,173, each of which is

incorporated herein by reference.



133" is conpressed agai nst the tube sheet 128 to forma seal 141' with the
tube sheet 128. A systemfor cleaning each of the filter elenents 132,

132" is av@ox/prnevided in 5 the clean air chanber 160, 16BCT/UBeI/25efler ence
to Figure 22, the systemincludes a pl ur%é ity of pulse type valves 165 and
nozzl es or bl ow pipes. 197 valve 1 an| | ow pi pe 197 arrangenent is
posi tioned directl Pigtirq e t n%zlgﬁrgﬁwweégzﬁfvmjpilismet(swta@rlé in the
tube sheet stgypehfiaih2Pacea @St fﬁZra%fagf?oﬂl% PhnthG TRORDE $70. AL air Nt O the
open interior 138 01§a gfr of ﬁﬁﬁ er e msnt561321,1 132" . The typ%1 of pul se

type 10 val vesxifsthrdugh khehibwepipeal % 81 asyimhroeiripijged airps fillygudnieangaihent to
provi de pressyrized air, .and thejr ntr.ol and operation_ are kn in the
B, T Fef or DRAEOR S TI1HEG Ghert Tow did 159 VDB AL ATUEHE OfS VPGNP ET O

depi cted 4 nckyden R ad it RRY teBW ?igﬁ@?ﬂ??q@ﬁ(ﬁj&él_& abrRF th¥eRdoiihg Rl et

portion) 174, 'and a throat portion 1 _ he depi cted enbodi ment, there
is al so a dif stnesar apshowing teqrathl 533v/eVienivdi elsatenet 7Galtavisghis jatad airfhemt hr oat

ti 176 is i bet . t.he, di ff ti
172" and the VERDOPTO BREE e SBRIE R 798 ok IELGPRERE 1 i NE P pHERERER: 170
{hr ough the didstiesra doRehiTiiblonkd @AM oARaSRe 6 lengWhWTR 1 1 S

filtered and passes through the filter el enment 132" fromthe dirty air
chanber 122' media 138 k' betiween and eapsdBs, ¥3dow pattern (i.e.,

no
back- pul sing). The. 20 .diffu ortipn.172 denpiysted has a.diverging (or
flaring), M;ssenti al ?/d?%ainﬁ? EﬁbﬁﬁF?n E’f‘}%ovi’ Blpfegg?lapgg%egbaﬁglé es]tﬁ) eoq}léegovery
during the nonemdurifdléhé&dtl7oms §pRdilY 8§thad 8 ihdhe9aknd nt@e HiadN 0idéhesByn be

concave in the direction toward the interior thereof, as disclosed in US.
Pat ent 5, 562, orse agangementshihe giftange b about23-A3 mches enxgher papngrnenshtlsur ed to

gradual |y dec PYNe ! r fir i .portion
172, as 25 dedspn ol B DTRG0y 15%%“1%%‘8@83%&?@%%@? B PO ' P
posi tioned onclehing phesiabe diffesdntidtiluni@subsfintially the @htiteilepth of the@xfenkibar

el ement 132' such that the Venturi inlet portion 174 is disposed in the

cl ean ai r lthafbilermedia 18,136 i n reference to Figure 26, it can be seen
that the Venturi e 170 1 Sh&: L.y way
of a suitable fastgﬁéﬂi‘:@%" glér??lg%lg?%%ﬁ?ﬂét%g%ieggta%%rlll%ﬂ?@G togpﬁé&?ﬁgg sheet
128" . O her dehaibes 102, 12A2ethvaphuhé aieirflestaat), maﬁmedﬂmdn'gbmhehm 1325. Patent
o e Cisin oo S 50 ab Sk 6 OB R ed2E' 55157

As described below, preferred media formulations are utilized to result in

20  advantageous performance. The cleaned air flows into the open filter interior 138,
138', and into the clean air chamber 160, 160'. If a Venturi element 170 is present,
the clean air flows through the Venturi element 170 while exiting the open filter
interior 138, 138' and entering the clean air chamber 160, 160". The cleaned air exits
the air cleaner 110, 110" through the outlet 112, 112'.

25 After an interval of filtering, the filter elements 132, 132' will become coated
with dust or other particulate material. Each of the filter elements 132, 132’ are
pulse jet cleaned by its respective valve 165 and blow pipe 197 that discharges a
quantity of pressurized air from the blow pipe 197 toward and into the open filter
interior 138, 138'. If a Venturi element 170 is preseﬁt, the pressurized air is directed

30 into the diffuser portion 172 of the Venturi element 170. The jet stream passes into
the open filter interior 138 and passes through the media 135, 135' in a direction
opposite to the normal flow of the air stream, when filtering. This jet pulse of air
knocks the dust cake and other particulates off of the exterior of the filter media 135,
135", and causes it by gravity to fall into the hopper 14.



26 In Figure 27, the nozzle or blow pipe 197 of the pulse jet systemis
shown schematically spaced a distance 182 away fromthe Venturi el enent
170. As avoo02/2mB3 s t hrough the bl ow pi pe 197, an asynmetrPCT/Ustr/as11air i s
fully turbulent and behaves as a wall-fr shear flow. For this type of
air flow, the velocity profile 5 spreads out as the jet exits the bl ow

pi pes 197 and travels against the incomng air streamas shown at the path
183. Venturi element 170 al | ows gbscll ®fcd F@uidiicpe? path 83 to enter the
interior 138, 138 of filter elements 132, 132" In a nmanner that results
in a uniform Whenraihel¢dnensystenas of the tpsudescabedaiove reFigntas 2¢ ahé 33 take wfed

filter nmedia.l35 135' bet ng. caps 133 4. .10 The di stance 182
between & he biTbHEDIEPere e HiEn nButC BRTiaBrys (H ishEmbOHitEs EeBRLHER: 170
is typicaldy hees difean48% B@(PPeeﬁmd 1R dATRE @reﬁfé@ﬂmﬁ@O’%‘Rﬂe&teﬂ BreaRPtHRn 50
arrangenents, the distance is about 22-237inches. In other arrangenents,

the distancetd 20 %M@lmhas:h@@ found the.gcsertallrhmg@atfméatmnsa@rrthng@d@nl3§ resul t

in a positive res red ferent al on bst t he
entire |engt hl%ﬁ 3%5@ b{h ?XR ; er‘?éad?oélc 15133% ate‘?h‘ t%rper ation,
air or other prataddoulpdkite i@ﬁﬂ[hw@%%@ce bl bl pﬁﬂiaﬁﬂr%oiréi@dﬂyﬁﬂézyeﬂbf finghanber
122, 122' through the air inlet 120, 120" and the filtering el enents 132,
132' . Parti cufib¢te. Reaferably; thesubeinptaicommsioes b ecllilpsegnedia thasys wepsed wither nedi a
135, 135 rred nedia fornulations are utilized
to resul t10 Agﬁg%zl\}girl\t%ggoe%u Wﬁn?%?’%r%nce The cleaned air flows into the
open filter interi Al’ﬁri&ﬁber fﬂfasstruo&ﬁd inolides bivg-1Blef anmalti-lagbedtinerurd 60, 160" .
If a Venturi elenment 170 is present, the clean air flows through the
Venturi el emehiherennthgdilies centping are oHaoBIS fher {ayers Gopbiredgyith @mseparstpd and

entering the i ealr
cl eaner 110, §%§ﬂy?ﬁhgﬁeg%ﬁpﬁgé ocljfﬁ ﬁlots 1%%?Blen§§t§wgﬂs§5&iﬁ?& rgiﬁé?é] é)}l%a
filtering, thsridureeénclediageing sibd3n,a Madx onblend béotheefibaated w th dust or
ot her partlcul ate materjal, Each of the filt r el ements, 132, 132' are

pul se j et 1%l eaned We believe smpertant gharqeteristios gEths Abermsmisroiiber tpyersiathe

di scharges a H]aé?ﬁ] rd and
into the open ﬁ I telc{vx? %B;laetfg:i %%ﬁ%{é&&%%ﬁgtar{c$ ’qamré}teiﬁ%/ E% ?lwésﬁ%rﬁg%st}s? %17%%?9%
present, the polessuesistadeqparticidardy whedt the nBOrafibeoistchetadied futhdrunpdity,i on 172

of the Venturi elenent 170. The jet stream ses into heoenfllter
interior 138 HR$UEELLaSOl tcﬁﬁﬁf? {’tﬁétWWf 5l 5a?eﬁ°’é‘£ | pperty

opposite to themBHABtald bOWe Hvehtiéh Alldtestht§4Bne¥iBR O fHe'nEﬁéﬂlaﬁ@o a HibtrateCt

pul se of air
20  structure. The microfiber layer adhesion is an important characteristic of the filter

material such that the material can be manufactured without delaminating the
microfiber layer from the substrate, the microfiber layer plus substrate can be
processed into a filter structure including pieats, rolled materials and other structures
without significant delamination. We have found that the heating step of the

25  manufacturing process wherein the temperature is raised to a temperature at or near
but just below melt temperature of one polymer material, typically lower than the
lowest melt temperature substantially improves the adhesion of the fibers to each
other and the substrate. At or above the melt temperature, the fine fiber can lose its
fibrous structure. It is also critical to control heating rate. If the fiber is exposed to

30  its crystallization temperature for extended period of time, it is also possible to lose
fibrous structure. Careful heat treatment also improved polymer properties that
result from the formation of the exterior additive layers as additive materials migrate

to the surface and expose hydrophobic or oleophobic groups on the fiber surface.



knocks the dust cake and other particul ates off of the exterior of the
filter media 135, 135, and causes it by gravity to fall into the hopper
14. WO 0¥Q@0%3833CT/ USOL/ 25111 27 Preferred Medi a For nul RCT/OR6L/AMhEN ai r
cl eaner systens of the types described abgyve in Fi gures 21 and 22 are used

in high tenperatur Eeg#l%haqﬁ%g@%gﬁ%ﬁ’s ’fh%ﬂg%%ﬁeﬁ aﬁﬂe& %gures
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formul ations for the nedia 135, 135 1s advantageous. In general, the type

of media concaPOrEdor aperigs efimaeiof | hewor 3hoursa mﬁw.oménidrvéwmlm
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Pref erably, strdte donp a ce reated with
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structure inc I ng ne fti matrix or ers. 15 w
bel i eve i npor 8a% SQ%aS(a%terD%tcbfoesffeoﬁvdﬁnee fibdrein afiertayaro Shrvhmi at thggrs in

the filter structure relate to H rrg ra(ijl Iil sisq(lance hum dity or
moi sture resi SOEFEINLSE i TROIGRGAL low dpgy 1g %Iaﬁﬁ'iwwﬁﬁéﬁ‘ Tpied air.
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tenperatures. Furt a second inportant property of the materials of the
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structure. The crof i ber e hesi o ant cha ac | stic of
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del am nati ng §h1@entFsidtaidee thel BXRIfiel BtdALaRItAS iltef MatckilFoMthe iREhiRST is| ayer
plus substrate can be processed into a filter structure including pleats,

rol | ed nat eri abigingddrom horatesial that canesrvive peniact svithrd olveah suchels gthanal on. W
have found_that .t he, heat,i f the 25 .m cess wherel n
et enporat uPRPETpa. SdiydthsTt Hhic e o pae FROISERTRNS PORRPEAGES BislRE N e
t enperat ure otha@RBoRG MiRites MR YEH while h¥tA@hE B0 MEichdian the |[owest melt
tenperature substantially inproves the adhesion of the fibers to each

ot her and the substhafiae finer waterplewé thetaventipn cmhmseétluﬂé/an@tbi@f filtae i ber
can lose its fq}ﬂg{%%%‘r%s 1%&1{18 g%‘ﬁfse ck@n aﬁd f%l? gslg e%u%e%l ﬂl{e?s fo(r) '&h£t%' %IQC%%E’II ng

rate. If the I'S expos S Cr I'zati
ext ended peri gk tafbihdsdd enpink QirdhiaRe poRaURI0A s'yﬁeﬂn@Sgas turbme 1ntake or

20  induction systems, heavy duty engine intake or induction systems, light vehicle
engine intake or induction systems; vehicle cabin air; off road vehicle cabin air, disk
drive air, photocopier-toner removal; HVAC filters in both commercial or residential
filtration applications.

Paper filter elements are widely used forms of surface loading media. In

25  general, paper elements comprise dense mats of cellulose, synthetic or other fibers
oriented across a gas stream carrying particulate material. Thé paper is generally
constructed to be permeable to the gas flow, and to also have a sufficiently fine pore
size and appropriate porosity to inhibit the passage of particles greater than a
selected size therethrough. As the gases (fluids) pass through the filter paper, the

30  upstream side of the filter paper operates through diffusion and interception to
capture and retain selected sized particles from the gas (fluid) stream. The particles
are collected as a dust cake on the upstream side of the filter paper. In time, the dust

cake also begins to operate as a filter, increasing efficiency. This is sometimes



fibrous structure. Careful heat treatnent also inproved polymer properties
that result fromthe formation of the exterior additive |layers as additive
mat eri al svooyeEse to the surface and expose hydrophobi ¢ PeT/OR@®@shabi c
groups on the fiber surface. WD 02/20133 2'gCT/ USOL/ 25111 28 The cri teri a

for performance is, that the.maferial be capable_of surv t

vari ous operaﬁ? t@r‘?’ﬁg?e&ﬂﬂ”&%xl? Velﬁpli’@i‘h?g ngéené:y ‘?i%‘n#r}ﬂ%@gla 270F,
300F for a pegfRtnef time of 1 hour or 3 hours, depending on end use, while
retaining 30% 50%" 80% or 90% of filter effrcrency An alternative
criteria for 5 per Pscmmahd'é@rdbﬁagn sueh aﬁﬂtaédcwhbﬁ’sabmpaml&@tt%&iﬂmst/iwvg

i ntact at var f’%tl n?‘. eratlures @ 1_qr’%era gbes of 14 Fi 160F,
270F, 300F, %grp ins}, eI ve SIpl A s B e @ SRR FG B end
use, whilesr efaﬂufﬁ S¥the si;%m.dswna@ BatlctlaR mat M rap@buBlup bn 8% of

effective fine fibers in a filter fayer Survival at these tenperatures is
i nportant at hpsirchursidt afythe ﬁltqhamrhnudtrsy calegrat layerinerepsiegthgmaessdrealion. 10

h fib d f | ,of th q '
osi stant. whdPBoRHEhbTLHRSEL P of DErRiEP Ll BR-RY os SERRRdo AR TIL

greater than 3f@ms, wﬁuma@pmﬁﬁlwrmlmﬁrem%ﬂlbanmqyoﬁ@é thé thédi®irQ4 plesited t han
about 5 mnutes. Simlarly, solvent resistance in the mcrofiber materi al

and the fil t eponsipetianapo Bt thesurfrrecried efrmedia craouaicrricby ﬂl@ﬂﬁ%ﬂ%tsgrrrars t hat
can SurviXE, CRRkaga Mdiled £ by BOLpRUGH B kROl dhS el aranho
hydraulic 11 ui or an aronm g6Pvent For a erro i e grea than

about 5 m nut dfetigde, AQEstithsdbstamBalyt lhited) oF dr @its eéatsomrsm‘fage loa'dtml Iﬁacheh:ﬁs ber
materials of the invention can be used in a variety of fjlter ptgl i cations

i ncl udi ng pul B@ménbfaﬁeu%asw@pplena@enwh%rﬁ@dehw%l@#%erslrocrﬁrﬁéfhr@&ﬁ &tion,
gas turbines g G0ak AR Aolybd G0 ndiifUE: URR BYBLATES dPSernihBlNRal Nt ake
or 20 induction sys heavy y engrn t ake or 1 nduction systens,

l'i ght vehicl etypﬁra@ym thmbﬁkﬁoﬁnboummlﬁbﬂ Uil mayu;te emizss.vEhe ttha "aeibéity"d'n this of f

road vehicle cabin.air, disk _drive ai hot.o ner renoy.
filters ik bof¥Riexsisiieavepepyelpely @Q\’SL&IP&“P 1lergtq0(‘}’n PPE PELDF ﬁ§rea per
filter elements arg, %\élﬂﬁhyas‘éﬁ%\ﬂ; QL108it e}Pls 1§dféafsé&ﬁ1r{u?g11dd H18at8 Phyer ndddia, 25

general , paper el enents conprise dense nats of I"ul ose, synthetrc or
other fibers fittei Imamdiecacarsexklsy afagy&zr m&poemnatwﬂlyrswr@afﬂlﬁwloattya heser i al .

The paber 1 genctall i SRISLLUCLED B DeramabLe o, Ly o flou and Lo
inhibit the pgrsagthaPleqdfts hbs@atATRAMIT alrh@RelBively large surface area for the
20 filter media is needed. For example, a typical cylindrical pleated paper filter
element of an over-the-highway diesel truck will be about 9-15 inches in diameter
and about 12-24 inches long, with pleats about 1-2 inches deep. Thus, the filtering
surface area of media (one side) is typically 30 to 300 square feet.
In many applications, especially those involving relatively high flow rates,
25  analternative type of filter media, sometimes generally referred to as "depth" media,
is used. A typical depth media comprises a relatively thick tangle of fibrous
material. Depth media is generally defined in terms of its porosity, density or
percent solids content. For example, a 2-3% solidity media would be a depth media
mat of fibers arranged such that approximately 2-3% of the overall volume
30  comprises fibrous materials (solids), the remainder being air or gas space.
Another useful parameter for defining depth media is fiber diameter. If
percent solidity is held constant, but fiber diameter (size) is reduced, pore size or
interfiber space is reduced; i.e. the filter becomes more efficient and will more

effectively trap smaller particles.



sel ected size therethrough. As the gases (fluids) pass through the filter

paper, the 30 upstream side of the filter paper operates through diffusion
and i ntemwepr2aeto capture and retain selected sized parCTwk@Rsiriom t he

gas (fluid) stream The particles are cojected as a dust cake on the

upstream side of the filter t he dyst ke als ins to
operate as a fil teAtyl’lﬁélrcé’&g?mﬁ elfq‘eP& @gﬁ“ﬁﬁ% PG el?ﬁ? %qg 20133
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arelatively sinpple flaw,.i.e. rupture results in failure
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"lifetinme" of result framea rshﬁﬁe@mpreszver of anapterrangagaderiaes, pyFaontaner & s. One
method is to ﬁgﬂr ; dl-alﬂ &)Ieated construction, so that the
surface area g %rnrg ALEE loﬁy ‘the gas flow streamis 10 increased
relative to a f | at Graént Aepdtyalkphonsdis dahng@menidtiave bed devielpedasedse fucht er
lifetime, it is still substantially limted. For this reason, surface

| oaded nedi a aangepenivare describaga doriexample, adgiS: BaﬁenbNes Wéﬁﬁ $.88&tT4el y
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t han abou per e or about 10
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vel ocity. Thus, eat paper; surface 1oa ter systemis
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of air, a relatively |arge. surface area f r the 20 filter s .needed.
For exanpl®, forsybstangial lopdinges reéaérvesr lewisely %B’éfhaﬂ? Aesired. %tdearl Yan
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feet. In many. a atipns, . especially those involving relatively high flow
rates, 25 anls‘z%{%f:f ﬁﬁ‘?v@i’tﬂi} I??ffmrs‘i“? RANZEMPYS. someti mes general |y

referred to as degt fter TR BeonsirSctidn@Reorinoi tEcAiretAPIR chlsH iAcAEEY fiSES a
relatively thick tangle of fibrous
20  layer of permeable coarse fibrous media or substrate having a first surface. A first
layer of fine fiber media is secured to the first surface of the first layer of permeable
coarse fibrous media. Preferably the first layer of permeable coarse fibrous material
comprises fibers having an average diameter of at least 10 microns, typically and
preferably about 12 (or 14) to 30 microns. Also preferably the first layer of
25  permeable coarse fibrous material comprises a media having a basis weight of no
greater than about 200 grams/meter?, 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.
30 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



material. Depth nedia is generally defined in terns of its porosity,

density or percent solids content. For exanple, a 2-3%solidity nedia

woul d beveodyptiB3 nedia nat of fibers arranged such that pOpUSKi2satiel y 2- 3%
of the overall volune 30 conprises flbrou rraterlals (solids), the

remai nder being.air or gas space. Anot r for defining
depth nedi a isﬁ?‘ilff?éb’ Vel pagagyred pecordig EDeﬁtSTg’fﬁ% §§> @fﬁﬁg?ﬂ MOBRASBFES but
fiber diamet % IyStyE&k s gﬁer{c%ﬂﬂa&ﬁ&'les F&@Q@fp?h%@l%eter‘s/ﬂﬁﬁf isl &eénb%e%em s

reduced; i. the filt becones nore efficient and nore effectively

trap smal I er part i Praferabldhe by2OdfEmner et uemiamsamed @@heeﬁtsyplrfaab of the

conventi onal th medl fllter S a eI at vel y c nst

i T or ny dens 55t Of@RANs blp RS DU BRI AAAVER L MEOLEHT BTG T dept h

medi a 1 engi Ny pIHRE iR ﬂ%e%@éﬁg@ﬂfvertdiﬁrﬁétgﬂ@%‘fho ok htdr MhKabBEE2 midfons,
"substantially constant” in this context, it is meant that only rel ati vel y

m nor fl uct uagewamally andopratsrably ne ’greatwthaﬁ ahowet I wipmon, tahd typgeediytantd he dept h of

the medi a. Such f| uat i.ons.. for exa om a sI|

conpr essi on oP AY2 %l]s{th@?’ ﬁ SRe- et nlg %?@@5’5?%?#‘?’“{“8%%%?%

filter media bBow@U5tto@ Lahicroh.aflBNpreetaty e filePaber B ding fmef@aeement s have
been devel oped. sone such arrangenents are described, for exanple, in U S.
Pat ent Nos. 4sm¢zed4m6he ﬁrsizegfaapw theifgstdaverof peumepb, coaﬁegﬁ@msamate@lche@t h
media arr o) n I te
materi al o 2aney Qvere iR BEHat P ] e 20 BB, R B B

arrangement s @iie ﬂend:eamgﬂﬁ@ ﬁl@sﬂp@éféramytdb @elteoiher ammumzmexfongamal cul ate
material, relative to surface | oaded systens, when full filter lifetine is

reached.  Howxpéfallyiand perferebly thafds Wﬂ@ﬂb@)ﬁlﬂcmé-?s of gbautal-$ HEe MMEBOKas been
efficiency, P&g&a@%gflﬁ&e g:QP tek)%e i ﬁé‘ﬂb&gave gE% a@%été/reclﬂfhé @#Fm Hdity

nmedia i s desi ent e patents
referred to above, Ceauim Iheﬁnedieﬁa@mntscacmrdmgde thefp‘tbsmubﬁrewﬁn iatlude

efficiency_ and_ | ong life. I n _sonme instances, surface | oadi
utilized i aﬁltﬁlbmFglﬁ as generally defineddn a oy el diHen eanstraction. ¢ er@fgfeareg

const 1 uct | o aEeAIi HPsIdiBEEREAL. OYRAL! AnbAF ST AL HbateO | ayer

of perneabl e coar I brous nedi a strate Vi ng | rst surface.
first layer ofnfigunsidni voith thegdeats exsersibgigendrally lompgitublinally, isunf thesaré t he

first layer of, pernmeable .coarse fibhrous nedia. Preferably the first |ayer
of permeabl e disstion aarpagitodimal axis of thecylinticaliationh e Far g PHEEsReRPethige
di ameter of aphdifARhy B0l edd¥dahs @b With@dfventional filters. Such

20  arrangements may include upstream liners and downstream liners if desired, for

is

typical conventional purposes.

In some applications, media according to the present invention may be used
in conjunction with other types of media, for example conventional media, to
improve overall filtering performance or lifetime. For example, media according to

25  the present invention may be laminated to conventional media, be utilized in stack
arrangements; or be incorporated (an integral feature) into media structures
including one or more regions of conventional media. It may be used upstream of
such media, for good load; and/or, it may be used downstream from conventional
media, as a high efficiency polishing filter.

30 Certain arrangements according to the present invention may also be utilized
in liquid filter systems, i.e. wherein the particulate material to be filtered is carried in
aliquid. Also, certain arrangements according to the present invention may be used

in mist collectors, for example arrangements for filtering fine mists from air.



preferably about 12 (or 14) to 30 mcrons. Also preferably the first |ayer
of 25 perneable coarse fibrous material conprises a nedia having a basis
wei ght ofw@e22qsxat er t han about 200 grans/ neter2, preferporfysamsut: 0.50 to
150 g/ nm2, and nost preferably at | east /nQ Preferably the first |ayer

of perneabl e coars rous  nedia is at 0005 .i.n 2 .m crpns)
thick, and typical Cne (P Eheraany nvent l%m??meisempr%d@cf Bs et 88500
mi crons) thi Cﬁteﬁﬁ)ﬁsg uaf Rb8d uﬁﬁﬁ&’ﬁ'&ﬁ%@‘%@dﬁ astdagcﬁuea% ach@a}ﬁ?arge obr per meabl e
coarse fibrous rla conprises a nmaterial which, if eval tated

separ at el y fr 6itterdng. edmividibe sezh fidne theglepeiptions amheiiampﬂ%é)el'evazm@na
perneability test.. ul d _exhi bit abl | east, 1
neter(s)/mn, a%?ﬁﬁdl{l% th/agpres;egﬁave&?lgﬁg?% ??eﬁﬂ%épy EO@IE%“??@ rcé)flw.ted%r ein
when ref e5 engRyvide reRHPell ok fife Gh BMMMclITHERAt SishlsWMosRivamesd. f i ed,
reference is heant to WO 02/20133 PCI/ USOL/ 25111 31 effici ency V\,hen
measur ed accor di ngViegowsfiterdegignggre shpwh iopat@ns diselasiag leﬁeﬁlgénmﬁ FRESUSyr ene

h | | /. d
E’Pefe relr ggl yp? Lélﬂ%&"gif ﬁﬁFr %Tuﬁh@? F‘gcg‘?mr?gl{?t%srel?%fl %@Qq}? igef%%{e' T Fp {1 eg glr’f ace of

the layer of pes e Nocsa26297,idNcRI4E aiRHhehISdeRighRyes filér a@@d’hﬁlﬂyhﬁlﬁin%
mcrofiber nedia 5 wherein the fibers have average fiber dianeters of no

great er t han agerarally exlindeegal filtegelement dopigamthefilisr eleaisnibaing gpateditara t han

about 1 ron i Gal n r t smal | er
t han O. 5 cr 5er1]at§r%§r é&fﬁ ﬁlﬁ)% { ﬂégrlgdncag) h%Pﬁl aabéa"{ is nggag’éj {1}3?1{5 Igzl'aq‘ rfg(%ﬁgAl Sso,
preferably thegurficesKahtyegh efalf U PfatelneNonaom wad, disshee b diket desigreusing st
surface of the first |ayer of perneable coarse fibrous materi al has 10 an

overal | thi ckfienis quwcm@mmgg%@ameﬁu BtFiH WaB dlRatedPommroReis corpined Pids er abl y
th t 10
hd Cypi cat 1 Jeant e B R o REHSLALY SHPBhAR! & USFARNE 10 0 P hes

(and nore prefiedabY yelate toar flter bauctbretusefiad Jortfiterifip hiquikinheatia. a]&nqualge di anmet er
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Certajn preferred arrangenents ordin resent
i nvent i onY ncPIHEPénedllgtoftthtﬂitP T bRIIng. BasSend h%ﬁ ‘H‘é‘?‘?%géthqtlﬂ HP‘B\?%r al |
f1lter constlHatddhumatorPhid efl%ﬁgg@% AAERTRONSHE SlruHEh SUeR ROARKS se the

media arranged In a cy rical, conlguratlon wth the pleats
ext endi ng genhighlyl q,seﬁmﬁgi ﬁltﬂﬂinlgdiyﬂ;aphc fleidsi Engéieet shrie.S. Batewd¥o.opb 135992,

| ongi t udi nal axi s t i ndrical ern. For ch a ement the
rod s oy be ShastaBmical fioetlmemng e meRe it Dunten, T s PR f
?{): angenent s ﬂﬁ%xte?ﬁdl 'AE&f‘ecH&St’hE ﬁéﬁ@lﬁg ihat ﬁaﬁ@ﬂm@?%ﬁé&%ﬁbﬁt&ﬁﬁé&nbﬁsttﬂ@m r ed

20  The air passes through the filter while the moisture can pass to the bottom of the
housing and can drain from the housing. Gillingham et al., U.S. Patent No.
5,820,646, disclose a Z filter structure that uses a specific pleated filter design
involving plugged passages that require a fluid stream to pass through at least one
layer of filter media in a "Z" shaped path to obtain proper filtering performance.

25  The filter media formed into the pleated Z shaped format can contain the fine fiber
media of the invention. Glen et al., U.S. Patent No. 5,853,442, disclose a bag house
structure having filter elements that can contain the fine fiber structures of the
invention. Berkhoel et al., U.S. Patent No. 5,954,849, show a dust collector
structure useful in processing typically air having large dust loads to filter dust from

30  an air stream after processing a workpiece generates a significant dust load in an
environmental air. Lastly, Gillingham, U.S. Design Patent No. 425,189, discloses a
panel filter using the Z filter design.



typi cal conventional purposes. In sonme applications, nedia according to the
present invention may be used in conjunction with other types of nedia,
for exanpVeowzmsenti onal nmedia, to inprove overall filtePCHyS@esiar mance
or lifetine. For exanple, nedia according4o 25 the present invention nmay
be | am nated to conventional nedia, utilized in stack arrangenments; or
be incorporated (an integral feature)ﬁ#g%igfa structures including one
or nore regions of TagmIRMWihgRateriiBAlére ptddut@yudigy thedelldipingcRRFogin such
medi a, for good |load; and/or, it may be used downstream from conventi onal
nedia, as a hpmﬁeséfqonémeﬁ%yT%ﬂOﬂlgmrrggnﬁﬁeneléwver%@wmueﬁ & ¢ gt s

according to r o] quid filter
systens, i.e E&/ﬁtee?eya&p rla%g#ﬁp&@q{%a@%%%@'r Pgﬁ”%&%fe En?&j er?%d i's carried in
aliquid. A seubstmnhlay ﬂleaamalf@mﬂﬁe&eﬁalﬁ(ﬂ‘hﬁ Ao eie tihae 1 @HGMN penemittdron may
be used in mst collectors for exan‘gle arran enents for filtering fine

msts from ai ARgEydisaEePES inehes, Srl"PitaEEBQ S EYr arcRiiveduppdithelesent

i nvention, ne d g. The nethods generally

i nvol ve utili Ezlg?%l’ %}1@% t}glgy*lqggn%e‘%gﬁllrh&?tg advantage, for filtering. As
will be seen fromthe descriptions and exanpl es below, nedia according to
the present invention can be specificall clo figured and constructed to 5
provide relatively long life in relat iﬁ&é&é&i cient systens, to advantage.
Various fihter designs are shown i gfakiePFhedisis! 0si ng and cl ai m ng vari ous
aspects of filter structure and structures used with the filter materials.
Engel et al. u. SFni@eﬁlEnSamkieswzﬁr?émg:m@@lfroinsxo:lopeblmrnﬁnlylah6séﬁal6lﬂe5| gn for

afilter asse havi n a r c |ndr| er e si gn,
The 11 er o Bral eonimer elint SN BIE 1) Yook el el G Emplcoplef Wefaht Berie e, o
cap having a eMup @ﬁfahﬁﬁ” gE Whl@lahbl(}EWPJ})%IYdété@ﬁlﬂﬂloﬁéﬂtﬁ@ﬁﬁlecﬁﬁ@Wé?h@h et
al., US. Patent No. , disclosé a | ter design using a ept

medi a conpr i spﬁl@’lan,ffbmh Gheive tValt 19, Ntlnhbepﬂem #B-42hi9A@n tNNumberzivarage wi t h

Moo "5 104 oomolEhfik Wtehy Vs bitiiekd YERbh Ak 4804 GG ROrEpsiRop vas Fill ARy o
medi a. Li qui dby thelphaghdibgianest theélt Rnipdfitirk bF Bfred\igpdhent 1BAGS @§1ontd sémb t he

exterior of the filter into an interior annular core and then returns to

active use i n4thenypn 06ebewt 20% a1 milen ellsabpub25%i (Pagyg 286eNylonfPdestits | t eri ng
hydraulic flu X haw.a typi cal
dlyesel engi nehglﬁdbq%%t eh%% |Kl%l1 a1 o s a‘éu%ﬂghleﬁ’Ng\I%‘?irY??%I? &1%%8&6 P ﬁgd ai ry1l‘o rom

er structure.
physical properties of SVP 651 resin are:

20
Property ASTM Method Units Typical Value
Specific Gravity D-792 - 1.08
Water Absorption D-570 % 2.5
(24 hr immersion)

25 - Hardness D-240 Shore D 65 -
Melting Point DSC °C(°F) 154 (309)
Tensile Strength D-638 MPa (kpsi) 50 (7.3)
@ Yield
Elongation at Break D-638 % 350

30 Flexural Modulus D-790 MPa (kpsi) 180 (26)
Volume Resistivity D-257 ohm-cm 10"

to produce fiber of 0.23 and 0.45 micron in diameter. Samples were soaked in room
temperature water, air-dried and its efficiency was measured. Bigger fiber takes

35  longer time to degrade and the level of degradation was less as can be seen in the
plot of Figure 12. While wishing not to be limited by certain theory, it appears that

smaller fibers with a higher surface/ volume ratio are more susceptible to



t he external aspect of the housing that may or may not contain entrained

noi sture. 20 The air passes through the filter while the npisture can pass
to the boveomwsd3 the housing and can drain fromthe houspPegus@ishiingham et
al., US Patent No. 5,820,646, disclosegpa Z filter structure that uses a

speci fic pl eated e5| ugge as e U|re a
FPurd st roam PestpditionZhe 58 Myl LI W%E{»%b%%% FpfSRomdbnake it s~
shaped path tefﬁ@t&;@ﬁ[te]pﬁl@ﬁaﬁl filtering performance. 25 The filter rredi a
formed into the pleated Z shaped format can contain the fine fiber nedia
of the invention. Gen et al., US. Patent No. 5,853,442, disclose a bag
house structure having filter el enent can contain the fine fiber
structures of the invention. Berkhoelﬁxéa;ﬁghzf U. S. Patent No. 5, 954, 849,
show a dusj col | ect@ross-Sinking! afigylotsfibers with phandie yesig ahylmp@ay kasii r havi ng
| arge dust loads to filter, dust from30 an air _stream aft pr Qcessi ng a
wor kpi ece gener at e&n erdsy tgripmreugrrhepicad rasistaacs af Bbers.chgmic, ﬁ@ﬁ‘i‘ﬁ‘l’kl&gf’

i ter usi ng PRorgopr s AEEER, COhaDim i sp e il F6ehgPedyonien

Experi ment al niikeel With phetolig resi, édéntified we GeoygioPuetfds 1851 and sphre iftofibessi ng
el ectrospin ess conditions. The fall ow | s pun usi ng
either a rot a&yﬁtﬁ‘ Phenphie Bpsigyatoanddts rael&%?mneragw ﬁgéa PALy PERRSEDt h wer

found to p(?oduce 5 substantially the sanme fibrous rraterlals The flow rate
was 1.5 ml/mn per emtter, a target distance of 8 inches, an emtter

vol tage of 88 KkV, (aommsaiﬁidn/e hum dity of ABMéltimnTerhperatube(F°pt ati ng em tter
an rpm of 35. Ef< 0 Effect of Fiber Size Fine fiber sanples were
prepared fronfalyaws g ®n 6, 66, 610 nyPBn copol ymer resin

(SVP- 651) was Palyamydes hmﬂhcrml -féﬂ ar weight by tHé0end group titration.
(J.E. wvalz anBORBalﬁldeTBhtrmlLCﬂeiSe}iﬁ nation of the B#lecul ar wei ght of

nyl on, And§. EblyamidéoPherddic =Nuvth® 7, pp 448-450 61947). Nunmber average 15
nmol ecul ar wei ght was between 21,500 and 24, 800. The conposition was
estimated by the §Yase di agram of nelt terrperature of . three conpaonent

nyl on, nylon 6 abolfe warsaplefppseduss camparabledthen friamihe Blends. Ihgs0in0 bleng
(Page 286, Nylgp B%@Zé 58 1dIRA LR 2 MAk HoPoRPAG Ry ad TREE e BRbdiTher . New

York (1995)).

65.35 blend below 90 degree C. for 12 hours improves the chemical resistance of the
20  resultant fibers to resist dissolution in alcohol. Blends of polyamide with epoxy

resin, such Epon 828 from Shell and Epi-Rez 510 can be used.

Example 3:
Surface modification though Fluoro Additive (Scotchgard®) Repellant

25 Alcohol miscible Scotchgard® FC-430 and 431 from 3M Company were
added to polyamide before spinning. Add-on amount was 10% of solids. Addition of
Scotchgard did not hinder fiber formation. THC bench shows that Scotchgard-like

high molecular weight repellant finish did not improve water resistance. Scotchgard
added samples were heated at 300 F° for 10 minutes as suggested by manufacturer.

30

Example 4:
Modification with coupling agents

Polymeric films were cast from polyamides with tinanate coupling agents
from Kenrich Petrochemicals, Inc. They include isopropyl triisostearoyl titanate (KR
35  TTS), neopentyl (diallyl) oxytri (dioctyl) phosphato titanate (LICA12), neopentyl



physi cal properties of SVP 651 resin are: 20 Pro e ASTM Method Units
Typical Value Specific Gavity D792 -- 1.08 Witer Absorption D-570 % 2.5
(24 hr i wepy2asy 25 Hardness D-240 Shore D 65 Melting PPCTOS@BSIG(F) 154
(309) Tensile Strength D638 MPa (kpsi) (7.3) @Yield Elongation at
Break D638 % 35 30 Fl exura dul.us D790 MP i) 180. (26 Vol une
Resistivity D(‘g?ylgy}d’r% —gtixglepggﬁxpg (?éhxliz%?nag‘? &@% 5%6* f@g’é‘ié)?"?‘?? cron in
di ameter. Sampbf3d WEh&1RLHRL. CohtFd Ath 1%%&1&%&%&@1%@%&& los@é fis fFdn8h and i ts
ef ficiency was neasured. Bigger fiber ]tjakes 35 longer~tine to degrade and
the |l evel of degeddtdy,ovhileawuplessagest ahlnd bansleemaintainékits fonmtfonfp Pitgure 12.
While wishing not tao.be lim.ted by certain theory, it. appears.,that smaller
fibers with aTHRRG TESF POME Aapinadied Sraples & ers smamdnCrthsr (32 Btignyey

02/ 20133 PECT/ geex/ 25111 34 degradati on due to environnmental effects.
However, bigger fibers do not make as efficient filter nmedium Exanple 2:
5 Cross-linking of nylon fibers with phenolic resin and epoxy resin In
order to inprove chem cal resistance % fi t;jer?s, chem cal cross-1inking of
nylon fibers was attenpted. Copol yam 6, 66, 610) descri bed

earlier is m xedvgiifitatibewath Cow dFoleculh Wight P eerébutAPhEnal fA¢mer ¢ 5137
and spun into fiber. Nylon:Phenolic Resin ratio and its nelt tenperature

of blends are showdligemsrs ofpatoiegdsitylinbanalemeleaylarwiisht eange 40Q 191100,
Pol yam dey, Pg%%gi)g%hgseéq%ng) ERA I SahAmdR, EOGRRLS OmoBPh&d 1 Tholdcllayam de:

Phenolic = 65:
weight polymers are soluble in low alcohols, such as ethanol, isopropanol and

butanol. These polymers were added to co-polyamide described earlier and
electrospun into 0.2 micron fibers without adverse consequences. Some polymers
and additives hinder the electrospinning process. Unlike the conventional phenolic

15  resin described in Example 2, we have found that this group of polymers does not
interfere with fiber forming process.

We have found that this group of additive protects fine fibers from wet
environment as see in the plot. Figures 13-16 show that oligomers provide a very
good protection at 140 F°, 100% humidity and the performance is not very good at

20 160 F°. We have added this additive between 5% and 15% of polymer used. We
have found that they are equally effective protecting fibers from exposure to high
humidity at 140 F°. We have also found out that performance is enhanced when the

fibers are subjected to 150 C° for short period of time.

25 The table 1 shows the effect of temperature and time exposure of 10% add-

on to polyamide fibers.



15 Pol yam de: Phenolic = 50:50 65 W were able to produce conparable fiber
fromthe blends. The 50:50 blend could not be cross-linked via heat as the
fibrous svoowtuse was destroyed. Heating 65:35 bl end bel par/@80idsgrice C.
for 12 hours inproves the chem cal reS|st§6nce of the 20 resultant fibers to
resi st dissolution in alcohol BI end of pol yani de wi th eo resin, such
Epon 828 from Shel l andlanlg L. gfficig Amed (L ol - YASur f ace

modi fi cation though Fluoro Addi tive (Scot;;‘elag%q}{rﬁg) Repel lant 25 Al cohol
m sci bl e Scot chgard(r) FC 430 andl 431 from3 y were addqgn]ilg

pol yam de bef eﬁp?ﬁﬁtuf" Ny Add=on anount—was 10%oi bUi rds—AdditTon of
Scotchgard5 di a—tot nder fiber formation. THC bench shows t hat
Scotchgard=1ike high nol ecul ar weight repellant finish did not inprove
wat er resistahe@C’sScotchgard add@&8%sanpl es wereBSated at 300 R8Hor 10

m nutes as suggested by manufactuf88. 30 Exanpl 88%. MdificatP88 with
coupling agents Polyneric filns were cast from pol yam des with tinanate
coupl i ng agent80 CProm Kenri ch Pet geahem cal s, |1ngg.7They i ncl ude9pgopr opyl
triisosteggoyl titanate (KR 35 T§§);, neopentyl pgical | yl) oxytrigggdi octyl)
phosphato titanate (LICA12), neopentyl WO 02/20133 PCT/USOL/ 25111 35
(dially) oxy, wgo(l\l-ethyl ene dia rgo) ethyl zir nate (Nz44) t filns
were soaked in boiling water. rol sanple w §E ut coupli ngrgggnt | oses
its strength imediately, whil e &pl i ng agent ged sanpl es rnt ai ned
its formfor up to ten mnutes. These coupling agents added sanples were
spun intoq£iber (O: r I fh Low

Mol ecul arlé‘él ght thﬁleS;th'gsao %I Sflllflé;%g‘%lt p?é%%rﬁa%ndggﬁeé‘g&g%ﬁggw%%tert butyl
phenol , nol ecwdsstance Mgﬂntthlsa‘”atgﬂy 408ddigves IaGrdert6 undastpnd birasles gfoupmf Enzy nol

| nter nat| onal ecul ar. . wei ght | ymer,s. are
Lol obl a1 o o TOE: wE Bare anbligen et Thet Sikb Bt Ao DT AR dOh o
pol yners wer e afdets¢ R 1% Rd- Mﬁ%ﬂﬁe?ﬁﬁ)% 19%bfeairlvb19cran§1§r‘éed FHBHESCQSRUN into

0.2 micron fibers wthout adverse consequences. me polyners
the University of Minnesota with the results shown in Table 2.

20
Table 2 - Surface Composition (Polymer: Additive Ratio)
Heating Time
1 min : 3 min 10 min

Temperature

25
150 C°. 40:60 40:60 50:50
130 C°. 60:40 56:44 62:82
110 Ce. 63:37 64:36 59:41
No Heat 77:23

30

Initially, it did not seem to make sense to find surface concentration of
additive more than twice of bulk concentration. However, we believe that this can be
explained by the molecular weight of the additives. Molecular weight of the additive
of about 600 is much smaller than that of host fiber forming polymer. As they are

35  smaller in size, they can move along evaporating solvent molecules. Thus, we
achieve higher surface concentration of additives. Further treatment increases the
surface concentration of the protective additive. However, at 10 min exposure, 150
C°, did not increase concentration. This may be an indication that mixing of two
components of copolyamide and oligomer molecules is happening as long chain

40  polymer has a time to move around. What this analysis has taught us is that proper



and additives hinder the el ectrospinning process. Unlike the conventional
phenolic 15 resin described in Exanple 2, we have found that this group of
pol ynmer s wioex201a8 interfere with fiber form' ng process. Werwamesiound t hat
this group of additive protects fine fib fromwet environnent as see in

the plot. Figures 13-16 show that oli orrers rovi ver ood ot ection
at 140 F, 1006%1W&fp9st§¥?a“¥%t15’§@8? @ufescaﬁ&eﬁwye Seritess whle 6o p.
Ve have addedidolbge %ﬁﬂe%gug%wgﬂegd%v@m&ﬁc@ of polyner used. W have

u

found that they are ally effective protecting fibers fromexposure to
high humidity at mfuﬁhel\/wcahm thé swfdce wiitheswadditied lager mrrofiirreusisg

h d when_ t fib C f hor t d,of t
25 The tabl o ECEHEYES SHET SEPCet G SOADeP e ienighn TRes RpBavE WF 109
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addi ti ve works, have anal yzed the fine fiber mat with surface anal ysis
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peaks observed peaks observed for the polyamides. Also observed are high mass
peaks with mass differences of 148 amu, corresponding to t-butyl phenol. For the
sample treated at 10 min at 150 C° (50 % surface additive concentration by ESCA
analysis), inspection shows dominance of t-butyl fragments and trace, if at all, of

15  peaks for polyamide. It does not show peaks associated with whole t-butyl phenol
and its polymers. It also shows a peak associated with C,H3;0 fragments.

The ToF SIMS analysis shows us that bare polyamide fibers will give off

broken nitrogen fragment from exposed polymer chain and contaminants on the
surface with ion bombardment. Additive without heat treatment shows incomplete

20  coverage, indicating that additives do not cover portions of surface. The t-butyl
oligomers are loosely organized on the surface. When ion beam hits the surface,
whole molecules can come off along with labile t-butyl fragment. Additive with
heat treatment promotes complete coverage on the surface. In addition, the
molecules are tightly arranged so that only labile fragments such as t-butyl-, and

25  possibly CH=CH-OH, are coming off and the whole molecules of t-butyl phenol are
not coming off. ESCA and ToF SIMS look at different depths of surface. ESCA
looks at deeper surface up to 100 Angstrom while
ToF SIMS only looks at 10-Angstrom depth. These analyses agree.

30 Example 6:
Development of Surface Coated Interpolymer

Type 8 Nylon was originally developed to prepare soluble and crosslinkable

resin for coating and adhesive application. This type of polymer is made by the
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56:44 62:82 110C0 . 63:37 64:36 59:41 No Heat 77:23 30 Initially, it did
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copol yam d® abépodydngideesindmbsiitikiag cusbdajuheni ng as | ong chain 40 pol yner
has a time to nove_around. What this anal éSi has taught us is that proper
WO 02/ 20133 PCT/ USHY pisish ioprepere Gpe Syl 181gaer fighrrasssHsfeaqtomgasthgreed

tenperature caneRbALSiRELAQr mance, while too Iong exposure could have a
negative infl uénce.ﬁ{;‘é flugt ftlgr exam ned the surface of these additive | aden

m crofibers using techniques called Tinme of Flight SIMS. This technique

i nvol ves bonbardin he bj ect w el ectrons and observes what is

com ng fromthe su?‘{‘}’;(&@ﬁs@?fgoét%ﬁ?w@wm t hodf RPYPES ves show organic

ni trogen tpecies aMethad®l ng of f upon bombar dAdioungi t h el ectron. This is an
i ndi cation that poMWaiei de species are brokegd-bfffounds also shows presence
of small quantity &brmalpehyidei es, such as sod2@moands silicone. Sanples with

additive without heat treatnent (23 % additive concentration on 10 surface)
show a dom nant species of . t-butyl fragme and smal | but unanbi guous

peaks observed pealt§e &ser icthen Hishedevi ?rta&@wgi is heajed A deaselBodre hi gh
mess  Poake iRl g 00Ss iR SRS Ao
concent r at i onway adde@As catalyst. Acidic catalysts include trifluoroacetic acid, formic acid,
toluene sulfonic acid, maleic acid, maleic anhydride, phthalic acid, phthalic
anhydride, phosphoric acid, citric acid and mixtures thereof. Nafion® polymer can
also be used as a catalyst. After addition of catalyst, reaction proceeds up to 30
20  minutes. Viscous homogeneous polymer solution is formed at this stage. After the
specified reaction time, the content of the high pressure vessel is transferred to a
bath containing methanol, water and base, like ammonium hydroxide or sodium
hydroxide to shortstop the reaction. After the solution is sufficiently quenched, the
solution is precipitated in deionized water. Fluffy granules of polymer are formed.
25  Polymer granules are then centrifuged and vacuum dried. This polymer is soluble in,
methanol, ethanol, propanol, butanol and their mixtures with water of varying
proportion. They are also soluble in blends of different alcohols.
Thus formed alkoxy alkyl modified type 8 polyamide is dissolved in ethanol/
water mixture. Polymer solution is electrospun in a manner described in Barris U.S.
30 Pat.
No. 4,650,516. Polymer solution viscosity tends to increase with time. It is generally
known that polymer viscosity has a great influence in determining fiber sizes. Thus,
it is difficult to control the process in commercial scale, continuous production.
Furthermore, under same conditions, type 8 polyamides do not form microfibers as

35 efficiently as copolyamides. However, when the solution is prepared with addition



anal ysi s), inspection shows dom nance of t-butyl fragnents and trace, if at
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of acid. Cairns, T.L.; Foster, H Larcher, A W “Schneider, A K ;
Schrei ber, R &easlmng,ﬁhrat(dmfﬁcﬁnw shbmgwtté’rjihalﬁ%% filtration etfi,'lpenqyfremtlymrer can

be el ectrospu .be crass-1|inke e i ber. from
Chi s pol yier . REC iR esring SSnBE pompaiabls s R T oS Y FE 9 M b b Thi iy,
I'n order to pb%@%ﬂ&xdts}i@@s thalweRan oB@iOalvhRe b CHTfiBERSHlEr FornR@eh @hd Was
charged withthe following ratio: Nylon 66 éé:luPont Zytel 101) 10 pounds

10 Met hanol 15Xc_billplnthdtIstlon/dlamct®SGC pocapddyant Wﬁh@éﬁa}m@epi egcgdlstinds The
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suggests that non-crosslinkable copolyamide has participated in crosslinking to

maintain 98 % of filtration efficiency.
DSC (see Figures 17-20) of blends of polymer A and B become
indistinguishable from that of polymer A alone after they are heated to 250 C°. ‘
20  (fully crosslinked) with no distinct melt temperature. This strongly suggests that
blends of polymer A and B are a fully integrated polymer by polymer B crosslinking
with polymer A. This is a completely new class of polyamide.
Similarly, melt-blend poly (ethylene terephthalate) with poly(butylene
terephthalate) can have similar properties. During the melt processing at
25  temperatures higher than melt temperature of either component, ester group
exchange occurs and inter polymer of PET and PBT formed. Furthermore, our
crosslinking temperature is lower than either of single component. One would not
have expected that such group exchange occur at this low temperature. Therefore,
we believe that we found a new family of polyamide through solution blending of
30 Type A and Type B polyamide and crosslinking at temperature lower than the
melting point of either component.
When we added 10% by weight of t-butyl phenol oligomer (Additive 7) and

heat treated at temperature necessary for crosslinking temperature, we have found



15 under pressure. Wien the desired tenperature was reached, small quantity
of acid was added as catalyst. Acidic catalysts include trifluoroacetic
acid, fow®o2zaoszd, toluene sulfonic acid, maleic acid, nBCEUSIIZAsNMdri de,
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of pol yners ar gefgfaBdor B iRk ¥AREs. granul es are then centrifuged and vacuum
dried. This polymer is soluble’in, nethanol, ethanol, propanol, butanol

and their nixt ures%hﬂememﬁswfngxtumﬂfﬁiﬂlymm anth @plyares Ba(Ssopdol ubl e
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el ectrospun i (BampRROBR WahéH fobei8d Fiberiaf dlécﬁrobblﬁmng%@od?,@d exINQed thefir 516.

Pol ymer solution viscosity tends to increase with tine. eneral ly
known t hat pongah%tﬁ%l?s&sé%mmh@g apd gjadugted the Wéacé@om@oaé@@ bnﬁﬁ&fgsmfaﬁ@r

si zes. Thﬂ§ & difficult to control the process in commercial scale,
cont i nuous” pr oaaLPétll on. Furthernore, under sanme conditions, type 8

pol yam des do not formmcrofibers as 35 efficiently as copol yam des.
However, when the solutjon is prepared with addition WD 02/ 20133

PCT/ USOL/ 25111 39 Table showes BSCArannlysis of Sawnles §Aral8he sul foni ¢ aci d,

mal ei ¢ anhydride, trifluoro nethane sulfonic acid, citric acid, ascor bi ¢
acid and the like, and fiber mats are careful ly heat- treated after fiber
formati on, the resCbimpositibn ) has a vBamplkeEdd cheni c8hmplksiBst ance.

(Figure 1§5). Care rrust b«éstaken during thﬁ crosslinking stage, so that one
does not destroy Pelypyeg structure. Qve found a surdrisi ng result
when type 8 pol yarPe@¥Mep8i ymer B) is bl efded with al cohd? sol uble

copol yani des. By rééﬂlélé’ﬁﬂg 30 % by weight &f al koxy al kyl0 nodified

pol yam de 66 with al cohol sol uble copolyainide |ike SVP 637 or 651

(pol ymer A), HE vanbagad@mpsitivar gi W/OcHedf ecWsHemr e WaDikidat Filbaieaf or mati on
of the 10@lend is nore efficient than either of the conponents al one.

Soaki ng in ethanol pgither A&B (%) 100 100 68.9 43.0
Additive 7 0 0 31.1 57.0
25 ESCA provides information regarding surface composition, except the

concentration of hydrogen. It provides information on carbon, nitrogen and oxygen.
Since the Additive 7 does not contain nitrogen, we can estimate the ratio of nitrogen
containing polyamides and additive that does not contain nitrogen by comparing
concentration of nitrogen. Additional qualitative information is available by

30  examining O 1s spectrum of binding energy between 535 and 527 eV. C=0 bond
has a binding energy at around 531 eV and C-O bond has a binding energy at 533
eV. By comparing peak heights at these two peaks, one can estimate relative
concentration of polyamide with predominant C=0 and additive with solely C-O
groups. Polymer B has C-O linkage due to modification and upon crosslinking the

35  concentration of C-O will decrease. ESCA confirms such reaction had indeed
occurred, showing relative decrease of C-O linkage. (Figure 1 for non heat treated

mixture fiber of Polymer A and Polymer B, Figure 2 for heat treated mixture fiber of



measuring filtration efficiency shows better than 98% filtration efficiency
retention, THC bench testing show ng conparable results with Type 8

pol yan davebwemE33 This type blend shows that we can obtai PCHUS@RSage of
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Type A and Type e and Ccross K1 ng at t enper at ower than the
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phenol ol i gongr ditive a heat ted at tenperature necessary for
crossl i nki ng%ﬁé@d ‘Ef'lrtée ﬁéérshg‘e%h?"(‘?%ﬂ‘d“{f%aatﬂlf E% F%fpgﬁilaiﬁ 0 even
bet t er res“'t?ounM‘Qhéﬂ@ﬁ"cb6PH1et1ﬁl@1;poWr%¥htﬁlH@S&th%”m group of t-butyl

phenol oligoners would participate in reaction wth functional group of
type 8 nylons. \Wh8amples6dy6Bfandadepent oifﬂamp&,@dqsomb?dtmﬁestl@nﬁ paebeages good

fi ber forpation, ved r h te eratur and h humdity
and hydr oB?obF’&HOF?A?ngp@ E@#&Q@%O}f pF?"B% 3168%1" ptrﬂeo‘? Br epar ed
sanpl es of m ¥tyysed f 1400k mﬁae[oo‘%mﬂ Bﬁaafm@ése BoAFPAHMR abugﬁhaaeﬂp@wéaer
sanpl e of m xture of Polﬁ r A Polyner B and Additive (Sanple 6B). W

then formed fteeolyipyr edpe é@frnm degradetoare sHowesenas te t@meelfatub@ts raised to
160°F and 100% RH, then the t-butyl phenol oligomer is not as good in protecting

the underlying terpolymer copolyamide fibers. We have compared samples at 160°F
20 and 100% RH

Table: Retained Fine Fiber Efficiency after Exposure to 160°F and 100% RH

Sample After 1 Hr.  After 2 Hrs. After 3 Hrs.
25

Sample 6A 82.6 82.6 85.9

Sample 6B 82.4 88.4 91.6

Sample 5 10.1

30  The table shows that Sample 6B helps protect exposure to high temperature and high
humidity.

More striking difference shows when we exposed to droplets of water on a
fiber mat. When we place a drop of DI water in the surface of Sample 6A, the water
drops immediately spread across the fiber mat and they wet the substrate paper as

35 well. On the other hand, when we place a drop of water on the surface of Sample
6B, the water drop forms a bead and did not spread on the surface of the mat. We

have modified the surface of Sample 16 to be hydrophobic by addition of oligomers



mat at 300F for 10 m nutes and eval uated the surface conposition by ESCA
surface 10 analysis. Table shows ESCA anal ysis of Sanples 6A and 6B.

Conposi t ivod 02/29138anpl e 6A Sanple 6B 15 Polyner A 30 30 PpCywee1/B1iA0 70
Additive 7 0 10 Surface Conposition WO Hgat WHeat WO Heat WHeat 20

o ovi des. i of Mt POV PRt (s ARl i e i % mnlict s

concentrat i onwafer Hj/cgfs&@ﬂrhot g& tHe6@H e Sink ﬁharmﬁac@my@frbﬁsmm@@ nitrogen and
oxygen. Since the Additive 7/ does not contain nitrogen, can estimte the

rati o of nitrogen Sewmntesion 65 q@dlaymﬁaﬂ&@mﬁaf%@@pmmerp@éﬁce@lave@ A cont ai n
nitrogen by CORp § i I ive
information i$ & ab? g"t%rllp e?%ﬁl% Jsgs%g%l%r%lﬁr?g tb|ﬁes§1§’0"esc!ﬁéq%om ?gﬁélﬁ%@% ah%ﬁ%r ay
bet ween 53% afﬁﬂna’iﬂ?nt@é«t’w}%@ahﬁﬂdofMoﬁsbvaademelgrdaﬁggecat around 531 eV and
C-0 bond has a binding energy at 533 eV. By conparing peak hei ghts at
these two peaks, one can estinate relative concentration of polyamde with
pr edom nant n - ] | ymer B has C- 0

|'i nkage due toorgor%gd%fe %l%ﬁgg}r? }ﬁﬂ?)(%n?& gtgi]?)(rﬁgg{rll%l{?%o 5 concentration of
C-0 will decrease. ESCA confirns such reaction had indeed occurred,

showi ng rel ative decrease of C0 Ilnka(\i_B (Figure [H{non heat treated

mi xture fiber of PSP A and PolAfifeP THS. Fi gureAQCteF(z? gat treated mxture

fiber of 02/ 2013 gmggéAJSOl/ 2511110$/gf Pol ymer A amb(fol ymer B). Wen

Addi tive nol ecul 26 resent on surface, [\§egan expect nore of
C-O linkage. This ed the case%s can be seenpio? Fi guress 3 and 4.
(Figure 3 for as-s§ Pﬁiture fibers Pol yner A yner B and Additive
7. Figure 4 for heat treated m xture fibers of Polyner A Polyner B and 5

Addi tive 7). Fi gur gyiieShifon tflighMr ©HURRLT RiME ifbrdvePild ERYe i ncreases
for Exanple 7. The finding iIs c§n5| stent” wth the surface concentration
based on XPS temperitpteaxsistpet ofifimediberlayen; S @dittanafglld@tive 7 has a neutral
effect on the high temperature exposure.
We have clearly shown that the mixture of terpolymer copolyamide, alkoxy
alkyl modified nylon 66 and oligomers of t-butyl phenol provides a superior
products in helping fine fibers under severe environment with improved productivity
20  in manufacturing over either mixture of terpolymer copolyamide and t-butyl phenol
oligomer or the mixture of terpolymer copolyamide and alkoxy alkyl modified nylon

66. These two components mixture are also improvement over single component

system.

25 Example 7:
Compatible Blend of Polyamides and Bisphenol A polymers

A new family of polymers can be prepared by oxidative coupling of phenolic

ring (Pecora, A; Cyrus, W. US Patent 4,900,671(1990) and Pecora, A; Cyrus, W.;
Johnson, M. US Patent 5,153,298(1992)). Of particular interest is polymer made of

30  Bisphenol A sold by Enzymol Corp.. Soybean Peroxidase catalyzed oxidation of |
Bisphenol A can start from either side of two —OH groups in Bisphenol A. Unlike
Bisphenol A based polycarbonate, which is linear, this type of Bisphenol A polymer
forms hyperbranched polymers. Because of hyperbranched nature of this polymer,
they can lower viscosity of polymer blend.

35 We have found that this type of Bisphenol A polymer can be solution



It is apparent that t-butyl oligonmer nolecules mgrated toward the surface
of the fine fibers and form hydrophobi c coating of about 50 A Type 8

nyl on hasv@02fwusxti onal groups such as - CH2OH and - CH2OCHBCTAR1¢351 182
expected to react with -OH group of t-bujyl phenol. Thus, we expected to
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degr adat i on. Wever , nperat ure rarse 100% RH,
then the t5 bugsthbilibep@hmetet BR8W. Dus téthe differgaed i Bolpbilityegdrameter, bhe
underlying terpolyner copol yam de fjbers. We have conpared sanples at 160F
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they wet the su rate paper as t he ot her hand, eh we place a
drop of wat er fibers tatveind Urheeen. BispBamydlAeof BEH)0 MW . wencd stabiteopitl copodyaanibead and
did not spread pn the surface of the mat. W have nodified the surface of
Sanple 16 to %&’?9 YIREBP Ay addition of ol i gonmers WO 02/ 20133

PCT/ USOL/ 25111 42pyafc §r40: 501¢hd 81e6RQhok Jthaltihy RéafREatieodysdlyffide Rgs used as
a water mst elimnator, as water drops wll hot 'go through the fine fiber

sur face | ayer msitingdapperadie aSangl & depage G BndBisphend gergsinsiappglassypolpaet i on 5
were pl acpd i nan oven  WIer &0 B SREraureqvas, et Al 0T, AaRSy Shows
is exposed to 100 degree C., the fiber mat disappears. This blend would make an
excellent filter media where upper use temperature is not very high, but low-pressure
drop is required. This polymer system could not be crosslinked with a reasonable
manner.

20

Example 8:
Dual Roles of Bisphenol A Polymer As Solvent and Solid in Blend

A surprising feature of Bisphenol A polymer blend is that in solution form
Bisphenol A polymer acts like a solvent and in solid form the polymer acts as a
25  solid. We find dual role of Bisphenol A polymer truly unique.

The following formulation is made:

Alkoxy alkyl modified PA 66: Polymer B 180 g
Bisphenol A Resin (3,000 MW): Polymer C 108 g
Ethanol 190 Grade 827 g
30 Acetone 218 8
DI water 167 g
Catalyst 93 g

The viscosity of this blend was 32.6 centipoise by Brookfield viscometer.
35  Total polymer concentration was be 19.2 %. Viscosity of Polymer B at 19.2% is

over 200 centipoise. Viscosity of 12% polymer B alone in similar solvent is around



5 remain intact while Sanple of Section 5 was severely damaged. Tabl e:

Ret ai ned Fine Fiber Efficiency after Exposure to 310F. Sanple After 6 Hrs.
After 77 wde22013D Sanpl e 6A 100% 100% Sanpl e 6B 100% 100%CBaspl2s18 34% 33%
Wil e addition of oligomer to Polynmer A ajpne inproved the high 15

t enperature resi 8 Y ' Ita: diti Additive 7 has
a neutral ef ? gg%ﬁt§%9§h2 fgg%afs gerlr?%glﬁlgleﬁ%{% Béﬁé)%gafg.re%gﬁggfée%?%z‘i’%l?ty shown

that the nixtbe@usd theaiseosipnanthepm sylatbieas RvkeXhan epbytbd. IRagiltdne dibay! on 66
and ol igomers of t-butyl ﬁhe_nol provi des_a superi or (g,r oducts in hel ping
fine fibers uftErtgavasiel drigicranEnelycr B alopsrmaviaargedmuizhar jormpatipn, the

manuf act uri ng { ] f . rv.C ] - but yl
phenol oli goﬁge/e%f)efl em{?g?l%? %Oﬁfr&e{{eg*a &tﬂel%g%?% ﬁé@é@p@ﬁ%a%%@%}gﬂ %I oxy al kyl
modi fi ed nyl oparticipatedlie sibeit fobmaton) ONe db siotkndwi o Largyr ethéd case diquclodesneatic over

si ngl e conmponent. system 25 Exanple 7: npati b] e Bl end of Pql yam des and
Bi sphenol A pGP%}ﬁ%]Fé’fACﬁEWOF%‘?@“oSPa]SBg piein atangl defillation oxi dati ve

coupling of p i i : r ; 1 71(1990)
and Pecora, Agff&%ngg ,”‘W?Qf %%ﬁﬁ%oﬁ?asﬁed%hﬁ%lgéﬂd g@@%@g@ﬁg@%ﬁ O
parti cul ar i nefficesty iwas pethiped andthd éibef siZOwas wphemgdd. Bhis ahdicdigs thatz y nol
Corp.. Soybean Peroxjdase catalyzed oxidation Qf Bisphenol. A can start
from eit her SP a@n@rﬂ%_pa@q_lr&;@{}agrqs Hﬁ?l%?f’é’ﬁ’ﬁﬁlkﬂ.a R "Rre”lléi sphenol A
based pol ygar bonat @noWa htyhr SdIMEH wa§¢l‘b}za;5d’ Rﬁh@?ol%ﬁﬁ%%ﬁﬂheﬁ pol yrer

forms hyper branched pol ynefs. Because o per branched hature of this
polynmer, they can |ower viscosity of polynmer blend. 35 W have found that
this type of Bi sphaidlkdxyAllpdModifie€BA6Ee sol Bblyarer WO 02228133 PCT/ USOL/ 25111

43 bl ended with poBysphtsisA REGR3,060M¥NS enPslysdd @i | 1By gpar aneter for
nylon is 18.6. (Paggndliao ¢agebook of Sol ubility Pargmggers and ot her

cohesi on paraneter 9,4 Barton ed., CRC Press, Boca Rgtgn Florida, 1985)
| f one cal cul ates lW'?cEn]l ity paraneter (page 61, Han gpgk of Solubility
Paraneters), then giu{s (o]

atalys 11.6g

cul at ed

Viscosity of this blend was 90.2 centipoise. This is a very low viscosity

20  value for 24% solid. Again, this is an indication Polymer C acts like a solvent in the
solution. However, when they are electrospun into fiber, the fiber diameter is 0.438
micron. 15% solution of Polymer B alone would have produced around 0.2-micron
fibers. In final state, Polymer C contributes to enlarging fiber sizes. Again, this
example illustrates that this type of branched polymer acts as a solvent in solution

25  and acts as a solid in final state. After soaking in ethanol solution, 77.9% of filtration

efficiency was retained and fiber size was unchanged.

Example 9:
Development of Crosslinked Polyamides/ Bisphenol A Polymer Blends

30 Three different samples were prepared by combining resins, alcohols and
water, stirring 2 hours at 60 degree C. The solution is cooled to room temperature
and catalyst was added to solution and the mixture was stirred another 15 minutes.

Afterward, viscosity of solution was measured and spun into fibers.



5 solubility paraneter is 28.0. Due to the differences in solubility
paraneter, one would not expect that they would be m scible with each

ot her. Howevseq133ve found that they are quite m scibl e anBCpUswv/ie11
unexpected properties. 50:50 blend of Bispphenol Aresin of MW 3,000 and
copol yam de was nmade in ethanol solution. Total concentration in solution
was 10 % Copol yam de alone 10 would have resulted in 0.2 mcron fiber

di ameter. Blend resulted in ITaéfylldvaietablf shoRalide akaupids:1 m cron.

Bi sphenol A of 7,000 MW is not stable with copal yam de and tends to
preci pi tate. Bsgipafg)s50: 50 bl end shows SagRl}A neSeing ]

Copol yam de h |ng tenperature agound 150 %r ee C aqq |sphenol
resinis ynmer 15 with Tg f6 about 1 The bl %rg]Bshows Iack of
di stinct @g%en the fiber mat i§ exposed ﬁ 100 degrlﬁé,) , the fiber
mat di sappear bl end woul d make excel | t8 filter di a where
upper use te &heapl Y Gradp ot very hi gh898ut | ow Btdssure op is required.
Thi s pol ymer §15(@m1@10u| d not be crosskBaked Wltﬂlé reason@ﬂ)loe manner. 20
Exanpl e 8: Dubll WRdkes of Bi sphenol A PdBYner As $6/7vent and5%olid in Blend
A surprisithg Cemiyst e of Bi sphenol A poldprer bl en@.58s that 0790l ution form
Bi sphenol A polynmer acts like a solvent and in solid formthe polynmer acts
as a 25 solid. W find dual role of Bisphenol al yner truI uni que. The
fol | owi ng for WCAPOWP) s made: Al koxy aBRyl modi f/ fgéd PA 66:13f8| yner B 180 g
Bi sphenol A R Pol yer 08 g Eyhagol 190 de 827 g 30
Acet one 218 SF%BFS%t(%?&ﬁwg Cat al ystg%4 39 Thghz\?l scosi tyq(; this bl end
was 32.6 centipoise by Brookfield visconeter. 35 Tot al pol yner
concentration was be 19. 2 % Vi scosity of Pol yner 19.2%is .over 200

centi poi s& Vi scosi¥§haye faund o3 thatdhis blead Bﬁ@rﬁtﬁs glb?FF F‘ jelendlyyRiREY§iaE ar ound
WO 02/ 20133 PL{S6%, frdtd thasdF fiber compared to Polymer A recipe. In addition, resultant

polymeric microfibers produce a more chemically resistant fiber. After alcohol soak,

a filter made from these fibers maintained more than 90 % filtration efficiency and
unchanged fiber diameter even though inherently crosslinkable polymer is only 44%

20  of'the solid composition. This three-polymer composition of co-polyamide, alkoxy
alkyl modified Nylon 66 and Bisphenol A creates excellent fiber forming,

chemically resistant material.

Example 10:
25 Alkoxy alkyl modified co-polymer of Nylon 66 and Nylon 46

In a 10-gallon high-pressure reactor, the following reactions were made, and
resultant polymers were analyzed. After reaction temperature was reached, catalyst
were added and reacted for 15 minutes. Afterward, the polymer solution was
quenched, precipitated, washed and dried.

30



60 centipoise. This is a clear exanple that Bisphenol A resin acts like a
sol vent because the viscosity of the total solution was |ower than

expect ed w®ezedisant fiber dianeter was 0.157 micron. |f porysew2sBiial one
participated in fiber formation, the expggted fiber size would be |ess
than 0.1 mcron. In other words, Polymer C5 participated in fiber
formation. W do not know of any other case of such dramatic dual role of

a conponent. Rch@br SRake IOBY he samRune A Ruha0B! ,Rieod i [RunatdDONRun 10E
efficiency and fiber size was neasured. After alcohol soak, 85.6% of

filtration el dad§uReasZytel 10hed Hhd the Fiber size was dnchangell. This
i ndi cat es t haiNyld2ob,9 @SN Stenyl pe0)t i cidpat ed i crosslinking &cting Iike a
pol ymer sofi dFofiflald¢inidher pol ynmer sol&ition Was prepated inlbhe fol [&w ng
manner: Al koDl Vhtky! Modi fied PA66: (Pl yner0.B 225 @@ Bi sphenol A Resin
(3,000 MW : Pokammiol C 135 g Ethanol27190 Grggle 778 gol5 Acepone 20pg D
Water 157 g Catalyst 11.6g Viscosity of this blend was 90.2 centi poi se.
This is a ver Lscosidy 20 val u or % sol i d,nAgai Neqt his i;gpan

i ndi cat i 02 Po%:fm%gn\gez%t@?i ke a solf\?mf [ ﬁg e sgflgéi ont15 weverlgO en
they are 9 ecttBa$pdn into fiber, the t&ber dr meter 5/ < 0. 43§ m'crgr]r. 15%
sol ution of P3MYED B al one woul d hadd-bor odekdd ardéhd 0. A7&i4cr on 18PiShber s.
In final state, Polymer C contributes to enlarging fiber sizes. Again, this
exanpl e il | usieatlef Subsitutidi s t ype of branched pol yner acts as a solvent in
sol ution 25 amdk@st s(was%) solid in fina stare. Aftef.lsoakinglin etBanol

sol ution, 157. 8feeflof (wtickption efficiency was3retai pgd and goper sipza was
unchanged. Exanple 9: Devel opnent of Crosslinked Pol yam des/ Bi sphenol A
Pol ymer Bl ends 30 Three different sanples were prepared by conbining
resins, alcohols al$fC efdhepelyster madeyith Ndon 46 and By laefr showSbrodesirgghé ut i on

mxture was. sPRRRBAPARBTRat g Lamayt dbn hameliie Frereg stafinsd Pt | on
was measur ed %‘ézz’ﬁlpe dr%&iiifiécpﬁ%%fl g??zﬁ?éaﬁ?fﬁ% £ {dRAM62 #ibd duridtonIhe

foll owi ng table shows these exa
20  reaction, both components are randomly distributed along the polymer chain. Thus,

we believe that we have achieved random copolymer of Nylon 46 and Nylon 66
with alkoxy alkyl modification. These polymers are soluble in alcohols and mixtures

of alcohol and water.

Property ASTM | Nylon 6.6 Nylon 4.6
Tm 265°C 295°C
Tensile Strength D638 13.700 8.500
Elongation at Break D638 15-80 60
Tensile Yield Strength D638 | 8000-12,000

Flexural Strength D790 17,8000 11,500
Tensile Modulus x 10° psi D638 230-550 250
Izod Impact ft-Ib/in of notch | D256A 0.55-1.0 17
Deflection Temp Under D648 158 194
Flexural Load 264 psi

25
Both are highly crystalline and are not soluble in common alcohols.

Source: Modern Plastics Encyclopedia 1998



Reci pe Sanple 9A Sanple 9B Sanple 9C Polyner B 8.4 12.6 14.7 5 Polyner A
3.6 5.4 6.3 Polymer C 7.2 10.8 12.6 Ethanol 190 Gade 89.3 82.7 79.5

| sopropavod 023133 21.8 21.0 DI Water 18.0 16.7 15.9 10 Caréernyse1/2548 0. 58
0.79 Viscosity (cP) 22.5 73.5 134.2 Fib Size (mcron) 0.14 0.258 0.496
15 W& have found out that this blend generates fibers efficiently,

produci ng about 50 % nore nmass of figé@a?&ngéred to Polynmer A recipe. In
addi tion, resultant pollyéq;%[%' &éﬂtggg{&@ﬁpg ﬂ@glﬁnﬁg&%ﬁpem’ cal ly
resistant fiber. After ) se fibers

mai nt ai ned nor ealkbzayalR9l Brodified Nptlow A6/65 Lopolgmey and dormatidmeisec tfospan

di amet er even though inherently crossli Li_)ab| e polyner is only 44% 20 of the
solid conposition. This three-polynmer ce®¥%ition of co-pol yam de, al koxy
al kyl nodi{ied Nyl ppn$fo@agd ﬂ)ﬁ@ﬁﬁﬁ@é wlrChER i8R BHeEEbY RiRthods B&YCrib&d M NY.
chemcally resistant material. Exanple 10: 25 Al koxy al kyl nodified

co- pol yner of abdpecAlk®By atkyl Modifieddéylom 46/66 (Pejsimen ) hiogh wereswoessfullyact or
the follow ng reactio re de n resul tant pol.yners werg anal yzed.
After reacti oﬁlef%mg?'g?lﬁﬁﬁn&ggfiwggﬁ‘gﬂ}} PBMﬁaﬁmg%&d mz%?ilebc?nﬁﬁta 0? 5’:&%‘? ed
for 15 m nut egfficitht Ab¥fofnatidheandAbUAR fo makdlbi fivess wib®Reh@icing the
precipitated, washed and dried. 30 WO 02/20133 PCT/USQOL/ 25111 46 Reactor
Charge (LB) Renessiokaiplity ¢i@®IRuer Deccaube scomirRla falbevingjabdei 4, 6 (duPont

Zyt el 1011 105555 Nylon 6,6 (DSM Stanyl 300) 0 5 5 5 5 5 Fornal dehyde
8 10 8 10 DI Water 0.2 0.2 2 0.2 2 Methanol 22 20 20 20 20

Polymer 10B Polymer 10D
Alone w/30% Alone w/30%
Polymer A Polymer
A
15  Fiber Size(micron) 0.183 0.464 0.19 0.3

Fiber Mass Ratio 1 3 1 2
Filtration Effi.
Retention(%) 87 90 92 90

20  Fiber Mass Ratio is calculated by (total length of fiber times cross sectional area).
Filtration Efficiency Retention is measured soaking filter sample in ethanol. Fiber

size was unchanged by alcohol soak.

Example 12:
25 Crosslinked, Electrospun PVA

PVA powders were purchased from Aldrich Chemicals. They were
dissolved either in water or 50/50 mixture of methanol and water. They were mixed
with crosslinking agent and toluene sulfonic acid catalyst before electrospinning.
The resulting fiber mat was crosslinked in an oven at 150°C for 10 minutes before

30  exposing to THC bench.



Reaction Tenmp (C) 140 140 140 150 150 10 Tg (C) 56.7 38.8 37.7 38.5 31.8
Tin (CO 241.1 162.3 184.9 175.4 189.5 Level of Substitution Al koxy (w.

% 11.9 MO0¥2/2013311.1 8.4 15 Methylol (w % O0.14 0. 13 Opawulez610. 24 DSC
of the polyner made with Nylon 46 and Nylgn 66 shows broad single nelt
tenperature, which are lower than the nelting tenperature of nodified Nylon

the 20 reactj,on. both conyBRARIAar o SPARIIS oi SEPPBUCE ol ompleRa 0

pol ynmer chai n* us, we believe that we have achi eved random co ol ymer of
Nyl on 46 and NJY@alw® with R8xy al kyI87nli fi cat i 8A-89These rs are
soluble in al cMA¥l s and nﬁkﬁﬁ@-é@oo@f HLEORY), 0 d 3h206150,0800 p2 ﬁ -ASPR0 Ny| on
6.6 Nylon 4.6PVA, ,, 265C 295Cl0Tensile Stilength D638103. 700 8. 5000

El ongati on at Esmakp638 15-80 60 Tensile Yield Strength D638 8000-12, 000

Fl exural StreggibntD790 17, 80QQtetl, 500 Nasid € Mdgiktise &)103 PEktufHd

230-550 250 papdpbipast ft-Nl%én of notigdhD256A Redy ﬁcq% 17 C el €94 1 on
Tenp Under D64 }58 194 Flexyral Load 264 psi 25 Bot3 are hig

crystalline a m sol ubl'e in comon al cohol s. our ce: I\/bdem Pl astics
Encycl opedi a /20133 PCT/ USOL/ 25111 47 Exanple 11: Devel opnent of

| nt er pol yner opol yam des and al kox nodi fi Nyl on 46/ 6
copol yrer and”t “f%ﬁ?ﬁitl on of el e(g}rospun ¥)G}I""ltfiirs 5 Ruﬁg(ai)OB and 14ﬁﬁ§anpl es
wer e nade |ntB;‘rﬁlf!§@ﬂ“§{(By net hods descri bed in

% Fiber 90 (a)
Retained THC,
3 hr.

(a): Temperature 160°F, 100% humidity
5  (b): Temperature 140°F, 100% humidity
(c): Molecular Weight 2000
(d): Melamine formaldehyde resin from Cytec

10 Example 13
A conventional cellulose air filter media was used as the substrate. This

substrate had a basis weight of 67 pounds per 3000 square feet , a Frazier
permeability of 16 feet per minute at 0.5 inches of water pressure drop, a thickness
0f 0.012 inches, and a LEFS efficiency of 41.6% . A fine fiber layer of Example 1
15  was added to the surface using the process described with a nominal fiber diameter
of 0.2 microns. The resulting composite had a LEFS efficiency of 63.7%. After
exposure to 140F air at 100% relative humidity for 1 hour the substrate only sample
was allowed to cool and dry, it then had a LEFS efficiency of 36.5%. After
exposure to 140F air at 100% relative humidity for 1 hour the composite sample was
20  allowed to cool and dry, it then had a LEFS efficiency of 39.7%. Using the
mathematical formulas described, the fine fiber layer efficiency retained after 1 hour

of exposure was 13%, the number of effective fine fibers retained was 11%.



above. Al koxy al kyl nodified Nylon 46/66 (Polymer D) al one were
successfully electrospun. Blending Polynmer Dwth Polyner A brings

addi ti onavobreadits of nore efficient fiber formati on anBCEURO/ASY11t 0 make
bi gger fibers w thout sacrificing the crggslinkability of Polymer D as can
be seen in the follow ng table: 10 Pol yner | OB Pol yner | 0D Al one w 30%

Al one W 30% Polyner A Polynmer A 15 Fiber Size(mcron) 0.183 0.464 0.19
0.3 Fiber Mass Ratio 1 3 1 2 FiItratiomxﬁilPie.MRetention(% 87 90 92 90
20 Fiber Mass Ratio is calculated by (total length of fiber tinmes cross
sectional area). A donvertiongl Eliujase andijteRmegiaryasrispd anthg subsiigtes JaKs ng

filter sanple_i.n.ethanol,. Fi i I |..soak.

Exanpl e 12: 2§ub trg[se?\a?lr?lg)eaal,s %héto?o@ o Mé?%@@g@%ﬂé;%se?ﬁgé%&rchased from
Al drich Cheni gahfeabilifeyf Vefet painsiatle\wed.Sahétee bf ivatendtessure drdpdb Hcitriexs ur e of
met hanol and water. They were mxed  wth crosslinki ng agent and tol uene

h
sul foni ¢ aci doE&PHE Whe%éﬂ@)ﬁéE@}Sé‘éﬁ@@%Cm Hilge - Arfiae fBgURYST 9§ Brpmale rat  was

bench. Vo 02/ 385 SRR B AOT A oD hattgt Qo iy FERRG) At b
Sanpl e 12D PYRO.Biysicmings The B8u#RemPosithaa% BHFSSfficinby 0896.6%0AHGr 000

31, 500-50, 000 31, 500-50,000 31 5000- 50,000 ., PVA 10 10 10 10 Conc. (%
Sol vent Vét er SXogigrte 10Dk pif ek 1 0% relptire hugnidhy forg s émsyh%lfatq\ﬁ% sHpRle

Acrylic Agyd (YEBlow&Pto cool and dry, it then had a LEFS efficiency of 35.3%. After

exposure to 160F air at 100% relative humidity for 3 hours the composite sample

was allowed to cool and dry, it then had a LEFS efficiency of 68.0%. Using the
mathematical formulas described, the fine fiber layer efficiency retained after 3
hours of exposure was 58%, the number of effective ﬁneﬂ fibers retained was 29%.
15
Example 15
A conventional cellulose air filter media was used as the substrate. This
substrate had a basis weight of 67 pounds per 3000 square feet , a Frazier
permeability of 16 feet per minute at 0.5 inches of water pressure drop, a thickness
20  0f0.012 inches, and a LEFS efficiency of 41.6% . A fine fiber layer of a blend of
Polymer A and Polymer B as described in Example 6 was added to the surface using
the process described with a nominal fiber diameter of 0.2 microns. The resulting
composite had a LEFS efficiency of 92.9%. After exposure to 160F air at 100%
relative humidity for 3 hours the substrate only sample was allowed to cool and dry,
25  itthen had a LEFS efficiency of 35.3%. After exposure to 160F air at 100%
relative humidity for 3 hours the composite sample was allowed to cool and dry, it
then had a LEFS efficiency of 86.0%. Using the mathematical formulas described,
the fine fiber layer efficiency retained after 3 hours of exposure was 96%, the
number of effective fine fibers retained was 89%.
30



O her 0 0 30 30 Polynmer/ PVA (%9 %Fiber 0 (a) 0 (a,b) 95 (b) 20 (b)
Retained THC, 1hr. % Fiber 90 (a) Retained THC, 3 hr. (a): Tenperature
160F, 100WObumiadty 5 (b): Tenperature 140F, 100% hum di pgT/US€l)251NDI ecul ar
Wei ght 2000 (d): Mel am ne formal dehyde r%ﬁj n fromCytec 10 Exanple 13 A

conventional cellulose air filter nedia gﬁs ulseg as the substrate. This
substrate had a basis weight of 67 poun X. €3800 square feet, a Frazier
permeabi ity of 164 @aleRRhalldliia # fhePmklEhes Rl 1ohetuRigRs uhg drop. a

t hi ckness of 0.012 inches, and a LEFS efficiency o .6% A fine fiber
| ayer of Exanpibstratehadwdssiasaeght vbd 67 ipeusdsfeadeOWisiuary febte, aifreziesss descri bed

i th inal fiber. di f. 0.2 m . ~Th | ti i te had
& LEFS offi o BEyaatiobal Foiccrqe Spnite ghllS Fale o yAGEPEMI Dot BaRes | vo-

hum dity for drhour idchss, aeds UERE RGNy |68, . VRefnatfibavssbrbPPeRalerand dry,
it then had a LEFS efficiency of 36.5% After exposure to 140F air at 100%

rel ative hum Belyer B t-butybplrenoheligonms@s dessribedrinl Bxamende o ovaslafidadeld the cool
and dry, it then had a  LEEFS effici.ency.of 39..7%.,Usin he t hemat i cal
or mul s deschiThes PR eS M PRLyiR ~appidsl e Shihele SLAZIPEERS hour
of exposure Wihe feslifting RemposTRAadAILEHY eficieney bf 9R4%: ReesSexpRb@eAedoorgr 11 %
WO 02/ 20133 PCT/ USQOL1/ 2511 49 Exanple 14 A conventional cellul ose air

filter nmedia #eldOlstelptve humidigules 8rhates. thersubstrats bkt saatpde waslaliovwridp soei ght
o T PouT A RO YRS el GELESS RACTRARALL )0 82y 1
and a LEFS ef 1009 eslattvetiurdidith Yor FhdurditheicoRPbsiteyatiplvadiowadao 2ool and
dry, it then had a LEFS efficiency of 87.3%. Using the mathematical formulas
described, the fine fiber layer efficiency retained after 3 hours of exposure was 97%,
the number of effective fine fibers retained was 92%.
15
Example 17
A conventional cellulose air filter media was used as the substrate. This substrate
had a basis weight of 67 pounds per 3000 square feet , a Frazier permeability of 16
feet per minute at 0.5 inches of water pressure drop, a thickness of 0.012 inches, and
20  aLEFS efficiency of 41.6% . A fine fiber layer of crosslinked PV A with polyacrylic
acid of Example 12 was added to the surface using the process described with a
nominal fiber diameter of 0.2 microns. The resulting composite had a LEFS
efficiency of 92.9%. After exposure to 160F air at 100% relative humidity for 2
hours the substrate only sample was allowed to cool and dry, it then had a LEFS
25  efficiency of 35.3%. After exposure to 160F air at 100% relative humidity for 2
hours the composite sample was allowed to cool and dry, it then had a LEFS
efficiency of 83.1%. Using the mathematical formulas described, the fine fiber layer
efficiency retained after 2 hours of exposure was 89%, the number of effective fine
fibers retained was 76%.
30



was added to the surface using the process described with a nom nal fiber
dianeter of 0.2 mcrons. The resulting conposite had a LEFS efficiency of
96. 0% Af{&yozBi930sure to 160F air at 100% rel ative hum dlﬁlﬁ%ﬁ/zﬁlpours
the substrate only sanple 10 was allowed to cool and dry, it then had a
LEFS efficiency of 35.3% After exposurd to 160F air at 100%rel ative

hum dity for 3 hours the conposite sanple was allowed to cool and dry, it
then had a LEFS efficiency of 68.0% Using the mathematical fornmnulas
described, the fine fiber layer efficiency retained after 3 hours of
exposure was 58% the nunber of effective fine fibers retained was 29% 15
Exanpl e 15 A conventional cellulose air filter nmedia was used as the

substrate. This substrate had a basis weight of 67 pounds per 3000 square
feet , a Frazier perneabjlity|of 16 flegt |per mindtg at 0.5 i nches of water
pressure drop, a thicknesg 220 @ 0.012 inghsgs, oanod a LEFS effici ency of
41.6% A fine fiber layer2df a@lend of S8 NS SAERd Poliren B as
described in Exanple 6 wa gdde{d to t he [surflsge g1t heopr ocess
described with a nom nal [@imer|di aneter |of| 0. 2 ni grgns. The resulting
conposite had a LEFS efficiency of 92.19% |[Aflter leXpgsure tlo 160F air at
100% relative hum dity fgrs3 hours the |substriatie jorly sarnpl e|was al |l owed
to cool and dry, 25 it tﬁr@;ha@ea LEFS eg S.S'oe@% Qjé5.3°{ Af ter exposure
to 160F air at 100% rel aﬁig/e flumi di ty] flBris3=hel ¥ |Be corr&osme sanpl e was
al lowed to cool and dry, [Btg tfien had |a [CEFSEFf[rgMgficy of/"86,0% Using the
mat hemat i cal fornul as descibed, the [fijng fli Qer| Ilayer efflici ency retained
after 3 hours of exposuré& was Po6% 1ng nunbgr |of[ afffective Tinme fibers
retai ned was 89% 30 V\DQZ%ZOL§3 PCT/|USOL/ 25311 |50 Exanple 16 A
conventional cellulose alg gil[er nedila wes: (Bgedogs: the substnate. This
substrate had a basis vve@ltg Of¥67 pounds \pe 30B0=squar e [Beet], a Frazier
perneability of EG feet pprom te at |0.|S [FheH8Y<uP |Wat er [Pressure drop, a
t hi ckness 5 of 0~012 inc1e$§ afd a LERS lef|filcilerfcy gf 41.6% A fine fiber
| ayer of Pol ynmer-2A, 8| Pol yrer t-butyl iphernoll al-Hganmer ag described in
Exanpl e 6 was ad edSt o t\g surface usii ng |t e |prlodegs desqgribed with a
noni nal fi berXgi aneger of? @22 picrons
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The resulting conposite had a LEFS efficiency of 90.4% After exposure to
160F air at 100%relative humdity for 3 hours the substrate only sanple
was al | owedo2/z018dol 10 and dry, it then had a LEFS effi ci panySaf2538. 3%
After exposure to 160F air at 100%r el g&l ve humdity for 3 hours the
conposite sanple was allowed to cool an dry, it then had a LEFS
efficiency of 87.3% Using the mathematical fornulas described, the fine
fiber layer efficiency retained after 3 hours of exposure was 97% the
nunber of effective fine fibers retained was 92% 15 Exanple 17 A
conventional cellulose air filter nedia was used as the substrate. This
substrate had a basis weight of 67 pounds per 3000 square feet, a Frazier

perneability of 16 eet per mnute at 0 5 inches of water pressure drop, a
thi ckness of 0.012 ipghes,| and 20 j|a LEFS gfficiengy of 41.6% A fine fiber
| ayer of crosslinkedf W% W th polyacrylic| aciid of Exanple 12 was added to
t he surface using tha&;ﬁfﬂoc@s iesca beffvm' a3 nominal fiber diameter of
0.2 microns. The res{flngtconposijte Had g~LEFS efficiency of 92.9% After
exposure to 160F air [@tH100% rel atfi ve (hum|dity forf 2 hours the substrate
only sanpl e was a||0ABﬂJﬂmLﬁ.gld drly, ilt then had a LEFS 25 efficiency
of 35.3% After expopyrp tp 160F air dat 100% rel atji ve hum dity for 2 hours
t he conposite sanpl e*ﬁ allowed tio cqol eQd cIQy, it then had a LEFS
ef ficiency of 83.1% |1 vngﬁhe mat (genddy cak f oadnuljas descri bed, the fine
fiber |ayer efficiesﬁjre ined after| 2 hbursgof |exposure was 89% the
nunber of effective i@ fibers rletaijned |was|76% 30 WO 02/20133
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TEST METHODS

Hot Water Soak Test

Using filtration efficiency as the measure of the number of fine fibers

5 effectively and functionally retained in structure has a number of advantages over
other possible methods such as SEM evaluation.

- the filtration measure evaluates several square inches of media yielding a
better average than the tiny area seen in SEM photomicrographs (usually less than
0.0001 square inch

10 - the filtration measurement quantifies the number of fibers remaining
functional in the structure. Those fibers that remain, but are clumped together or
otherwise existing in an altered structure are only included by their measured
effectiveness and functionality.

Nevertheless, in fibrous structures where the filtration efficiency is not easily

15  measured, other methods can be used to measure the percent of fiber remaining and

evaluated against the 50% retention criteria.

Description: This test is an accelerated indicator of filter media moisture resistance.
The test uses the LEFS test bench to measure filter media performance changes upon

20  immersion in water. Water temperature is a critical parameter and is chosen based
on the survivability history of the media under investigation, the desire to minimize
the test time and the ability of the test to discriminate between media types. Typical
water temperatures re 70°F, 140°F or 160°F.

25  Procedure:
A 4" diameter sample is cut from the media. Particle capture efficiency of the test
specimen is calculated using 0.8pum latex spheres as a test challenge contaminant in
the LEFS (for a description of the LEFS test, see ASTM Standard F1215-89) bench
operating at 20 FPM. The sample is then submerged in (typically 140°F) distilled
30  water for 5 minutes. The sample is then placed on a drying rack and dried at room
temperature (typically overnight). Once it is dry the sample is then retested for

efficiency on the LEFS bench using the same conditions for the initial calculation.
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The previous steps are repeated for the fine fiber supporting substrate without fine
fiber.

From the above information one can calculate the efficiency component due only to
5 the fine fiber and the resulting loss in efficiency due to water damage. Once the loss
in efficiency due to the fine fiber is determined one can calculate the amount of

efficiency retained.

Calculations:
10  Fine fiber layer efficiency:  E; = Initial Composite Efficiency;
E = Initial Substrate Efficiency;
F, =TFine Fiber Layer
F,=1-EXP(Ln(1-E;) - Ln(1-E,))

15  Fine fiber layer efficiency retained: F;= Initial fine fiber layer efficiency;
F, = Post soak fine fiber layer efficiency;

F, = Fine fiber retained

F.=F,/F;
20
The percentage of the fine fibers retained with effective functionality can also be
calculated by:
% = log(1-F)/log(1-Fy)
25
Pass/Fail Criteria: >50% efficiency retention
In most industrial pulse cleaning filter applications the filter would perform
adequately if at least 50% of the fine fiber efficiency is retained.
30

THC Bench (Temperature, Humidity

Description: The purpose of this bench is to evaluate fine fiber media resistance to

the affects of elevated temperature and high humidity under dynamic flow



WO 02/ 20133 PCT/ USOL/ 25111 54 TEST METHODS Hot Water Soak Test Using
filtration efficiency as the neasure of the nunber of fine fibers 5

ef fecti vavg oamd3s unctionally retained in structure has a POMDSI1/23M11
advant ages over other possible nethods such as SEM eval uation. - the
filtration neasure eval uates several square inches of nedia.yielding a
better aver ag€oRpuens; Hdetteshys laﬁéei@ewnmteseéﬁnegmpsmﬂeg aaﬁafgsms Qfedthan | y
| ess than O. ks : ' ' I N0 I,fi.€S
t he nunmber of QI?I ggtgﬂ?feiﬁraalhg?H}éﬂ&fag?l%’[%%(s)ﬁdg%ﬁﬁe%gltbtﬁ%pgtgéﬁ)gfur e. tﬂfﬁoie FI{ Ser s
that renmin, burtintakeenlitonmedtst Sgmiples raratakerntutpdriddsamddXERS festgd aningmvas.t er ed

structure are. only included by their sured.. effectiveness. and
funct i onal i t y 1EREVEFFHEPISLY Uief P sisuae hef huiaid Ronditione Par @Ré1spiberssd foon
efficiencysisgnaflaieBsitold dhpsifBasty ed, other nethods can be used to neasure
the percent of fiber remaining and evaluated against the 50%retention

criteria. Desdempeiabme This t¥sto 39%°Tan accel erated indicator of filter

medi a noi sture _resistance. e he LEES § b tQ neasure
filter media E@P?@Wm_nce chaﬁggéb@%m%%"?‘% %l@ﬂ@%?g&g aﬂgtnéatx
tenperature is a critical paggiBhRhs amdtiodaiGhRTeAdIESS &di PRodrtle
survivability history of the nedia under investigation, the desire to

m nim ze theFlewgRatei me and tlhe3aBiPMty of the test to discrininate between
medi a types. ical  water tenperatures re 70F, 140F or 160F. 25
Pr ocedur e':FéA E}'{d%gﬁ%gﬁ’et er sanple is cut fromthe nedia. Particle capture

ef ficiency of Atdvedit@ster sdnRfe is®iM fiof atadiat ed using 0.8m | atex spheres as
a test challenge contamnant in the LEFS (for a description of the LEFS

test, see ASTM Standard F1215-89) bench operating at 20 FPM The sanple is

then subrer gegljgh (iRl eailonAdRRh SLILIAL 60 30UBLEL LAY, Polltytes. The

sanple is then plraced on a ng rac n at room erature

(typically ovephergghis). tesDohslldnge tontahihahii@ th@DBFS bescH diRratingtag 30 €8M.or
efficiency on_the LEFS bench using the _sane conditions for the initial
cal cul ati bh. Ny epmple isthepise othe IHC grdia chuck.

Test times can be from minutes to days depending on testing conditions.
The sample is then placed on a drying rack and dried at room temperature (typically
overnight). Once it is dry the sample is then retested for efficiency on the LEFS
bench using the same conditions for the initial calculation.

20  The previous steps are repeated for the fine fiber supporting substrate without fine
fiber.
From the above information one can calculate the efficiency component due only to

the fine fiber and the resulting loss in efficiency due to alcohol damage.

25  Once the loss in efficiency due to the fine fiber is determined one can calculate the

amount of efficiency retained.

Pass/Fail Criteria: >50% efficiency retention
In most industrial pulse cleaning filter applications the filter would perform

30  adequately if at least 50% of the fine fiber efficiency is retained.



The previous steps are repeated for the fine fiber supporting substrate

w thout fine fiber. Fromthe above information one can calculate the

ef fi ci enaoyoopmpehent due only to 5 the fine fiber and theCcT@su/asing | oss
in efficiency due to water danage. Once t loss in efficiency due to the
fine fiber is aeéerg ged oge can cal cul ate the amount of efficiency

retai ned. Cal anol 18l fi ber layer efficiency: El= Initial
Conposi te Ef fife&iMidn: The tast hidslith@l, ?S‘l?eﬁ bé&ch t&ifehitrE AfYr me(gg_ Srfbinimcl Der
Layer Fe = 1-EXP(Ln(1-E1) - Ln(1- ExgE 15 Fine tiber layer e lpm ency
retai ned: F; <hinges$iipdn immersionberodnajeampeedtiiecileanoly; Fx = Post soak fine
fiber layer efficiency;, Fr = Fine fiber retained Fr=Fx/Fi 20 The
percentage of the fine fibers retained with effective functionality can

al so be cal cpkgeBgkeby: % = l0g(1l-Fx)/log(l -F1) 25 Pass/Fail Criteria:
>50% efficiency retention In nost industrial pulse cleaning filter

appl i cati ons the' dipieter sanople ds g fifopr the nzadésy Raredly carftursteffieigndy &0bs 56t t he
fine fiber efficienc igc g}gt i ned. .30 'I;HC ench Ter{pﬁrlfture Hum dj ty
Description: e peeleuled Hrite O 8 lerE segr s rUst By Snae Fomamiinting
resi stance t othd NEFSbéRhloperting bEYRFEN, tRRREMAIUE ehentbikbRd alcehd] Yorunder
dynam c fl ow WO 02/20133 PCT/USOL/ 25111 56 conditions. The test is

i ntended to silmuiostee extrene operating conditions of either an industrial
filtrati o, application, gas turbine inlet application, or heavy duty engine
air intake environnments. Sanples are taken out, dried and LEFS tested at

intervals. THhs s&ipleasnhies paesd b a dsEfg tak ahddtiad & 196k tbmptEneoighitalpns but
can also be ugsgrn}g%t). Once it is dry the sample is then retested for efficiency on the LEFS
bench using the same conditions for the initial calculation. The previous steps are
repeated for the fine fiber supporting substrate without fine fiber. From the above
15  information one can calculate the efficiency component due only to the fine fiber
and the resulting loss in efficiency due to alcohol damage. Once the loss in
efficiency due to the fine fiber is determined one can calculate the amount of

efficiency retained.
20 Pass/Fail Criteria: >50% efficiency retention.

The above specification, examples and data provide an explanation of
the invention. However, many variations and embodiments can be made to the

disclosed invention. The invention is embodied in the claims herein after appended.
25



5 sinmulate hot/cold dry situations. Tenperature -31 to 390F Hum dity O to
100% RH (Max tenp for 100% RH is 160F and nax continuous duration at this
condi ti ow®e2/4@83hours) Flow Rate 1 to 35 FPM 10 ProcedurBCT/BSél25di1amet er
sanple is cut fromthe nedia. Particle c ure efficiency of the test
specinen is c% ulat ed sl ng 0.8m | atex “Spheres as a test chall enge

cont am nant aﬁbgq_ﬂ-‘f@ BEnch operating at 20 FPM 15 The sanple is then
inserted into the THC nedia chuck. Test tines can be fromm nutes to days
depending on testing conditions. The sanple is then placed on a drying rack
and dried at room ﬂerrpewaltailrﬁlte(rtaymrdﬂj/bgmpmm night). Once it is dry t he
sanple is then retested, for effici encigrl on the LEFES bencEﬁ_fum n sane

conditions for the init (&l cAMEHTRS MsHdmeRrRiLnAR LUt epeat ed

for the fine fiber seﬁid&%l’gtshﬂ@lmﬁbiﬁg‘iﬂt@b%lﬂéhh@@l&&mﬁér'aﬁd afcle*aﬁ‘%lr cﬁﬁrﬁﬁért §igg above
i nformati on one can cal cul ate ficiency conponent due only to the

fine fiber and theSpaeanWahlm}lud@igaﬁmteﬁﬂpm@nﬁyredh@em al cohol dammge. 25
Once the loss in effici d to the e fi m ned one..ca
calcul ate the anount o effiage%r"lﬁ'&?r?cgis ﬂéoﬁpoﬁg?gf‘liﬁ}arlr gPWt°8P%umC>a§8%
efficiency retenti QhlsBid st ait NEWahEinab iPsHi® Shackeral;Rgidf first Bkerapp! i cati ons
the filter would perform 30 adequately if at |east 50% of the fine fiber

efficiency is retarenstiuctiyn oolndme3s epersiosof 2 pBated filgy medjaceodiositEt hanol )
Soa_k Test Descri pt 'dgtain Th%lt%?éons&ﬁ&?on191?erICEF§a}r%§15!PB§pCh to measure filter
an

medi a performance es upon I ner enperature ethanol. 5

Procedure: A 4" dianeter sambe | Sai@ kst ffiltertdmReustal thingRevidntdl witle s4id ur e
efficiency of the test specinen is_calculated using 0.8ml atex spheres as
a test chall enge cont anfiffghamereleansir gamenapinlep sPmmunigation Yifhsedl The

sanple is then subner gegpdcgr‘%ﬂ:ﬁpsglmffg(,v apjertm [lut e.

(i)  said pleated filter media composite including a

substrate at least partially covered by a layer of fine fiber;
(A) said fiber comprising a diameter of about 0.01
to 0.5 microns that after exposure for a test period of 16 hours
to test conditions of 140°F air and a relative humidity of 100%
retains greater than 30% of the fiber unchanged for filtration
purposes
(d a pulse-jet cleaning system oriented to direct a pulse of air

into said filter construction inner clean air chamber.

2. An air filter assembly according to claim 1 wherein the fine fiber

comprises a polymer.

3. An air filter assembly according to claim 2 wherein the polymer

comprises a condensation polymer

4. An air filter assembly according to claim 2 wherein the polymer

comprises an addition polymer



10 The sanple is then placed on a drying rack and dried at room tenperature
(typically overnight). Once it is dry the sanple is then retested for
ef fici enoyoomtibe LEFS bench using the same conditions fpRPeTAURE/A5Milt i al
cal cul ation. The previous steps are repegy ted for the fine fiber supporting

substrate without fine fiber, Fromthe above 15 i.nformatio can
calculate the effi %1 enc@n@é)‘h%lfﬁli “‘é’@éa‘@ﬁf‘i}nﬁ’iﬁ”ﬂﬁ@ ?WHETGFI? E’@PH‘%QHH t he

resul ting |03§01 i t%gelhﬁ%gg%bl @’3?1 i BaileRigheadamage. Once the oss in

efficiency du i's det erm néd one can cal cul ate the anount
of efficiency retained. 20 Pass/ Fail Criteria: >50%efficiency retention.

The above specific t| o | es an dat ovi.de an.ex na n of the

i nvention. However 2givad, %ccg 'f%@?}{ns‘?ggﬁr@g\‘églﬁﬁh@ B the

di scl osed i nvggitingp I;[ ek Qv idede 8 iB¢ntM the clains herein after
appended. EV\gDOZ?OZO C}?Fn%}s%/ 25111 8 ﬁnV\hat is clained is: 1. An air

filter assenbl y conpri si ng (a) a housing including an air inlet, an air
outlet, a spacer | aratin 0 terl ng .chanber and
a clean air charrbm?' sai EQ %%Sé r\/ﬁcﬁm cWhﬁf%Wgtﬂgp?ﬁ?’glty 13?‘?’6}?5?18% aperture
therein; (b) godipriseh pblywv r?hd@rmlldﬂ&tl on positioned in air flow

comruni catl on vmth said first air flow aperture in said spacer wall; said

first filter constructlon i ncluding an extension of a pleated filter nedia

filter co r media
FiTet filter const Puct i G EemRGNH SRR i PRE Fh o0 ol SRERE L can 21

chanber in ai sorhipriss § mumlqa{dmrmeth said spacer wall first air flow
aperture; (ii) said pleated filter media conposite including a substrate
at least partially covered by a |layer of fine fiber; (A said fiber

conprising a di arre%er ofrh@p(zg}%?s% O1of ifm% wndie rtﬂ{fﬁa.ﬁf%c%hﬁg s§xposure for

a test period of 16 hours tonditi ong o arelative
hum dity of 1p8l%%inylalcohol.

10.  The composition of claim 9 wherein the polyvinylalcohol is

crosslinked with about 1 to 40 wt.% of a crosslinking agent.

11.  The composition of claim 10 wherein the crosslinked
polyvinylalcohol is crosslinked using a polyacrylic acid having a molecular weight
of about 1000 to 3000.

12.  The composition of claim 10 wherein the crosslinked
polyvinylalcohol is crosslinked using a melamine-formaldehyde resin having a

molecular weight of about 1000 to 3000.

13.  The polymer of claim 3 comprising a condensation polymer, other
than a copolymer formed from a cyclic lactam and a Cg.;¢ diamine monomer or a Ce.
10 diacid monomer, and a resinous additive comprising an oligomer having a
molecular weight of about 500 to 3000 and an aromatic character wherein the

additive miscible in the condensation polymer.



retains greater than 30% of the fiber unchanged for filtration purposes
(d) a pulse jet cleaning systemoriented to direct a pulse of air into
said filtvoowamsiruction inner clean air chanber. 2. An aPeTASOIBI11asSSEenDl y
according to claim1 wherein the fine fib conprises a polynmer. 3. An air

filter assenbly according to claim2 wherein the polyner c rises a
condensati on pol ymig 4. T%FlpaxyfnefPf?lélrlné§§’é]ﬁ’5‘?]§?g&cﬁ98¢%15ﬁt§°r{@?g‘g%FH T wher ei n
the pol yner %mraogm f&ﬁﬁ':kltﬂdo?ﬁae éliéqlﬁétaMQnQ%/@ﬁ%ﬁ?anﬁg hIREhE2R bld, 59

5. An air filter as accor o claim4 wherein the addition
pol ymer conpr isdscid npobmet, il alredinals additiyymeompfsindan aligoheld hawmgaes senbl y

di t |l aim4 wh .n th diti ] i
Dol yvi nyl i denBe e phahout S8 e addoSih BT Rhes HERE RS Preier n ¢ he
pol yvi nyl i deng bRk fhe adeRive hiisgSle RIS \CoRdds SRRy ey | de. 8. The

conposition of claim6 wherein the polyvinylidene halide conprises
pol yvinylidene fluoride. 9. The conposition of claim4 wherein the polyner

conprises a polyvipylalgohol. 10. The.co it f claim9 wherein the
ol i nytarconol 1 487 o7 JBEPPHRsT rePRosiBEREr Gai Py i B oRm ALl [k ng
agent. 11. Theompsmashf situidn, SleoRitibe cohprieing atihfof p1epsitionlEen aqueous

pol yvi nyl al cohol is crosslinked using a polyacrylic acid having a nol ecul ar
wei ght of abalgphalgolteyt @sbabout to Jthwt’e eipsspalywerioonapesitiani0 wherein the
crosslinked polyvinylalcohol is crosslinked using a nel am ne-forml dehyde
resin having a nolecular weight of about 1000 to 3000. 13. The pol ynmer of

claim 3 conprisingle comdeosapositiorel dlaie! 14 Wh&ein tht bemlehsipaPolyisr f or med
froma cyclic lactamand a C6 1o di am ne nononer or a C6- 10 diacid

nonomer, and &ORREses dpeladiaileiejercplhplatesi ng an ol i gomer having a

17.  The composition of claim 16 wherein the condensation polymer

comprises a polyalkylene naphthalate.

18.  The composition of claim 16 wherein the condensation polymer

comprises a polyethylene’ terephthalate.

19.  The composition of claim 14 wherein the condensation polymer
comprises a nylon polymer comprising a homopolymer having repeating units

derived from a cyclic lactam.

20.  The composition of claim 14 wherein the nylon copolymer is
combined with a second nylon polymer, the second nylon polymer differing in

molecular weight or monomer composition.

21.  The composition of claim 14 wherein the nylon copolymer is
combined with a second nylon polymer, the second nylon polymer comprising an

alkoxy alkyl modified polyamide.

22.  The composition of claim 20 wherein the second nylon polymer

comprises a nylon copolymer.



nol ecul ar wei ght of about 500 to 3000 and an aromatic character wherein the
additive mscible in the condensation polynmer. W 02/20133 PCT/ USOL/ 25111
60 14. Theopoboaser of claim 3 conprising a condensati on ppPCYWSe1/250tither

than a copolynmer formed froma cyclic laciamand a C65_10 diani ne monomer or
a C6- 10 diacid nonomer, and a resinous adﬁitive conprising an oligoner
having a nol ecul ar wei ght of about 500 to 3000 and an al kyl phenolic
aromat i ¢ charact er g3uherngh goliskiadebf e 10 ShbRlnt gﬁlghﬁ_rs%ec{%%eattbon _

pol ynmer. 15. The polyneric conposition of claim1l4 rein the polynmer is a
conponent of #orsod singlepolynieicsoinposition eomeeswsedigy adiffirartiaps@pangi on of an
aqueous al cohqgli.c solvent and abqut 3 Eo. 0 mt % of the polyneric

conposi tion. $&°1 %ré]bq%lggiaﬂn(g a5 3214 wherein the condensati on

pol ymer conprises a pol yal kyl ene terephthalate. 17. The conposition of
claim 16 wherein the condensation polynmer conprises a polyal kyl ene

napht hal ate. 18. TRé corposompesitierf ofcdlaiim? 3 Ghevairthe nopdipmenanddhe secpoh

pol ymer conprises a polyethyl ene terephthalate. 19. The conposition of

cl ai m 14 wher 8 eﬁ@f@§ﬁﬁt%@%¢ion pol ymer conprises a nyl on pol ymer
conprising a honopol yner having repeating units derived froma cyclic

| actam 20. The conposition of claim 14 wherein the nylon copolyner is
conbined with a seddnd AVEeempesifenel claine24wbermi thy ceprlyoenandriheisscprd i ng i n

et oin the. nyvymek SRR e OO Blbi Al 5 Al uCBRASR b ERoR el " 1

second nyl on pelyiigey. conprising an al koxy al kyl nodified polyam de. 22.
The conposition of claim20 wherein the second nyl on polyner conprises a
nyl on copol yner. WO 02/20133 PCT/ USQOL/ 25111 61 23. The conposition of

claim20 wherein the po&égﬁéﬁgﬁn{itﬁo& 61‘%@%1%‘114 th%%?l:]tgé RadiliPIL SRRy B 1 C

conposition as nmeasured er en sca
oligomer comprising tertiary butyl phenol.

27.  The composition of claim 26 wherein the additive comprises an

oligomer comprising:

OH

28.  The composition of claim 14 wherein the resin comprises an

oligomer comprising bis-phenol A.

29.  The composition of claim 28 wherein the additive comprises an

oligomer comprising;:



cal orimeter showi ng a single phase material. 24. The conposition of claim
23 wherein the copolyner and the second polyner are heat treated. 25. The
conposi t ivod 020163 ai m 24 wherein the copol ynmer and the secpadUS@alsyrer are
heat treated to a tenperature |less than t | ower nelting point of the

pol yners. 26. The conposition of claim 14 wherein the additive conprises an
ol i gonmer conprisin@HMertiary butyl phenol. 27. The conposition of claim26
wherein the additive conprises an oligonmer conprising: CH tjO n 28. The
conposi tion of 2 wherein the resin conprises an oligoner conprising
bi s- phenol A. 29. iti i i iti
conprises an oalisgoner c¢onprising: WO 02/20133 PCT/ USOL/ 25111 62 OHn
H3C CH3 OH 30. Th& conpofition of claim 14 wherein the resin conprises an
ol i gomer conpd%§¥ dtﬁydroxy bi phenyl . 31. The conposition of claim 30
wherein the additivle comprises an oligoner conprisingg CHO n 0 OH 32.
The conposition ofi | aim 14 wherein the additive conprises a blend of the

resinous additive d) a fl uoropol yner.

OH

30.  The composition of claim 14 wherein the resin comprises an

oligomer comprising dihydroxy biphenyl.

31.  The composition of claim 30 wherein the additive comprises an

oligomer comprising:
OH
@)
OH

32.  The composition of claim 14 wherein the additive comprises a blend

of the resinous additive and a fluoropolymer.

33.  The composition of claim 14 wherein the additive comprises a

fluorocarbon surfactant.



33. The conposition of claim 14 wherein the additive conprises a
fluorocarbon surfactant. WO 02/ 20133 PCT/USOL/ 25111 63 34. The conposition
of clai mwdomkisei n the additive conprises a nonionic sup€ros@ms11135. The
conposition of claim 14 wherein the cond ation polyner conprises a

ol yur et hane pol .3 The conpositi.on of claim 10 wherein.the
(F:)onéensati on Bol zgg‘ﬁ CSHBF?@B%SIQ&O‘P ?:}mo]fd"é(h?ﬁl“;}g%é‘? UPSCUBPHSRR and a

pol yam de pol ¥&Bbnic 3drfactilg. conposi tion of claim 36 wherein the pol yam de
pol ymer conprises a nylon. 38. The conposition of claim 37 wherein the

nyl on conprises a nylon honopol yner, a nylon copolynmer or m xtures
thereof. 39. The c osition of .claim 14 erein the condensatjon polyner
conpri ses an aromatic pghﬁﬁ?ﬁlﬁ%ﬁu%‘?{n clfRr %W%?fgﬁnttb%ﬂoﬁnﬁar%ﬂl%o Shher ei n

t he condensat p@fpaek ¥RIyur&RMR dotffierd reacti on product of a di am ne nmononer

and pol y(m phenyl ene "isophthal'am de). 41. The conposition of claim 36
wherein the polyam de conprises a reaction product of a diam ne and a

pol yp- phenyl ene t eggpht ide). 42, .The, conposition of cl ai 4 wherein
Phe” Bondenat i on pofynedte EohpdatSrodar i ENBaR b Sohhsgom s drer

conposi ti on otorfipradea MendhtsagiolyirbBarteQspdAnsrcind A dnYide bolyg@apr i ses a

pol yaryl ate. WD %2/ 20133 PCT/US01/ 25111 64 44. rl:)The corrgosi tion of claim43
wherein the polyarylate polyner conprises a condensation polynerization
reacti on product betwee I.S= 0] - Ay ] i ¢ i 45. An air
filter assenbly acg%r di %th %mg&gt?c% ﬂ@%ﬁ%e%%ﬁ%tﬁgf’%gn&%%l r st Venturi
el enent nount egimprises ainglampacer wall first air flow aperture and positioned
to project into said first filter construction inner

38. The composition of claim 37 wherein the nylon comprises a nylon

homopolymer, a nylon copolymer or mixtures thereof.

39.  The composition of claim 14 wherein the condensation polymer

comprises an aromatic polyamide.

40. The composition of claim 14 wherein the condensation polymer
comprises a reaction product of a diamine monomer and poly(m-phenylene

isophthalamide).

41.  The composition of claim 36 wherein the polyamide comprises a

reaction product of a diamine and a poly(p-phenylene terephthalamide).

42, The composition of claim 14 wherein the condensation polymer

comprises a polybenzimidazole.

43, The composition of claim 14 wherein the condensation polymer

comprises a polyarylate.



clean air chanber; and wherein (i) said pulse jet cleaning systemi ncl udes
a first blowipe oriented to direct a pulse of air into said first Venturi
el enent fwon/sEszdl cl ean air chanmber and toward said firstPE€TAUB@Er25111

construction. 46. An air filter assenbly cording to claim1 wherein: (a)

said first filter cgnstryction includes a first. end cap having a central
aperture; said ext égsi 0 %SFOWPP?E‘PHﬂg(g‘?@%}"’i?@re@rﬁbéﬂag’& WERPHMERi d  first

end cap. 47. fhmpiidesh &oh&éns%?iﬁ%@%eﬁ%%%dwoﬁ @gﬁ%\@ﬁc B'E:t&eéﬂﬂcﬁ%?hé}iol-%a)_ sai d

first filter construction I nc es first and se ITter ements in
axi al al i gnnmeatd mixed phaliadicecidensi on of a pleated filter nedia conposite
conprising a first extension of nedia in said first filter elenent and a
second extension of nedia in said second filter elenment. 48. An air filter

assenbly accordi ng450 C'Aéia[ﬂﬁltéﬁ’fh%e%iﬁljéa&mﬁ}diﬁgitdjcl§ﬁﬂ%rtﬂ@|iﬁclﬁdiﬁ :udes a
an

second air flow aperture therein; erern the assenbly further

includes: (i) a second {3 t er fugnémturt elemenipogintedinerid spagerrw4l] Hst air
communi cation with said second ai L. flow a&ertt.ure iNn.s {. spa ert.vval.l . said
second filter consfPucwERHrsaematinpedl BaQeetiogmdsghiliorLopsificnpR sy

medi a conposite deticah B cRasiB&GORM Whérk@r construction inner clean air
chanber; WO 02/20133 PCT/ USO1/ 25111 65 (A) said second filter construction

being oriented with said se€dnd Sifpelsciiefiréqantigsapion inclgdesm@istin air flow
comuni cation with said C I a : d (B) said
pleated filter nedia co%@ﬁ}?‘{eo%\%%sda@gﬁr%gga r%%f C;f:al? QFO %gc{nis'#? Slg?tlﬁgn (8

i ncludi ng a substrate aktléhensfrompaiddiédnl air chaudeeshdipward ayefirsofilttt ne fi ber.

49. An air filter assenbly according to claim1 wherein:
construction.

46.  An air filter assembly according to claim 1 wherein:
(2) said first filter construction includes a first end cap having a
central aperture; said extension of filter media being embedded within said

first end cap.

47.  An air filter assembly according to claim 1 wherein:
(a) said first filter construction includes first and second filter
elements in axial alignment;
1) said extension of a pleated filter media composite
comprising a first extension of media in said first filter element and a

second extension of media in said second filter element.

48.  An air filter assembly according to claim 1 wherein:
(a) said spacer wall includes a second air flow aperture therein;
and wherein the assembly further includes:

@) a second filter construction positioned in air flow
communication with said second air flow aperture in said spacer wall;
said second filter construction including an extension of a pleated
filter media composite defining a second filter construction inner

clean air chamber;



(a) said spacer wall includes a second air flow aperture therein; and
wherein the assenbly further includes: (i) a second filter construction
positi onadobm®@sy flow comunication with said second ai PCTAUSMW2ZApPErt ure in
said spacer wall; said second filter congtruction including an extension

of a pleated filter nedia conposifte def.inin second filter cons ructlon
inner clean air chanber; (A) sai %ecéﬂﬁs?qq%fizﬂteﬁmﬁﬂmw

oriented with said second f'vdlﬁhesﬁul's@ﬂﬁ{d ﬁk&%&bfeaﬁ%@ﬁﬁﬁbéﬂinﬁirrﬂow ow
comuni cation with said spacer wall second air flow aperture; and (B) said

pleated filter nmedia conposi E@nmflmg:atlch witbsaiddpdder tall seomdtainfbdw on
i ncluding a substrate at | east Ea ti,ally covered by a | ayer of fine fiber;
(ii) a second Venturi el ement® taélﬂ in said spacer wall second air f1 ow

aperture and positioned to projecgpy nt galg?léategqg@gqledfdthqjosﬁ@gﬁgagdjct| on
inner clean air chanber; (iii) a second b e oriented to direct a pul se

of air into said second VenﬁQﬂOndﬁﬂtél‘n@ﬁlﬁtﬂﬁqf@mls@lu@mgIaéabﬁt@iﬁratémhber and
toward said second filter c uc 2/ 33.,PCT/ USOL/ 25111 66 50.
A nmethod for filtering air; ﬁﬁrzafg?é‘hg%b 4P nesfbefe of at least 140F;
the nethod conprising: (a) directing the a| r through an inlet of a housing
and into a filtering chanber; the housing including a spacer wall
separating the the49fil ﬁ@rqlh@lt%HWYﬂMFﬁlég&@@lﬁl wheggiEinber ; the spacer

vall inoluding a first (@i 1 Liow ABCLLNERIAEE Slilna Al LT 4 fegkin0 the

air intothe filtering I'rec alr throu an ex ensi on of

a pleated filter neﬁuazhe@m@sagsemefyﬁﬂheﬂlﬁbluﬁed,ter constructl on and into a
filter construction inner clean air chanber; the first,  filter construction
bei ng positioned in air flowionmBRtEadibsr GRnsuetins gositioned gy air flpww

aperture in the spacer Wahlmnfcfor¥ iR 350l of AV A& Il daff BB e,

said second filter construction including an extension of a pleated
filter media composite defining a second filter construction inner
clean air chamber;

(A)  said second filter construction being oriented
with said second filter inner clean air chamber in air flow
communication with said spacer wall second air flow
aperture; and

(B)  said pleated filter media composite of said
second filter construction including a substrate at least
partially covered by a layer of fine fiber;

(ii) a second Venturi element mounted in said spacer wall
second air flow aperture and positioned to project into said second
filter construction inner clean air chamber;

(iii)  a second blowpipe oriented to direct a pulse of air into
said second Venturi element from said clean air chamber and toward

said second filter construction.



conposite defining the filter construction inner clean air chanber; (i) the
first filter construction being oriented with the filter inner clean air
chanmber iwo0at/20183 ow comruni cation with the spacer wall fPeBUS@/251f1l ow
aperture; (ii) the nmedia conposite incl ud&pg a substrate at |east

partially covered by a |l ayer said |ayer conprising fine fiber conprising a
fiber with a diameter of about 0.1 to 0.5 mcrons that after exposure for

a test period of 1@phounsmb@olestsl Igh RS avid efat @04 & egkative
hum dity of 100% retai ns Iélr egt er tﬁégﬁgfo% of nﬁ]ag %?leﬁgg?) uanchanged for

filtration pudpdFethe metbod com@istimg: directing the air through an extension
of a pleated filter nedia c gsite of a first.filter construction and
into a filter construct @n | ﬁggwgéﬁ%gﬂﬁﬂgﬂlglbﬂh]ﬂ%é#aé??sé% ?rﬁgm‘%%%_ air into
the clean air Cham%ﬁ?%ﬁ'tﬂer; tAE hbhiendVRLRINRG a spheer AvdTElcpRAAC AREE N tO
claim50 further including directing a pulse of ™ air into the filter
construction i nner fidtewag clanber firanbe¢leamainthdnelzesy the apacenivhl} inchbrga first

particul ates coll ect on the @I eated filter nedia conmposite. 52. A nethod
according to clai mP8TOhECENE Ui st ep of directing a pulse of air into

the filter constructionmnnerfigl @rtiA the@aidemhe fiftedhg Lig@dsier RBFctidd the WO
02/ 20133 PCT/ USOL/ 25111 67 renove particul ates collected on the eat ed

filter nmedia conpogirtlropglslapgatensign pée pleatpdiffiter metinecontpoaite of mfitst Hltwzent ur |
el ement mount ed t 0 gyl 868, LK Bt MR i Sheaclbh LS SONSLEWELON. paner ol ean

air chanmber. 53. AWBUNHGd acCor I'ng to sai busi ng spacer

wal | includes a pliieaédrsiru@fon®eipsostivae®in 4t ek Omhidni@tionwdilahe amposi t es
of a plurality of filter constructions wherein each of the extensions of a

pleated filter medPd flodngnssiicds theigmreravall; thaspéensiopeofianleaed Gloprsnedizt i on
nner heen, 211 ChgSShog R B SRR AP
inner clean air chanbers to &b | edsdfirsefilidrabhstructienbsiag oriented with the
filter inner clean air chamber in air flow communication with the
spacer wall first air flow aperture;
(i)  the media composite including a substrate at least
partially covered by a layer said layer comprising fine fiber
comprising a fiber with a diameter of about 0.1 to 0.5 microns that
after exposure for a test period of 16 hours to test conditions of 140°F
air and a relative humidity of 100% retains greater than 30% of the
fiber unchanged for filtration purposes; and
(c) after directing the air through an extension of a pleated filter
media composite of a first filter construction and into a filter construction
inner clean air chamber, directing the air into the clean air chamber and out

of the housing.

51. A method according to claim 50 further including directing a pulse of
air into the filter construction inner clean air chamber to at least partially remove

particulates collected on the pleated filter media composite.

52. A method according to claim 51 wherein said step of directing a

pulse of air into the filter construction inner clean air chamber to at least partially -



particul ates collected on each of the pleated filter nedia conposites. 55.
A net hod according to claimb51 wherein said step of directing a pulse of
air intowaemwmBd3ithe filter construction inner clean air PORUBEr2S1t10 at

| east partially renove particulates collggted on each of the pleated

filter medi a Ssite | I directi e pulse of ajr. i,nto a
plurality of \?ﬁe)rﬁ?\gergar@?ué%%gcg%g’gg I?nﬁﬁ%%]fe%gd &i@e IE‘S?Iél@Pmipml GIQCIug%Sspect Ive
filter construdgett@ry thepelse of gahtaarveahanglementaRourded®igiodcriataneiing t o
claim50 further including vibrating the nedia to at |east partially

remove parti cdlige eanstueticacinger depntairechgmbat ed filter media conposite.

53. A method according to claim 50 wherein said housing spacer wall
includes a plurality of extensions of pleated filter media composites of a plurality of
filter
constructions wherein each of the extensions of a pleated filter media composites

define a respective filter construction inner clean air chamber.

54. A method according to claim 50 further including directing a pulse of
air
into each of the filter construction inner clean air chambers to at least partially
remove

particulates collected on each of the pleated filter media composites.

55. A method according to claim 51 wherein said step of directing a
pulse of
air into each of the filter construction inner clean air chambers to at least partially
remove
particulates collected on each of the pleated filter media composite includes
directing the
pulse of air into a plurality of Venturi elements each mounted to project into a
respective

filter construction inner clean air chamber.

56. A method according to claim 50 further including vibrating the media
to at least partially remove particulates collected on the pleated filter media

composite.



