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Background of the Invention

The present invention is an on-going development of Donaldson Company
Inc., of Minneapolis, Minnesota, the assignee of the present invention. The
disclosure concerns continuing technology development related, in part, to the
20  subjects characterized in U.S. Patents: B2 4,720,292; Des 416,308; 5,613,992,
4,020,783; and 5,112,372. Each of the patents identified in the previous sentence is
also owned by Donaldson, Inc., of Minneapolis, Minnesota; and, the complete
disclosure of each is incorporated herein by reference.
The invention also relates to polymer materials can be manufactured with
25  improved environmental stability to heat, humidity, reactive materials and
mechanical stress. Such materials can be used in the formation of fine fibers 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 fibers are useful in a variety of applications. In one application,
30  filter structures can be prepared using this fine fiber technology. The invention
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-



met hods of filtering. Applications of the invention particularly concern
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structures provide liquid solutions of the polymer that are then attracted to a

20  collection zone by a high voltage electrostatic field. As the materials are pulled
from the emitter and accelerate through the electrostatic zone, the fiber becomes
very thin and can be formed in a fiber structure by solvent evaporation.

As more demanding applications are envisioned for filtration media,

significantly improved materials are required to withstand the rigors of high

25  temperature 100°F to 250°F and up to 300°F, high humidity 10% to 90% up to
100% RH, high flow rates of both gas and liquid, and filtering micron and
submicron particulates (ranging from about 0.01 to over 10 microns) and removing
both abrasive and non-abrasive and reactive and non-reactive particulate from the
fluid stream.

30 Accordingly, a substantial need exists for polymeric materials, micro- and
nanofiber materials and filter structures that provide improved properties for

cleaning air intake into gas turbine systems at higher temperatures, higher humidities

and high flow rates.



bot h abrasive and non-abrasive and reactive and non-reactive particul ate
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filter media can be exposed to a broad range of temperature conditions, humidity,
mechanical vibration and shock and both reactive and non-reactive, abrasive or non-

20  abrasive particulates entrained in the fluid flow. Further, the filtration media often
require the self-cleaning ability of exposing the filter media to a reverse pressure
pulse (a short reversal of fluid flow to remove surface coating of particulate) or other
cleaning mechanism that can remove entrained particulate from the surface of the
filter media. Such reverse cleaning can result in substantially improved (i.e.)

25  reduced pressure drop after the pulse cleaning. Particle capture efficiency typically
is not improved after pulse cleaning, however pulse cleaning will reduce pressure
drop, saving energy for filtration operation. Such filters can be removed for service
and cleaned in aqueous or non-aqueous cleaning compositions. Such media are
often manufactured by spinning fine fiber and then forming an interlocking web of

30  microfiber on a porous substrate. In the spinning process the 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.



filter media. Such reverse cleaning can result in substantially inproved
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10 FI GURE 12 gHeameertioe fonaBkémplg Sof the 0.23 and 0.45 microfiber materi al
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appears to bepnflofih8adhbRKRH afd a nylon copolymer, once heat treated and combined with

additives form a single component material that does not display distinguishable

characteristics of two separate polymer materials, but appears to be a crosslinked or
otherwise chemically joined single phase.
20 FIGURE 21 is a schematic cross-sectional view of a gas turbine air intake
filtration system, utilized in the methods of this disclosure; and
FIGURE 22 is a schematic cross-sectional view of another gas turbine intake
filtration system, similar to the system of Figure 21 but smaller, utilized in the

methods of this disclosure.

25 Detailed Description of the Invention

The invention provides an improved polymeric material. This polymer has
improved physical and chemical stability. The polymer fine fiber (microfiber and
nanofiber) can be fashioned into useful product formats. Nanofiber is a fiber with
diameter less than 200 nanometer or 0.2 micron. Microfiber is a fiber with diameter

30  larger than 0.2 micron, but not 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



ot herw se chem cally joined single phase. 20 FIGURE 21 is a schematic
cross-sectional view of a gas turbine air intake filtration system
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relatively s ace etween spaces typic Iy range,
bet ween fi ber gappeti pahﬁﬂﬂs. @R pattirlsslvottipriding dustamtlaar mmdbﬁlt pzmlaﬂdam 0.1to
about 10 n1crons The filter products onpr si ng fi.ne fjber ger and a

cel I ul osi ¢ | aj@rdly ferm & dyst gakepnythe fige digeipyur ﬁi)ﬁleﬁpma%aén%le}s El%ltd%@n The fine
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substrate filter ervi ce 'ters can stop I nci
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compr ;81 np dude (e TBERGe 4 Ty Bish sERRRCE ot es rapi dly form a dust cake on
the fine fiber sur ﬁ“ﬁ@ﬁol rﬁﬁte?itai%'d?ﬁhsl&lcﬁgd hé&tbin e SsstanP¥BY fhprodd | 1 ency
of particul ate renova Even with relatively fine contam nant's having a
particl e si zeresistaabotet the ufdesirablatstiacts of héatrhomidith digh flowratas déverssomipei si ng
cleaning, operational abrasion, submicron particulates, cleaning of filters in use and
other demanding conditions. The improved microfiber and nanofiber performance is
20  aresult of the improved character of the polymeric materials forming the microfiber
or nanofiber. Further, the filter media of the invention using the improved
polymeric materials of the invention provides a 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
25  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,
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
30  polymer and a second, but different polymer (differing in polymer type, molecular
weight or physical property) that is conditioned or treated at elevated temperature.
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



15 the fine fiber has a very high dust capacity. The polyner materials as
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partly nylon 6 about 45%, nylon 66 about 20% and nylon 610 about 25%. (Page 286,
Nylon Plastics Handbook, Melvin Kohan ed. Hanser Publisher, New York (1995)).

20
Reported physical properties of SVP 651 resin are:
-Property ASTM Method Units Typical Value
Specific Gravity D-792 -- 1.08
25 Water Absorption D-570 % 2.5
(24 hr immersion)
Hardness D-240 Shore D 65
Melting Point DSC °C(°F) 154 (309)
Tensile Strength D-638 MPa (kpsi) 50 (7.3)
30 @ Yield
Elongation at Break D-638 % 350
Flexural Modulus D-790 MPa (kpsi) 180 (26)
Volume Resistivity D-257 ohm-cm 10"

35



10 solubilized or alloyed in the polynmer surface, or both. Preferred
materials for use in the bl ended polyneric systens include nylon 6; nylon
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node of the | mianfibarorimavafibee svith the additvembtenelsiformed in a coating on the fine

fiber surface. Again, blends of similar polymers such as a blend of similar nylons,
similar polyvinylchloride polymers, blends of polyvinylidene chloride polymers are
useful in this invention. Further, polymeric blends or alloys of differing polymers
15  are also contemplated by the invention. In this regard, compatible mixtures of
polymers are useful in forming the microfiber materials of the invention. Additive
composition such a fluoro-surfactant, a nonionic surfactant, low molecular weight
resins (e.g.) tertiary butylphenol resin having a molecular weight of less than about
3000 can be used. The resin is characterized by oligomeric bonding between phenol
20  nuclei in the absence of methylene bridging groups. The positions of the hydroxyl
and the tertiary butyl group can be randomly positioned around the rings. Bonding
between phenolic 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
25  tertiary butylphenol resin described above in that it is formed using oligomeric
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 0.0001 to 5 microns. The most preferred fiber
30  size range between 0.001 to 0.2 micron. Such fibers with the preferred size provide
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
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used. Sheet-like substrate or cellulosic non-woven web can then be formed into a

20  filter structure that is placed in a fluid stream including an air stream or liquid stream
for the purpose of removing suspended or entrained particulate from that stream.
The shape and structure of the filter material is up to the design engineer. One
important parameter of the filter elements after formation is its resistance to the
effects of heat, humidity or both. One aspect of the filter media of the invention is a

25  test of the ability of the filter media to survive immersion in warm water for a
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.

30  Preferably, the fine fiber materials of the invention can survive immersion in hot
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%.
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of the fine fiber formed on the surface of the
20  therein. Before such gases can be, or should be, discharged through various

en be

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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polyolefin, polyacetal, polyamide, polyester, cellulose ether and ester, polyalkylene

sulfide, polyarylene oxide, polysulfone, modified polysulfone polymers and

20  mixtures thereof. Preferred materials that fall within these generic classes include
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

25  non-crosslinked forms. Preferred addition polymers tend to be glassy (a Tg greater
than room temperature). This is the case for polyvinylchloride and
polymethylmethacrylate, polystyrene polymer compositions or alloys or low in
crystallinity for polyvinylidene fluoride and polyvinylalcohol materials. One class
of polyamide condensation polymers are nylon materials. The term "nylon" is a

30  generic name for all long chain synthetic polyamides. Typically, nylon
nomenclature includes a series of numbers such as in nylon-6,6 which indicates that
the starting materials are a Cg diamine and a Cg diacid (the first digit indicating a Cg
diamine and the second digit indicating a Cs dicarboxylic acid compound). Another

nylon can be made by the polycondensation of epsilon caprolactam in the presence
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20 Addition polymers like polyvinylidene fluoride, syndiotactic polystyrene,
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,

25  can be solution spun with relative ease because they are soluble at low pressures and
temperatures. However, highly crystalline polymer like polyethylene and
polypropylene require high temperature, high pressure solvent if they are to be
solution spun. Therefore, solution spinning of the polyethylene and polypropylene
is very difficult. Electrostatic solution spinning is one method of making nanofibers

30  and microfiber.

We have also found a substantial advantage to forming polymeric
compositions comprising two or more polymeric materials in polymer admixture,
alloy format or in a crosslinked chemically bonded structure. We believe such

polymer compositions improve physical properties by changing polymer attributes
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crosslinked using hydroxyl reactive materials such as monoaldehydes, such as
formaldehyde, ureas, melamine-formaldehyde resin and its analogues, boric acids

20  and other inorganic compounds. dialdehydes, diacids, urethanes, epoxies and other
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.

25 We have found that additive materials can significantly improve the
properties of the polymer materials in the form of a fine fiber. The resistance to the
effects of heat, humidity, impact, mechanical stress and other negative
environmental effect can be substantially improved by the presence of additive
materials. We have found that while processing the microfiber materials of the

30 invention, that the additive materials can improve the oleophobic character, the
hydrophobic character and can appear to aid in improving the chemical stability of
the materials. We believe that the fine fibers of the invention in the form of a
microfiber are improved by the presence of these oleophobic and hydrophobic

additives as these additives form a protective layer coating, ablative surface or
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nylon material can be bl'ended with a |l ow nolecular weight nylon material.
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can be bl ended 08irhidréh di¥heRr SPEO5Y ABthickHESR cBFespold ©R08, nfasH:Fdk 210
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
20  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
25  wherein Ryis a fluoroaliphatic radical and G is a group which contains at least one
hydrophilic group such as cationic, anionic, nonionic, or amphoteric groups.
Nonionic materials are preferred. Ryis a fluorinated, monovalent, aliphatic organic
radical containing at least two carbon atoms. Preferably, it is a saturated
perfluoroaliphatic monovalent organic radical. However, hydrogen or chlorine
30  atoms can be present as substituents on the skeletal chain. While radicals containing
a large number of carbon atoms may function adequately, compounds containing not
more than about 20 carbon atoms are preferred since large radicals usually represent
a less efficient utilization of fluorine than is possible with shorter skeletal chains.

Preferably, Ry contains about 2 to 8 carbon atoms.



copolynmer. Further, a polyvinylalcohol having a | ow degree of hydrol ysis
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protective |ayer coating, ablative surface or WD 02/20134 PCT/ USOl{ 2+5146
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materials typically manufactured from ethylenically unsaturated carboxylic mono-

20  and diacid monomers having pendent fluorocarbon groups appended thereto. Such
materials include surfactants obtained from 3M Corporation known as FC-430 and
FC-431.

The amphoteric groups which are usable in the fluoro-organic wetting agent
employed in this invention include groups which contain at least one cationic group

25  asdefined above and at least one anionic group as defined above.

The nonionic groups which are usable in the fluoro-organic wetting agents
employed in this invention include groups which are hydrophilic but which under
pH conditions of normal agronomic use are not ionized. The nonionic groups may
have formulas such as -O(CH,CH;)xOH where x is greater than 1, -SO,NH,,

30 -SO,NHCH,CH,OH, -SO,N(CH,CH,H),, -CONH,, -CONHCH,CH,OH, or -
CON(CH;CH,0OH),. Examples of such materials include materials of the following

structure:



of the nmolecule that tends to be conpatible with the polymer materi al
affording typically a physical bond or association with the polynmer while
t he stromgdy22tdiydr ophobi c or ol eophobi c group, as a resul pCoUSIMRS146
associ ation of the additive with 10 the ppdynmer, forns a protective surface

| ayer that resides on the su I th or mxed with
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substituents on the skeletal chain. l'e radicals containing a large
nunber of car Bbfis &d;aiclganhlylafmabhavmgthdgqmmlestryctumonpounds cont ai ni ng not
nor e thanlgbout 20 carbon atons are preferred since |large radicals usually
represent ~“a |l ess effici ent utilization of fluorine than is possible with
shorter skeletal chains. Prefmi@g)yacrifhtecont ai ns about 2 to 8 carbon
atons. WD 02/ 20134 PCT/US01/ 25146 "14 The cationic groups that are usable
in the fluoro-organic agents enployed in

wherein X is -F or -CF;andnis 1 to 7.
Further, nonionic hydrocarbon surfactants including lower alcohol
20  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.
A useful material for use as an additive material in the compositions of the
invention are tertiary butylphenol oligomers. Such materials tend to be relatively
25  low molecular weight aromatic phenolic resins. Such resins are phenolic polymers
prepared by enzymatic oxidative coupling. The absence of methylene bridges result
in unique chemical and physical stability. These phenolic resins can be crosslinked
with various amines and epoxies and are compatible with a variety of polymer
materials. These materials are generally exemplified by the following structural
30  formulas which are characterized by phenolic materials in a repeating motif in the

absence of methylene bridge groups having phenolic and aromatic groups.



this invention may include an am ne or a quaternary amoni um cationic group
whi ch can be oxygen-free (e.g., -NH2) or oxygen-containing (e.g., amne

oxi des) . w&uwtniaqi ne and quaternary amoni um cati oni ¢ hydrPopsé1/2s14r oups
can have 5 formulas such as -NH2, -(NH3)Xg-(NH(R2)2)X, -(NH(R2)3)X, or
-N(R2) 2->0 where x is an anionic counterion such as halide, hydroxide,

sul fate, bisulfate, or carboxylate, R2 {QHH or C1_18 al kyl group, and each
R2 can be the sane as or different fromjother R2 groups. Preferably, R2 is
Hor a C1_16 al kyl group and X is ha Z r oxi de, or bisulfate. 10 The
ani oni ¢ groups which are usable in the ororgani c wetting agents
enployed in this invention include gno ai ch_by ionization can becone
radicals of anions. The anionic groups y have fornulas such as - COOM
-SBM - Os@BM -PGBHM -O0PO3M2, or pEROS ere Mis H a netal ion,
(NR14) +, or (SR14)+, 15 where each =) i § independently H or substltuted or
unsubstituted C1-C6 alkyl. Preferably Na+ or K+. The preferred

ani oni ¢ groups of the fluoro-organo § agents used in this invention
have the fornula -COOM or -SO3M I ncl ud ithin the group of anionic
fluoro-organic wetting agents are anioniv polyneric nmaterials typically
manuf actured from et hyl enically unsaturat carboxylic nono 20 and diacid
nononer s havi ng pendent fl uorocarbon gro&%g appended thereto. Such

materi als include surfactants obtained from 3M Corporation known as FC 430
and FG 431. The anphoteric groups which are usable in the fluoro-organic
wetting-agent enployed in this invention_jnclude groups which contain at

| east one cationic group 25 as defined PBve and at | east one anionic
group as defined above. The nonionic groups whjch are usable in the
fluoro-organic wetting agents enploye s i nvention include groups
whi ch are hydrophilic but which under ‘ﬁm tions of normal agronom c
use are not ionized. The nonionic gra rave fornulas such as
-Q(CH2CH2) xOH where x is greater than 1, f SO2NH2, 30 - SO2NHCH2CH2COH,

- SO2N( CH2CH2H) 2, - CONH2, - CONHCH2CH2CH, - CON(CH2CH20H) 2. Exanpl es of
such materials include materials of th ow ng structure:

OH

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

giving the significant advantage of improved performance (improved efficiency
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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
periphery of the forward facing portion 42. Alternatively, the rotating portion 42
20  can be immersed into a reservoir of polymer fed by reservoir 80 and pump 81. The
rotating portion 42 then obtains polymer solution from the reservoir and as it rotates
in the electrostatic field, a droplet of the solution is accelerated by the electrostatic
field toward the collecting media 70 as discussed below.
Facing the emitter 40, but spaced apart therefrom, is a substantially planar
25  grid 60 upon which the collecting media 70 (i.e. substrate or combined substrate is
positioned. Air can be drawn through the grid. The collecting media 70 is passed
around rollers 71 and 72 which are positioned adjacent opposite ends of grid 60. A
high voltage electrostatic potential is maintained between emitter 40 and grid 60 by
means of a suitable electrostatic voltage source 61 and connections 62 and 63 which
30 comnect respectively to the grid 60 and emitter 40.
In use, the polymer solution is pumped to the rotating union 41 or reservoir
from reservoir 80. The forward facing portion 42 rotates while liquid exits from
holes 44, or is picked up from a reservoir, and moves from the outer edge of the

emitter toward collecting media 70 positioned on grid 60. Specifically, the
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peEGGRHAD is SHDGIENE teaderithe DAterial inkd 3 gy diip @nicrofiber 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
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 sheet-like substrate is unwound at
station 20. The sheet-like substrate 20a is then directed to a spliéing station 21
wherein multiple lengths of the substrate can be spliced for continuous operation.
The continuous length of sheet-like substrate is directed to a fine fiber technology
station 22 comprising the spinning technology of Figure 1 wherein a spinning device
forms the fine fiber and lays the fine fiber in a filtering layer on the sheet-like
substrate. After the fine fiber layer is formed on the sheet-like substrate in the
formation zone 22, the fine fiber layer and substrate are directed to a heat treatment
station 23 for appropriate processing. The sheet-like substrate and fine fiber layer is
then tested in an efficiency monitor 24 (see U.S. Pat. No. 5,203,201 which is
expressly incorporated by reference herein for process and monitoring purposes)
and nipped if necessary at a nip station 25. The sheet-like substrate and fiber layer is
then steered to the appropriate winding station to be wound onto the appropriate
spindle for further processing 26 and 27.

Figure 3 is a scanning electromicrograph image showing the relationship of
typical dust particles having a diameter of about 2 and about 5 microns with respect

to the sizes of pores in typical cellulose media and in the typical fine fiber structures.

very



Spi nning process. A suitable apparatus for formng the fiber is illustrated
in Figure 1. This apparatus includes a reservoir 80 in which the fine

fi ber forw®nz2q@el ymer solution is contained, a punp 81 andT/aseigtsatey type
emtting device or emtter 40 to mhich thg pol ynmeric solution is punped.

The emtter 4 neraj | otatJn uni. gn a rotating
portion 42 i nglfgl uﬁe?é téFuraI?IO?l)Part %? ht‘:iglmlcr PARGe 331%%9%“ %3
connecti ng theeﬁmmfrﬁédfa&a@lmp@fetsiz@@ﬂanglretsh@wﬁ@iEéqLﬂG: disit Riger TR thot at i ng
union 41 provides for introduction of the polyner solution to the forward

facing porti Mlmpw&@ﬁnﬁqﬁ@ B slhaspycemnieast, in BigurniB Hbe %émﬂﬂpné’laéloi‘bébed

around t he tern t he
rotati ng port| eggs;tro 8%%3}()&111&?1%?% té%gg{%tegﬁ{a;élst@r\yﬁfc? 1 @#en&%s ﬁﬁte“fe%%led by
reservoi r 80 drditpddia tB4 fibdiheeb 353waﬂeﬂgmfdr¢ropmﬁaetsnap?éab§ £ Beslaipel shagr

solution fromthe reservoir.  and as it rotates in the electrostatic field,

a dropl et of @meokieoperings i thefing Ebartiedd By the el ectrostatic field t owar d
the coll ecting nedi but
spaced apart therefr ?&egﬁnggéﬁéﬁggﬁ [ gil ﬁ\gfﬂrg‘%glrags‘ @c&?%ﬁ%gy oer?cv\hl ch
the coll ecti nglatmiiilsaoﬁﬁe {rivertiors thesfirreafiter nratemidnfrthdirwaﬂﬁixﬂriablading both

posi tioned e dra thro the grid. The Iectlng 70 is
passed ar oun&‘n?r{i?B%rrS@n B rf?r‘afgi e Ctb’é‘sqft“??fﬁgg tg&f@ﬁ@%%&b ite
ends of gjnd t I ai ned

bet aeen ong 1 are Zﬁefa‘ﬂ%ﬁ“a“%“@m%ﬁ?%@ﬁ% L aRnE of U R %, ¢

vol t age sour cmcﬁﬂolagxdalqumqqﬂw afrnh;e cﬁ;iérairmi cﬁ”?.she/\ﬂnivemlon30‘hc(fn]|ksmhg spapect | vel y

to the grid 60 and enmitter. 40. solutiao pu

e Tor 21 oo BrBslay T ils o cxamp s o g isbadinien ba osctiindly bRmBiaE Sh! og
portion 42 roupiMi MY hiatddbdhexivbatidd eﬁﬂ‘th@ﬁhl%%wﬁ%‘maf%halsﬁhé&!&g%%ebtp from
a reservoir, and noves fromthe outer edge of emtter toward

col lectin g mediOde 70he dxdlowing @cblmﬂalqrmdems WSrﬂetualiufmmﬂegl withribe Wlogdng 0134

PCT/ USOl/ el ectr static ent a ween grid 60 and the.emtter
20 i mpar t 5o CREPGETES PRED i EpPERST Brindeap e v Bt o6

therefrom as 163 thahi108ABroM s 6btailc@ usin@Wh eldc @Vt Bidedirdif aWhBhE bl arrive
and are collected on substrate 12 or an efficiency layer 14. In the case

of the pol yneficldricing a3 & pulling dvree t stietcheapgipmer jetings 4 veridinkifdenentsAdur i ng

thetr TGN L8 hilf nfdi i 88 usdd B'RE QeSiroshiifinly ELcts, oWV, Rberk Bfafilgst rat e

than 1 micron are best made from polymer solution. As the polymer mass is drawn
20  down to smaller diameter, solvent evaporates and contributes to the reduction of
fiber size. Choice of solvent is critical for several reasons. If solvent dries too
quickly, then fibers tends to be flat and large in diameter. If the solvent dries too
slowly, solvent will redissolve the formed fibers. Therefore matching drying rate and
fiber formation is critical. At high production rates, large quantities of exhaust air
25  flow helps to prevent a flammable atmosphere, and to reduce the risk of fire. A
solvent that is not combustible is helpful. In a production environment the
processing equipment will require occasional cleaning. Safe low toxicity solvents
minimize worker exposure to hazardous chemicals. Electrostatic spinning can be
done at a flow rate of 1.5 ml/min per emitter, a target distance of 8 inches, an emitter
30  voltage of 88 kV, an emitter rpm of 200 and a relative humidity of 45%.
The choice of polymer system is important for a given application. For pulse
cleaning application, an extremely thin layer of microfiber can help to minimize
pressure loss and provide an outer surface for particle capture and release. A thin

layer of fibers of less than 2-micron diameter, preferably less than 0.3-micron



efficiency layer 14. The fine fibers bond to the substrate fibers first
encountered at the grid 60. Electrostatic field strength is selected to
ensure tvedor/tma3pol yner nmaterial as it is accel erated frpoTAwR@/®metter to
the collecting nedia 70, the acceleratiogypis sufficient to render the

material into.,a very thi.n mcrofiher.or. 10 nanofiher structure.. |ncreasing
or sl ow ng thgllaﬁjc?veéﬁ%%rekeé{eg? §00f1 ﬁgﬁ%sb?q bee ???gm]r%ra%?oaer Oﬁg%nogii’ﬁlbasr}dt nore or
less emitted hitkgats aport WRichakidinigofRaé & ndnbEb&b redd dpoyitedds ifiguitanel of the
t hi ckness of each | ayer deposited thereon. The rotating portion 42 can

have a vari et Whsh {Bteredre epade of eemposiies of snbstratperd thiylayer ¢f misrar2ndan be
placed in a f tarj t B ndLcul ar to the
surface of thg&?:ogﬁ F%C?L{cﬁﬁ%%@gﬁé%#%gg %%c%%gf ﬂk%ﬁgﬁlﬁqgﬁl%?gﬁ%%ﬁ ry angl e.
The rotatifng apslicaticaCleminothe sindaedy tagk plilskig régeatsdlsichigRhhiys dieffirt from
parallel orientation. Figure 2.is a 8eneral schemat i c di agram of a process
and appar at us e kA ggatdorcgye exested n e surfes. tig fiber wifddioor adhesiondat r at e

or nedia. In Ei - i ' ] Lon 20.
The sheot -1 kS HEs Fay 415y 3ARSIop s NRcf YOS} A3 fockes MRy oL BHEET 20
wher ei n nul t i freughengibbtsatefo theenisrdfharaTherefone,@@od pbhasénh Bevweananicrmuous
oper ati on. ng con irﬂjous | engt h of shfet-l ic{<e substr?fae IL.s dir (cgt ed to a
fine fiber telRf8RBgFInestonhenkeBSuRTIAHT 1a9TheN% HECTEPHAFRGS ITHI! Bgy of
Figure 1 yheregil-aniRkaNi ng device fornms the fine fiber and lays the fine
fiber in a filtering layer on the sheet-like substrate. After the fine
fiber |ayer i Brdductsdiohtoreet the abbeeteqlirdaerssitet reatbéained vdmeg fber§ oradafioon zone

22, the fine fijher |ayer and substr are.directed to a heat treatnent
Stati on 23 T ofvRB AT B Ae ualh Eodh &1 ol affieelstufpRERe thdR 11 ne
fiber layer igadtaemh fueBHE8Emidds Ake ﬁ‘JlWiﬁ%rﬁ‘dé% AL, Yol fin{ BAEHd! gnd Pat . No.
5,203,201 which is expressly incorporated by reference herein for process

and noni t or i ngolymepoadsppolnrndquuetsing vaniouesyanssugh agnpiop 6snglondib; 25. The

sheet-1like.substrate and fiher.layer is.30 then steered to.the ropriate
i ndi ng. s Fi: | BrioR8 6 e hdDand soHREmsS S e & rt e GRRET
processi ng 26pymiF, Budt tomh&kersfikidrilydnfliaibel BRnRt@tdqaiFt LRI JoTRRGE.
showing the relationship of typical dust particles having a dianeter of

about 2 and abWisn & Niiler 6 andNylenrtekhesatbe elegtrospuns iBusssobrenjsaiels a3 progi cal

(I::)(él'l'} Blsg :sue 5 gﬁgi%&d,arggcrésgl,ttrqﬁmto}((p é:tﬁgtllol,f }ilegl(gﬂlfu;rg Efsrop%pra}f&t atL Efher \ﬁgﬁggllt ?00 134

handle or very expensive. Preferred solvents include water, ethanol, isopropanol,

20  acetone and N-methyl pyrrolidone due to their low toxicity. Polymers compatible
with such solvent systems have been extensively evaluated. We have found that
fibers made from PVC, PVDC, polystyrene, polyacrylonitrile, PMMA, PVDF
require additional adhesion means to attain structural properties. We also found that
when polymers are dissolved in water, ethanol, isopropanol, acetone, methanol and

25  mixtures thereof and successfully made into fibers, they have excellent adhesion to
the substrate, thereby making an excellent filter medium for self-cleaning
application. Self-cleaning via back air pulse or twist is useful when filer medium is
used for very high dust concentration. Fibers from alcohol soluble polyamides and
poly(vinyl alcohol)s have been used successfully in such applications. Examples of

30  alcohol soluble polyamides include Macromelt 6238, 6239, and 6900 from Henkel,
Elvamide 8061 and 8063 from duPont and SVP 637 and 651 from Shakespeare
Monofilament Company. Another group of alcohol soluble polyamide is type 8
nylon, alkoxy alkyl modifies nylon 66 (Ref. Page 447, Nylon Plastics handbook,
Melvin Kohan ed. Hanser Publisher, New York, 1995). Examples of poly(vinyl



In Figure 3A, the 2 mcron particle 31 and the 5 mcron particle 32 is
shown in a cellulosic nedia 33 with pore sizes that are shown to be quite
a bit |amvgen2than the typical particle dianeters. |In shar@rwenyasast, in
Figure 3B, the 2 mcron particle 31 appegrs to be approximately equal to

or greater th . LY pf « | n e fi {p the fiber web
35 ani e the Seqdf pi B ARSI AR RERE 1Bud SRl S Bordr of e
openi ngs in tPeodubRend idhemive Codpany hwellore grindghgenrisdandrekpogtiton of the
various aspects of the polynmeric materials of the invention, the fine

fi ber materi afxtreasestipenyiruEpentdcondipug FHiproBIpudifisabian drsets cambe nanof i ber s
and the constructi of useful filter sucturesfromth 0 fi,ne fiber
materials of PHETAPLRmPERELF ot e e 130k HED LG BB b e P ilesye 7

t echnol ogi gal Cﬁlﬂ(ﬂl@ds%ﬁﬁs_@ﬁnb@@prl@&ﬂ@itghﬁﬂmﬂitf%db@vb DY GHRIFDind Hible fol | ow ng
specific exenplary materials are exanples of materials that can be used in
t he formati ontenfperathes offilAe FFi By thepeay headxpossfd to maini Wednve doundriblattfiisrs

fol | ow terials discl t .node...The fol | ow |
mtertal'e wor SoHTHIPSbE GPRs ShPRTE e B g aror SR P Aes SEERR 6 and
process condi toRfctich &uishertelc8s bé @%S&I‘ioﬂﬁgEf%ﬂﬂerﬁi}g@@?@@ﬂ?ﬁ,ih@@i’rela'ti%5 t han

10 micron is obtained using an electrostatic force froma strong el ectric
field acting hsmidifywndiotiger cherisal envaronmenth We pavedayeloped teshmethadsery fi ne

fil . | |t.can.be used in the gl .nni ng_pr.ocess,
novever. 1 bePLtiE PR bR R R vl i PSSR BB D e PE B85t on
As the pol yneriERasdiSasbRYh RQ AU 14OFSTet b efingleaBRb@sure @ At

evaporates and contributes to the reduction of fiber size. Choice of

sol vent is cr hunghly, high teepentire amslssofiey. | f sol vent dries too quickly,
then fibers tends {0 be flat d l.arge_.in dianmeter. 1f the solvent dries
too sl oy,  sol vertel fes auf Semrife A AL SiRE Fr bere SRePERIE ot chi ng
drying rate apsmmbidfly {vallaME, i thd Dorfaldsbh CEOX " APyldé OffaRfrRduféd DRtchat es,

| arge quantities of exhaust air 25 flow helps to prevent a flanmabl e

at nospher & aAvkilablerfeatn Qenpldeon Comparty, g dMinneapalisyMimnesoiat In Highot 21, a
conbustible is hel pful. In oduct.i on. envi r,anne rha rQacessi

cqut prent. i | eeaPreossceslh SRPElRaR PO LBRIEIDY T S CoaEEk et o

m nimze wor kS?st@ﬁQ@Sﬂbﬁ:sérﬁed]aM%@géﬁl sirEpireal Ss n&l @Ridr hasinathhtdt sliZeRi ng can
be done at aflowrate of 1.5 mM/mn per emtter, a taraft,djstance of 8

inches, an enpertast pferyes medje foymudationy/in mmetipds & filisng thezpontake a
relative hum ?&éa}él_.o t(#?%f?&}l-sggﬁaiﬁrﬁ%fgﬁe&)ﬁ‘xeﬁglfgljﬁﬁflatﬁ)ﬁ%tu‘ﬁﬁ]zéfirf {IPQstalbe For a

gi ven application
20  Figure 21, the structure in the system of Figure 21 is described in U.S. Patent

6,123,751, which is incorporated by reference herein, and which is commercially
available from Donaldson.
Referring to Figure 21, the system 220 includes a chamber 221 having an air

inlet side 222 and an air outlet side 223. Air enters the chamber 221 through a

25  plurality of vertically spaced inlet hoods 226 positioned along the air inlet side 222.
The inlet hoods 226 function to protect internal filters of the system 220 from the
effects of rain, snow and sun. Also, the inlet hoods 226 are configured such that air
entering the inlet hoods 226 is first directed in an upward direction indicated by
arrow 227, and then deflected by deflector plates 228 in a downward direction

30  indicated by arrow 229. The initial upward movement of air causes some
particulate material and moisture from the air stream to settle or accumulate on

lower regions 230 of the inlet hoods 226. The subsequent downward movement of



cl eaning application, an extremely thin layer of mcrofiber can help to
mnimze pressure |loss and provide an outer surface for particle capture
and rel eaw@02/2018hin | ayer of fibers of |ess than 2-m cr oRCTUSOMELS®L6,
preferably less than 0.3-mcron WO 02/ 20184 PCT/ US01/ 25146 20 dianeter is

preferred. Gogd .adhesi on.bet m crafi.ber or. nanofi her d.. substrates
upon whi ch thglrrfr?rg%élf%g?tgnbﬁ\ﬁgﬁg%ﬁr ggﬁ doypy etp?g’sa |({%§uﬁt§’8ﬂ?f‘ﬁ8?ﬁ8mq When
filters are nageldRhtcd@iRRYottonm ¢ffthseagibearzl.and thin | ayer of mcro- and
nanofi bers, such conposite makes an excellent filter nmediumfor

sel f-cl eani ng 5 apphpehambss 228108 thei syygfermr2 058 divided iplp upsErampandi ng
repeatedly rej tes | | . r-eat 1S _exprnted on
t he surface, P%gﬁfﬁa@e‘r’glg\nﬁ? %bip%)%{d Zéigﬁog/sa%uon %s%b@?erlg{sgé&ggﬂﬁl ex‘%rdﬁ nat e
upon a back pgbgallyn@bregass tfe "ironait Ketionlt @rthesir ofeagerfsystb@r220f Whideighe a
substrate to the mcro fiber. Therefore, good cohesion hetween nicro
fibers and adHe¥nreapeYlEA Senmally wprssenthies cleay aissedtiono 9pths systp@rel; s

critical for r}0,sHGER9SEUbaHAC pREAMYGH Srckdifts 20BTh: SIBSAAAY fo HSGUGLETENT S

can be obtai néd using ers nmad erent polynmer“materials. Small
fibers wth gtedpatteas volunmr 23ddo theedovaatredr volvacke2 ¥6r diack apértypolyorisr s | i ke

Dot o g ety e "Bt A0 e i BB T iSRRI 5,
6,10 and ppmérﬂﬁﬁﬁlbweﬁ?eoﬁl%er%ﬁ? 8t dddOfR Sof AfDR sERIRad A i Hom DUL
to make sufficiently small ftiber diameters requites chlorinated solvents.

Nyl on 6, Nyl otheGfpstrean Ngluore 23410 tleadovinstredre vblunsgd . paBses thiooglvéwetfBtesuch as

formc acid, cresol, tri-fluorp ethanol, hexafluoro isopropanol are
either diffi caﬁp‘il%”ﬂé’%q‘%g [‘B‘FO‘{Bg‘rtge WS40, Preferred sol vents incl ude

wat er, ethanol, i s@pf@R3ARcular AhePERiRBRAN NN BICh Yir M DAY IR1NGs HY&irt O
their lowtoxicity. Polymers conpatiblle wth such sol vent systens have

been ext ensi vef filtened¢ments dF orvexamales edchimirdfiltar 262 indlindes o cytidéridal elemPyC, PVDC,
ol ystyreng, acrylonitrile . PV r P r di ti onal adhesion
P tme 1o I8 P YRE o Bl bad irsatl Soicalugioment 4% Ea kR ben R0 s ror s

are di ssol vedelepheWf2 49 incRHEPGR end B ORE ARALIOF diaeRt AREandiBdrtan ahviagd 25
m xtures thereof and successfully made into fibers, they have excell ent

adhesi on to nheorslitiaetent Bhe eyhiadaen) elemienhddbanddie nneaied, eppicd elomait 44 f or

sel f-cl eani N94f each filter 242 are co-axially aligned and connected end-to-end with the minor

diameter end of each conical element 246 being secured to one of the cylindrical

20  elements 244 in a sealed manner. The major diameter end of each truncated, conical
element 246 is secured to the partition 238 such that an annular seal is formed
around its corresponding aperture 240. Each filter 242 is generally co-axially
aligned with respect to its corresponding aperture 240 and has a longitudinal axis
that is generally horizontal.

25 Each of the filter elements 242, 246 includes a media pack 260, 262 forming
a tubular construction 264, 266 and defining an open filter interior 268, 270 within
the construction. The open filter interior 268, 270 is also a clean air plenum.
Preferably, each media pack 260, 262 is pleated and comprises a composite of a
substrate at least partially covered by a layer of fine fibers. Preferred formulations

30 for media composites are described below.

In general, during filtering, air is directed from the upstream volume 234
radially through the air filters 242 into interior volumes 268, 270 (clean air plenums)
of the filters 242. After being filtered, the air flows from the interior volumes 248

through the partition 238, via apertures 240, into the downstream clean air volume



application. Self-cleaning via back air pulse or twist is useful when filer
mediumis wused for very high dust concentration. Fibers from al cohol
sol ubl e pobyamiides and pol y(vinyl al cohol)s have been uskdr@seiczsssf ul |y in
such applications. Exanples of 30 al coholyssol uble poI yarri des incl ude

Macronelt 623 9 and 6 keI El v 061 8063 from

duPont and SV gg%g a%%‘ils Bg}ﬁfhg Ff%@%tged%ﬂs %%léjrgl%rr? GhAnot her
group of al cobgdrtused 250, thtd 8 leiStitisife ingakieya sBowny| on, al koxy al kyl nodifies
nyl on 66 (Ref. Page 447, Igon Pl astics handbook, Melvin Mhan ed. Hanser
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filters cah b& @epneed difect SpilsEREST dif) sReWh amrmmﬂz baukehiakdlpRtgoudti fhkers in
Saudi Arabian desert can be expgsed to tenperature as hl%9 as 150 F or
hi gher. Filt ePsofigiedam @@rlzﬁz:llﬁdﬁﬁ@sﬁlﬁﬂﬁ‘?ng valimpe 2955 2t/0 of thadilieaglepenex posed
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can be exposed to high terrperature (+2Q00F), high relative humdity

other cheni caPPEREH IORAERIOP e he hottora of thesharberady ] tﬁ@f’ﬁgﬂ%n%%refbthé\ﬂ&%at e
survivabi gty r r SPRkI t he
filter rred(lb a %lcmgg@%&ﬁ%tblﬁﬁgﬁﬁhygﬂgﬁs 1#{@ tﬁ@loﬁg?%%e?g? efxpos udr%g1 to high
hum dity, high tenperaagementsmcthais thdsk showiBimifjeerestlagay bewiklifer &drganlmtgr air

filter systens are known, One such syste rC|aII | .abl is the
Donal dson GOXPRFRIE éﬂ@%&ﬁﬁaﬂgﬂﬁq%@%@éﬁlﬁﬁa@m et fiaseon
Conmpany, | nc. 96 MABERRARahE abdVt 1965 Hhhes IdifnGiE, %na%m@ate@mh'lt&s that

cross-sectional, depicfion of a Donal dson GDXTM Pul se Cleaning Filter
System 20 is plree’ebewtmjmch'&sdowsb@mwfﬁﬁngmmminqrsharmterpamd)atboat17 5in that

it utiliz tain err ia formul ati t.s rreth for
11 Ceri nit he s PpdRECSGE e I R PR TR DA e B BRPBE: T o
formul ations gitbihZRehkiehidtB g2y 8Btk 8¥stetf hbVidpbf ad ¥lowt Mnsidohche bRiet Bf t he
systemof Figure 21 is described in US. Patent 6,123,751, which is

i ncor por at ed B90Gtefle? anbionicubisifest pandingte GAm).s conmer ci al | y

In Figure 22, another air intake filtration system for a gas turbine is
illustrated. Other than preferred media formulations, the system shown in Figure 22
20  is commercially available as the Donaldson GDX™ Self-Cleaning Air Filter
available from Donaldson Company. In Figure 22, a schematic, cross-sectional,
depiction of a Donaldson GDX™ Self Cleaning Air Filter 120 is presented. The
system of Figure 22 is not prior art, in that it utilizes certain preferred media
formulations in its methods for filtering the air intake stream. The system 120 of
25  Figure 22 is similar to the system 20 of Figure 21, except that the S};steln 120 is
depicted as a smaller, more compact unit.
In Figure 22, the system 120 includes a chamber 121 having an air inlet side
122 and an air outlet side 123. Air enters the chamber 121 through an inlet hood
126 positioned along the air inlet side 122. The inlet hood 126 helps to direct air
30 entering the inlet hood 126 in an upward direction indicated by arrow 127, and then
deflect by deflector plate 128 in a downward direction indicated by arrow 129. The
downward movement of air forces dust within the chamber 21 downward toward a

dust collection hopper 132 located at the bottom of the chamber 121.



avai l abl e from Donal dson. Referring to Figure 21, the system 220 includes a
chanber 221 having an air inlet side 222 and an air outlet side 223. Air
enters tiveoohzimber 221 through a 25 plurality of verti cal Pgr@p@Ecasdic nl et
hoods 226 positioned along the air inlet sjde 222. The inlet hoods 226

function to prot ectASi a1l mflblo??{g%ﬁeoil Eﬁg@%tegﬂggﬁ@gé}?gﬂ%ggg.ef fects of
SO, e g

rain, snow and sun. AXV e’rn oods are-con i that air

entering the idivigéd eOdssti226 and dbivhstteath valaines13Nara 36mARd pardliisec3d on
i ndicated by arrow 227, and then deflected by deflector plates 228 in a

downwar d di r ecklieaistzerm welvmgtldd reppesenisdhe Xdigy airisection’ of Hie aiipsieangr sistesmrent

of air causes . rty ri ' f t he .air, r eam
Co cettl o or A2t mniObE o RE PR Shor ISR el AR ST WS
subsequent Sdowgsternd 200 TRepatitioh 19©dERRAlBdraREyTd ldpetir2b 146 for 2Rowidg fipfoces

dust within t chamber 221 downward_toward a dust collection hopper 232
| ocat ed at thgf%fr@@ffﬁwpm?érncw&%%ﬁ@@ﬁ ¢ fpEnsireamlume 1361 Eagheapstiatcem 220

i s divided intjgqy - Sbr, d ition
238. The upst rea&nlioé%‘{eﬁ%?}g@% . égéﬁelngrogﬁ%yr epr gé%t%gb ?ﬂgl%g)lgtrr%ngf@%é
section" of tHé4af theodhember. Eyedfileems P2Dgre whinhgedtand cdnfigiatd e thatl aivme

enerally represents the "clean air s I on" of the system 220. The
gart iti o% 238 fﬁ)&lﬁ%@@fﬂéﬁﬁpm%?@mvwe E%LPOE%P dewosisamofolume ddp RESS&S r to flow
from the 10PSHEBRPR MR AR %fi&t‘ég%sg‘%“@ﬁl?@?@a Qe 1486 Each aperture

240 is covered by an air ftilter cartridge located in the
upst ream vol ume 23Z£ach ait(ilteh&4Zinalvides a paihef filtérteberser?st ZFaregampleacepbdhirand

fi d t .air, flowng f t upstream vqlune 234 to th
downstt eam vorrtive Shisthiess &ifotstethen s R aurptsd ol clpraghe 106
through the apneh tifcatdt) cotibdl eldd®nPauld ifeldaS ofd dddavily ANGRIBAIMAINE, each

air filter 242 includes a pair of filter elements. For exanple, each air
filter 242 i nénetheserd hayingrianinoaHiagietere dhe tolimiivabelement ddmpdiiet t runcat ed,

having & 1) or B dbeereaH BB IARPT el st i oS Sy dieanlend The T o
cylindrical elcenfated2Ad-taRAd Wi the kit id@mnet&OMdDTlead] QIR clédnt f6 each
filter 242 are co-axially aligned and connected end-to-end with the m nor
being secured to one of the cylindrical elements 144 in a sealed manner. The major
diameter end of each truncated, conical element 146 is secured to the partition 138
such that an annular seal is formed around its corresponding aperture 140. Each
20  filter 142 is generally co-axially aligned with respect to its corresponding aperture
140 and has a longitudinal axis that is generally horizontal.
Each of the filter elements 144, 146 includes a media pack 160, 162 forming
a tubular construction 164, 166 and defining an open filter interior 168, 170 within
the construction. Preferably, each media pack 160, 162 is pleated and comprises a
25  composite of a substrate at least partially covered by a layer of fine fibers. Preferred
formulations for media composites are described below.
In general, during filtering, air is directed from the upstream volume 134
radially through the air filters 142 into interior volumes 168, 170 (clean air plenums)
of the ﬁlteré 142. After being filtered, the air flows from the interior volumes 168,
30 170 through the partition 138, via apertures 140, into the downstream clean air
volume 136. The clean air is then drawn out from the downstream volume 136,
through apertures 150, into a gas turbine intake, not shown.
Each aperture 140 of the partition 138 includes a pulse jet air cleaner 152

mounted in the downstream volume 136. Periodically, the pulse jet air cleaner 152



di aneter end of each conical el enent 246 being secured to one of the
cylindrical 20 elenents 244 in a seal ed manner. The nmj or di aneter end of
each trumabsehi3coni cal elenment 246 is secured to the parPCTUS@RS2BB8 such
that an annular seal is forned around itgscorresponding aperture 240. Each

filter 242|s nerally.,.co-axi I to 4t

correspondi ng Sfattffi’%@ dﬂf‘gt %ﬁ‘%}g%a%ogglf %%cé(ﬁg r‘ﬁ”?ﬂn%&ﬁ% gﬁg%’ﬁi?i’itima%}h%r ally
hori zontal . 2bssbegiatedqir filkse 182) it froal MBBitESorddlume 468,170 lof desfiler BReieat pack
260, 262 formng a tubular construction 264, 266 and_ defi ni ng an open
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into interior volunes 268, 270 (clean air plenunms) of the filters 242
After being filtered, the air flows fromthe interior volunes 248 through
the partition 238, via apert ur d&xefermed Madia Farmulations r eam cl ean air vol une
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into the | ower hopper 232, for renoval rangements such as those shown
in Figurel®l glmehts avat préor ariofilier.eldmdntsthat gpanoisconsimebtédhirsmciiclamedgenent s
comonly include c Ilndrl cal filters that are about 26 inches |ong and
about 12.75 i APHBYS®H di aneter, and truncated conical filters that

A fine fiber filter structure includes a bi-layer or multi-layer structure

wherein the filter contains one or more fine fiber layers combined with or separated
by one or more synthetic, cellulosic or blended webs. Another preferred motifis a
20  structure including fine fiber in a matrix or blend of other fibers.

We believe important characteristics of the fiber and microfiber layers in the
filter structure relate to temperature resistance, humidity or moisture resistance and
solvent resistance, particularly when the microfiber is contacted with humidity,
moisture or a solvent at elevated temperatures. Further, a second important property

25  of the materials of the invention relates to the adhesion of the material to a substrate
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 pleats, rolled materials and other structures

30  without significant delamination. We have found that the heating step of the
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



are about 26 inches |ong, about 12.75 inches in mnor dianeter, and about
17.5 15 inches in nmgjor dianeter. Such arrangenents m ght be used, for
exanpl e, won22fiB4d tering intake air to a gas turbine systerChagivagisn air
fl ow demand on the order of 8000 to 1.2 ggllion cubic feet per mnute

(cfm. In Fig 22, .anot h alS | ke t1ltrati r a_gas.turbine

Is illustrat gg’.%r @qﬁ@? Sol?lsérﬁ‘]}l{epr etfoerragéﬁe ﬁg&wg tF %&’%’ﬁ%&ﬁ@%gﬁé hﬁ%r Cf’i}g?sgrlﬁtss hown

in Figure 22 fiBfbusStrGGIFE Teisalidoyeriiéal tb @bhieol aBatirtperatd Matidsite: (pbed to

Self-Cleaning Air Filter available from Donal dson OonPan . In Figure 22, a
i

schematic, cr#8srystdlizabomfempegapioder evensied aemerhaf @oeit t osgble telasgni ng
Alr Filter 12Q4] t 1 O ' l@r, art, in
that 1t uti |1 ool BiaR Buorlen BEALER Mo AR Sl ASbalb B BT of
filtering $heraul fiom thedoshatansf thhextais taddiive Gyeifs ad additige heateidld migdatei | ar
to the system 20 of Figure 21, except that_ the system 12Q is depicted as a
smal | er,  nor e & Bgsadece Adiexpese gqpﬁeb@@,r oleqrhahyG growps o therfdhen swéacs: chanber

121 having an air iyl: ' Eﬂ_,a{'ng | | Fenters

t he chanber 121 th%&thgkgﬁeféﬁ%hﬁ% ﬁff 6 pdgg#{’ﬂﬂ@rlné’aé‘gﬁ%%g%%@é%“?%n| et
side 122. Thethadanaic adlogtcihpbrahet ps thHeandiiem air passing3hrerghehe fitiert the filiek et hood
126 in an upward directjon.indicated by arrow 127, and then deflect by
defl ector plaf@® heoernoRed O gih g o b Gifes W@ﬁb@ﬁeaseéﬁo th%ngme
downvar d_pVeRBitorbsditha kP TRRS St thbpbrhils SRATRA I 2dqpueamar d t owar d
a dust cg?)l ectioorf9 Sopper 1132 I’(t)lcated at tl?;bé otstg% of th‘il'aq chanber 121. WO
02/ 20134 PCT/ usiet#6re46 hotet inginwi dffabsyratab npddtiof. Fieguiteri@fbr petfernednaeriser 121
of the system,l i s, divided.into upstream and downstre vol unes,_ 134 and
136 by o part ¥ B maatiel Deisabae el wifivinel e (ESRT BT EL B T R gy o
section” of the Alempelaf@Ber 1999 €B0°FL200°FYSI0PE fdrlieh HHRWRE LibRAM MRIuY BE3
generally represents the "clean air section" of the 5 system 120. The
partition 138hdas;jdependingbnend isey wiile sgiainingr39$o, 5900, 860 el I0mphflteri r to
flow fro he stream vol u 134 t.o.the downstream.vol yne 136. o

aper tur o 1 aoe BT omad s e Bierih [ HErOPass TR 1P uaes g Bcat ed
in the upstregmvit@hgiiRact a3¢vhridls bp@aifes temgdigufds! £ & tempddnupk @fanganged
and configured such that air flowing fromthe upstreamvolune 134 to the

downst r eam vollO¢E, 2FBEF pH¥SBsfor a period of time of 1 hours or 3 hours depending on end

use, while retaining, depending on end use, 30%, 50%, 80% or 90% of effective fine

fibers in a filter layer. Survival at these temperatures is important at low humidity,

20 high humidity, and in water saturated air. The microfiber and filter material of the
invention are deemed moisture resistant where the material can survive immersion at
a temperaﬁue of greater fhan 160°F while maintaining efficiency for a time greater
than about 5 minutes. Similarly, solvent resistance in the microfiber material and
the filter material of the invention is obtained from a material that can survive

25  contact with a solvent such as ethanol, a hydrocarbon, a hydraulic fluid, or an
aromatic solvent for a period of time greater than about 5 minutes at 70°F while
maintaining 50% efficiency.

The fine fiber materials of the invention can be used in a variety of filter

applications including pulse clean and non-pulse cleaned filters for dust collection,

30  gas turbines and engine air intake or induction systems; gas turbine intake or
induction systems, heavy duty engine intake or induction systems, light vehicle
engine intake or induction systems; Zee filter; vehicle cabin air; off road vehicle
cabin air, disk drive air, photocopier-toner removal; HVAC filters in both

commercial or residential filtration applications.



10 through the filters 142 prior to passing through the apertures 140. Each
air filter 142 includes a pair of filter elenents. For exanple, each air
filter 14200moiidgdes a cylindrical elenment 144 and, a trunper/®@d01/2504% cal

el ement 146. Each truncated, conical el ewnt 146 includes one end having a

maj or di aneter andy_an [ Vi n I, nor_ di er..he cylindrica
el emrent 144 and t hg aﬁ%qil{réﬁ ﬁlggjt%gﬁ, %vgh(glc’gf S@g ?%Hnlgg(}f%%ceolf) actlalg% Hleﬁ’:ar {i%r 142

are co-axi al | geidralgpgsir slthents @onPeibEdoned thatsofeBliulokd, Byhtheticdryiiierdibarget er
end of each conical element 146 being secured to one of the cylindrical
el enents 144 PHemed aupese gassHesm campngppgiculats materialy Thepaper isgensralbuncat ed,

coni cal elene | I 1] q | ar
seal is for neg&gglégtﬁg%? ?gﬁ%%rg%%g%%%fgﬁgﬁg%)véﬁ&ljﬂraea%%%&m% Egg}fﬁﬁcg%tﬂ?] ?ﬁeg@{)&l’” S
gener al | y £0- sixé ahd yppabprige porokitihtoriekipt ctie passdgltelsfpﬁmirc&s @@mle:rm@n@pﬁr t ]thr eh
140 and has a | ongitudinal axis that is neral ly horizontal. Each of the
filter el enenﬁ@e%@m%lzqﬂl@rqthre}lﬂaeés @erg@ﬁsgﬁb@a@%@m@ﬁﬁ @?tﬁﬁ paper.aha ubul ar

construction Ll PERrd J - 70 within
t he construct ?‘gﬁ?eaé%g?%ggﬁtb{;%?% ﬁaeécrﬁ9 a pa%ul%htfg%?él%%q @eﬁ%egg?% and
conpri ses a 2baptakpadir¢teinckleated stzsd patielea frolreths gapéhtid)adtiegme he pedickes a

| ayer of fine fibers. Preferred fornulations f dia conposites are
described bel 8% SOl Fctgbabs dyst cglfﬁ%%eflpmeémﬁ ,of_ng? bfier Rﬁpﬁégﬁéani= ﬂaﬁﬁ?&she
upstream y@l Upgelaid be; 't_@loi)é’rafems%‘{ﬁfér,tiﬁ‘@re@s'iﬂ% dffibieREy e id PhRtihfdseri or

vol umes 168, 170 (clean air plenuns) 'of the Tilters 142. After being
filtered, theredemwed tomsssdasamng,hee.developmentdlan wiicidtd, gr&@ertlith intrabugh t he

partition 138,ffvi a apertures 140, into the downstreamclean air vol une
136. The cl eab"%i¥°Ys then drawn out from the downstream vol une 136,

through apertures Aiqmgierm&r@eggﬁ stdAraR e dRIBELabdIRls S 1o asRt ARET L ure
140 of the partition 138 includes a pulse jet air cleaner 152 nounted in

t he downst r eatype®piprebless. Hist, agelaidvdly simpltBavpules eugtere odithe prpenmesultd B2 WO

02/ 20134 1 WUS01/ 46 .25 s operated to direct a I |et _aof air
backwar di §7 ST Shna sy $S:smef, Pifiuhtdd ralofitudfshibofia & a2,

i . e. from theupditetin e Ofahe!fiRer] 68a thld Busdbaltdf 14yertinErediRFBRpresoute\Wasyll y to
shake or otherw se dislodge particular material trapped in or on the

filter media Yeriegemgthpds havedeen appliegieinstrasethe Slifegime" of sufasedoadsd fidlgh be
sequentially systems, such as paper filters. One method is to provide the media in a pleated
construction, so that the surface area of media encountered by the gas flow stream is
20  increased relative to a flat, non-pleated construction. While this increases filter
lifetime, it is still substantially limited. For this reason, surface loaded media has
primarily found use in applications wherein relatively low velocities through the
filter media are involved, generally not higher than about 20-30 feet per minute and
typically on the order of about 10 feet per minute or less. The term "velocity" in this
25  context is the average velocity through the media (i.e. flow volume per media area).
In general, as air flow velocity is increased through a pleated paper media,
filter life is decreased by a factor proportional to the square of the velocity. Thus,
when a pleated paper, surface loaded, filter system is used as a particulate filter for a
system that requires substantial flows of air, a relatively large surface area for the
30  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.



5 operated fromthe top to the bottom of the chanber 121 to eventually
direct the dust particulate material blown fromthe filters into the | ower
hopper 1390 of/ar34 enoval. Preferred Media Fornmnul ati ons | npgeESeuRsbicne air

i ntake systens, during operation, the anbjygnt tenperature or equi pnent

operating tenperatyre can i reach at.l e 14QF nd. aften is 10
in the range of 153’-1 %ﬁ'apégcgﬁh%%]??pteﬁlgﬁ% E‘}?’ﬂsa HVQ?‘@‘Q%@%H@%Y%E %83' Hih, in
the range of ah alteastive’§he Rrtiltaimana, 3omeemo9gdneRiily rEfereiesRer RbtH" enddidl/ or
hum dity may adversely affect the operating efficiency of the filter

el enent. Consiyufedi Agtypical depth mediagamprseseoelapigdlyithick fanglanffitseusa conposi te

of a barrier | aqt ] . | @t i | ber can

i mprove the pg;r%]?é (ﬁa rlfaiggéﬁmgﬂe%%%epﬁa@ 8%@?]%?7%@50 qtzl)ﬂ\?g)gisoﬁﬁ"o&rengir%f &Jf ilter

el ement s tHat percentrsotids coiséntuFoeekahipdena248% sokditpmediarnpagdd besa depthfhdda f i ber
filter structure jncludes a bi-layer or nmulti-layer structure wherein the
filter contai F&t 853"?# apapgedrspelsthial spproximatels2-3anel the @vaiallyoBims epar at ed

by one or nor ' . G0 : preferred
nmotif is a 2060311?1 f&%%ggfrﬂé@snrgﬁh%@%gﬁplﬁﬁéfhﬁ?ﬁrﬁ?ﬁﬁlﬁﬁ & LT @nxé)%g Eéﬁe'end of ot her
fibers. W beli eve Anofer useftl paametet for defining defth tiedidf is Hiber diasheter.cHof | ber

| ayers in the fiIteLi str Ceﬁcgre reI%te to tenperature resistance, humdity

or noi sture r BECEHSREG RIS HANTERYL DRelb digrader (F4rtis eeUsppPolhEFe Pthe
m crofibeigi sigombariade Wrbiudm diddfiter %é&ﬁééﬁﬁox‘é%ﬂ@cié?'a&ﬂﬁ Rl dlor€! evat ed
tenperatures. Further, a second inportant property 25 of the materials of
t he i nventi oneffedtaiebstraposmdiker patiieks.on of the material to a substrate

The'filter materi & DBleheambioaLooas BenmBlis di i B Chour
del ani nat i ng Giiornf Rheily, AR¥id, RYSY sybleAnlvici R Sblidi Pot B RGPS ber | ayer

plus substrate can’'be processed into a filter structure including pleats,
rol | ed mat er i smainngibstehdallseonstenttheaigBoutviistthickmess.i Bui"substantialtjetasiantt i on.

W have found.that the heatin tep.of .the. manufacturin rocess. wherein
Uhe s enper it ubirecciid 6% FafBup rbhBuaPagy TekiioBTabeg8” Battn mel
t enper at ur e ofreGBEndRrNIEROUIMRAE GEptBIof tHetREdiR! Schl MydRiatibhd Tot H@mplQWast el t
tenperature substantially inproves the adhesion of the fibers to each WO

02/ 20134 PCT/ tesph fipm a4 glight gompression of an outer engaged surface, by a container in
which the filter media is positioned.

Gradient density depth media arrangements have been developed. some such

20  arrangements are described, for example, in U.S. Patent Nos. 4,082,476, 5,238,474,
and 5,364,456. In general, a depth media arrangement can be designed to provide
"loading" of particulate materials substantially throughout its volume or depth.

Thus, such arrangements can be designed to load with a higher amount of particulate
material, relative to surface loaded systems, when full filter lifetime is reached.

25  However, in general the tradeoff for such arrangements has been efficiency, since,
for substantial loading, a relatively low solidity media is desired. Gradient density
systems such as those in the patents referred to above, have been designed to provide
for substantial efficiency and longer life. In some instances, surface loading media
is utilized as a "polish" filter in such arrangements.

30 A filter media construction according to the present invention includes a first
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



other and the substrate. At or above the nelt tenperature, the fine fiber
can lose its fibrous structure. It is also critical to control heating
rate. |f whe2tiBer is exposed to its crystallization tenper/asurxsif6or
extended period of tine, it is also possifge to lose fibrous structure.

Careful heat treatnen | 50, L apr.oved pol r._propenties that 5 result from
the formati on%lé)e‘?er?ﬁg’ ai’?ﬁeﬁi () T@Jﬁé@g@@rqnﬁ@@%ﬁ%ﬁ@h ﬁ]e\fgsﬂ@(c&ﬂf als nmigrate
to the surfacgemivdbRXddame fibyslisapteiil coRprisdse0nbalhevibs abass }Ridhhef hd ber
surface. Wiile the tenperature of the filter, under nornal gperating

charact eri st i tfates thaneabeuiRdlsgamplmeteasmpesiareblyeabent @.Ae taahdf) ght’, aidrmedssi ng

i1 ter can bePiiaaitReased GRT SR e BRI B0t Qs EmPRChNNG: 1T o

time when 3 henpgRrighi RAG 0000P ivdhd12 ReicRAs) AR Mnd 9pRel AN Srefefabilpls OF in
time of abnormal operation. The criteria for performance is that the
material be cap0L0dfto 9 H30ieh{gS5 890 arierops) thisks operating filter
tenperatures, i.e 4 s period of
time of 1 hour or %n Eﬁ%‘eﬁ@%gﬁrﬁ%ﬁ%éﬂeoﬁﬁgﬁﬁgg%&eﬁégﬁleeg%g eafitlb(r%lg%sg 30% 50%
80% or 90% of nfatdriadtorhpries faimatenad whidl) ifdviakmatediseparately r@niaaefmainder of the
performances that the materjal is capable of surviigi ng i ntagt at various

operating fi | PEISIgHRIPRihGTaazierpegnesbality deshwould exliiby apermeapgiy of oi7igest
300F, for peri £ : h _ i NG 0 e,

ani | 1ot i ot A Ymiy S Gpicdy AN sreRianhy ABHL 2 ARBRACI RN TIF T PIAT
fine fibers referanéd ismeadeltaygfficienSyrunlaesabthetwist emeeificdnpderateerie meast tonpor t ant
at low humdity, .20 high humdity, and in ur.at air. The mcro
' ber and 111 eicichey avtamaporenaordivein RsivLFE S8 m fsliminediBats t an
where the mat Eél?fgﬂlyré}ﬁ%pﬁéﬁcﬁl NE+iE163T8E 50 it 6.1 nfbtdrSAREY A&l neFgat er than

160F while main ning efficiency for a tine greater’ than about 5 m nutes.
Similarly, solvent Prefgiablydhe byemofifine fiier matdriaésecneadgpitled fivshsiirfaceef thiel t er

mat eri al { tgae 'nﬁﬁge%iqtﬂ i s _obtai ned Il.rom material that can survive 25
contact with HYSLPiREHICRIE A0S HRIRUFBedias & lAyFLRLRAnaNL I RIHRER M | yi o
or an  aronat iyhef ¥RMHbetsHave aP&hsOHb @ didnh éT8rs OF B8 loRdatdr i MBAUL mAkcrBhd)ut €s
at 70F while nmaintaining 50%efficiency. The fin€ fiber materials of the

i nvention canggerallyeahd preferabdy negseatsf thanjabeut 1 mpypon, ead hameallysofludi ng pul se
50,20 Tom ey ShEERGH b B T S g g 0L 10,
systens, heavybdht Y0580 D T Widron. aKBo Oprefonably tHeditsSl $rMBine lfibeFinatesihl Cl e
20  secured to the first surface of the first layer of permeable coarse fibrous material has
an overall thickness that is no greater than about 30 microns, more preferably no
more than 20 microns, most preferably no greater than about 10 microns, and
typically and preferably that is within a thickness of about 1-8 times (and more
preferably no more than 5 times) the fine fiber average diameter of the layer.
25 Certain preferred arrangements according to the present invention include
filter media as generally defined, in an overall filter construction. Some preferred
arrangements for such use comprise the media arranged in a cylindrical, pleated
configuration with the pleats extending generally longitudinally, i.e. in the same
direction as a longitudinal axis of the cylindrical pattern. For such arrangements, the
30 media may be imbedded in end caps, as with conventional filters. Such
arrangements may include upstream liners and downstream liners if desired, for
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



engi ne intake or induction systens; Zee filter; vehicle cabin air; off road
vehicle <cabin air, disk drive air, photocopier-toner renoval; HVAC filters
in both wonmened al or residential filtration applicati onBCTV@I10Z1£0134
PCT/ US01/ 25146 27 Paper filter elements ffe widely used fornms of surface

| oadi ng nedi a. a el enent.s nprise dense

cel | ul ose, syHPPF@'E’ P BV‘ETFJI gihtﬁlelgg ??rigoepémce &l léfﬁﬁlé‘& 5;851 Geple, es%aas?%%{]m%tgr ryi ng
particul ate nmeerbstht inlBRidAALY bé BnBeAed Rl doyivertdAst hedih, e& tRizB@ingddreabl e
to the gas flow, and to also have a sufficiently fine pore 5 size and
appropri at e péftasgementsyof bmmsomommi (sadnfagral sptupdintoaneskia gfrushirey t han a

sel ected size ethrou | ter
paper, the ubﬁs{“? St %’QHOIF A?%Bﬁ%?f%t% gf&tlgfﬁ%lﬁﬁ%%gérgt ea? l{erqjsggg%ﬂ%@?]f%fm on
and i nt er cgpt kfgh rhédia,fePEebdeload)Gntlk,di ap Bt asddatbvaisaesin fHirvii ccﬁiveﬁticfrraom t he
gas (fluid) stream The particles are collected as a dust cake on the
upst r eam si demsfia, pba hightesficipneyeaolishipg filte the dust 10 cake al so begins to

operate as a fil .tebert Jiﬁ%ﬁgé&?&}tse&%co%ﬁ the RSt u%veiﬁ ?%%so el gﬁ% dto
as "seasoning, " i ency rea han Tnitia
ef ficiency. Amsha[r:ﬁ& elltér $ytsteinsg 6 ivgierdn cie }ﬁstl(hﬂiﬁé ndmamﬂ tdjssdﬂ]aé)ed/e dariesllibj ect

to at | east t pes of problens. First,  a reLatlveI sinple flaw, (f e.
rupture of théd lﬁaw{e Alseecemlpsamaﬂgenzeﬁsr aGoPRARg (ot %H@S@V&V@mlors@@wa e

particul aje mgigef @Bllé L OtbY sk rﬁlé’%réd&e&@ntﬁ*f@rﬁl@éhrefﬁ{@ fs%%‘rd?ﬁaﬁhe filter,

as a thin dust cake or ayer, creasing the press rop. various
met hods have been @gpbidags tb dhe plesmmenﬂmm Trtatﬁoelslarﬁq’)romﬁed; ﬁwﬁfﬂteang odted

filter syste such as, pa ters. OVId t he nedi a
in a pleated eeﬁedﬁgew@hp ngafvmallz fipm of J}F%ra)e 8110 AEIREEBE unt er od by
the gas flow %ﬁtéﬁﬁ’g“ A§w1l¥9e ERaRAS Ak de@érﬁkioﬁ@aﬁc?eﬂrﬁdl&tbelwrin&h@at ed
construction. his I ncreases filter fetime, It is stil

subst anti al | ya¢qond1ngcb the presentiisvantias oan besperca'rcally o@d'mrmmdaconstsuctqﬂuonari ly

found use caf i.ons .wh i.n_relativ owvel |t|esthroughthe
Fiiter nolf o BREaTola TRy OEHE ARGt SRS A b0 30 Teet per
mnute and typi calayio@dfiliétRlcOigHEsre @howh ftibatdils ﬂﬁ@lbs@gran@bmuﬁleg%nmss The
term"velocity"” in this 25 context is the aveggge vel ocity through the

medi a (i.e. fRspactsolf ditter iietcttwedmchstameays usefl withethe fidter matsrialsy Engdwt ¢lel oci ty
I's Increased Uﬁ%@e@t %094,%%,392,%§%?0se a radlgl 'seal design for a filter assembly having

a generally cylindrical filter element design, the filter element being sealed by a

20  relatively soft, rubber-like end cap having a cylindrical, radially inwardly facing
surface. Kahlbaugh et al., U.S. Patent No. 5,082,476, disclose a filter design using a
depth media comprising a foam substrate with pleated components combined with
the microfiber materials of the invention. Stifelman et al., U.S. Patent No.
5,104,537, relate to a filter structure useful for filtering liquid media. Liquid is

25  entrained into the filter housing, passes through the exterior of the filter into an
interior annular core and then returns to active use in the structure. Such filters are
highly useful for filtering hydraulic fluids. Engel et al., U.S. Patent No. 5,613,992,
show a typical diesel engine air intake filter structure. The structure obtains air from
the external aspect of the housing that may or may not contain entrained moisture.

30  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.



filter life is decreased by a factor proportional to the square of the
vel ocity. Thus, when a pleated paper, surface |oaded, filter systemis
used as av@arrdiieul ate filter for a systemthat requires BObES@msi#w fl ows
of air, arelatively large surface area for the 30 filter rredia i S needed.

For exanpl e, Lcal L ngr.|

over -t he-hi gh%}%)f-gtie g’%g?ﬁﬁ}gg% l\bm&)latbe g%g%gﬁﬁhag%ﬁ@@#c#}esc Oln %&Fgfbelaand
about 12-24 i noddesof thevemtid) Glegat 4., @b@lﬂatéhtNd mﬁemﬂ&ﬁﬂslos? Hobise
filtering surface area of nmedia (one side) is ?(pl cally 30 to 300 square

feet. WD 02/ 2@tmulpéwmsddvezzslfmntszlgat|0ﬁn FRIMyindpiine Beersiyctugsspééheal | y t hose
i nvol ving rel & ld=aronat | ter medi a,

somet i mes gengljé‘}él3 ﬁé/%r%%rg??éel(??%ﬂd @Sels%emﬁb 3 9t5§ 8, éhlﬁgv &U%& C&Ef Edr i cal depth
medi a conp§ i sesudurealsefi ingdrgcdshing kypﬁwhlglaﬂ lefvidg lb:rgetdast lomdseo ifidder dlﬁeﬁbhl medi a

is generally defjned in terms of its 1lgwéosmy, denslté or 5 ;ferc,ent sol i ds
content. For &RaMsiream gfior progessing 3w & SEORBASR BIUHCHE s loaddn&n mat  of

fibers arrang I r g o
conprises fi br%%ﬁls rratn?éatrilaal y?s}gqlga%ﬁédh%sfgbngknggrﬁ ngl\eqlg'ng 5Iélllg)ré’ glirmg%eg % pace.
Anot her usef upapdfiieeteng therZ fikdridesigy. depth nedia is fiber dianeter. I|f

percent solidity is held constant, but fiber dianmeter (size) is reduced,

pore size or 10 interfiber space is reduced; i.e. the filter beconmes nore
efficienti@gnd will nore effectively f¢ @uﬁgﬁhj er particles. A typical
conventional depth nedia filter is a deep, atively constant (or

uni form density, fbdifeljowingmatersdesvempraduatd ehing the feldowidigtclectibspime dept h
media renmains substantially constant throughout its thickness. By
"substanti al | Pr°<98§‘?sct°3ﬁ $ON35" i h this context, it is meant that only
relatively mnor fﬁﬁ@?&ﬁinﬁ@%latdhaW&b%?un msﬁngaamera%t@nﬁgnémﬂte% Bysesngbpat the
depth of the media. Such fluctuations or exanple, may result froma
slight conpr esgibarysiedn systerny Bethyueredound tb areduch yubstansialln thesemeribrousi ch
the fil te msdl g ZS positioned. G adient density depth nmedia arrangenents
have been evg} some such 20 arrangenments are described, for exanple,

in US. Patent NOSTiqéﬂ@S&at%K@as 195 #3Bmth/der endist, Htadd divehice bﬂ8§1ﬁiﬂ@£ ah, a

dept h nedi a arrangenent can be designed to provide "I Oadlo@%
particul at e memétar ypEagafs8ait.iaarlaiive hyrsidiftiod¢5 Yo, and,for dlaaer ma@mlﬁeran
rpm of 35.
20 Example 1:
Effect of Fiber Size

Fine fiber samples were prepared from a copolymer of nylon 6, 66, 610
nylon copolymer resin (SVP-651) was analyzed for molecular weight by the end
group titration. (J.E. Walz and G.B. Taylor, determination of the molecular weight

25  ofnylon, Anal. Chem. Vol. 19, Number 7, pp 448-450 (1947). Number average
molecular weight was between 21,500 and 24,800. The composition was estimated
by the phase diagram of melt temperature of three component nylon, nylon 6 about
45%, nylon 66 about 20% and nylon 610 about 25%. (Page 286, Nylon Plastics
Handbook, Melvin Kohan ed. Hanser Publisher, New York (1995)).Reported

30  physical properties of SVP 651 resin are:



Thus, such arrangenents can be designed to |oad with a higher anount of
particulate nmaterial, relative to surface | oaded systens, when full filter
i fetimewaozaashed. 25 However, in general the tradeoff POT/USuUEIS146
arrangenents has been efficiency, since, 3for substantial |oading, a
relatively low solidity nedia is desired. G adient density systens such as
those in the patents referred to above, have been designed to provide for
substantial effici pmnd | onger ASTMV MdthodONne Uksfsances, [chpvgiuk oadi ng
media is utilized as "polish" fiTter in such arrangenments. 30 ATilter
nmedi a construction B@%ﬁ@ @it o t he Bri@8ent inventton includesld8first

| ayer of permeabl e WaterAbsotptionous meldidd0or substrate having a 4.5 st
surface. Afirst [(Bylerinmier§iome fi ber nedia is secured to the first surface
of the first |ayer Hafdneey meabl e coab9d0fi brous Shdied Preferabgy the first

| ayer of perneabl em&polﬁt brous mapgci al conpreces) fibers hayizw)an

aver age di aneter ﬁstﬂ ®Rabihl0 mcrgnsgg typi cal jpp 02/ 26 3¢
PCT/ US01/ 25146 29%,% 3 rab%y about 12 (or 14) to AREsyD 02 )
on

pr ef erabl the fir er coarse fi brous mat er i aI orrprl ses
a medi a haV| ng a b %&{a real? rrelgtg gat er tha ut. 200 gr ter2,
pref erably about 0 u{a ﬁ% st pre ) at Ieazg@g@
Preferably the fir ‘}r’&‘i/BFSIEﬁVIWerne coarse fi kﬂhHh 5 medi a i at Ieast
0.0005 inch (12 mcrons) thick, and typically and preferably is about
0.001 to 0.030 inch (25-800 m'crons) thick. In preferred arrangenments, the
first layer of perneable coarse fibrous naterial conprises a naterial

whi ch, ifl%valuated separately froma remai nder of the construction by the

Frazier per rreabl lity test, would exhibit a perneability of at least 10 1
met er (s)/ mi n, o8 @Cﬁﬁt@apf (-24 38d BrASHBICERR i disesier. SIS Mereiadked . IORY e n

when  ref er enggy ot UGy OoEld iR LENRY crrtih s SO AL b Bispaivki Bes ) ¢ oo

reference is ficiency when neasured accordin
wi th 0.78 noniuigspdms & dqsgudtqmwtbm}evelpjfdegmdhthmawas le$sers, caatbe éerfipthd 6. 1

meters/ mn) as descri be Prefe flneflber
mat eri al secuP]é’B0 gPWedzf % e‘glﬁ]ﬂm&@@t f?fa\’etlﬁél te %‘Eﬁé‘} PIYpH2RREAST Bk oar se
fibrous nggli asrh%lléi‘ ALRMSKit0h hARPsurfRE Mﬁﬁ@f%gﬁa&e gl ﬁlscérﬁ%ﬁs[e%n the fibers

have average fi di aneters ©of no greater t ut 2 crons, generally
and pr ef er abl gegradagioadueto emaronaisotai effeats. dooveyer biggey pberaldb potmdke as

efficient filter medium.

Example 2:
25 Cross-linking of nylon fibers with phenolic resin and epoxy resin

In order to improve chemical resistance of fibers, chemical cross-linking of
nylon fibers was attempted. Copolyamide (nylon 6, 66, 610) described earlier is
mixed with phenolic resin, identified as Georgia Pacific 5137 and spun into fiber.

Nylon:Phenolic Resin ratio and its melt temperature of blends are shown here;

30 Composition Melting Temperature (F°)
Polyamide: Phenolic = 100:0 150
Polyamide: Phenolic = 80:20 110
Polyamide: Phenolic = 65:35 94
Polyamide: Phenolic = 50:50 . 65
35

We were able to produce comparable fiber from the blends. The 50:50 blend
could not be cross-linked via heat as the fibrous structure was destroyed. Heating

65:35 blend below 90 degree C. for 12 hours improves the chemical resistance of the



preferably have fiber dianeters smaller than 0.5 mcron and within the
range of about 0.05 to 0.5 mcron. Also, preferably the first |ayer of
fine fibavonnemsd al 20 secured to the first surface of thectioset2shieyer of
permeabl e coarse fibrous material has amgverall thickness that is no

ter th hout i : f | t han. 20 ni :
most pr ef or abi PRSP i bl L AR ot MRb A Rk P
preferably thadkin Sudl Eftn828 fidth Skelesisd Bpi-REOI0 darbbd ugees (and nore

preferably no nore than 5 tines) the fine fiber average dianeter of the
| ayer. 25 Certain preferred arrangenents according to the present invention

include filter nedia as generally defﬁﬂgg!l Bk an overal | filter

construction. Sone preferred arrange such use conprise the nedia

arranged in a cylSuigideGabdifieh®di ebugh WhioHULAditive (S¥otéhgabe®PRGRTIBNEXT endi ng
general ly |ongitudinall in the same direction as a longitudinal

,1.e.
axis of the cyli ndlAiI@éJIOYméﬁCﬂfé@ pootehigarg UEG-43P rad e hEams3MiGamBoyete a may be

i mhedded in ep S,..as.with conventi | filters, rrangenent s nmay
el ude upst r St Rap Ao SeRRe A fioa ol Jus FYade Bl ARGRE
conventi onal BEGtEINEeS didl dot Bider Abq| foeadtio FHCrRetasivs@ahst Stgtchfardlkepr esent
invention may be used 1in conjunction with other types of nedia, for

exanpl e convehighewelecwerdieghtiepaiisnbinisip didmoparpigse Tries 1epstame. Spejelagasd
The preseld ' TR PERlROREHE p 2D s o iR SRt Y e BEER ' o

in stack arrangenents; or be incorporated (an integral feature) into nedia
structures including one or nore regions of conventional nedia. It may be
used upstream of 5 such media, for godixampe4: and/or, it may be used

downstream from conventi onal e, . ' .efficiency polishing filter.
Certain arrangenents accordin ifig tl&?Wﬁhhéo hl;m%%‘kﬁcﬂn!gn may al so be
utilized in |iquiBofymdrRrfileyWegdiBast frof polfiefieéswithenfaind coupliag egdimd eri al
to be filtered is carried in a liquid. Also, certain arrangenents

accor di nglt o fR& Iﬁ@@%rﬁetﬁoﬁb%waléd%ﬁﬂheménﬂgéﬂsomepylﬁniﬁpgtﬁargbh titarate SR f or
| ; kasil ) . . T

CxXATDl o anaSEHoapd el (I k08 MRS AL CICRES flagntp L e

general | y i nv@isey)uwily] triz@i-cthpleaé dimrdne) ctisyl dasaratd@idZ44). @dwtaiimagesre f or

soaked in boiling water. Control sample without coupling agent loses its strength

immediately, while coupling agent added samples maintained its form for up to ten
20  minutes. These éoupling agents added samples were spun into fiber (0.2 micron
fiber).

Example 5:
Modification with Low Molecular Weight p-tert-butyl phenol polymer

25 Oligomers of para-tert-butyl phenol, molecular weight range 400 to 1100,
was purchased from Enzymol International, Columbus, Ohio. These low molecular
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

30 and additives hinder the electrospinning process. Unlike the conventional phenolic
resin described in Example 2, we have found that this group of polymers does not

interfere with fiber forming process.



filtering. As will be seen fromthe descriptions and exanpl es bel ow, nedi a
according to the present invention can be specifically configured and
constructved 02/20136 provide relatively long life in relativeCyuséwiseieent
systens, to advantage. Various filter desjgns are shown in patents

used i th the 11t O RedPfYR pRRET §flth'e'P%?‘?gct?Eﬁ?ﬁh?rsﬁfea”d 20,92,

di scl ose a ragiatonsfat asi@s i thefpddt. Fidured py-laﬁwrmayoﬂrgiﬂm@gpmauﬁ%nwfﬁl ly
cylindrical filter elenment desi e filter element being sealed by a 20

rel atively sogeqd protsstien bt K& Bn SOQ%qh tyrandghe pérfarmanesis not wety gobg at

i 'scl ose at1 1 8uF> qUe Peis slSpR iR st lia neivein 3V ik g D r s SUbst  at e
W ih pleated GAMRRRNS: PRI ool Rl R ATRAI IR EShdsalcto el he

invention. Stifelnman et a at ent 5,104, 537 te to a filter
struct ur e usehwhiditgrat i40 F&r Wechave qlso dourddiva that pepfiorchanse REnhatced whed thent o
the filter housing, passes through the exterior of the filter into an
interior annuﬁb@Eéﬁ?%mEﬁEdﬂ%éﬁoFbﬁ@ﬁ%@ﬁﬁ@ﬂa%ﬁfv@ﬁuse in the structure. Such

U's Patent no. 5, Si3qadonb B giest b Bl kgtilita PR B s

structure. Thgolghmidetfivegs.obtains air from the external aspect of the
housi ng that nmay or nmay not contain entrained noisture. 30 The air passes
through tHe filter while the noi sture can pass to the bottom of the

housi ng and can drain iﬁgt g di S. Patent No.
5, 820, 646, disclose a 1t TEGRHE) Rébain % AYUE DiFhed . sodt pl eat ed
filter design involving plugged passage$iehtias Tingqui re a f|UId streamto
pass through at | east one |ayer Ohifilter nediainina "Z" shapedopdah to
obt ai n proper TEhbégtire9 performance. WO 02/ 20134 PCT/ US01/ 25146 31 The
filter g;a formed into the pleated Z shaped fornat can contain the fine
fiber ne § gbe i nventi on. et al., 95 ent No. 5, 8 442,

di scl ose a bag % use structure hg Png fllter eI ggnts t hat cangggntain t he
fine fiber structures of the inv % i on. Berkhoe t al., ent No.
5,954,849, show a dust collector 5 structure useful in proce55|n typically
air having | at3eClust |oads to fiP%ér dust from9&d air stream & 8
processi nZf) a wor kpi ece generates 868ignificant dB86 |l oad in an 996
environnmental air. Lastly, GIllingham U. S. Design Patent No. 425, 189,

di scloses a 110C° 82.8 90.5 91.7
86.2 90.9 85.7
25 This was a surprising result. We saw dramatic improvement in water

resistance with this family of additives. In order to understand how this group of
additive works, we have analyzed the fine fiber mat with surface analysis techniques
called ESCA. 10% add-on samples shown in Table 1 were analyzed with ESCA at
the University of Minnesota with the results shown in Table 2.

30



panel filter using the Z filter design. 10 Experinental The follow ng
materi als were produced using the follow ng el ectrospin process

condi ti ove0o 0Fba34 ol | owi ng materials were spun using eithePCHUS@Z46ng
enmtter systemor a capillary needle sys§5em Both were found to produce
substantially the same 15 Jmat e >m..1 T NE ate.was 1.5 ml/mn
per emtter, a target et gfree—ot rehes; ettt +tage of 88 kV, a
rel ative huni dity of 45% and for the rotati mpafing Thee an rpmof 35. 20
Exanple 1: Effect of Fiber Size kiygg fi ber sarrpg%mwere pr epar ggd finrom a

copol ymer of ®¥,884Rre 00, 610 nylon copolynmer resin (SVP-65I) was anal yzed
for nolecw ‘weﬁg“%—%ythe end grouptitration QE wal z and G B.

Tayl or, deter ion of the nole r wei ght 25 nyl on, Anal em Vol .
19, Nurrber %gegw 450 (1947). &Eﬁger aver age 4ﬁ&pecul ar wei gﬁpg\%a
bet ween 21, 5083Q8& 24, 800. The cofPddition was edbilftated by t h&2iRase
di agr am of rreﬂlOCérrperature of tho6dd7conponent ng#dh, nylon 6 al58uﬂt1 45%
nyl on 66 aboulNoX)¥4tand nyl on 610 abHa@t 25% (Page 286, Nylon Plastics
Handbook, j¢vel vin Mohan ed. Hanser Publisher, New York (1995)). Reported 30

physi cal properties of SVYP 651 resin are: WD 02/ 20134 PCT/ USO1/ 25146 32
Property ASTM Met hbutitdh, disdid ppy seam toaake sensp ée find surggegeprgensatrgpol - 1. 08

Nl i ng. poi ni ARLET A afeitad of S Bhad R, BB SRTRACE IR R Es° °°

(7.3) @Yi el dxplained 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
15  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
20  polymer has a time to move around. What this analysis has taught us is that proper
selection of post treatment time and temperature can enhance performance, while
too long exposure could have a negativ{e inﬂuence.
We further examined the surface of these additive laden microfibers using
techniques called Time of Flight SIMS. This technique involves bombarding the
25  subject with electrons and observes what is coming from the surface. The samples
without additives show organic nitrogen species are coming off upon bombardment
with electron. This is an indication that polyamide species are broken off. It also
shows presence of small quantity of impurities, such as sodium and silicone.
Samples with additive without heat treatment (23 % additive concentration on
30 surface) show a dominant species of t-butyl fragment, and small but unambiguous
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
35  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,H;0 fragments.



10 El ongation at Break D-638 % 350 Flexural Mdulus D790 MPa (kpsi) 180
(26) Volune Resistivity D257 ohmcm 1012 15 to produce fiber of 0.23 and
0. 45 m crvomor/enigd anet er. Sanpl es were soaked in room tenper/asurzsiwat er,

air-dried and its efficiency was nmeasuredsq Bi gger fiber takes |onger tine

to degrade and the.l evegl r | on l,ess ne seen.in the

pl ot of Figure 12. %lf%F %\éﬁ%ﬁﬁg%‘h‘%‘”& %\gﬁ?tibﬁf‘:“t%c’g? @%&rfagiwﬁﬁ%%? , It
appears that BfbkeAmkttpenffidpicat Mbrlkxpodatl POBmeE¢hAiaaad cysthmifintsai the ar € nmor e
susceptible to degradation due to environnmental effects. However, bigger

fibers do not Syidce veith ioafbombaedveent Additivawdthert heak Bpgimentshops igogepdetr i nki ng
f nylon fib i th. ph ' i ' to |
ohem cal resi Sovtass pRRERRL e bRl Do BEYK chRRI of Budiiibnd LolPLDLE

at t enpt ed. 5 Copligyrasis dee 108361 organiz6d on GikGurfdes OVhdieidn ®adrh ihetk theSsurfatesed wi t h
phenolic resin, identified as CGeorgia Pacific 5137 and spun into fiber.

Nyl on: Phenol | ®¥hrlssnplepwles eansgoms off alopg withdabids thuiylefragmant.c Ad4itiNe &vihh own
h ; 30 Co [+t ' T ) : g ' = 100: 0
150 Pol yan defeiieRinotf bldrife SRALR i ctatd dn (b QIRE BaadFL fle © 7

Pol yam de: PhemndtdutesardOgiBly dfangdbsd/hateatle [ablilke drapmepisadaic as clartplaraldl e fi ber
fromthe blends. . The _50:50 bl end c¢coul no E;Q‘%Qi:ros -l.i nked via heat as the

fibrous strucPesiin&HHd Qe commgqthand anelkeulseplbibwy rRigelese c,
f us . : ! _
or 12 hoygs iém%,gmgggﬁﬂ[@sm@ gfluﬁ%F v‘sﬁﬁs%&medlg&emfeg% F2hAE3ASCA

PCT/ US01/ 2514 t ant ers to resist dirssolution I n al cohol.
Bl ends of pol Yanks dedespehsuefaoxyp ta B3l AngstnoohwhidoioB 3BVISramty Bloks bt Hhd Epi - Rez

510 can be us%%.gstrEég %]!ot%. %ﬁese analyses agree.

Example 6:
15 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
reaction of polyamide 66 with formaldehyde and alcohol in the presence of acid.
(Ref. Cairns, T.L.; Foster, H.D.; Larcher, A.W.; Schneider, A.K.; Schreiber, R.S. J.

20  Am. Chem. Soc. 1949, 71, 651). This type of polymer can be elecrospun and can be
cross-linked. However, formation of fiber from this polymer is inferior to
copolyamides and crosslinking can be tricky.

In order to prepare type 8 nylon, 10-gallon high-pressure reactor was charged

with the following ratio:

25
Nylon 66 (duPont Zytel 101) 10 pounds
Methanol 15.1 pounds
Water 2.0 pounds
Formaldehyde 12.0 pounds
30

The reactor is then flushed with nitrogen and is heated to at least 135 C°.
under pressure. When the desired temperature was reached, small quantity of acid
was added as catalyst. Acidic catalysts include trifluoroacetic acid, formic acid,
toluene sulfonic acid, maleic acid, maleic anhydride, phthalic acid, phthalic

35  anhydride, phosphoric acid, citric acid and mixtures thereof. Nafion® polymer can



5 Surface nodification though Fluoro Additive (Scotchgard(r)) Repell ant

Al cohol m scible Scotchgard(r) FC 430 and 431 from 3M Conpany were added
t o pol yawae2/adore spi nning. Add-on amount was 10% of soPCTO®SOAddict | on of
Scotchgard did not hinder fiber formatiomy THC bench shows t hat

Scotchgard-1lik hi gh, nol ecyl ar I ght. repellant finish did not i,aprove
wat er resi st aﬁ%&be o %%ﬁ%y%&ﬁ%&%@ﬂ%ogﬁ%%ﬁﬁéII%&Cﬁ%l&PIéOd:e%d[S “Bd8 3Epf or 10
mnutes as suggdesked/ibousBombaeicsiepolymbxsuid i forMediat tEakth ) Allet the
coupling agents Polymeric filns were cast from pol yam des with tinanate

coupl i ng agensrecifiedireatiordims. éire atqnd ehdahigh pressprgcvessal és transéarieddo Rsopr opy|
trii t [ . T t L.al. | | tyl
bhosphat o111 Sl ckRRRife gloPandt whter BAPREY, Mg dldhBio iy b brsollfg 21

di ami no) e$ hy hydiokidenaklor(sbépifi} reaCadi. Aftdr e sobutidn is edliieidniln ghgichéd)gharat er .

Control sanple w.thout coupling agent loses its strength 1 mediately,
whi | e coupl i n§olHHehis nerIRigatehmflcianized; water KLY sranules ohmobymersre Hragg 20

m nut es. Thes B@ébgl WEr €SP I :
mcron fi ber?.0 a%#%lﬁ%%g??%gﬁgg%% t%ﬁcu ow @lz@&@%ilgﬁ{lu&gﬁ
p-tert-butyl phérnabl, pthayoiepropaiolhitgmiend thefr npiataed with watkr wif vatyaol |

nol ecul ar wei ght range 400 to 11 . \Was pur sed fr Enzynol

| nt er nati onal ,%r(@Sﬂtﬂ%JE?y @‘?iag"‘.o S‘Pﬁ%?e‘n}gi%dﬁﬁfg’félgf% afo@ﬁ%.ht pol ymers are
sol ubl e iyl ow al coRgl frmals MR el fied ARl lde@0issdiidBn Athandinese
pol ymers were added to co-po ya?ﬁag(g 1?esctrei bed eg(??glﬂgr eandSS el ectros?gun into
0.2 mcron fi bate miktuno Polyakrephion ansedrospueis. a 1Bameer dedcyibred 51 BriahbS.

addi tives hi nger t he el ectrospi nning process. Unlike the conventi onal
phenolic res ﬁt'despri bed in Exanple 2, we have found that this group of
pol yner s doesnNaok 650316 PdyiReMolitiohi vd&bsifylcHAdE iREr48SMth tﬂ@e.qgfsz,%ﬁé’rﬁlly _
PCT/ USO1/ 25146 34 V¢ have found that thi’s group of additive protects fine
fibers from wenowethat polymsnvisessitydes a graahmflukede in etgmigng BberGizehiobhus,hat

SL Ir ]98 pﬁ;ﬁ% X ' ?\éllggllfﬁ?}.ﬁf @ycggﬁgf)tg? %%o%tesescl}l icgri?lm%trciejﬂdégalg,’ CO]fl 191{)1/81{1sup%&1uic%i¥n.a nd the

Furthermore, under same conditions, type 8 polyamides do not form microfibers as
efficiently as copolyamides. However, when the solution is prepared with addition
of acidic catalyst, such as toluene sulfonic acid, maleic anhydride, trifluoro methane
sulfonic acid, citric acid, ascorbic acid and the like, and fiber mats are carefully heat-
20  treated after fiber formation, the resultant fiber has a very good chemical resistance.
(Figure 13). Care must be taken during the crosslinking stage, so that one does not
destroy fibrous structure.
We have found a surprising result when type 8 polyamide (polymer B) is
blended with alcohol soluble copolyamides. By replacing 30 % by weight of alkoxy
25  alkyl modified polyamide 66 with alcohol soluble copolyamide like SVP 637 or 651
(polymer A), Elvamide 8061, synergistic effects were found. Fiber formation of the
blend is more efficient than either of the components alone. Soaking in ethanol and
measuring filtration efficiency shows better than 98% filtration efficiency retention,
THC bench testing showing comparable results with Type 8 polyamide alone. This
30  type blend shows that we can obtain advantage of efficient fiber formation and
excellent filtration characteristic of copolyamide with advantage of excellent
chemical resistance of crosslinked type 8 polyamide. Alcohol soak test strongly
suggests that non-crosslinkable copolyamide has participated in crosslinking to

maintain 98 % of filtration efficiency.



160 F. W have added this additive between 5% and 15% of polynmer used. W 5
have found that they are equally effective protecting fibers from exposure
to high waonteisy at 140 F. W have al so found out that pereT/osomERse | S
enhanced when the fibers are subjected tg 150 C for short period of tine.

Table 1 shows the t t nd. t i e r.e of 10% add-on to
pol yam de fi bers. ﬁ)ﬁjﬁgﬁ?g%?&&?ﬁ@ogh@?g%@ﬁlﬁgg‘Zg%aﬁftfegpmﬂo deg. F.
Soak: Heat i ngndiitiRuikhiB18 frdnd bt d‘fQ)og)}niler ATSIORE ﬁﬁéﬁhgr dre hd@d (B 98.8
98.5 98.8 98.9 98.8 130 CO 95.4°98.7 99.8 20 96.7 98.6 99.6 110 CO 82.8

90.5 91.7 86 (Rlgerasiitked) #8h Thidistinasmelt tamperatwienghis egohgly svggestavhatr amat i ¢

| mprovenent | te resi sta wth this famly of,additives. In order to
urrlrgerstand ho&/le{l’l\ﬁ? gf}ﬁﬁl r%fanH?edﬁFfiif&éy %‘?‘gf{%t?gr‘ﬁ%lﬁ'ﬁ/gy B&Wﬁ%&ri’ﬁgmﬂpﬂe
fiber mat svithviﬁlutfoﬁya}ﬁ@fA.nmiiyﬁiﬁco&méterngsclaﬁafbs@aﬁw- 10% add- on sanpl es
shown in Table 1 were analyzed with ESCA at the Uni versit}/ of M nnesota

with the resul ts shuwnlarly, mglbtend pobo(ethplape taeptshalpervishpelyfsuyene 35 Tabl e
iO %_u rnf a_(lz_g rrpC(e) ?ga%%ﬁflrﬂéa{l%@) éa%qlaxggﬁmla@‘g%pteﬁyeg Bau%hg )che ﬂ&?{g}&%gﬁg@% 1 mn3mn
temperatures higher than melt temperature of either component, ester group
exchange occurs and inter polymer of PET and PBT formed. Furthermore, our
10 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
Type A and Type B polyamide and crosslinking at temperature lower than the
melting point of either component.
15 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
even better results. We theorized that hydroxyl functional group of t-butyl phenol
oligomers would participate in reaction with functional group of type 8 nylons.
‘What we have found is this component system provides good fiber formation,
20  improved resistance to high temperature and high humidity and hydrophobicity to
the surface of fine fiber layers.
We have prepared samples of mixture of Polymer A and Polymer B (Sample
6A) and another sample of mixture of Polymer A, Polymer B and Additive &
(Sample 6B). We then formed fiber by electrospinning process, exposed the fiber

25  mat at 300°F for 10 minutes and evaluated the surface composition by ESCA surface

analysis.



150 C. 40: 60 40:60 50:50 130 C. 60:40 56:44 62:82 110C0 . 63:37 64: 36

59:41 No Heat 77:23 10 Initially, it did not seemto nmake sense to find

surface ovoommtisati on of additive nore than tw ce of bul RCTOREESI46at | ONn.

However, we believe that this can be exg{?i ned by the nol ecul ar wei ght of
S

the additives. Ml ; } f. t addi ti, v about 600 is nuch
smal | er than that gﬁg%?;tﬁﬁ%g%alg%l?%ilﬁgn f§ﬁear%d6%fs

they are 15 smaller in
si ze, they can nove al ong evaporating sol vent nol ecul es. Thus, we achieve
hi gher surface concentratjion of additives. Further treatnent increases the
surface concent r at ((SIRSBIOREYPr ot ect i vSEME ¢Ave. Howspawle @B 10 nin
exposure, 150 C, 6 épAincrease concen%bation. Thi s be an indication
t hat nixing of two ony ents of copolyagbde and ol i goner, nol ecules is
happeni ng as | ong g e pol yner has a t'rpe to nove arolnd. \Wat this
anal ysi s has taughfx W’ t hat proper sel éttion of post % eatment time and
tenperature can enhance performance, while too |ong exposure could have a
negati ve i nfl uenceSuyiacs ypmpesitiek anmiéyHente sW¥/Hgele oWV/OHiese aWdiHeatve | aden
m crofibers using techniques called Time of Flight SIMS. This technique

i nvol ves bonbar di n@olymeer KSBU)j ect wilOA el ect 166s and d@dskervestdwhat is
com ng fromthe suAdditere 7The sanpl es wiot hout additives Siow or gam ¢
nitrogen species are com ng of f upon bonmbardnent wth electron. This is an

| ndi cation that poluse foviRe iibindioh :LAKER shiflco dofnpdlifian. SRAgneT esence
of small quantity of 1npurities, such as sodi um an il cone. anples with
addi tive wi t hootcehirationt ofdgddnmmen. [t38ovidedididrimationr om cathbn,atifrogencind 3@y ga. f ace)

show a doninant species..of -t-butyl fra nt, and snmall but upanhi guous
eaks. obsby ved i MRSAGHiLEe 7y conalioonsn Hecat ArumugHisba st BHORH gn
nmass peaks WebktaifBiSpdWdnhideenteRldftve it d%@@t-'molt%gﬁtrca%ﬁﬁ%gérﬂ&/ éd?nﬂzfrfﬁ'gt yl

phenol. For the sanple treated at 10 min at 15 (50" % surface additive
concent r at i onconceEsation ofmtdgeni Hdditionspeurlitasiveshiowsattomis nuaitebledfy t - but yl

L30T 0L STt T AT oL PR ] S0 IR 200
a peak associ ahesibitiding dadtdyit bfoaBdBBL 8V and C-O bond has a binding energy at 533
20  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
concentration of C-O will decrease. ESCA confirms such reaction had indeed
occurred, showing relative decrease of C-O linkage. (Figure 4 for non heat treated
25  mixture fiber of Polymer A and Polymer B, Figure 5 for heat treated mixture fiber of
Polymer A and Polymer B). When Additive 7 molecules are present on the surface,
one can expect more of C-O linkage. This is indeed the case as can be seen in
Figures 6 and 7. (Figure 6 for as-spun mixture fibers of Polymer A, Polymer B and
Additive 7. Figure 7 for heat treated mixture fibers of Polymer A, Polymer B and
30  Additive 7). Figure 6 shows that the concentration of C-O linkage increases for
Example 7. The finding is consistent with the surface concentration based on XPS
multiplex spectrum of Figures 8 through 11.
It is apparent that t-butyl oligomer molecules migrated toward the surface of
the fine fibers and form hydrophobic coating of about 50 A. Type 8 nylon has
35  functional groups such as -CH,OH and -CH;OCH3;, which we expected to react with
-OH group of t-butyl phenol. Thus, we expected to see less oligomer molecules on

the surface of the fibers. We have found that our hypothesis was not correct and we



WO 02/20134 PCT/ USO01/ 25146 36 The ToF SI M5 anal ysis shows us that bare

pol yam de fibers will give off broken nitrogen fragnent from exposed

pol ymer ova@abm@sd contam nants on the surface with ion bpabasarmsms.
Additive wt hout heat treat ment shows incgypl ete coverage, indicating that
additives do ? ver E ons, of .surf.ace...The t-butyl 5 oligomers are

| oosely organ SIPWQ?{I}EIS%%]&?&“}H% s the surface, whole

nol ecul es can come safnfple@I@nngunmrbpéat besdmpiel iydcribéBmmRRtion Ahdid haea Wi th
heat treatnment pronotes conplete coverage on the surface. In addition, the

nol ecul es ar e SkPaghd lftrICabmhgéw%B at hf1% &AL.yIn pypyipes sechgimihe sanenlesivers

t-butyl-, and o r | es of
t - butyl phenoIe &%&hcgu/o f:%%om n fﬁné%& gLEFt@H Ikﬂﬁlgﬂ% P;Bgécﬁefc&]erent
dept hs of %ur f@p@ymESé‘diool}l'anﬁﬂs ﬁatn d@mtlomuﬂbaeeerumtﬁaeﬁl@@ra&ﬁesstmmeavmn l e
ToF SIMS only | ooks at 10-_ Angstrom depth These apal yses agree. Exanpl e 6:

15 Devel opnend6@F aedrlpﬁéeREeﬁteeéhq vy e kalisoiseisgiongs sppdiareiesthienal | y
devel oped to I

adnesi ve. app! HEARely Ao fmaE Lo niE REE Svo AR Anirlea QBRI P00

pol yam de 66 and ﬂ]O(i%lRﬁtl dehyde and al cohol in the presence of acid. (Ref.
Cairns, T.L.; Foster, H D.; Larcher, A W,; Schneider, A K ; Schreiber, RS
J. 20 Am Chem Soc. 1949, 71, 65%) This type of poI mer can be el ecrospun
and can b0 craels4; Ratained Fipgdirst Efficiensy afish Esposurgier @r%mctmoséﬁéiyner i s
inferior to copolyam des and crosslinking can be tricky. In order to
prepare type 8 nyl SamplkO- gal | on hiAfter prigs surAdtar@ddtsor Afs 3dimr ged with the
following ratio: 25 Nylon 66 (duPont Zytel 101) 10 pounds Methanol 15.1
pounds Water 2.0 gatpiscA For mal dehgzle 12. 0 pgpigds 30 859

15 Sample 6B 82.4 88.4 91.6
’ Sample 5 10.1

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

20 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
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

25  have modified the surface of Sample 16 to be hydrophobic by addition of oligomers
of p-t-butyl phenol. This type of product can be used as a water mist eliminator, as
water drops will not go through the fine fiber surface layer of Sample 6B.

Samples 6A, 6B and a repeat sample of Section 5 were placed in an oven
where the temperature was set at 310°F. Table shows that both Samples 6A and 6B

30 remain intact while Sample of Section 5 was severely damaged.



The reactor is then flushed with nitrogen and is heated to at |east 135 C
under pressure. Wien the desired tenperature was reached, small quantity of
acid wawaddad3as catal yst. Acidic catal yst s include trifPChOS@ASEL6 C aci d,
formc acid, tol uene sul fonic acid, mal eyt acid, maleic anhydride,

hthalic acid c. 3 ho I C ac tric acid and
Ir?‘nxtures thergo t@ﬁf‘?f%?@ﬁﬁ@ﬁﬁ W%oeﬁgﬂﬂ%sfﬁe %(],‘P JS01/ 25146 37 al so
be used as a catal yst. After addition of catalyst, reaction proceeds up to
30 mnutes. Viscous honbgeneous polyrrer solution is fornmed at this stage.
After the specifi §@mpé%1ct| on ti méAfter®disont ent d¥fteré HiBgh pressure vessel
is transferred to cont ai ni ngo@yt hanol , wat e d base, I|ike

o

anmoni um hydr oxi de 29F um 5 hydrg e to shortst }he reaction. After
| y quench gd the soluti on_@f precipitated in
%ﬂ (1]

the solution is su
dei oni zed wat er. ISﬁT'nP anul es of °yrer are for Pol ymer granul es
are then centrifuged and vacuum dri ed Thi's polymer is soluble in,

met hanol , et hanol , H - ter of
varying proportion. L%?ey aorne&;bltl%g ofbr%lgg?ﬂn‘& nglléﬁ)o %ﬁtﬁfe ent al cohol s.
10 Thus for rreahnqidmtuge rasiktyhcenafdirfei féber laype tie quditicarafdedditsved] Basal neadtal n

et hanol / m Xtﬁp% Pol ymer solution is electrospun in a manner

descri bed! B petiog t ghtpraperatNBe “XPOBHE, 516. Pol ymer sol ution viscosity
tends to |ncrease Wt ‘;elcg@dtﬂ hoti 198 PR Rldntre o RNy HBAL WiosGOSi ty
has a great influence ?n grsmonlﬁng ?%ber sFé)es % op%?a)ﬁi@é S é&?fl cul t
to control t halkgt nméﬁ'mdmylmﬁﬁmrdodl'rgbnmmadf&bu@dlphemn]qmsvm]nscwsnpemmn

Furt her nore, ons e 8 am des do not
i Gr of | ber o aBrOCFE IR PaRTIE e e e B e oY SR 1 s
prepared wt h1@&%&&&%n§5v&%tﬁbﬁnﬁ@ﬁr@lo}’%rpol?ﬁh@f‘ccgy%l}laﬁh&'@ﬁkﬁi SitfHeGoC d,
mal ei ¢ anhydride, trifluoro nethane sulfoniT acid, citric acid, ascorbic
acid and ihe bligenerandhé impenremdtterpalymer aopsflydnhide hadelkogy allkehnedllﬁad nglonf i ber
formati on, thgg Zgul tant fiber has 2 ver%l good chem cal éll st ance.
(Fi gure 13) 1 SIRTSHVOSEMPRRENS BT IRATE HEC LPIOLPIRRKI NG %P §8°m88n‘?“l’iat one
does not desty@mfibrous structure. We have found a surprising result when
type 8 polyam de (polynmer B) is blended with al cohol sol uble copol yam des.
By replacing 30 % by wei ght of al koxy

Example 7:

20 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
Bisphenol A sold by Enzymol Corp.. Soybean Peroxidase catalyzed oxidation of
25  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.
We have found that this type of Bisphenol A polymer can be solution
30  blended with polyamides. Reported Hansen’s solubility parameter for nylon is 18.6.
(Page 317, Handbook of Solubility Parameters and other cohesion parameters, A.
Barton ed., CRC Press, Boca Raton Florida, 1985) If one calculates solubility
parameter (page 61, Handbook of Solubility Parameters), then the calculated
solubility parameter is 28.0. Due to the differences in solubility parameter, one

35  would not expect that they would be miscible with each other. However, we found



25 al kyl nodified polyam de 66 with al cohol sol uble copolyam de |ike SVP
637 or 651 (polyner A), Elvam de 8061, synergistic effects were found.

Fi ber fowant/an3of the blend is nore efficient than eithreT/oboisess
conponents al one. Soaking in ethanol and 4yreasuring filtration efficiency
shows better &I%gﬂaéa%%fi'{”atljlbﬁn ffi chenc re,[tggnti olﬁﬁ THC bench testing
showi ng conpa Y PESUHI™MRF eaf@d’éog HOPSFRRTHEPIPENES This 30 type bl end
shows that we can ghis@iplerdbfBItEBR0IA rédfid dfVIENT 3,000 81d EIoIRNIAO WA thade
excellent filtration characteristic of copolyam de wth advantage of

excel | ent chénttbanol selgtien.akpdd concenfratien inrebitiionyyss 18 %pofyrntyateide Alosehol
soak test str su . SS] | yankde has
partici pated WL(?/%%V g Fi&%ﬁ‘?‘%g‘l Qgﬁlﬁ%gr?b% %%@%b@?hfﬁ%ﬁﬁ% %ﬁgﬁ}%fafyfrc?fency. WO
02/ 20134 PST/ @56k /aZduhdl mdBor)Bisphees! AboTU0es M. W. 200otGiabls wid sopilyaeildy mer A

and B becone indistinguishable fromthat of polynmer A alone after they are
heated to 2502wbends fOREGIPE#BSS| i nked) with no distinct melt tenperature.

This strongly sugg a |

i nt egrated pol ynmer by %%ﬁgnoe?lgé&@%?ssg%? nﬁrﬁ‘gﬁé‘g %%g%%ey?g?&x&mpﬁ%%si S a
conpl et el y neweltirgstsmpérapot yainhdeS50 Segred Erahy BisphkholA as3th ipalglastepblyhene
terephthal ate) .with ly(butyl e t erepht hal at @) can, have siml ar
properties. DWr“}ﬁAﬁEE ?éj?g’o%}bqo- Fyﬂ'l%g§§§ sheyvsdack 9@%@%- MY pmehe fihermstel ¢
tenperat uyg ofg & r B ggﬁqgm 2 Jnnt er

pol ymer O;@PETS %‘hg&gégrq?gra%ebﬁ}r? gérrrrng%tg}bgg%% cr ogs |lr71‘ﬁﬁ<liang tédrrper ature
i s | ower thanexricllbgrfileh nsidivgivbere apparnse tempretuneasihet veoy highgive lexpecsted t hat
such group exghange occur_at this low te rature. Therefore, we_believe
that we. 1 ound9toPRRRIERL TS POLYBRY YIS Cals BRIgH SosHelkahvip éﬁ"cﬁs?fbabg? Type
A and Type B gghy&m de and crosslinking at tenperature |ower than the
nmelting point of either conmponent. 15 When we added 10% by wei ght of
t-butyl phenol oligonmer (Additive 7) and heat treated at tenperature
necessary %or crosslinking tenperatur we hgve found even better results.
W t heor i % d that hydroxyl functional M—gﬂ‘ t-butyl phenol oligomers
woul d participate iDual Rdfdsiof Bisihieholf AlPolyiRdioAs S610 Aid $oIREiOBRUEONS.  VWhat

we have found is thrs conponent SyStTem provi deés good fiber fornation,
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

solid. We find dual role of Bisphenol A polymer truly unique.

20 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
Acetone 218 8
25 DI water 167 g
Catalyst 93 g

The viscosity of this blend was 32.6 centipoise by Brookfield viscometer.

Total polymer concentration was be 19.2 %. Viscosity of Polymer B at 19.2% is

30  over 200 centipoise. Viscosity of 12% polymer B alone in similar solvent is around
60 centipoise. This is a clear example that Bisphenol A resin acts like a solvent
because the viscosity of the total solution was lower than expected. Resultant fiber
diameter was 0.157 micron. If polymer B alone participated in fiber formation, the
expected fiber size would be less than 0.1 micron. In other words, Polymer C

35  participated in fiber formation. We do not know of any other case of such dramatic

dual role of a component. After soaking the sample in ethanol, the filtration



20 inmproved resistance to high tenperature and high humdity and

hydr ophobicity to the surface of fine fiber |ayers. W have prepared
sanpl es ofont/xtisy e of Pol ymer A and Pol yner B (Sanple 6ApCHNUM0IZA3DIcher
sanpl e of mixture of Polyner A, Polyner Bysind Additive & (Sanple 6B). W
then forned fi 25 mat at
300F for 10 meﬁﬁcﬁ%syaﬁé?g)%% \kvggc}}ng%élpé;dﬁr agglcg%déggggtgfggﬁﬁ BEP%EK surface
anal ysis. WD @ﬂi&&&§4vd§@§vhiﬂ$0hﬁ&ﬂ1b4ﬁ)er 8i% WabuechingddSTAiscinaicyss fhapf Sanpl es
6A and 6B. Corrp05|t|on (% . Sanpl e 6A Sanple 6B _Polyner A 30 30 5 Polyner B
70 70 Additi velymey Clbaswﬁf%e(b@f%%lmm&awr@ lrl"éaapW@a@lWo Heat W Heat
10 Polymer A&B (% ‘,9%] ESCA

provi des informati (‘)A#%(rale%ggl i nggglﬁﬁ Igggég%hp ﬁlg%ﬂ%‘%}g]ﬁl%ﬁp
concentratbon of hydkagealkyllModgifios PASS: i nf oersiamnﬂrB on Zzargbon nitrogen and
oxygen. 15 Since t iBisphdaoltA Resif (81066 MW): COPoRyinierT t r agsry, we can estimate
the ratio of nitroggiinof P90 6iddeng pol yam des and addi t77ge t hat does not
contain nitrogen byepraring concentration of nit ro%g Addi ti onal
qualitative infornmgy s avail able by examning 0 Il grs}pect rum of

bi ndi ng eTgr gy bet ga%f!g 5 and 527 eV. C=0 bond has g ﬁﬁ di ng energy at
around 5317eV and ¥dnd has a bi ndi ng energy at 53 eV. By conparing
peak heights at these two peaks, one can estimate relative concentration
of polyanm de wi th RrigdeHy BAfks Kiatd #Rdo@s dédt \Si%ewl‘ﬁlg' iSOV EY Yolrvideo@youps

Pol ymer B has C-O |inkage due to nodification and upon crosslinking the
concent r at i onvalue tﬁor@% solidd elésgaemms iE8Cadizendn Polymen Chactseldet 4 sodvenbith thadeed

d, sh t 4 f heat
reated 25 m el HHEkaves g GREe Rlosfornen i e At Bmdtec o3, "
treated mxt uhBclohbBI%% @blutibe bYP®! ?'m%r BHorRa AN had) pro¥itR af$lidto. 2ehidron

nol ecul es are ﬁresent on the sur
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
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.

20

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

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
25  and catalyst was added to solution and the mixture was stirred another 15 minutes.

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



one can expect nore of C-O linkage. This is indeed the case as can be seen
in Figures 6 and 7. (Figure 6 for as-spun mxture fibers of Polynmer A,

Pol ymer Bvanz201Additive 7. Figure 7 for heat treated m xtP€BURIIRSIE Of
Polynmer A, Polyner B and 30 Additive 7). kjigure 6 shows that the
concentration of GO Ilinkage increases for Exanple 7. The finding is
consistent with the surface concentration based on XPS nultiplex spectrum
of Figures 8 through 11. It iThedplhpviaptabldgHowis-thetekamplegoner nol ecul es

m grated toward the surface of the fine fibers and formhydr hobi ¢
coating of ab&geibs68) Type 8 nylon has Sampladbt | SaEPlYBpSampiedGs - CH2COH
and - CH2OCH3, p 4 expected to rea(‘8t4vmth - @5 @roup of 4br butyl phenol .
Thus, we e§<pe%t see | ess ol igoner r’g)l ecul es 04{‘ the s ace of t he
flbers W’ hay@ 15 %i t hat our hypot hesi s was no orrect 5”d

02/ 20134 PCT/ égb@ 4% 40 found the durface of e inter mer has a
thin coati ng W °6B and a rep§3t of sa P~e7 descri bdd in Section 5
have been EQPalFﬂC bench at 160F a#3$00% RH. 2L previ odé Gsection, the
sanpl es vvere pgsed to 140F and 100%IRE. Under l6lese condiStd ons, t-butyl
phenol pr o® ecCathlystt er pol ynmer copol yami4be from dégi8adat i on.O.’However, if the
tenperature is raised to 160F and 100% RH, then the t-butyl phenol

ol igoner is not as good in protecting the underlying terpolymer

copol yani de f Mb¥eslty () have conpared sdfples at 780F and 168% RH. 10 Table
4: Retained Fi ciency aft e posure t 160F a 00% RH

Sanpl e After Tﬁﬁr Ei%?fmé:rt@ Hs. After QIEX (§ 6A 82rbd4 2.6 85.9 15
Sanple 6B 82.4 88.4 91.6 Sanple 5 10.1 The tabl e shovvs t hat Sanple 6B

hel ps protect exposure to high tenperature and hi mdjty. 20 Mre
striking W1t eronc %%Wowﬁwt\x%atélyﬁgie egﬁ%ﬁrer%ﬁggﬁgf ety BodBHIE. 1 i ber

mat. Wen we Bﬂ)@cﬁgOE% g?di‘anﬁgsg W@%&hghﬂaﬂrt@?olgﬁfe]; %Cr%mgg dlﬁ%heitll%e\e%ulﬁhﬁ

wat er drops I mediately sprea acr os
substrat e papeolyasric 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 ofthe 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
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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-1b/in of notch | D256A 0.55-1.0 17
Deflection Temp Under D648 158 194
Flexural Load 264 psi

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

Source: Modern Plastics Encyclopedia 1998



25 Bi sphenol A can start fromeither side of two -COH groups in Bisphenol A
Unli ke Bisphenol A based pol ycarbonate, which is linear, this type of
Bi sphenolw@opaiigsrer forns hyper branched pol ynmers. BecauspCDUSHysessbr anched
nature of this polymer, they can |ower vjgcosity of polyner blend. W have
found that this type of Bisphenol A pgxgﬁr! glam be solution 30 bl ended with
pol yam des. Reported Hansen's sol ubili reter for nylon is 18.6.

(Page 317, Handbook of Iéwelipnédnt oPBiiRAEdI¢Mer 8NcopulyiRhideOhREI on paraneters,
A. Barton ed., CRC Press, Boca Raton Florida, 1985) If one calcul ates
solubility par aheszalkybmedified Nylan 4p/66iconelymer amd fprmation gfieleetraspunt hen
the calculated solubility paranmeter is f?t?efr? Due to the differences in
solubility paranmeter, one 35 woul d not expect that they would be m scible
with each ®ther. HRuwayeoB ané 100 yatpMOWR?d RAdSHhtPEBéLEY Wi Gesctided at t hey
are quite mscjble and provide, ulnexpec ro&glrti es. 50:50 bl end of

Bi sphenol A r 889%- Akawy\alkyd eénTﬁyleBtﬁg%?QRP N alpmgavere picsessaRb
lution. Tot §,0o] ¥ .9 '
would have 1 oo FaREBLALRERol G, Wi RiaG A By SRR SEL U

| ayer of 5 fi b#icsentfibanfdrrhatiorcandrabilBy s@hekebiglefibers @Bow siérifidngtiie st abl e

w th copol yam de _, and..t en to eci pitate. .DSC of 50:50 bl end shows | ack
of melting teﬁf?é?lH&& ility Wﬁﬁéd‘écﬁé@e SGFRAR | gf(’{l%‘ﬁ‘ﬁ‘ér@%lﬁre around 150
degree C apd Bi sphenol A resin is a glassy polynmer wth Tg of about 100.

The bl end shows | ack of distinct nelting. When the fiber mat 10 i s exposed
to 100 degree C., the fiber Ralyndird8Bpears. This bl endolymerdOBPake an

excellent filter nmedia where er use t erature is not very hi but
| ow- pressure drop is requir g‘P i / /9&%
crosslinked wth a reasonable rmanner. p} apl e 8: Dual Rol es pafymer
Bi sphenol A Polymer As Solvent and Solid’in Blend A surprising feature of

Bi sphenol A p& ymer blend is that in solution form Bisphenol A polymner

acts like,a selvent and in sali,gd form pol yner act s a solid W find
dual rol elif %ﬂ@éﬁﬁi?ﬁ:ﬁ)ﬂgol ?r’és trul ytg(?‘ﬁflque. 0.1 (2)3d

1ibe 1
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.



20 The following fornmulation is made: Al koxy al kyl nodified PA 66: Pol yner
B 180 g Bisphenol A Resin (3,000 MW: Polynmer C 108 g Ethanol 190 G ade
827 g Aoeoonz201248 8 25 DI water 167 g Catalyst 9.3 g TheCrUSsesitey of
this blend was 32.6 centipoise by Brookfighd visconeter. Total polymner
concentration was be 19.2 % Viscosity of Polyner B at 19.2%is 30 over 200
centipoise. Viscosity of 12% polyner B alone in simlar solvent is around
60 centipoise. This is a cReaplesRApl eSdvhslk 1BBSph@aalplAlZ@si nSaepk 12Dke a
sol vent becapsgzthe viscosity of the total solution was | ower than
expected. Resujaph,did ber diogmpter was ;357 m crorgy ¢d pol ymegBgal one

ected. ResUklamfiydid ber X |
Phan 0. 1 m cr oni ' of her a6y I%O’@Qiey%@?@ﬁ@@@%a;ﬁ?{qo%@goﬁ@g.og.eso,c%s
a

i‘Qer
formation. W n(%]; know of a?y other c of such dramatic du ﬁ rol e of
a conponent . B¢ ({aking the sanple in ethanol, the filtration WO
02/ 20134 PCT/ 589#ro5146 43 H#ici ency AHIMESG ber SYPEWRAS) neaddictne (Bt er
al cohol soak, Qiber@dyapert i | tr Nangn ef fi cNeAey was Acotligideid and e 385 ber
si ze was unch&hlged. This indichtes that Molyner C ha¥ participatéd in
crossl i nki ng Xolymxy PVRe a pol yner solid. Another polyner solution was
prepared in tig)foll owing manner: 5 Al koxy al kyl Mdified PA66: Polyner B
225 g BisphenpFiber Resin (3, AW@)MA : Polyges) C 135 @5 (B hanol 190 &y ade 778
g Acetone 20Reghiddd Me¢er 157 g 10 Catalyst 11.6g Viscosity of this blend
was 90.2 centijggise. This is a very low viscosity value for 24% solid.
Again, this i soﬁﬁ)e'}ndi cation Polyner C acts like a %I v)ent in the
solution. Ho Ve, dv;ﬁse they are el ectrospun into fibe(?, the fiber dianeter
is 0.438 clairle ’

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 0f 41.6% . A fine fiber layer of Example 1
15 was added to the surface using the process described with a nominal fiber diameter
0f 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%.



15 mcron. 15% solution of Polyner B al one woul d have produced around
0.2-mcron fibers. In final state, Polynmer C contributes to enlarging fiber
sizes. Agedn22aiBi s exanple illustrates that this type of pOT/aselsdiepol ymer
acts as a solvent in solution and acts aga solid in final state. After
soaking in ethanol solution, 77.9% of fi efficiency was retained
and fiber size was unchanged. 20 Exanpl eﬁgﬁ%{g&gﬁ opnent of Crosslinked

Pol yani des/ Bi sphenotorfeitiongiesiiuBise aitiliel hicdia whisfused anthe Sabgdlaes T e
prepared by conbining resins, .alcqohols and water, stirri ng 2 hours at 60

degree C. Thesubsirateihsd abasis svsighy of &7rmswrds Rarg@PAsdiags Best agigf al yst was
added to solu r |

Af t erwar d, écom ?ﬁﬁly %’Pso uﬁ’%fr?% &/aﬁ%%}rggsl{ﬁé}ge O?@g{e?gfesglﬁﬁtﬁ%) E@ZiFléneS%

02/ 20134 PSZT/ USODAQﬁibﬁés aﬂda'[JHSfefﬁblemyr‘nngaﬂ%e shawsibeege of ExampRss

Reci pe Sanple 9A rrpIeQB npl.e 9C Poly 8.4 12.6 14.7 5 Polymer A
3.6 5.4 6.3 pafpdesdiethe Szm%ee 85111@ the prEteﬁ%l%Pn SoWith agemaep! fibgodigmetsr 5

| sopr opanol 119 it 0. 58
075 Vi scost by zatrross’ 1 et i chat S R oA Bt Y 086" 0 06
15 W& have foambsmﬂ:ttoﬂbaf airhai i;OOf)ﬁ)ecidtr@emmnldtt;eﬁorfﬁ wer s thefsibstragndilly sample

duci bout dto P I n
DGt on. r oo it aNewedh i pRbRTeEn & phsnimBe FHRHEEN Hot i Bnekis | )
resistant (i b@ﬁposﬁtfettgrm@i: %HQP'lO@’/@fi‘glatlveamﬁﬁlhﬁ? for Pl RIS Jahﬂ)% S

mai nt ai ned nore than %tiltration efficiency and unchanged fi ber
di anet er evenwtaha]]@hedtmmpbmd@rycltdmlhadladlﬁl’é gftibigneyr off 68.@0h| Wsitgoh@0 of t he

solid conposit Iaﬁaema 1Qaltlsfo;[’nrlllglgse dé)scn%{ercrie the T8 tibe r‘ialy%rn ef%fcie%gi Pe?éiXé"H%’e? 3 al koxy

hours of exposure was 58%, the number of effective fine 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
0f 0.012 inches, and a LEFS efficiency of 41.6% . A fine fiber layer of a blend of

20  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,
it then had a LEFS efficiency of 35.3%. After exposure to 160F air at 100%

25  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 Example 16
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 Polymer A,



al kyl nmodified Nylon 66 and Bi sphenol A creates excellent fiber formng,
chemcally resistant material. Exanple 10: 25 Al koxy al kyl nodified

co- pol ymavo of/20894 on 66 and Nylon 46 In a 10-gal |l on hi gh- ppepgsoiesi4act or,
the follow ng reactions were made, and rgsultant polymers were anal yzed.

After reactio ached t. dd ted
for 15 mnute °fyﬂ'?%p§5§,§}1{ﬁp¥ﬂé’lBﬁmﬂbégﬁ%ﬂf’l?%w%%nplau%egﬁ% the®*" ©
preci pi tat ed, siwaeBedingAle pot&d destPib¥iDwIR/a3{dhidalHBEE HaBibtez 2E 43 mtbodgeact or

Charge (LB) Run 10A Run 10B Run 10C Run I OD Run 10E Nylon 4,6 (duPont
zytel 101) 10The gsgltimg cngapesiteshag yI38R sifigiopey eD)4%- éﬂsr S HSuEde hlliakyde 8

Tens (0 140 tall YAt Moty fr sousslfl A8 01 tygile 6 fpwFATHLL)
241.1 162.38 184 @ryliﬁhe‘h Hlaﬂ% BEF&eﬁﬁeienO}f ofBBBYol tAlftéloeﬂ(pAblh'@X(y 140Rair %) 11.9

1177111180 Ybf‘nﬁ/ /%014013 14 Q.26 0. 24 15DSCOfthe
pol ymer made M%rﬂw maldaﬁéom@ s B corpasiteTame ¥pngiowvedia cpol and

t enper at ur e, & ied Nyl on
46 (241 O orwﬁ}bgi?l ed’ d!\i/)] E@ﬁ%f‘fggégygﬂﬁ%@ ﬁyggﬁ#ﬁ%ﬁ%ﬁgl %)ﬁlmlgkgt during
the reactiondedofibéd, ctlwﬁmenﬁbﬁrslam efficismdp pdtyineld sfteridhivedotdxpogure has poloy ner
chai n. Thus, é% we bel | eve th%n have a hi eved random copol yner of Nyl on
46 and Nyl on nugzheR ob efiteskiye Rgge%@?w ¥@f 8a% These pol yners are sol ubl e
in al cohojg and m xtures of alcohol and water.

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

15 aLEFS efficiency 0of 41.6% . A fine fiber layer of crosslinked PVA 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

20 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%. ,

25



Property ASTM Nylon 6.6 Nylon 4.6 Tm 265C 295C Tensile Strength D638
13.700 8.500 Elongation at Break D638 15-80 60 Tensile Yield Strength
D638 800Gva22/0064 Fl exural Strength D790 17,8000 11,500 Terapiube/Sogul us x
103 psi D638 230-550 250 1zod Inpact €01 b/in of notch D256A 0.55-1.0 17
Defl ection Tenp Under D648 158 194 Fl exural Load 264 psi 25 Both are

hi ghly crystalline and are not soluble in common al cohols. Source: Mydem
Pl astics Encycl opedia 1998 WO 02/20134 PCT/ US01/ 25146 46 Exanple 11:

Devel opnent of Interpolyner of copol yam des and al koxyal kyl nodified Nyl on
46/ 66 copol ymer and formation of electrospun fibers 5 Runs 10B and 10D
sanples were nade into fibers by nethods described in above. Al koxy al kyl

nodi fi ed Nyl on 46/ 66 (Pojlyrer—bPr—al-ere—were-syegesstuty—electrospun.
Bl ending Polymer D with Pelymer A bringsg additiagnal |benefiits of nore
efficient fiber formatiofg&nd |§bility tccr@kgl\gi%g%r\ofiberg wil t hout
sacrificing the crosslipikabil 1y of Roll@HIBAS 248 be sBeniin the
fol l owing table: 10 Pol yp@ss | Pol ymar |‘CQD |RI|'ONE |W/|30% All'fne | W 30%
Pol ymer A Polynmer A 15 PBér |Size(midraon) 0.183 0.464 0.19 0/3 Fiber Mass
Ratio 1 3 1 2 Filtratiop—EH
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Retention(% 87 90 92 90 20 Fi ber Mass Ratio is cal culated by (total

| ength of fiber tines cross sectional area). Filtration Efficiency

Ret enti owO82/paasur ed soaking filter sanple in ethanol. FPOPUSOIIRSIE was
unchanged by al cohol soak. Exanple 12: 23 Crosslinked, Electrospun PVA PVA
powders were purchased from Al drich Chem cals. They were dissolved either
in water or 50/50 m xture of nethanol and water. They were mxed wth
crosslinking agent and tol uene sulfonic acid catal yst before

el ectrospinning. The resulting fiber mat was crosslinked in an oven at
150C for 10 m nutes before 30 exposing to THC bench. WD 02/20134

PCT/ USO01/ 25146 47 Sanpl e 12A Sanple 12B Sanple 12C Sanple 12D PVA

Hydrol ysi s 98-99 87- 8987898+~ 89—MW-31,-590-50, 000 31, 500- 50, 000

31, 500- 50, 000 31, 500718Q,00p PVA 10 1G 10 (10 |Cong. (% Solvent \Water
Mxture Mxture (c) Mo&ure_(d), Qher| Pollymer None None Acrylic Acid Cynel
385 Other 0 0 30 30|&R0ly r/%PVAﬁ(@@E?bFéberép (a) 0 (a,b) 95 (b) 20 (b)
Ret ai ned THC, 1hr. /@Eﬂbe‘\QO“(a)‘”Ret‘ai ned TARC, |3 hr. (a): Tenperature
160F, 100% hunmidity {©H
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5 (b): Tenperature 140F, 100% hum dity (c): Mol ecular Wight 2000 (d):

Mel am ne fornal dehyde resin from Cytec 10 Exanple 13 A conventi onal

cel | ul osavapr2di34 ter medi a was used as the substrate. Thi BCT@8lsS146t € had a
basi s wei ght of 67 pounds per 3000 squap@ feet , a Frazier perneability of
16 feet per mnute at 0.5 inches of water pressure drop, a thickness of
0.012 inches, and a LEFS efficiency of 41.6% A fine fiber |ayer of Exanple
1 15 was added to the surface using the process described with a nom nal
fiber diameter of 0.2 microns. The rébulting conposite had a LEFS
efficiency of 63.7% After exposure t® 140F air at 100%relative humdity
for 1 hour the substrate only sanple %as allowed to cool and dry, it then
had a LEFS effici epey—ef;36-5%AH er §exposure to 140F air at 100%

relative humdity fgr,1 hour the cpnpgsite sanple was 20 allowed to cool
and dry, it then haﬁ% LEFS_efficiencys of 39.7% Using the nathematical
formul as descri bed, 8Ive fim f §g>er | ay®r efficiency retained after 1 hour
of exposure was 135@ d&he| n\ftbe® of | ef fRctive fine fibers retained was 11%
WO 02/ 20134 PCT/ US(R2/5146| 48| Exanpl @ 14 A conventional cellulose air
filter media was used-asi{the substrate§ This substrate had a basis wei ght

of 67 pounds per 30QQssquare fpet adrazier perneability of 16 feet per
mnute at 0.5 inche§ Rf vater pressur%’“drop, a thickness 5 of 0.012 inches,
and a LEFS effici engydof 4856% A fi nes fiber layer of Exanple 5 was added
to the surface using &the|process descrabed with a nom nal fiber dianeter
of 0.2 mcrons. The rBsult ng corrposi§ had a LEFS efficiency of 96.0%
After exposure to 16guF pi [ at| 100P6 r O)ative hum dity for 3 hours the
substrate only sanpbez wasjall pwed| towool and dry, it then had a LEFS
efficiency of 35. 3‘@ After|®0 pxposuredto 160F air at 100%rel ative
hum dity for & hourg Ehe cg.rpoﬂ!te sanple was allowed to cool and dry, it
then had a LEES ef {Aceency | of .0p6 @sing the mathematical formlas
descri bed, thg|fine fébe‘ ayer efficrgency retained after 3 hours of
exposure was §8% the—nutber—o effec@ ve fine fibers retained was 29%
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15 Exanpl e 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 , awoaxzkms4s perneability of 16 feet per mnute at OPET/UREISs460f wat er
pressure drop, a thickness of 0.012 inchgs, and a LEFS efficiency of
41.6% A fine fiber layer of a blend of 20 Polymer A and Pol yner B as
described in Exanple 6 was added to the surface using the process

descri bed wi t TEATMWMREODE | ber di aneter of 0.2 mcrons. The resulting
conposi te hadmt Wehks ®kitekency of 92.9% After exposure to 160F air at
100% relative humdity for 3 hours the substrate only sanple was all owed
to cool and dry, Hsmg'téltramefﬁcmﬂﬁsa&eﬁhﬁmamcyf thie I@Blbgﬁ/@f ﬁlﬂetﬁberexposure to

160F air at 100%.25 ve h for urs | e was
al T owed to codreaangTunortfiZi i i ruralois e SEROERIES O, ng he
mat hemat i cal beleRpbaplsgRtolPatth astShEMEVd]@atfdnber I ayer ef ficiency retained

after 3 hours of exposure was 96% the nunber of effective fine fibers
retai ned was 89% 3stheelarprremesure ewstiatastseoial squariinghss ef miediafi¢ldiag anedi a

was used as t | pounds
per 3000 squa?’ gtt«% gllagggﬁw%egql arg%ge%%reagﬁ}w@g t&?&ﬁé ?%let u%%‘;ly%ss@%e at 0.5
i nches of wat eroop[gqméﬁmﬁrop a thickness of 0.012 inches, and a LEFS
efficiency of 41.6% A fine fiber |ayer of Polyner A WO 02/ 20134

PCT/ US01/ 25146  49- ths §ifratiorsmensuperpgt apandifiss thﬂ Jughes of HBerd sB#NBEd i n

Exampl e 6 was f

mom nal. 1 bor i Aga oF by PG, UBkA%d banRhrgR R AGREE REEIY" 1
efficiency of offerwike eAbtiss 1n@npm:ewdestrwtuﬂeﬁdi5 oﬁ]yrlnclade&m&ferremeasumé hum dity
for 3 hours the substrat onl,y anple was allowed to cool 5 and dry, it
then had a LEF e“é’fVPP‘?ﬁSéH‘g @"‘jlf&% After exposure to 160F air at 100%

relative humdity 9?&3? I Q 8 gl and
dry, it then had afl\%gﬁ@é;%?llgl%%f%o SS% %@E fﬁtr &hk M\ﬁglt }ncfa i'
formul as desarcatameld, oites nidthelsfchinbe uicdyte meadire meqmngent of ﬁberednarhirgranﬂ hour s

of exposure was 97% he n r of. effec e fine fibers retai ned was 92%
10 Xposu evaluated agatlnst theuggg/e retention crlterltaI v ! ! ! °

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
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.

Procedure:

A 4" diameter sample is cut from the media. Particle capture efficiency of the test
specimen is calculated using 0.8um 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
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.



Exanpl e 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 Wantan3perneability of 16 feet per mnute at 0.BCT/USOES145f wat er
pressure drop, a thickness of 0.012 incheg and 15 a LEFS efficiency of
41.6% A fine_fiber.lay acj

Bcanp o 12 vad RGP RSP desthRIRLRD bR ﬂ’gle the ol FB e Bumd

nom nal fiber fde@anmeter of 0.2 microns. The resultl ng conposite had a LEFS
efficiency of 92.9% After exposure to 160F air at 100%relative humdity
for 2 hours the substrate only sanple was allowed to cool and dry, it then

had a LEFS 20 g ?{m bifed a%%%g 1rﬁj)m§a§m (yoone '?:‘Ilﬁ geﬁcﬁ%te ?t?euéfﬁflteﬁc\:léésoqg}?cﬁ’fe{lt g o]n(i)}g té

relative hum ours the conposite sa ool and

dry, it then tmﬁras filelr &nd ﬂfefrbﬁilt@ﬂglbos@ifn eB8cidfoy mltagfatdi@aﬁﬁgaemée thalloss
formul as described, the fine fiber layer efficiency retained after 2 hours
of exposure wéefBommcy dee totheine Eperds ﬂ@é’fﬁ“@éd pRGrean Gigudate theamountef was 76%

25V\002/2013§F g%%%j“%&ldﬁ 50 w~. 00000000 toO0-12\¢e coQO
00 tn ) C) EE@ ~a)r/)oNNNN_ONN_N_ NOOOOOOOC
CCOOCCOO om-a) 00dC
Calculations:
Fine fiber layer efficiency: ~ E;= Initial Composite Efficiency;
E; = Initial Substrate Efficiency;
F, = TFine Fiber Layer

F,=1-EXP(Ln(1-E;) - Ln(1-Ey))

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;

The percentage of the fine fibers retained with effective functionality can also be

calculated by:
% = log(1-Fy)/log(1-F;)
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.
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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
conditions. The test is intended to simulate extreme operating conditions of either
an industrial filtration application, gas turbine inlet application, or heavy duty engine
air intake environments. Samples are taken out, dried and LEFS tested at intervals.
This system is mostly used to simulate hot humid conditions but can also be used to

simulate hot/cold dry situations.

Temperature -31 to 390°F

Humidity 0 to 100% RH (Max temp for 100% RH is 160°F and max
continuous duration at this condition is 16 hours)

Flow Rate 1 to 35 FPM

Procedure:

A 4" diameter sample is cut from the media.

Particle capture efficiency of the test specimen is calculated using 0.8um latex
spheres as a test challenge contaminant in the LEFS bench operating at 20 FPM.
The sample is then inserted into the THC media 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.

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.

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
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In most industrial pulse cleaning filter applications the filter would perform

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

Alcohol (Ethanol) Soak Test

Description: The test uses the LEFS test bench to measure filter media performance

changes upon immersion in room temperature ethanol.

Procedure: u

A 4" diameter sample is cut from the media. Particle capture efficiency of the test
specimen is calculated using 0.8um latex spheres as a test challenge contaminant in
the LEFS bench operating at 20 FPM. The sample is then submerged in alcohol for

1 minute.

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. 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. 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.
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.
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efficiency as the neasure of the nunber of;fine fibers effectively and
functionally WEEHD In structure has a nunber of advantages over ot her
possi bl e nmet hods s as SEM evaluation. - the filtration neasure eval uates
several square inches of nedia yielding a better average than the tiny
area seen in SEM photom crographs (usually |ess than 0.0001 square inch -
the filtration meadur engnfiltefiteturg % filtpenggintes gasfturbineintke sysiemi thy

turbine operating at a temperature of about 140°F to 350°F, the intake air having an
ambient temperature and a humidity of at least 50% RH, the structure comprising, in
an air intake of a gas turbine system, at least one filter element, the filter element
having a media pack forming a tubular construction and construction defining a
open filter interior; the open filter interior being a clean air plenum, the media pack
including a pleated construction of a media composite, the media composite
including a substrate at least partially covered by a layer of fine fibers, the fine fibers
comprising a polymeric composition comprising an addition polymer or a
condensation polymer other than a copolymer formed from a cyclic lactam and a Cs.

10 diamine monomer or a Cg.1¢ diacid monomer combined with an additive material.

2. The structure of claim 1 wherein the substrate comprises a cellulosic

fiber, a synthetic fiber or mixtures thereof.

3. The structure of claim 1 wherein the additive comprises an oligomer
having a molecular weight of about 500 to 3000 and an aromatic character free of an
alkyl moiety wherein the additive is miscible in the condensation polymer; and
comprising the step of directing the air through the media pack of the filter element

and into the open filter interior to clean the air.

4, The structure of claim 1 wherein the polymer comprises a

polyalkylene terephthalate.

5. The structure of claim 1 wherein the polymer comprises a

polyalkylene naphthalate.

6. The structure of claim 1 wherein the polymer comprises a

polyethylene terephthalate.



functional in the structure. Those fibers that remain, but are clunped
together or otherwi se existing in an altered structure are only included
by their weayaried effectiveness and functionality. NeverPOBRUSEIR25146n
fibrous structures where the filtration efdiciency is not easily neasured,

ot her net hods can be us t asure.the percent of fiber remainjng and
eval uat ed agai nst ? he S%rsgklce ei#ﬁ%@ﬂt‘@ﬁ?&ﬁ%&@ﬂ“ﬁff%ﬂpnsﬁﬁf"élyloélst is an
accel erated i pdiyarkor of filter nedia noisture resistance. The test uses
the LEFS test bench to neasure filter nedia performance changes upon
imrersion in water. Water tenperature is a critical paraneter and is chosen
based on the survigvabi ki i 1 i {1 i.on, the
desire to mnim zelg' t heL[;h%}sé tlﬁﬁﬁg{fé}]a tﬁl‘gﬁggﬁﬁ%‘?nyﬂ gg%%del%gﬁs C? %Hn%ﬁ

di scrim nat e héthwesoomesylan pylperr, tHy ficomd nyleapelyniee difesralgun amoléomlafOF, 140F
or 160F. Procedure: A 4" dianmeter sanple is cut fromthe nedia. Particle
capture ef fi cEHDyopMOpR@EE o5t speci nen is cal cul ated using 0.8m | at ex
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
sanpl e i s then subfer ged@he stridtyei cfaldiy Siwidrindhshylbh edpolymteis chmbirted

m nutes. The sample is ]tgaen | aced, on a(frgl/i ng {ack and dried at ro m
tenperat ure (P9Biasrond ByleR RPlyMS), thesreand pylpa Painer fempHsipe an pkoxnalky
retested for Ry RAamige the LEFS bench using the same conditions for
the initial calculation. WO 02/20134 PCT/US01/ 25146 54 The previous steps
are repeated for the fine fiber supporting substrate without fine fiber.
From t he above information one can cal qul ate the efficiency, conponent due
oy (0. the fine fPber 1ERSTUREe belam R EaLhs srord FUPRRLY St Bomeies o
damage. Once h'ﬁ?loh%ﬁolyh{ér.effi ciency due to the fine fiber is determ ned
one can calculate the anount of efficiency retained. Calculations: Fine
fiber layer efficiency: Efj = Initial Conposite Efficiency; ES = Initial
Substrate Effici en(i¥-, The structure of claim 8 wherein the polymers are treated to form a
single polymeric composition as measured by a differential scanning calorimeter

showing a single-phase material.

12.  The structure of claim 11 wherein the copolymer and the second
polymer are heat-treated.

13.  The structure of claim 12 wherein the copolymer and the second

polymer are heat-treated to a temperature less than the lower melting point of the

polymers.

14,  The structure of claim 1 wherein the additive comprises an oligomer

comprising tertiary butyl phenol.



Fe = Fine Fiber Layer Fe =1-EXP(Ln(1-Ei) - Ln(l-E x)) Fine fiber |ayer
efficiency retained: FIl = Initial fine fiber |ayer efficiency; Fx = Post
soak finavéoban34 ayer efficiency; Fr = Fine fiber retai neAT/BR6IRSA461 The
percentage of the fine fibers retained wighp effective functionality can
al so be calculated by: = 1log(1-Fx)Ilog(1l-Fl1) Pass/Fail Criteria: >50%
efficiency retention In nost industrial pulse cleaning filter applications
the filter woul d pesfor Mheadacudtoflclaimi14arhdreiastie &ld¥ivaf conligistd aeoliddaest
efficiency is retained. WO 02/20134 PCT/US01/ 25146 55 THC Bench
(Tenper at ur e, “PIBIEINEY Descri ption: The purpose of this bench is to
evaluate fine fiber media resistance to the affects of el evated
tenperature and high hum dity under dynamic flow conditions. The test is
i ntended to sinul ate.extreme operating conditions of either an industrial
filtration applicat gas turbine inlet application, or heavy duty engine
air intake envi ' - Sanpl es are taken out, dried and LEFS tested at
intervals. Thi , g S nostly used to sinulate hot humid conditions but
can al so be used $i mul ate hot/cold dry situations. Tenperature -31 to
100% RH (Max tenp for 100% RH i s 160F and max

efficiency of the tiest specinmen is calculated using 0.8m | atex spheres as
a test challenge contam nant in the LEFS bench operating at 20 FPM  The
sanple is then inserted into the THC nmedi a chuck.

16.  The structure of claim 1 wherein the resin comprises an oligomer

comprising bis-phenol A.

17.  The structure of claim 16 wherein the additive comprises an oligomer

comprising:

OH

l n

H,C CH;,

OH

18.  The structure of claim 1 wherein the additive comprises an oligomer

comprising dihydroxy biphenyl.

19.  The structure of claim 18 wherein the additive comprises an oligomer

comprising:



Test tinmes can be frommnutes to days depending on testing conditions. The
sanple is then placed on a drying rack and dried at roomtenperature

(typi cal Iwo opmashi ght). Once it is dry the sanple is thenPerRUSE2MH6f Or
efficiency on the LEFS bench using the sgge conditions for the initial

cal cul ation. The previous steps are repeated for the fine fiber supporting
substrate without fOQHe fiber. Fromthe above information one can cal cul ate
the efficiency conppnent due only to the fine fiber and the resulting |oss
in efficiency duefaelaltohol damage. Once the loss in efficiency due to the
fine fiber is detlg ed one can calculate the anount of efficiency

retai ned. Pass/ ritl&ria: >50% efficiency retention WO 02/20134

PCT/ US01/ 25146 56 | n nost industrial pulse cleaning filter applications
the filter would petform adequately if at |east 50% of the fine fiber
efficiency is ret ed. Al cohol (Ethanol) Soak Test Description: The test
uses the LEFS te ch to nmeasure filter nedia performance changes upon
i mrersion in room{gnperature ethanol. Procedure: A 4" dianeter sanple is
cut fromthe nedia.|Particle capture efficiency of the test specinmen is
cal cul ated using 0.@H | atex spheres as a test chall enge contam nant in the
LEFS bench operating at 20 FPM The sanple is then subnerged in al cohol for
1 mnute. 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 efficiency on the LEFS bench using the sane conditions for
the initial cal cul api on v t r g@ﬂg ne

fi ber supporting s%gstrg?%gafgﬁﬁﬁgq |n§}§? é@iﬁeﬁéﬁ% dﬂ%ﬁé@%abﬂﬁ ?natlon
one can cal cultlat resinbes afdftivei aad @yflvwoogodyreert due only to the fine fiber and
the resulting loss in efficiency due to al cohol danage. Once the loss in
efficiency due to the fine fiber is determ ned one can cal cul ate the anopunt

of efficiency retainedThe structure of claim 1 wherein the additive comprises a

fluorocarbon surfactant.

22.  The structure of claim 1 wherein the additive comprises a nonionic

surfactant.
23.  The structure of claim 1 wherein the condensation polymer comprises
a polyurethane polymer.

24.  The structure of claim 1 wherein the condensation polymer comprises

a blend of a polyurethane polymer and a polyamide polymer.

25.  The structure of claim 24 wherein the polyamide polymer comprises

a nylon.

26. The structure of claim 25 wherein the nylon comprises a nylon

homopolymer, a nylon copolymer or mixtures thereof,

27.  The structure of claim 1 wherein the condensation polymer comprises

an aromatic polyamide.



Pass/ Fail Criteria: >50% efficiency retention. The above specification,
exanpl es and data provide an explanation of the invention. However, many
vari at i ore0 anebiesrbodi nents can be nade to the disclosed pavese/zsmMe The
invention is enbodied in the clains hereig)after appended. WO 02/20134

PCT/ USO1/ 25146 57 WE CLAIM 1. Afilter structure for filtering air in a
gas turbine intake system the turbine operating at a tenperature of about
140F to 350F, the 28t akerhaistrubtamd oftldm | whbchithe toRRALAM R Briprgddi ty
of at least 50% RH, the structure conprisi ng, in an air intake of a gas

t ur bi ne syst efreagtiongseduchpfea dipmingmenapend pehémphengleneisephthelamide)i ng a
medi a pack form ng a tubular construction and construction defining a open
filter interior; the open filter interior being a clean air plenum the
medi a pack includi28g a miee;&uadranfnﬁeﬁmlmWlhleiei@fthapmﬁihﬂemﬁ@ﬁsést Egl;egéthﬁl
medi a conposite _including a substrate at |east partially covere y a

| ayer of fine W?%‘é?%%aglﬁ@%?‘?%afﬁo&é@sp e@()‘ﬁ?ﬁ"iegqphg“a%éﬂyneri c conposition
conprising an addition polyner or a condensation polyner other than a
copolymer fornmed froma cyclic lactamand a C6- 10 di am ne nononer or a
C6_10 di aci d monoms0. corithestdctuietdf ciaimadeth¢reingheradreiensdtion Dolyhiee ceinprisdsur e
of claim1 wherein the, ubftrate conprises a cellulosic fiber, a synthetic
fiber or mxt Gr@b’rﬁeﬂ@%&zp ®3. The structure of claim1 wherein the additive
conprises an oligomer having a nol ecul ar wei ght of about 500 to 3000 and
an aromatic character free of an alkyl noiety wherein the additive is

m sci bl e i n the colddensdihestrugoteyafeigimamethereimghée somignsation pobmenfcontpriesst i ng
the air through Ehe medi a pack of the filter element and into the open
filter interi %’rpoy(?r%l'f‘tgan the air. 4. The structure of claim 1 wherein the
pol ymer conprises a polyal kyl ene terephthalate. 5. The structure of claim
1 wherein the polyner conprises a polyal kylene naphthalate. 6. The
structure of clai m32. whdheistiueties qiclajmer]l wherginitbepolgarylitd pelymyedr eomprises
terephthal ate a condensation polymerization reaction product between bis-phenol-A and mixed

phthalic acids.

33. A method for filtering air in a gas turbine intake system, the turbine
operating at a temperature of about 140°F to 350°F, the intake air having an ambient
temperature and a humidity of at least 50% RH, the method comprising the steps of:

(2) installing a filter proximate an air intake of a gas turbine system,

the filter comprising at least one filter element, the filter element having a

media pack forming a tubular construction and construction defining a open

filter interior; the open filter interior being a clean air plenum, the media
pack including a pleated construction of a media composite, the media
composite including a substrate at least partially covered by a layer of fine
fibers, the fine fibers comprising a polymeric composition comprising an
addition polymer or a condensation polymer other than a copolymer formed
from a cyclic lactam and a C¢.1o diamine monomer or a Cg.1o diacid monomer
combined with an additive material; and

(b) directing intake air into an air intake of a gas turbine system



WO 02/ 20134 PCT/ US01/ 25146 58 7. The structure of claim1l wherein the
pol ymer conprises a nylon polyner. 8. The structure of claim7 wherein the
nyl on copobymen3di s conbined wth a second nyl on pol yner, PEVESesomd nyl on
pol ymer differing in nolecular weight orggrononmer. 9. The structure of

claim 8 wherein the, nyl coppl [ .i.s,.conbin i.1.h a second nyl on

pol ymer, the secon§4nyl ﬁeﬁb&%&ec&%%ﬁ ¥ ﬂaméﬂe 3%{3&?005?1?&%65 a%ﬁ%‘?m%rd
pol yani de. 10havihg ashdl6Gillatveeigit oFlaBoun 580 S0 dhdt AMearSRERNEhak R TR UAET
conprises a nylon copolyner. 11. The structure of claim8 wherein the

pol yners are ehkahphanotip niciethwhierain thyladdisiyeysmiscible bribe sprdepsatian pebarar ed by
di ff tial I: | ori el .. B i.ngl e- jal. 12.
The st ruot ur o 257 SOl 7R I8 Reind BRI B OB MEE PRV P, - 120

heat - t r eat ed. elkdeniThel iaitd the bpérefiRér ifletibMolddeatine girn t he copol ymer and t he
second polyner are heat-treated to a tenperature |ess than the | ower
melting point of the polynmers. 14. The structure of claim1l wherein the
addi tive conprises3an ollhgenmpositiompf ¢leimn33 wheteimihg pblymydr cpmprieds.a WO

02/ 20134 PCT/ U§@l§(2§{31gg re@@ﬁéSt'e The structure of claim 14 wherein the

addi tive COITDPI &gy Tl p “conprising: OH tjO n 16. The structure of

claim1 wherein the resin conprises an oligoner conprising bis-phenol A
36.  The composition of claim 33 wherein the polymer comprises a

polyalkylene naphthalate.

37.-  The composition of claim 33 wherein the polymer comprises a

polyethylene terephthalate.

38.  The composition of claim 33 wherein the polymer comprises a nylon

polymer.

39.  The composition of claim 33 wherein the nylon copolymer is
combined with a second nylon polymer, the second nylon polymer differing in

molecular weight or monomer composition.

40.  The composition of claim 33 wherein the nylon copolymer is
combined with a second nylon polymer, the second nylon polymer comprising an

alkoxy alkyl modified polyamide.

41.  The composition of claim 39 wherein the second nylon polymer

comprises a nylon copolymer.

42.  The composition of claim 39 wherein the polymers are treated to
form a single polymeric composition as measured by a differential scanning

calorimeter showing a single-phase material.



17. The structure of claim 16 wherein the additive conprises an oligoner
conprising: OHn H3C CH3 OH 18. The structure of claim1l wherein the
addi ti ve wonpediises an ol i goner conprising di hydroxy bi phrapiuso1il3146The
structure of claim18 wherein the additivg conprises an ol i goner

&3
conprising: WO 02/20Q0134 PCT/ USQ01/.25146 . 6 Q 20. The ructure of
claim1 wherein th Qaddiﬁesgmigsrlr%?rf %é‘gal %%gﬁ]g-eg*tgég%oq%gri ar%iﬁée SHarei ve
and a fl uorop?bwﬁﬁareaﬂeat_ﬂfb@e@truct ure of claim1 wherein the additive

conprises a | uorocarbon surfactant. 22. The structure of claim1l wherein
the additive conprises a nonionic surfactant. 23. The structure of claiml

wherein the condensati ofBebARIGSPIPILAES: wAeRAl KULSINIANE: ROLUTRopES.  The

structure of claim e condensat1 on p rises a blend of
a pol yur et hangolyaley aRrheatittedteptal /mipeatyre lasstan tRSlowEh tehiidguymintrof tlef cl ai m
24 wherein the pol yam de pol ynmer conprises a nylon. 26. The structure of
cl ai m 25 wher &P e nylon conprises a nylon honopol yner, a nylon
copolymer or mxtures thereof. 27. The structure of claim1l wherein the
condensati on polynmer conprises an aronmatic pol yanm de.

45.  The composition of claim 1 wherein the additive comprises an

oligomer comprising tertiary butyl phenol.

46.  The composition of claim 45 wherein the additive comprises an

oligomer comprising:

OH

47.  The composition of claim 33 wherein the resin comprises an

oligomer comprising bis-phenol A.

48.  The composition of claim 47 wherein the additive comprises an

oligomer comprising:



WO 02/20134 PCT/ US01/ 25146 61 28. The structure of claim 1l wherein the
condensati on polyner conprises a reaction product of a diam ne nononer and
pol y(m piveayt/zmneas i sopht hal ami de). 29. The structure of cbPaims@&swver ein
t he pol yam de conprises a reaction produ of a diam ne and a
pol y( p- phenyl ene terephthal am de). 30. The structure of claim1l1 wherein the
condensati on pol yn®Hconpri ses a pol ybenzi m dazole. 31. The structure of
claiml1 wherein the condensation polynmer conprises a polyarylate. 32. The
structure of cllaipr31 _wherein the polyarylate polyner conprises a

vafion reaction product between bis-phenol-A and m xed
A mpt hod for filtering air in a gas turbine intake
operﬁting at a tenperature of about 140F to 350F, the
i ntake air hagﬁ:g ient tenperature and a humdity of at |east 50%
RH, the nethod to -ri5|ﬁg the steps of: (a) installing a filter proximate
an air intake of .agas turbine system the filter conprising at |east one

system the turbing

filter el enent, |ter el ement having a nedia pack form ng a tubul ar
construction and ruction defining a open filter interior; the open
filter interior benAig a clean air plenum the nedia pack including a

pl eated constructidn_of a nedia conposite, the nedia conposite including a
substrate at |east CH@lrtially covered by a layer of fine fibers, the fine
fibers conprising a polyneric conposition conprising an addition polyner
or a condensation polyner other than a copolynmer forned froma cyclic
llactam and a C6_10,4¢li amrfe SRpQEEn .clﬁm%h&eﬂ'tﬁ&fe@in%ﬁfsés aff O1Tbi ned
with an additive material; an irecting Intake air 1nto an air intake
of a gas t ur bohgmgrsoeridibg HRIDD34iPEHyLUS01/ 25146 62 34. The net hod of
claim 33 wherein the additive conprises an oligonmer having a nol ecul ar

wei ght of about 500 to 3000 and an aromatic character free of an

50.  The composition of claim 49 wherein the additive comprises an

oligomer comprising:

OH
@)}
OH
51.  The composition of claim 33 wherein the additive comprises a blend

of the resinous additive and a fluoropolymer.

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

fluorocarbon surfactant.



al kyl phenolic noiety wherein the additive is mscible in the condensation
polymer; and conprising the step of directing the air through the nedia
pack of tweot/2diser elenent and into the open filter interPCDUSCRSt4ean the
air. 35. The conposition of claim33 whergjn the polyner conprises a

pol yal kyl ene terephthal ate. 36. .The jtion. .m 33 wherein the

pol ynmer conpri ses gé'po?‘8F%@?%§ﬂ948é§§$é?%ytge§$Le%%%hx%%%%%?$?8n of claim
33 wher ei n t hgofiohiy ¥Bffact@i¥pri ses a pol yethyl ene terephthal ate. 38. The
conposition of claim33 wherein the polynmer conprises a nylon polyner. 39.
The conposition of claim33 wherein the nylon copolyner is conbined with a
second nyl on poly , . . i i | ul ar

wei ght or nononern?%npogﬁ??%%8&%63M¥%%M§§%%§§%??Hﬁé§§&%%%#ﬁyéggkﬁ%rein t he

nyl on copol ymesmpiises a@abiunetansi gollyraersecond nyl on pol yrmer, the second nyl on
pol ymer conprising an al koxy al kyl nodified pol yam de. 41. The conposition
of claim39 wherein the second nylon polyner conprises a nylon copol yner.

42. [he compositi08s0f shebdhailiesint DERALIHTRE Soflefiudlofbfharo Torma

singl e polyneric conposition as neasure erentia

cal ori neter sbawpnigsa bsndgife-pohvasethasdt pelymér. and@ @y 20188 okt US01/ 25146 63
43. The conposition of claim42 wherein the copolyner and the second

pol ymer are heat-treated. 44. The conposition of claim43 wherein the

copol ymer and the ggcongpe e&hg(g@rtﬁ%géf%mﬁ@émﬁa@%gﬁe byt RIRRALLT € | ess

than the |l ower nelting point pol ymers conposition of claim
1 wher ei n t hecaplises warybowpri ses an ol i goner conprising tertiary butyl
phenol .

57.  The composition of claim 56 wherein the nylon comprises a nylon

homopolymer, a nylon copolymer or mixtures thereof.

58.  The composition of claim 33 wherein the condensation polymer

comprises an aromatic polyamide.

59.  The composition of claim 33 wherein the condensation polymer
comprises a reaction product of a diamine monomer and poly(m-phenylene

isophthalamide).

60.  The composition of claim 58 wherein the polyamide comprises a

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

61.  The composition of claim 33 wherein the condensation polymer

comprises a polybenzimidazole.

62.  The composition of claim 33 wherein the condensation polymer

comprises a polyarylate.



46. The conposition of claim45 wherein the additive conprises an oligoner
conprising: OH O 1In 47. The conposition of claim33 wherein the resin
conpri sew@n2/2aB4 goner conprising bis-phenol A 48. The chPaposétisoss of
claim47 wherein the additive conprises agg oligoner conprising: WO

02/ 20134 PCT/ USO01/ 25146 64 _OH. . 49, The ¢ osi.tion of claim
33 wherein the resi .Cor%eicgglgogﬁon léﬁ;c%lg}:z? VQES’}?BHT’SPR a@ﬁ%&oewerbi phenyl .
50. The C0”p0%blfn'pﬁges(hfcﬁhaismi%ﬂmﬁéﬁkaﬁohh@aoﬁdﬂ'Pfddﬂet TestwBer i€ pharbl- 2! | gomer
conprising: OHO n O OH 51. The conposition of claim33 wherein the

addi tive conpepdesxed Mitkali¢ acils. t he resinous additive and a fl uoropol ymer.
52. The conposition of claim 33 wherein the additive conprises a

fl uorocarbon surfactant. WO 02/ 20134 PCT/US01/ 25146 65 53. The conposition

of clai m 33 wher ei 541 he TaddndthoEaccoriiig iBetaim 330héroin] Said bieh a€ tidgting air
into an air intake of a gas turbine system having at least one filter element includes
directing air into an air intake of a gas turbine system having a plurality of filter
element pairs, each of the filter element pairs including a first tubular filter element
with the media pack sealed against an end of a second tubular filter element with the
media pack; each of the first and second tubular filter elements defining the clean air

plenum.

65. A method according to claim 33 wherein said step of directing air
into an air intake of a gas turbine system having a plurality of filter element pairs
includes directing air into the first tubular filter element and the second tubular filter
element; wherein the first tubular filter element is cylindrical and the second tubular

filter element is conical.

66. A method according to claim 33 further including directing a pulse of
air into each of the clean air plenums of each of the filter element pairs to at least

partially remove particulates collected on each of the media packs.

67. A method for filtering air in a gas turbine intake system, the method
comprising, in a turbine operating at a temperature of about 140°F to 350°F, an
intake air having an ambient temperature and a humidity of at least 50% RH,

(a) directing intake air into an air intake of a gas turbine system
having at least one filter element, the filter element having a media pack
forming a tubular construction and construction defining a open filter
interior; the open filter interior being a clean air plenum, the media pack
including a pleated construction of a media composite, the media composite
including a substrate at least partially covered by a layer of fine fibers, the
fine fibers comprising a condensation polymer, other than a copolymer

formed from a cyclic lactam and a Cg.19 diamine monomer or a Ce.19 diacid



54. The conposition of claim 33 wherein the condensation polynmer conprises
a pol yuret hane pol yner. 55. The conposition of claim 33 wherein the
condensatwon2/paBymer conprises a bl end of a pol yur et haner@gDUgom2s14Nd a

pol yam de pol ynmer. 56. The conposition ofgglaim55 wherein the pol yam de

vl on compri Ses- a MG SeT IS AT R RS bR Tag ap SR A o
thereof. 58. The ceaimesldriveightbf shait S0GHh Y40DrRidAntakm &R haRS R WhBrddo| y mer
conprises an aronmatic gpl yam de. 59. The conposition of claim 33 wherein

t he condensation péteagditivedaisgbledn shecondenseiionprelymeucerdof a di ani ne nonomner
and pol y(m phenyl ene i $0p ] am LF] | 8
wherein the pol yam de ¢ ?lﬁ%@g@gﬂ edﬁée%%gﬁ%%ggfé% 81?)19 f%%%l%%}el%en%g{r%%a

pol y( p- phenyl ene t aite i dypeh dilter thegrior 6d cledintheairposi tion of claim 33 wherein
t he condensation polyner conprises a polybenzim dazole. 62. The
conposition of claim33 wherein the condensation polyner conprises a

pol yaryl ate. WO 02680134 hpermpstigrpsfidem GhwhgreinThe censtepssionipelymest cl ai m 29

wherein the pg&%(l&[géeelts%t §#pa@%}é§%rtere§lﬁﬁg{ge'ses a condensation pol ynerization

reacti on produc henor - and m xed phthalic acids. 64. The
nmet hod according to claim33 wherein, said step of directing air into an
air intake of a gas turbine system having at |east one filter el enent

i ncl udes directin§%ai r Thacomapesitien of ghaiake’ wherginghe congdepsation o5 havi ng a
plurality of f{i gmﬁy ' ch of the filter elenent pairs

i ncluding a flf:érn{g{)ﬁ e&ﬁﬁ" r il?r{ggiraﬁg?%%geht with the nedia pack seal ed

agai nst an end of a second tubular filter elenent with the nedia pack;

each of the first apnd second tubular_filter elepments definin he clean air
pl enum %. %ﬁe compos?tlilon of claim 57 wﬁeremmcﬂe condensation%o{ymer

comprises a polyethylene terephthalate.

71.  The composition of claim 67 wherein the condensation polymer
comprises a nylon polymer comprising a homopolymer having repeating units

derived from a cyclic lactam.

72.  The composition of claim 67 wherein the nylon copolymer is
combined with a second nylon polymer, the second nylon polymer differing in

molecular weight or monomer composition.

73.  The composition of claim 67 wherein the nylon copolymer is
combined with a second nylon polymer, the second nylon polymer comprising an

alkoxy alkyl modified polyamide.

74.  The composition of claim 73 wherein the second nylon polymer

comprises a nylon copolymer.

75.  The composition of claim 73 wherein the polymers are treated to
form a single polymeric composition as measured by a differential scanning

calorimeter showing a single phase material.



65. A nethod according to claim 33 wherein said step of directing air into
an air intake of a gas turbine systemhaving a plurality of filter el enent
pairs imoodsa3directing air into the first tubular filtereT@sermsmMé and t he
second tubular filter elenent; wherein the first tubular filter elenment is
cylindrical and the second tubular filter elenent is conical. 66. A nethod
according to claim33 further including directing a pulse of air into each
of the clean air phenumghefcoepetition of fgint 74 (viered] ©BRBHoIPREF Snd Be @écongast
partially renove particul ates collected on each of the nmedia packs. 67. A
met hod for fi Pebimesgredicet freated.gas t ur bi ne i ntake system the nethod
conprising, in a turbine operating at a tenperature of about 140F to 350F,
an intake air having an anbient tenperature and a humdity of at |east 50%
RH, (a) directing i7Mf ak@haicompositioof clhiin T4 ivakeirothe dogagmetiidd the seypatiem
having at |least_one filter element, the filter el enment having_a nedi a pack
forming a tub®Phme grecheat keateshioagmperatiire dgst then threlomist Agltinedgsant ofj the er
interior; the gwa;ilter interior being a clean air plenum the media pack
including a pPe ted construction of a nedia conposite, the nedia conposite
including a substrate at |east partially covered by a |layer of fine fibers,
the fine fibers c ris,ng a cqndensat. on_pol ymer, her than a copol yner
formed froma cycl Iggp I ai[lthﬁ%‘i”é‘ﬁﬂﬁgortﬁfs @nﬂgzawg‘ﬁ‘@mn@ﬁéaé‘m%?m&p’@ﬁff@ di aci d

WO 02/ 20134 Pgﬁé@%&%ﬁgg tlggiap@gﬁgﬁhegépd a resinous additive conprising

an oligoner having a ul ar “wel about 500 to 3000 and an aromatic
character wherein the additive mscible in the condensati on polyner; and

(b) directing the ajr through the nedia k.of .the filter el enent and

7o't he_open 111t ab! i nddePgmopstet aarmah 2l Yhpein B additvE borppsipBn of
claim 67 wher giigc,&g}ecogﬁﬁgﬁ&@ati on polymer conprises a polyal kyl ene
terephthal ate. ©9. The ‘conposition of claim67 wherein the condensation

pol ymer conprises a pol yal kyl ene napht hal ate. 70. The conposition of claim

67 wherein the condensation pol yner
OH

80.  The composition of claim 67 wherein the resin comprises an

oligomer comprising bis-phenol A.

81.  The composition of claim 80 wherein the additive comprises an

oligomer comprising:



conprises a polyethylene terephthalate. 71. The conposition of claim®67
wherei n the condensation polynmer conprises a nylon polynmer conprising a
honopol yweo otizoaByg repeating units derived froma cyclicPCros@msi42. The
conposition of claim®67 wherein the nylonggopolyner is conbined with a
second nyl on polyner, the second nylon polyner differing in nolecular
wei ght or nononer c@Hposition. 73. The conposition of claim67 wherein the
nyl on copol ynmer is |conbined with a second nyl on polyner, the second nyl on
*_4dl koxy al kyl nodified pol yam de. 74. The conposition
second nyl on polynmer conprises a nylon copolyner.
im73 wherein the polyners are treated to forma
singl e polymeric cofiposition as neasured by a differential scanning

76. The conposifion]of claim74 wherein the copolynmer and the second

pol yner are heat gated. 77. The conposition of claim74 wherein the
copolymer and th nd polynmer are heat treated to a tenperature |ess
than the | ower ) point of the polyners. 78. The conposition of claim
67 wherein the addi¥ive conprises an oligonmer conprising tertiary butyl
phenol . 79. The conpgsition of claim 78 wherein the additive conprises an

ol i goner conprising”>*OH n 80. The conposition of claim®67 wherein the
resin conprises an oligoner conprising bis-phenol A 81. The conposition
of claim80 wherein the additive conprises an

82.  The composition of claim 67 wherein the resin comprises an

oligomer comprising dihydroxy biphenyl.

83.  The composition of claim 82 wherein the additive comprises an

oligomer comprising:

OH
@p
OH

84.  The composition of claim 67 wherein the additive comprises a blend

of the resinous additive and a fluoropolymer.

85.  The composition of claim 67 wherein the additive comprises a

fluorocarbon surfactant.



ol i gomer conprising: WO 02/20134 PCT/US01/25146 69 OHn H3C CH3 OH 82.
The conposition of claim®67 wherein the resin conprises an oligoner

conpri si mgo d/bogds oxy bi phenyl. 83. The corrposi tion of claPaT/8R0Miseteei n t he
additive conprises an oligonmer conprisi ngg GH On OCH 84 The
conposition of claifn67 erein the ad |t| e conprises.a blend of the
resi nous additive a m%%% F ‘i"mﬁ?r@ ﬁkﬁfoaéf HVSFOBIPTISFSA m 67

wherein the adginidiNesGoRmtSes a fI uor ocarbon surfactant. WO 02/ 20134
PCT/ US01/ 25146 70 86. The conposition of claim®67 wherein the additive
conprises a nonionic surfact ant 87 The conposition of claim®67 wherein
t he condensation p

th | 88.. Th
conposition of cl alézlG? Hp]ee?o IH)S{ °§8ﬁ&3ﬁz§(‘fﬁ1‘e&ﬁﬂ§2ﬂp€9 ?nsagmglyg)gg a bl end

of a pol yur et hapaghried ¥ pEKusfthng ppRmka de pol ymer. 89. The conposition of
cl ai m 88 wherein the pol yam de poI ymer conprises a nylon. 90. The
conposition of claim89 wherein the nylon conprises a nylon honopolyner, a

nylon copol ymer or 88, Xt u’fﬁesc&nglpeorsﬁlon of claim 67 wherein the condensation polymer

comprises a blend of a polyurethane polymer and a polyamide polymer.

89.  The composition of claim 88 wherein the polyamide polymer

comprises a nylon.

90.  The composition of claim 89 wherein the nylon comprises a nylon

homopolymer, a nylon copolymer or mixtures thereof,

91.  The composition of claim 67 wherein the condensation polymer

comprises an aromatic polyamide.

92.  The composition of claim 67 wherein the condensation polymer
comprises a reaction product of a diamine monomer and poly(m-phenylene

isophthalamide).

93.  The composition of claim 92 wherein the polyamide comprises a

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

94.  The composition of claim 67 wherein the condensation polymer

comprises a polybenzimidazole.

95.  The composition of claim 67 wherein the condensation polymer

comprises a polyarylate.



91. The conposition of claim®67 wherein the condensation polymnmer conprises
an aromati c pol yam de. 92. The conposition of claim®67 wherein the
condensatwon2/paBymer conprises a reaction product of a dpanmuse@/asomoner and
pol y(m phenyl ene isophthal am de). 93. They conposition of claim 92 wherein

pol y{p- penyl ene | &bephicRREaton aRBHED B e PO G B arer wher ei n

t he condensat lc@ﬂllpﬁgésymndeﬁdéﬂ@lﬁ p@lzﬁleﬂzéﬁb'n)tbﬁ:lﬁéh mtstRigOb&we&dbbis-phenol-A
conposi tion of claim67 wherein the condensation polyner conprises a

pol yaryl at e. Wl oBxebptshalip@ridsso1/ 25146 71 96. The conposition of claim 29
wherein the polyarylate polynmer conprises a condensation pol ynerization
reaction product between bis-phenol-A and m xed phthalic acids. 97. The

nmet hod accordi ng t @7¢l| aiThetilcthbbicbilingwi hist &Pwhérei] §£€ biep9f diréctingnlio an
air intake of .a gas turbine systemhaving at |east one_filter elenent

i ncl udes di r defpiapgirdntake i 68&%”%141193 $Yﬁie§k]éavé11g%¥1%§°Q%ﬁ]ﬁ¢fr?éﬁf%?§ﬂ%q¢aw ng a
| it f f
el udi ng o 1 itepile i EEhie BN S1AE urBine er thl 86 P SRR oL 3

agai nst an endlenienhpsies; oach dfubeifiber dlérhdne paied Bwkdingd ﬁﬂat tuibalar fiitell clepank;

each of the first_and seco ular filter_ elenments defini the clean air
pl enum 98. A e anesiocecl |SF?deCij BRI PRS0 isP R BHIPB L P Be gy e ng
air into an @idy c@k afor 991?13 r Sy Sheam Ay 1 bbaRbir
filter el enent pétdi& igar?c Oug1 1iérnl((a!cstg‘lkdr}llg a?ﬁ? into téh ¥| rst”“t‘e’ﬁ%lu}C)aéF1 %I I ter
el enent and t Ipéensecond tubular filter elenent; wherein the first tubular
filter elenent is cylindrical and the second tubular filter elenent is
conical. 99. A nethod according to claim67 further including directing a
pul se of air intoggach OinetHa sEbfiamgdb Elaith 9 WHerdh sfashp Of dirb&idsi it €

el enment pairs to at least partially rem)ve particul ates coI | ect ed on each
of the nedi a paeles air intake of a gas turbine system having a plurality of filter element pairs

includes directing air into the first tubular filter element and the second tubular filter
element; wherein the first tubular filter element is cylindrical and the second tubular

filter element is conical.

99. A method according to claim 67 further including directing a pulse of
air into each of the clean air plenums of each of the filter element pairs to at least

partially remove particulates collected on each of the media packs.



