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disclosure concerns contmuzng technolo gy development related, in part, to the
- subjects charactenzed mU S. Patents B2 4,720, 292 Des 416,308; 5 613 992;
20 _ : 4,020, 783 and 5, 112 372 Each of the patents identified in the prevrous sentence is
| - also owned by Doualdson, Inc of aneapohs anesota and, the complete
disclosure of each is mcorporated herein by reference.
The mventlou also relates to polymer matenals can be manufactured with
| rmproved envrronmental stablhty to heat humldrty reactive materials and
25 : mechamcal stress. Such matenals can be used i in the formation of fine fiber such as
| | | mlcroﬁbers and nauoﬁber matenals W1th 1mproved stabtllty and strength As the
h size of ﬁber is reduced the s11rv1vab111ty of the matenals is mcreasmgly more of a
problem Such ﬁne ﬁber are HSGﬁ.Il m a vanety of apphcatrons ‘In one application,
B filter structures can be prepared usmg thrs ﬁne ﬁber technology The invention
30 relates to polymers polymenc composrtlon, ﬁber ﬁlters ﬁlter constructrons and
o methods of ﬁltermg Apphcatlons of the mventlon parucularly concern ﬂltermg of
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| aqueous and aqueous) streams The techruques descnbed concern structures having
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a solution that is subsequently evaporated. Fibers can also b® QD
usi ng "spinnerets" typical for the manufacture of synthetic fiber such as
nyl on. El ectrostatic spinning is also known. Such techniques involve the
use of a hypoderm c needle, nozzle, capillary or novable emtter- These
structures provide liquid solutions of the polyner that are then attracted
to a collection zone by a high voltage electrostatic field. As the
materials are pulled fromthe emtter and accel erate through the

el ectrostatic zone, the fiber becones very thin and can be fornmed in a
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aspect of the present invention, there is provided an air filter assenbly
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said fiber conprising a di aneter of about 0.01 to 0.5 microns that

Summary of the Invention

In accordance with one aspect of the present invention, there is provided an air filter
assembly comprising:
(a) a housing including an air inlet, an air outlet, a spacer wall separating said
housing into a filtering chamber and a clean air chamber; said spacer wall including a
first air flow aperture therein;
{b) a first filter construction positioned in air flow communication with said first air
flow aperture in said spacer wall; said first filter construction including an extension of a
pleated filter media composite defining a filter construction inner clean air chamber;
H said first filter construction being oriented with said filter inner clean air
chamber in air flow communication with said spacer wall first air flow aperture;
(i) said pleated filter media composite including a substrate at least partially

covered by a layer of fine fiber;



after exposure for a test period of 16 hours to test conditions of 140F air
and a relative hunidity of 100%retains greater than 30% of +helfAReF((5
unchanged for filtration purposes (d) a pulse jet cleaning systemorlented
to direct a pulse of air into said filter construction inner clean air
chanber. I n accordance with anot her aspect of the present invention, there
is provided a nethod for filtering air; the air having a tenperature of at
| east 140F; the nethod conprising: (a) directing the air through an inlet

of a housing and into a filtering chanber; the housing including a spacer
wal | separating the t filler r. & L : b Ne
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chanber; (i) thecénstragtionihnerrclesorait ¢haobieon being oriented with the filter
inner clean air chanber in air flow comunication wth the spacer wall
first air flow aperture; (ii) the nedia conposite including a substrate at
| east parti bl aogordenes with anpther abpactof thaprbseatyrventonthersis mpvidedea hethed for
conpri gi fiher Wi ' r oE- : L.crons that after
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rel ati ve hutd)di t diresting 0@%sir iraighsangnletwfer hausing d@ddeto affilteting Ehidvalreritthe hanged
for filtratjQn. es; - di [Malo i
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I n general, f. j NN I, QF .t hin. Erofilter,
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particle captureli) ef f iheifiegtdilteratonsirnitionbefrigowentedtwithdbé Giter indeecleanfairui d such
as a gas or liquj 3%{ haW QOB RE b h@lﬂhe’@gb@rmﬂ}ﬁﬁ% ws?ﬁe?tul%ay be
positioned in the Tlurd Stream upstream downstreamor in an 1nternal
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recent years to Itap@r ééﬁ:ela%r cfoirr{ptri"sﬁlbifﬁ@ figgldéo?ngrfgfng a fiber with a diameter of about
0.1 to 0.5 microns that after exposure for a test period of 16 hours to test
conditions of140°F air and a relative humidity of 100% retains greater than 30%
of the fiber unchanged for filtration purposes; and
(c) after directing the air through an extension of a pleated filter media composite of
a first filter construction and into a filter construction inner clean air chamber, directing

the air into the clean air chamber and out of the housing.

Herein, general techniques for the design and application of air filter arrangements are
. provided. The techniques include preferred filier media. In general, the preferred media
concern utilization, within an air filter, of barrier media, typically pleated media, and fine fiber, to

advantage. The filter media may include at least a micro- or nanofiber web layer in



filtration, i.e. the renoval of unwanted particles froma fluid such as gas
or liquid. The common filtration process renoves parti cul ate,i MF?

i ncluding an air stream or other gaseous streamor froma I|igui'd €3
such as a hydraulic fluid, lubricant oil, fuel, water streamor other
fluids. Such filtration processes requgre the rrechani cal strength, chem cal
and physical stability of the mcrofiber and the substrate materials. The
filter media can be exposed to a broad range of tenperature conditions,
hum dity, nmechanical vibration and shock and both reactive and
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embodiments provide an improved polymeric material. For example, this polymer has improved
physical and chemical stability. The polymer fine fiber (0.0001 to 10 microns, 0.005 to 5 microns
or 0.01 to 0.5 microns) may be fashioned into useful product formats. Nanofiber is a fiber with diameter
less than 200 nanometer (about 0.2 micron). Microfiber is a fiber with diameter larger than 0.2
micron, but not larger than 10 microns. This fine fiber may be made in the form of an improved _
multi-layer microfiltration media structure. The fine fiber layers may comprise a random distribution of



appropriate substrate. The fine fiber adds |less than a mcron in thickness
to the overall fine fiber plus substrate filter nmedia. In set.-vjl'cl\ﬂﬁgmgg
filters can stop incident particulate from passing through the f ~er

| ayer and can attain substantial surface |oadings of trapped particles. The
particles conprising dust or other ingident particulates rapidly forma
dust cake on the fine fiber surface and maintains high initial and overall
efficiency of particulate renoval. Even with relatively fine contam nants
having a particle size of about 0.01 to about 1 mcron, the filter nedia
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nol EClrJr{'al‘ V\ﬁj ght by the end group taxation. (J. E. Walz and G B. Tayl or,
det er N0 t he nol ecul ar wei ght of nylon, Anal. Chem Vol. 19,

Nunber 7, ppadid@bddifeltl®dm)is piovikethepolpviertikgwl doplpeising arfirstpolyhier &g was
second, but different polymer (differing in polymer type, molecular weight or physical property) that
is conditioned or treated at elevated temperature. The polymer blend may be reacted and formed
into a single chemical specie or can be physically combined into a blended compasition by an
annealing process. Annealing implies a physical change, like crystallinity, stress relaxation or
orientation. Preferred materials may be chemically reacted into a single polymeric specie such

that a Differential Scanning Calorimeter analysis reveals a single polymeric material. Such a



bet ween 21, 500 and 24, 800. The conposition was estinmated by the phase

diagram of nelt tenperature of three conmponent nylon, nylon 6... bm%ﬁjﬁﬁ

nyl on 66 about 20% and nylon 610 about 25% (Page 286, Nylon Plasti

Handbook, Melvin Kohan ed. Hanser Publisher, New York (1995)). Reported

physi cal properties of SVP 651 resin aye: -Pro eASTM Met hod Uni t sTypi cal

Val ue Specific GavityD-792 -1.08 Water AbsorptionD- 570 9%2.5 (24 hr

i mrersi on) D240 Shore D65 Hardness Melting Point DSC C((F)154 (309) Tensile

Strengt hD- 638 MPa(kpsi)50(7.3) @Yield D638 %350 El ongati on at Break
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nol ecular Wweli t1ar resin
nol ec uhmut\ﬁé%gtﬁageQSB d‘sMort H’Iasﬂwblaudbo@@ﬂﬂelwa}(ohan ed. Hanser Publisher, New York

(1995)).
Reported physical properties of SVP 651 resin are:

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

Volume Resistivity D-257 ohm-cm 10°

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

malerials.



be used. The resin may be characterized by oligoneric bonding bet ween

phenol nuclei in the absence of nethyl ene bridging groups. ?ﬁ%%m
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descri bed above in that it is formed wusing oligonmeric bonds that directly
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sufficient strength such that it is securely bonded to the substrate and can resist the delaminating
effects of a reverse pulse cleaning technique and other mechanical stresses. In such a mode, the
polymer material must stay attached to the substrate while undergoing a puise clean input that is
substantially equal to the typical filtration conditions except in a reverse direction across the filter
structure. Such adhesion can arise from solvent effects of fiber formation as the fiber is contacted
‘with the substrate or the post treatment of the fiber on the substrate with heat or pressure.

‘However, polymer characteristics appear to play an important role in determining adhesion, such as



of the ability of the filter nedia to survive imersion in warmwater for a
significant period of tinme. The inmmersion test can provide val u@ﬂﬁ
information regarding the ability of the fine fiber to survi veth rZﬂQ;rh
conditions and to survive the leaning of the filter elenment in agueous
solutions that can contain substantiaggproportions of strong | eaning
surfactants and strong alkalinity materials. Preferably, the fine fiber
materials of the invention can survive inmersion in hot water while
retaining at | east 50% of the fine fiber formed on the surface of the
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substantial proportions of strong cleaning surfactants and strong alkalinity materials. 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 subsirate. 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%.

Brief Description of the Drawings

FIGURE 1 depicts a typical electrostatic emitter driven apparatus for production of the
fine fibers of the invention. '

FIGURE 2 shows the apparatus used to introduce fine fiber onto filter substrate into the
fine fiber forming technology shown in Figure 1.



FIGURE 23 is a schematic, perspective viewof a filter el erregt[i m@ﬁlﬁms‘n
the systens of Figures 21 and 22;: FIGURE 24'is a schematicjy *

Cross- sewoxmadsvi ew of the filter el ement of Figure 23;pdmksn/aiang the
line 24-24 of Figure 23; 25 FIGURE 25 ig an enl arged, schematic,
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filter bags barrier rics, ven nateri

notori zed vealyiéd kemogylymeér andeyeylod essiphe:0 Bn@heaDitgbéd ardieconiiheiawih di rect ed
to gas. turbines; and, air streans to various, conbustion, fiunaces, often
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streans to cﬂh@wm,he@&ﬂﬂyymhedla&gl%rﬂamnbustl on furnaces, 'it. is desirable

to. remgye the nparticulate material because partl cul ate can cause
subst antPal danmad@GURE Rb15sids glevation, pritial lfom H@aﬁéﬂ?‘ﬁﬂgoﬁ%cham sns
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vari ous downstr nt;.to.the atnpsph it e. S|rableto
obt ai n a subst anth Erse a side’ eIevat?on, partisaﬂy gro?(en away,rmgw 0? an

embodiment of an air filtration system including filter elements-and Venturi

-|

20  elements; according to thie present invention;
' - " FIGURE 23isa schematlc, perspectlve view of a filter element usable in the
systems of Figures 21 and 223 '
7 FIGURE 24'is a schematic, cross-sectional view of the filter element of
" Figure 23, taken along the line 2424 of Figure 23;

25 FIGURE 25 is an enlarged, schematic, cross-sectional view of the filter

‘element of Figures 23 and 24 sealed within the system shown ‘in Figures 21 or 22;
" FIGURE 26 is a partial cross-sectional view of an embodiment of a filter
‘element with a Venturi element mounted thereon, and usable in the system of Figure
22; and
30 " FIGURE 27 is a plan view of a pulse jet cleanmg system and a Venturi

element.



renmoval of particulate material fromthose streans. A general ugﬁj Esmi ng
of sone, of the basic principles and problens of air filterf”&‘e 5 be
under st o889 0B9018dHnsi derati on of the following types of filPCarUaY25medi a:
surface | oading, nedia; and, depth media;3, Each of these types of nedia

has been well studied, and ﬁzcﬂgms been wifq |y utilized. Certain.

principles. relating to theffs m&@%&ﬂsﬂle,.in U.S. Patent

Nos. 5,082, 476; 5188finé borst88l cobpASé i Hicrol 0P nERIELL iR 185HT0P B1c0!
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these.three patents are incorporated herein by reference.
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det eri or?t e thareithéBpioesah gasesicas heylargheyld hendisthergedlihmhgh various
* s 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 w1dely utilized. Certain principles relating to
- them are described, for example, in U.S. Patent Nos. 5_.,082,47&5; 3,238,474; and
<.+ .3,364,456. 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 filier 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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bllend 20  cracking or physically deteriorate in the presence of sunlight, humidity, high
“temiperatures or other negative environmental effects. “The invention relates to an
: improved polymeric material that can maintain physical properties in the face of
U incident electromagnetic radiation such as environmental hght heat, humidity and
~ other phys1cal challenges. ” '
25 " Polymer materials that can be used in the polymeric compositions of the
" invention include both addition polymer and condensation polymer materials such as
" polyolefin, polyacetal, polyamide, polyestér, cellulosé ether and ester, polyalkylene
sulfide, polyarylene oxide, polysulfone, modified polysulfone polymers and
| hﬁi\:turés thereof. Preferred materials that fall within these generic classes include -
30" polyethylene, polypropylene, poly(vinylchloride), polymethylmethacrylate (and
* other acrylic resins), polystyrene, and copolymers thereof (including ABA type
" ‘block copolymers), poly(vinylidene fluoride), poly(vinylidene chloride),
~polyvinylalcohol in various degrees of hydrolysis (87% o 99.5%) in crosslinked and
" rion-crosslinked forms. Preferred addition polymers ténd to be glassy (a Tg greater



of a. CG .and: a Cl0 diacid. material. 20 Bl ock copol yners ar cfﬁéz? bﬁ f ul
in the process of this invention. Wth such copolyners the. 8

f sol ventW@@¥24135hg agent is inportant. The, sel ected sol v@aI/US0E25115uch t hat
both bl ocks: were soluble in the solventy,One exanple is a ABA (styrene-EP

- st t h d | vent. I|f
one’ conponentiaf o irERare) .Tﬁwﬁ?esﬁs@g%ﬁso%nﬂﬁ% e el | Bearpl es
of such 25 péi9sletifdn edhwsrlas'ée ?bgfstyréﬂe%cﬂfm&b’&fmpﬁmﬁwbﬁﬂﬁryboplﬁvaﬁi ene and

styrene-b hydro. genat ed I ene(et hyI enepropyl eue} Pebaxo type of

. e- capr ol act gnyslsllingtyfor edmhéenefbmmpan pobyyinyiileebel meterialst Kneeakss oxi de

?{“Eep"'péf;if%@éﬁiagﬁfgefﬁa@%ﬁs%ion%@“"%ta%%wl' £ SRR rhieaoh SR Yrer . -
of vi nyl islengederic wamedor ald g AEMEYD ih@ﬂéP@Wde@ner mﬂ;yylynml al cohol ,

pol yvi nyl acetate, anorphous addition yners, suc as oly(acryl oni tr| I e)
and its copmwm@mmﬂué@ww@saén@n ¢1d Swelt B mylont &8 whi qsupgl@ﬁ%}sm

pol yvinyl .c [ 4 | r t.hyl ..

met hacr yl at eﬁﬂega Eﬂﬁ% S %m oéﬁgac@%zﬁ%yn%ragggﬁ :‘?EE:L&(thé) Jt%@%‘ﬁﬁm\ﬁ%gﬁ

rel ative eas@iahénouiietht Besonddigt Sidicatihg a &, dl@w:cpdyﬁsaciﬂesm?aﬁhd)mﬁﬂy’ﬂaﬂlw 4
MAR 2005 PCTI.USO 1/25111 13 tenper at ures. However crystalline

pol yner | i kelyjengar by made by pqlmﬂ%%?%ﬁéewqamﬁo}w@ﬁl me%ﬁwa%We hi gh
PfeSSUfewSO' hﬂﬁa&Qﬁﬂﬁﬁv&t&oé@?ﬁeﬁ&ﬁdﬁf ﬁ%%n— Q&{ﬁf {21%&“'0“

spi nni ng of ene an ypropy Y
El ectrostati lacmni wlsmhn@m mpigldrsatmmeombi&mdﬂ)fthatrm mgsaﬂpﬂgﬁmhh:rs 5 and
m crofl ber. %{‘é have al so found a SUbStan“l{%pe@ ani age to formng polyneric

conposi t i onst EERSdeM goRaFNER aFRRle0 FATRE pelymArs can b g
admi xture, C@%{ afbs fanifle Sorfpab, VAiSHs dGPRTEPbhNasAdaHosE Fuct ure.

" bel i eve ‘sU | yer- conposi t Fons- | mprove physical properties by
changi ng poIwdiclmammammsiﬂamhommummmmdthgnﬁmmmhemhmmﬁh exibility

or chai b| | I i ncrea ove_r al | I ecul t and_providin
et or CEre R R FRHPREF S Tgter U R aBeDBHe FIcRer FOr BT gl s 1 n
one e”bOd' “BﬁsFI Rb éﬁ'lénﬁié}i%ﬁ?é 168 nt. ﬁﬂeﬁﬂ’ﬁbﬁﬂ!@e&aﬁ% Hﬁln‘n‘ﬁe

bl ended for be?leflm al propertzluels\AQFor exa I gh -hol ecul ar weli ght 15
pol yvi nyi chl Qg au{bacwdﬂenébbdhemde Anyﬂcbm6-66 @mn@aaﬁuhmanufacgintdby

Bgl %Y;Eégghl or) fle ?r&ﬁhonog sYlo gaproxcla%ﬁf am\'\e":ﬂ'aﬁ l e rr%taebrleu can

ofa Cg and a Cyg diacid matenal

20 - . Block copolymers are also useful in the process of this mventlon W1th such
. copolymers the choice.of solvent swelling agent 1s_1mp_91:ta;1t. The selected solvent
s such that both blooks were soluble in the solveat. One oxample is a ABA
. _(styrcne_-E,P-.styréne) or AB (styrene-EP) polymer in methyl?ne'-chloridq solvent. If
. One c_omponenf is not soluble in the solvent, it will form a gel. E;;a_inp_léé of such
25 - block copolymers are ,K;a_;on‘m type of styrene-b-butadiene é.r;d styréne—b—
hydrogenated butadienc(ethylene propylens), Pebax®typo of e-caprolsctam-b-
ethylene .oxfide,_‘ Sympatex” polyester-b-ethylene oxide and po}ﬁxéth_ams of
_ethylene oxide and. isocyanates. | | |
- .. . Addition polymers like polymyhdene ﬂuoride syndlotactm polystyrene
30 ---copoiymer:qf vinylidene fluoride and hexafluoropropylene, polyviny! alcohol,
polyvinyl acetate, aﬁlorphous addition polymers, such as poly(acrylonitrile) and its
copolymers with. acryhc acid and methacrylates, polystyrene poly(vmyl chloride)
- ... and its various copolymers, poly(methyl methacrylate) and its various copolymers,

can be solution spun with relative.ease because they are soluble at low pressures and



nmol ecul ar wei ght nylon material. Further, differing species of a general
pol ymeric genus can be bl ended. For exanple, a high nol eed MAR{% Q@§
styrenewi®@hssdigd can be blended with a | ow nol ecul ar wepghisofMsgf} | Mpact
- polystyrene. A Nylon-6 20 material can be bl ended with a nylon copol yner
such as a Nylon-6; 6,6 6,10 copol yner. ‘Flﬁrther, "a pol yvinyl al cohol
havi ng a | owtetipgratereef Hoydverl ighly aystblline pelyme7 bkdgalyehyleneland
pol yvi nyl accohol . can _be blended with.a fully or'. sdp7c dral yzed
Dol i nyl at cBmaProRap fraanf B Ceiperiife e treSop ol L THLHE B¢ 06 anc
hi gher. Al sqlftidrhgsim. MabRFdre! Sohktforthis @cﬁﬁh@ﬁcﬂy&ﬁ{}eﬁé ebpilikegylesd Ng
appropriate crosslinking 25 nechani sms. Nyl ons can be cross|inked using
cross | anki Hgengetienlt &“dpcwuc@abttﬁovépmmnghs enrampthod eferkmgeanelibarhe
am de |i %ag%d]]ggcl ﬁéienyl al cohol materials can be crosslinked. using
hydr oxyl reacCtiVv 1Eé'ri als such as nonoal dehydes, such as fornal dehyde,
ureas, mel am ne-f WemiveabisdBui®s hibstmtial ddvamhed 0 Josing PolynterizCi ds  and
ot her inorganic conpounds. 'dialdehydes , diacids, urethanes, epoxies and
ot her 30 knoS#NRessEIsicARIPHEINEdWA S morgpolyprrie sajesialislpolymeradaixisre, known
and _under st o, RASAOTRRRN Al oficefi] BIRAdIKADA SRERRicYSAER S and

on S

e
fornms coval en s between polymer chains to su antialrTy inprove

mol ecul ar wepglpiner chaposititins impfovetphypsieal ppopeitidsibyshasgiag polynr a@shsésance to
mechani cal degradation, WD_02/20133 ,-4 MAR 2005 PCTIUSO /25111 14 W
have foulft t$Hgh agdaproving nedyaey ¢hatn Hebilingen chamapehility, frsrepsetoNeralr operti es

N

effects of hea ani cal stress an negati ve
envi r onment apolginkfic mataialde substantially inproved by the. presence of

additive 5 materials. W have found that while processing the mcrofiber
materials of the W?W&fﬂmﬁ@owa%fww?efaqmlmegm@%ﬁmﬁw&ﬁ@ee t he

ol eophobi c t : -.P,?Gi!,re&&@o ten neappear to aid in
| mpr ovi ng tﬁ@@%%%ngsgg?ﬁe?t@?é Ity of ?bﬁeé _t%%i_ a s@e%ﬁ%pel [ %@ g that the fine

fibers dfS t heolyvimgkhloside can béiblehdedwith adow mioleonddr meight polyivimyldileritieby t he
presence of these ol epphohi ¢ .and hydrqphobjc. 10 additives .as these

addi ti ves fo$’1‘ﬁ1§ﬂg¥r 6%’?@6@%&@? B%)ﬁ&ﬁﬁ‘,aleﬂﬂﬂ%ﬂli 1%[&5‘:6&&%@ W penetrate
the surface igIctaP wifht ylbf rdiALY Futié, difh € Rics b8 aRehHRIdIfmER o7 al

W believe the inportant tharacteristics of these materials. "are the
presence of genuscambeblgndddy dfasshabpls, ghighmoltalarcangigstfrencphigriall mo have

oroupa. by drRBR L iR R e et B Db Al oo "
subst antical | matayigl @adctehdet vBREhy16n copolymer such as a Nyloii-6; 6,6; 6,10
' copolymer. Further; 3 polyvinylalcoho! having a low degree of hydrolysis such as a
87% hydrolyzed polyvinylalcotiol can be blended with a fully or superhydrolyzed
polyvinylalcohol having a degree of hydrolysis between 98 and 99.9% and higher.
All of these materials in admixture can be crosslinked using appropriate crosslinking

25  mechanisms. Nylons can b¢ crosslinked using crosslinking agents that are reactive

with the nitrogen atom in the amide linkage. Polyvinyialcohol materials can be
crosslinked using hydroxyl reactive materials such as monoaldehydes, such as
| formaldehyde, ureas, melamine-formaldehyde resin and its analogues, boric acids
‘and other inorganic ci)'mpomidsi\‘diaidehydw, diacids, urethanes, epoxies and other
30 known crosslinking agents.” Crosslinking technology is a well known and
" understood phenomenon in which a crosslinking reagent reacts and forms covalent
" bonds between polymer chains to substantially improve molecular weight, chemical

resistance, overall strength and resistance to mechanical degradation.



conpositions. These. materials are . ' ' portion manufactured il .
Con].p~3Slttons that have a of the nolecule that tends to bé M)Mﬁag@%e
with thévpeRgemes nmaterial affording typically a physicalpCrarsdi/esiii

associ ation; w#h the polynmer while the gfrongly hydrophobic or ol eophobic

group, as a resul t association, .of .the addi-tive wth t he
polymer, fornms a BY%%%’@&? é@ﬂ%@% vel%%’?a%ﬁ%mglgg @W?Wzt% urface or
beconmes al | pxpertitds ol tHepolymi&dnatbiidls i e Bsthy 6B fiseFibAC THea¥Asttnce thd. 2,
mcron fiber with 10%dditive |level, the surface. thickness is cal cul ated

to be around eﬁ@@\“h@&hﬁ‘@%d@?ﬂ@ﬁ@@ﬂ?ﬂgﬁ@ﬁ%ﬂ@ etbovregalivee surf ace,

(I\)/: g{)g%g.nc' zrgﬁ}d(?ﬁ%g’% %I ¢ groups | F]ahﬁ ,,&6',{38 er| ﬁ&%n%ﬂgﬁff Eﬂﬁckness

appears tH bmarmmmbhavéfuuﬁaﬁ@swhﬁeprqaé@hg:ﬂlenﬁcmﬁawmgtenasrofﬂib 05-micron
di aneter fiber, 50 A thickness corresponds to 20% nmass. Tor 2 mcrons
t hi ckness fi Bentiogy thas theadditivednaterialy eanjgmaave the olzophabic charaster, 15 v t he

ddi t
3 goner o LiPPhepEbfria bl caf it ha B iniWhe 0 Chenfitpt bl of
mat eri al s of thehrat@hials.nWartidlieve thatihe de dibeg@felicsinvérionig the fﬂmlneﬂw ar wei ght

of about 500 t.o0, .about 5000, . preferably out . 500 to about 3000 including
f1 uor o- cheni GHfrefi g‘i‘}'(ﬁ‘i‘? Brproved by thepagseace’ %ﬁﬁeSPWOHB?@E @né RYGePBoRIc r esi ns or

ol i gorer $g Fl Uatife Q4 Fse m&%&m&gﬁ%ﬁrﬁ%ﬁgﬁg@g le}ukﬁkﬁ%ggi’ are

organi ¢ nolecul es represented by 't
02/20133  PCpéreBatt/théirfack fo swﬁmdq:ﬂmtd:«iinmowathéhamr@af thp bal;mmrrcadateladl and G

is a group h.contai.ns at | east ane ophi roup such cationic,
ani oni c, W%C#e&le‘f% earwaﬁmtéﬁwteart&a ,92 o B dherrne o
preferred Réﬂr&nglﬁh} HpﬂiEP&&Vl?rlar eferglb?[l&@édal@o@{ B faractgdi cal

cont ai ni ng at | east t arbon at ons a saturated 5
perfl uoroal i Etremglyhydmphdad: gmupsmgmdrecﬂunmataﬂmh grcbtpsehﬁ:lrpphqhatr ogen or

chl ori ne, be nsnnt S.Su ent the Skeletal.chain. Wile
radi cal s congﬁﬂ‘fara'iﬁo ﬂ“ﬁpaﬁ g &?Hfg?a'ﬁ ﬁﬁﬂgﬂfa]i‘m carhon ehigouasric,

adequat el y, cQRARRUNAS. qﬁ@é@hﬁbﬁas%tmaﬂmm&ﬁpc&ﬂ&ﬁn&ﬁmm%a%ﬁ% are
preferred S|nce I'ar ge radi‘cal's usually represent” | ess-efficient

utilization ofthe m!ﬂ@qulﬁafhﬂi&ndﬂt@bp@gmpbﬂdemﬁﬁhspdwmnw@iaéﬂ&bTM| ns. 10
Preferably, out 2 to.8.car ns. T oni.c groups that
are usabl e.,iﬁpgc%gy]alph Bﬁi’r’a@ﬁf%“%‘%‘ﬁ% 3 SHHFEWH’?%% ! %IP{tlon may
i ncl ude an :@@@@m@méé@bﬁﬁ@tpwﬂté*ﬁl@ﬂ@%ﬁﬂi@wm additive with

20, the polymer, forms a protective surface layer that resides on the surface or becomes

D

. alloyed with or mixed with the polymer surface layers, For 0.2-micton fiber with
. 10% additive leveL the surface thickness ié cajéulated tobe around.S(l) A, ifthe
. -additive bas mlgrated toward the surface. Migration is believed to occur due to the
-+ .., incompatible nature of the oleophobic or hydrophoblc groups in thc bulk ma.tenal
.25 AS0.A thickness appears to be reasonable hickness for protective coating. For
| ... 0 05-microﬁ diameter ﬁber 50.A. thickness cbrrésfoﬁds to 20% mass For2 |
. microns thickness ﬁber 50, A thickness corresponds to 2% mass., Preferably the
: addltlve materials are used at an amount of about 2 to 25 wt.%. Oligomeric
- -additives that can be used i in combination with the polymer materials of the
30 invention mclude ohgomers havmg a molecular welght of about 500 to about 5000,
. preferably about 500 to abont 3000 including ﬂuoro-chemicals nonionic surfactants
. and low molecular weight resins or oligomers. Fluoro-organic wetting agents usefol
in this invention arc organic moleculs represented by the formula.

Rr-G



‘which can be oxygen-free (e.g -NH2) or oxygen-containing (
oxi des). Such am ne and quaterrary anmoni um cati oni c hydroMIM%FbE@Gﬁs can

have 15“;‘?61@53’733 such as -NH2 -(NH3)X, -(NH(R2)2)X , I?].ﬁl}ﬁgdﬁgﬁ } X or

-N(R2) 1--) " where x is an anionic counterion such as ydr oxi de,
sul fate, bisulfate, or carboxylate,' R215|_s Hor d alkyl group, and each
R2 can be th&herainé"\’,asa tinowpialiptertie madicat andGds hgrovpwhich sputainPaticestabty, R2 is

Hor a Ci.1 | k oup and X s hal i de droxi de, .or bisulfate: 20 The
i oni ¢ or odpRroRiFERHE siRiascationio i AEHERE SeATRIE SR Sgent
enpl oyed i n {bignit wsaw@selpmwsf 94 BiSioMiited) niholv@RhE aﬁpmceegmkecorre

radi cals of anions. The anionic groups my have formul as such as -
-SO8M - OSasdlical doagiining at lem Bwe carbon ato@ROREsferablyeitds saturated a et aI i on, (

NR14) +, r (S ach R _is i end ntly H or, substituted or
unsubst | ut &?%Jr@%aﬁﬁlpm Wﬁ@'ﬁé’?%aﬁfvaﬂﬂ%% B %Xd“yﬁ‘?g PHIPHEDS o4 ani oni ¢
groups of tf’&o&svﬂfﬁb%{ Qssﬂb@ﬁﬁlbﬁ!ﬁoﬂﬂ%ﬂkéletﬁeﬁhmnwmle%aﬂi&mﬂbm@mﬁgave t he
formula - COOM or - I ncluded wthin the group of anionic

f 1 uor o- or gars kargeatnabey ofigashen; aigme may| fsmtmnpydpwy,@omm@ds eqnéambys nekl |y

rononer s haVig okttt 20 bl MRS HeREd AL BB Hafe TP et 2! C

materials i mlemﬁeieﬁfﬁmzaﬂbﬁommme@hﬂls poxsHE @hphoféd dkeletad olginas FC- 430
and FG431. -- MAR 2005 WO 02/20133 PCT/US01/25111 16 The anphoteric

groups Vil¥i cHPraferabls fyicentainsiehentf oy @ramgdeme wetting agent  enpl oyed in

this invention i oup as
defi ned above angﬁ%%%g%%&%g@%%%n&%%&e@é%gféaﬁg"&fgagovg&mpﬁg%on| oni c
groups whi chhirigveasioh nayi iicludkead drtipe or aggatsinaryehinon@nagaivhi grouenpl oyed in

this invention incl ude groé%s whi ch_are hydrophilic but which under pH
conditi ons ovhighesmbe exprEsAdrRede-8s cNER TRy SoeASARINE (R E. RBRRGIKIACSYr oups may

Scenvrzo oo gt GG Pt forte bRt Bioa el S 2R

CON( CH2 (520 Hp#tiulas Ex@rasl-ﬁﬂzpi(NHy)X; - R )m(s—(NH(Rf)s)é( mmt—IéfRzagl—sOpWheﬂee
followng 10, strugture: ,(CEZ

20 CH2O) m:H - wherein nis 2
to. 8 and m¥ i ap apipmgCouterion B?Cﬁ:ﬁ)%ﬁ &gﬁ‘m 9\’3@(‘% feflt s i ncl ude
those catio rHafbodea’t@ ﬁ@%ﬁrﬂr@[& alkyl group, and each R? can be the same as or different

 from other R® groups Preferably, RiisH ora 01 a6 alkyl group and X is halide,
'hydromde or bisulfate. '
20 ‘The amomc groups which are usable in the fluoro-organic wefting agents
. employed in tl:us mventlon include groups which by ionization can become radicals
of anions. The anionic groups may have formulas such as ~COOM -SO:M, -
0SOM, | o | |
-PO3HM, -OPO3My, of -OPO;HM, where M is H, a metal ion, (NR's)", or (SR'4)',
.25 where each R' is independently H or substituted or unsubstituted C;-Cs alkyl.
Preferably M is Na* or K. The preferred anionic groups of the fluoro-organo
wetting agents used in this invention have the formula -COOM or -SOsM. Included
within the group of anionic fluoro-organic wetting agents are anionic polymeric
‘ materials typically manufactured from ethylenically unsaturated carboxylic mono-
30 and diacid monomers having pendent finorocarbon groups appénded thereto. Such
| materials mclude surfactants obtained from 3M Corporatlon known as FC-430 and
F C—431 " ' '



described, for exanple in.U S . Patent Nos. 2,764,602; 2 764 Gﬁi éd[ﬁ 064
and 4,069, 158. Such anphoteric fluoro organic wetting agen% R}

t hose avpmoex/znsx fl| uorochem cal s described, for exanpl epCirmsdi2S111Pat ent
Nos. 2,764,602; 4,042,522; 4,069, 158; 4069, 244; 4,090, 967; 4,161,590 and -

4,161, 602 Such L oni quoro 20 o ani c n ent s ude those
anioni ¢ fl uor och&hf &4 ﬁ"*&%%%ﬁ”f’% eus(?‘)%%ﬁﬁt&é ﬂ?%gﬁr@m%%g% aRGY
2,803, 656; 3employ é@ihthfs ﬁﬁéﬁu%ﬁilm %oﬁ&&vlﬁ@ﬂ contialMagtonetatsdtsb groaper i al s
are duPont Zonyl  FSN and duPont Zon FSO noni oni ¢ :surfactants.

Anot her - asped defined gy apdt l%tonééﬁmﬂ@ growp as defingd abe¥eyners of the

I nvention include ggﬁlﬂghg%wﬁg lv&i‘ﬁéhgﬂe u&{bﬁ@ﬁ%@hﬁgﬁ%—&gﬁe% Eaatggﬁt’sal S such

as 25 3NPs Scotc erra enera ruct ure:

CF3( CX2) -s:acr sthploged i aisahventioh SnchideGiron lacnafda Hydiaphilict it WhichQurider t her
noni oni ¢ hydrocarbon surfactants including | ower alcohol, ethoxylates,
fatty acid. cRH6Ryditipesof nosmal Agsenamie use MR onkeed. dhe norigpic rAPSERYused as -

o L ve. G Sl s LNSRCISBOB AL 25 ALyl 01 SRS | 2L
17 A useful S@&MIG:H&CIEMHU-S@?,NQCHEM%J [’XZB\IHQL@OMICH{CHM a@rposi tions

of the inven are tertiary b tyI henol oli.g Such materlals t end
to be relati Pﬁ Qﬁbe&nag% H‘% E’PF?H&{SHECI ?epelSPéﬁw“g O%HiEh

resins afge pﬁﬂﬁg){r bC polyrrers pr epar ed by enzymatlc oxi dative coupling. The
absence of net ene bridges result -5 in uni que chem cal "and physi cal

stability. These_,phenol ic resins can be crosslinked wth various am nes

and epoxies and are conpatilp i th a variety (%fﬁ\a | yper materials. These
materials are generally exeﬁ@z&wcﬁﬁcﬁ{?@@% I%3(3]_@;,‘%'&1.uc.t-ur al formul as
whi ch are characterized by phenolic materials in a repeating notif in the

absence of nethylene bridge groups having phenol i'c "and aromatic groups. 10
OH i WO 02/ mheenm&sm&ammm

15 . Other ﬂuoro-orgamc wetnng agenis mclude those catlomc ﬂuorochelmcals

descnbed, for example in U.S. Patent Nos. 2, 764 602 2, 764 603 3 147 064 and
. 4,069,158. Such amphoteric ﬂuoro—orgamc Wettlng agents mclude those amphoteric
o ﬂuorochelmcals descnbed, for example, in U.S. Patent Nos. 2, 764 602 4 042,522;
i 4,069,158; 4 ,009,244; 4 ,090,967; 4,161,590 and 4,161,602.. Such anionic fiuoro-

20 . organic wettmg agents.include those amomc ﬂuorochemlcals descrlbed for
example, in U.S, Patent Nos. 2,803,656; 3 255 131; 3, 450 755 and 4,090,967. |

| Examples of such matenals are duPont Zonyl FSN andduPont Zonyl FSO

nonionic surfactants. Another aspect of addxtlves that can be used in the polymers of
_ .the invention include low molecular welght ﬂuorocarbon acrylate matenals such as
25 - 3M's Scotchgard material having the general si_:pucturef o

- CR(CXo)acrylate

_ :wherem X is -F or ~CF3 and nis1to 7
.30 F urther, nonionic hydrocarbon surfactants mcludmg lower alcohol
. ethoxylates, fatty ac1d ethoxylates nonylphenol ethoxylates, etc can also be used as
additive materials for the invention. Examples of these matenals mclude Triton X-
100 and Triton N-101.



PCT/ USO01/ 25111 OH wherein n is 2 to 20. Exanples of these phenolic

mat eri al s include Enzo-BPA, Enzo-BPAl phenol , Erizo-TB , Engo "

other relghsshiphenolics were obtained from Enzynol Integ & k14 NC.,

Col unbus Cf?b 5 It should be understood that an extrenely mﬁ@g Variety of
fibrous f||ter media exist for dlfferen'7appllcat|ons The durabl e

nanof i bers and m évesefid orateripd Sy mishatian additva materiglan theoromppsitises afithed t o any

of the nedi a, e fih ribed, i@ this ~in n, ¢ | sq _be,used to
Substitute B SRS TuRLRE! okt i Rndiha ty By Futn:
significant gevaidledRr wefght AfohRAYE PhetsHcqtdRd) CSuch irégnisaie phéolic poBsets 10

and/ or reduced pressure rop) due to their small dianeter, while exhibiting

greater dur aBIeIP by enaymatisroxidative icpepling. Fhe absence pf pethyleng bedgerywsnlt

Eggﬁ;ﬁ{c; S res@“ﬂﬁ%nﬁg EQ% a£§%%ﬁgbdﬁm?$8¥eo %ﬁ?%%c%?hgééFé a |on due

to their ver ynﬂhngﬁoﬁwﬁmeeaﬂ@axie@ add btegnipatible. willhevdrebesSpolHaetescri bed
in this invention address these limtations and will therefore be usable in

a very wi de Wgqrialsy Idresq mpierials pgsngenembly exemplitiedhbwihe follnyipg sErctgraler se

applicationsg, Lber or
nanof i ber of t e unl%&gﬁg&ﬁ#@&&}%&?ﬁg&%ﬁég M?@cﬁgw sglingér[]ll ng
process. A subsendd of mgthpleas biidde@rodpariaving pghiegolid dpdrardrsatid groaps.at ed in
Figure 1, This apparatus includes a reservoir 80 in which the fine fiber
form ng Hblyner solution is contained,” a punp81-and a rotary type
emtting device or emtter 40 to mhlch the polyneric solution is punped.
The emitter 40 generally consists of a Cﬁbtatlng union 41, a rotating
portion 42 including a plurality of offget holes 44 and a 25 shaft 43
connecting the forward facing porti-bn-4 he rotating union, The rotating
uni on 41 provides for introduction pol ymer  solution to the forward
facing portion 42 -through the holl S K3, The holes 44 are spaced
around the WD 02/20133 -" 4. MAR 2005 ”CT/US /25111 19 peri phery of the
forward facing portion 42. Al't er natiyes—cg rotating portion 42 can be
imersed into a reservoir of polyner fec by reservoir 80 and punp 81. The
rotating portion 42 then obtains polyne xsol ution fromthe reservoir and as
it rotat:tes in the electrostatic fiel dropl et- of the solution is

accel erated by the electrostatic 5 fi oward t he coIIectlng media 70 as
di scussed bel ow. .

~OH




Facing the emtter 40, but spaced apart therefrom is a substaﬁgﬁ | |
pl anar grid 60 upon which the collecting nmedia 70 (i.e. sUﬁ§t § Bﬁ 5
conbi nedvOUBIBAte is positioned. Air can be drawn throbglyUsés2sgti d The
collecting-nedia 70 is passed around rojgers' 71 and 72 which are
posi ti oned adj acent opposite ends of grid 60. A 10 high vol tage

el ectrostatic potential is maintai ned bePHeen emitter 40 and grid 60 by
means of a suitable electrostatic voltage source 61 and connections 62 and
63 which connect respectively to t .60 and emtter 40. In use, the
pol ymer -solution is punped to the r union 41 or reservoir from
reservoir 80.. The forward facing port 12 1Bot ates while liquid exits
from 15 holes 44, or is picked up fromhp reservoir, and. noves fromthe
outer edge of the emitter toward collecking nedia 70 positioned on grid
60. Specifically, the electrostatic patenthal between grid 60 and the
emtter 40 inparts a charge to the : al which cause liquid to be -
emtted therefromas thin fibers which~ae drawn toward grid 60 where they
arrive and are collected on substrate 12jor an efficiency 20 layer 14. In
the case of the. polyner in solution, sol@HNnt is evaporated off the fibers
during their flight to the grid 60 therefore, the fibers arrive at the
substrate 12whereired fsi Z:ioamc Wdanaypdds othhesé"bhexfoilm endtérixty miclhdaBnteBIt#g substrate

fibers first_enc Iectrostatlcfjeld strength is
sel ected tor BR& ﬁﬁ?\/ 8?1 gﬁ%" E;a%y CE’%@‘E offper gelated phenoligs wereobiziged f r om
the emtter gkgut Phﬁ%hﬂ&aaﬂ'ﬁ@ Q%cﬁﬂmb@@b%? acceleration is sufficient

to render the material Into very m'crofi ber or wuanofi ber
structuréed |Incr eaﬁlshgﬂdbesnhdmvogdﬂﬂuamdmem&lymﬂmet}tmw ﬁltdenm@haredl a

can deposit nore. or... |ess emn.tted formng ther eby

al l owi ng coffiFtdPr G‘ﬁefq% Céﬂﬂ‘é‘;ss’[tb&fde“@j\’é #rs g gucrodpe fd rhe
rotating porfm%vé&loi%nbé%&‘e@to ?'o?ﬁié:ﬁé&?efﬁ‘éﬁ r@hed@ﬁﬁé&in%ﬁ The
rotating portion 42 can be placed Tn a 30 plane rotation such that the

pl ane i s per wnmmaaralspd)enised susubstitstedbr ﬁlm conipbeatts offtheseortishing Gnaslia

posi tioned at. any. ar.biit The rotati nedi.a ca osi tioned
parallel to g'rvuﬁytp Fl'lgFﬂﬁ g@ﬁ?g%%wrﬁepﬁ &Paé’ﬁ? &‘P?Hfﬂve“%%ﬁf?’écb is a
general . 1oschaizﬁéh@dﬁbeagf@m@fdr@p)me@@ﬁﬁu%ﬁﬂumﬁe&ai Whilb @khibiiig rgrémera | ayer
of fine fiber on a sheet-like substrate or nmedia. In. Figure 5

02/ 20133 1- 4dwmkilino0s PCTI USOl/ 25111 20 sheet-l i ke substrate |s unvvound

at station 20. Th 1sheet-l ri’('j‘? 2—0a ) thﬁ r cted .t 94,8 splicing
station 21 wherei hoWin-t Pt DEEREe 3‘?’8 elb'éseh?ﬁl F¥d for

conti nuous Oﬁﬁ?ﬁﬂlfbﬁ-du&'lf@tuéﬁrﬂ‘dgilit?lﬂ@ nlegRgdAl Sitessdacld thed Susep§iiliai® 1S
... chemical degradation due to their very high surface area to volume ratio. The fibers
15 described in this invention address these limitations and will therefore be usable in a

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

Detailed Description Of Certain Drawings

The microfiber or nanofibier of the unit can be formed by the electrostatic

20  spinning process. A suitable apparatus for forming the fiber is illustrated in Figure
1. This apparatus includes a reservoir 80 in which the fine fiber forming polymer
solution is contained, a2 pump 81 and a rotary type emitting device or emitter 40 to
which the polymeric solution is pumped. The emitter 40 generally consists of a
rotating union 41, a rotating portion 42 including a plurality of offset holes 44 and a

25 shaft 43 connecting the forward facing portion and the rotating union. The rotating
‘union 41 provides for introduction of the polymer solution to the forward facing
portion 42 through the holiow shaft 43. The holes 44 are spaced around the



- directed to a fine fiber technology station 22 conprising the spinning
technol ogy of 5 Figure 1 wherein a spinning device forms the £ijfdR i7BeH
and | ayswolwenéizpe fiber in a filtering |ayer on the shegiyhidsg&ypstrate.
- After the fine fiber layer is forned on e sheet-like substrate in the
formati on zone.22, t fine. fiber |layer "and substratfe are .directed to a
heat treat neﬂ??néle&' Pgﬁew£%%rw 1% “Eﬁ%@%‘éﬁb‘r he rofpfingpItee 2 ke
substrat e angaf heRuhbRaT intey RlselvirldtBIviates Barby Rs@Vof kb AR SN 24
(see U.S. Pat. 10 No. 5,15103, ZS?L V\Hi cﬁ l|s expr ssfgq?ngora%o%gtr% ';me

r ef er ence hereimg portipn 62 tes ohtaihns podyrnércolutipn fronp deasderevid and po dothtbs
necessary at.a,nip statio 5. . The sheet-li.ke. suhstrate and fiber |ayer is
then steer eduf&etef?@ag%?ﬂcoﬁ?ﬁﬁ dro 658*:"2’6 _S%]'Ph?ﬁ‘ Brice e@@% (Tle&ffpffatﬂ%e _
appropriage ﬁl@ldﬁd{v&:dftﬁéﬁﬂgcﬁﬂgheﬁiaoﬁﬁéﬁiﬁbﬂsé@%@ﬁmﬁ- Figure 3 is a scanning
el ectrom crograph Hﬂitggbt shpw ng the relationship of 15 typical dust

particl es havi ng Haeingthstestitters40, Abbspace] apartdherbfrom, 5 angubstantally planarespect

to the,sizes _.of.pores.i ypi.cal. cel lLulpse media: and in.the i cal

Lne 11 ber s EAE0NPREvich e PoBling Rodi G e br e S comitediubifie fre s
m cron-parti pbsitiched RNiFERVHE dridwd thib@gH the@fiiC THB dbRechmgthidia POIEpaiaes t hat
are shown to be quite :. a,bit larger than the typical particle dianeters.
I n sharp, cop¥ouadrollers7iRmgliF2%ewBigh are pusitinedndincant pppasitelendoof gypedr4 to _be

i | y; { er. t.han.th i cal i ngs . bet t he.
frbers 110 ¢ ntigliRes Ol pRlealinl i BRiefet b8sE rBEF 4005 2500008 pe
l'arger than nays offa suligble BRBiro@atd voliae séirfee I htPEonte&iond %2 and¥B3 WiRELIOi NY

general description,of , the various aspects of the polynmeric nmaterials of
t he i nvent i ofenuesfdespertively fajthe srdi8andiemitterd0. t he i nventi on i ncl udi ng both

25 mcrofibers a L e. ction. of.useful: f .iter.
sructures from ¢ REo; BEbpRALGE sHfloh MinSRAX0 U dotnednidtbll thosetrunit ' o
under st andi nfromfresdreoig8 eThe for@atdfitiag peaion R2roRedspiidk Bduid Beitopemat i on of

t he invep iog. The follow ng specific exenplary materials are exanples of
mat er i al & t hBeletdth or kepitkedqm from jaacsesyoin andmoyes fromdhe puter edgeefithemt eri al s

of the invenii.pR ?‘%ﬂ haq..f: | Rm Mk . TR i e [PE~e] Mo} . 30 node.
The. . fol | ow Irzlg e§<enp %E@leﬁéﬁ%“ aas V&#@i@%ﬁ#%&gﬁ&%ﬁ%&ﬁ%ﬂ?}ﬁgﬁ? ol I owi ng
char act eri st elestroatatic potentislhetwem gridfCaidtheemitter 46ligpbrto s Rhage fgthsnal | .
diameter fiber . less than 10 mcron i,s, obtained .using an electrostatic.
force from :WP]SWEI."E‘@?‘@E&WP{H tofhesmitted By asthin fibers gvhich e dgayvnst r et ch

e ol bot r ospl s Srecl Wb hipative SHF Bl coflet B Bl {2 608, FBe 8021 20133
PCT/ USO2Q2 1layerad. Tnitercase of thepolyaner ibesintion delvbntisepaporated offtheifiban. As
- t he | poly rrer : g%snfg tilgirglrg%\{\% the grid 60; therefore, the fibers arrive at the substrate 12 or
efficiency layer 14. The fine fibers bond to-the substrate fibers first encountered at
- the grid 60. Electrostatic field strength is selected to ‘ensurethat the polymer

material as it is accélerated from the emitter to the collecting media 70, the

25" acceleration is sufficient to render the material info a very thin microfiber or
- nanofiber structire. Tncreasing or slowing the advance rate of the collecting media
- ¢an deposit more or less entitted fibers on the forming media;- thereby allowing
' control of the thickniess of each layer deposited thersori: The rotating portion 42 can
* - have a variety of beneficial positions. The rotating portion 42 can be placed ina
30  plane of rotation such that the plane is perpendicular to the strface of the collecting
media 70 or positioried 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. Tni'Figure 2, the



down to smal |l er dianeter, solvent evaporates and contributes tg tlg
reduction of fiber size. Choice of solvent is critical fo;‘“%eMeAr &005
reasons.wobgmbyent dries too quickly, then fibers tendecrwsbhesftint and
large in dianeter. If the solvent dries 9o 5 slowy, solvent wll|

redi ssol ve the nme i bers. Th f or.e tchin Lying rate.and. fiber
formae i on i s ARk SibstaBSh FamORHLA aBPB A0 Ak arect kg et dlrca R Rbehy
exhaust air dirb¥d f0d fplich@ RaRWEN witeréih dnaTEpledemitidsMAe bebstratedah Be r educe
the risk of fire. A solvent that is not conbustible is helpful. I.n a

product i on esmliced foraontinnens operstions The cenfiupie engthgfishegtdirgisplstigledasi onal

hasar dos cninrealte SRk sStap R Spintngo RSl e Shntil RitidoRP ot o o
1.5 nl/mn pRlureMinieRiin aa;fJ Rlevidk $éraitGRe fhe fibeniddays e figefibédna vol t age
of 88 kV, an emtter rpmof 200 and a relative hum dity of 45% _The choice

of pol ymer sfilierng lager omptbeshent-like substigioy oWter e feafiberlayeds fogmed an g eani ng
appl i cation, sﬁ%t-gﬁé Eﬁﬁ?rlgéé ih B ok AYEin é%;:e%?@gfﬂngﬁbef P Sldubdrald fem ze 15°
pressure | os3 and provide an outer surface tTor particre capture an

rel ease. A tHirected @yElicadiredthdett Satidn 2368 apirepridie prodesdingl Tedhest-liker ef er abl y
| ess than 0.3-mcron_ dianmeter is preferred. Ggod adhesj on between

mi crof i ber ofubsEAEEAndnediher layemis thentested Wan SFiGRCY MONHIYJEsDhe s Pal

nanof i be a |  1iS: L fl osites
o "oubst 15t oM, §3P8201 Fbidteis Rt Plibomoliigfby kartEhoe Blfin B BrobbesBAIPOD
makes an . excgiohitoiing plnipesesyrt sigpédif nscdsfarg beanipngativn@s. CEieisheet-likkeani ng

the surface by back pul sing repeatedly rejuvenates the_ filter dium As a
great force F'é’sﬁﬁ‘@raﬂl@(ﬁb@ﬁlab’ﬁ@sﬁﬁﬂf%d tp-itﬁ%annrawatmm@%ﬁtﬁﬂ%ﬁq ion to

substrates c. ' gl?ﬁg RS _ @m the interior of
afilter th?gﬂg(ﬁhfg@sdéﬁéﬁrg@g % elgr% cro ﬁ@%ﬁ%ﬁ?ﬁ}g&lg good cohesi on
bet ween micro- 25 Figuee 3 imnstaaning elcotroiétrograph suiypst shawveng tho eclsticaabip of

el ectrospun fiberg is critical for. successf use. Products that neet the
Shove +obhi + DIRARL QU oo IeS BT I GURRORAGE & L oot BBk e FROESE ol y et
mat eri al s. Sﬂga({h ' %ﬁm Wctoly _ tl"ﬁﬁ Ny el r om
such pol yners %E{eﬂcﬁgf%% ene H%ﬁ?%’?i.eg%ﬁggﬁ?%. nyl al E:%}%(r)f andego,

pol ymer s - andlicBigote/ddythe 2 amprongiarticle 3t awdtherfymiomen paptibled? inghown 18,2 nyl on
4,6; nylon 6,.6; nylon. §.10. and copol.yners,thereof cellent fjbers can be
made from g@%@om%@pa{a%%%gép%ﬂzggk%hﬁefhgwﬁ?g? ﬂ%:&h}tiﬂg - @é‘gqui res
chl ori nat ed_ﬂwéépgglgglcd}%_@t@rs@hgy@@oﬁ@ safiﬂFE#er“BfB%éQ:ﬁ Rforfr@diect r ospun.

But, solvents suc formc acid, mcresal, fuoro ethanol,

hexaf |-.uc2®d i spnsatabelapprosimatelysquali tofor greater thanvhetynies opeinegs/beines
_ PCT/ USOl,/_- 251\‘?&]6 ﬁb%rzs in the fiber web 35 while the 5 micron particle 34.appears to.be larger than

- any of the openings in the fine fiber web 35. _ it e
The foregoing general description of the various aspects of the polymeric
--materials of the invention, the fine fiber materials.of the invention including both
25 . microfibers.and nanofibers and the construction of useful filter structures from the
fine fiber materials of the invention provides .an understanding of the general
- .. technological principles of the operation of the inyention. The following specific
. exemplary materials are examples of materials that can be used in the formation of
_ the fine fiber materials of the invention and the following materials disclose a best
30 mode. The following exemplary materials were manufactured with the following
. charactenstlcs and process conditions in mmd. Electrospinning small diameter fiber
less than 10 micron is.obtained using an electrostatic. f_cu:g;g—_:_71’:.'&)13_:1;::1.stro_n)g\= electric
field acting as a pulling force to stretch a polymer jet into a very fine filament. A

 polymer melt can be used in.the electrospinning process, however, fibers smaller



handl e or very expensive. Preferred solvents include water, ., gt
| sopropanol, acetone and N-nethyl pyrrolidone due to thei"r"ltm;lgibgﬁty
Pol yner w@aimasi ble w th such. solvent systens have beepcextemsivel vy
eval uated. W have found that fibers n?j[e from PVC, PVDC, polystyrene,
pol yacrylonitrile, PM VIA PVDF 5 require additional adhesion neans to.
attain struc@&?élmw@paéﬁbp%@advﬁomwymeumu&%t theaelypegrymass & dipwn

di ssol ved i Naeh Xl xt ures

t her eof and success u}ePy ma e |n o%%glr.ast @ﬁecg ﬁ-g)&gé%gﬁ'gi{%% liji%n(?%]esl on to

t he subst r at bertsiwer €hw:e Dﬁkdlf@tﬁbrﬁbcabﬁokmrdllréﬁsets. M dbluentidsies &l f - ¢l eani ng
via back air pulse. or tw st is useful when

application. Self- @GS%S
filer medi unfyiekly, ?IE‘F to heflgt and darea indicmsire Ji theaolvsat dissdeps from
al cohol I
successf i%?I ;QB\%W g%kﬁﬂ%%ﬁa%nﬁgk@%% gﬁ%g cgﬁﬁﬁﬁgl gglgeﬁp%lnyam de
s include NaGbafetmat®dds critiéaB At ]:aghjpﬁﬁﬁﬂxdnrramsﬂargeejuanutﬁs\oﬁmwﬁl and
8063 from dufo SVP 637 and 51 fro ha esp a
Conpany. Anci ﬁl@ﬂsgﬁareaﬁnta%ﬂm% S BmAsPLcTS PG GROILEA nyl on,
a1 koxy” 8l Kol ik BSno @y 8 (FRIpAFIRGF kot BRiFkARAY 8 handbook

b 1995

Mel vi n Kohan ed. . Hanser W Yor es of
pol y(vi nyl mbmhmg)equlpuimﬁmll%&ux@aﬂqasmﬁﬂ cldanirg. Eafedowomdmpmivami Vi nol

540 fro Products and Chem cal ve found that fjlters can
by Ot s ke Prpogie I RS oy B s g b6, caud)
Ar abi an deseddnecaaa_ﬂ@wﬁw&ﬁeﬂnm]ﬁgm Coyra%a@%t&ibﬁﬂc@mlé@h&s,aiemgf&her

Filters installed in Indonesia or ast of US can be expose bi gh
humi di ty aboiedtage of8RIVasmiemitighrmne nfi20Qand erebitivedonsidiof 4%%.ey can be

d t d that .filt d_under. th d_of
mobi e equi pront THOREEpoRER skUah i iRl fUfBr SRl o0 Eor e on
equi prent  caglebing %ﬁ%&% oh QnUxEEmeRy tﬁﬁ@?ér%&‘%ﬁ@ro@i‘b@pcéa‘ﬁ)helﬂ‘ﬂ HhiniiRlAL 1 ve

hum dity and other chem.cal environnent. have devel oped test nethods to
‘eval uat d5 surmﬁatﬂ IDS&gudqfrOVldmnm ﬁefacsyf@t;@n@clgn@iﬁure andrelbasecAribint i ons.

Soaki ng the | S. 1n.hot wate 5 mnutes or
Sexposr et doberR el e ites TR ERsceb Pl rSenty ok il iR i gt o
Figure 21 ard;&hétefis|ﬁréﬁfrb@nG§M§h(ﬂféb1@hb%ﬁﬁ@ﬁﬁﬁﬁrdﬂ)eﬂspﬁ&bﬁﬂer and0 general |y
at 110. The s;Es]éstem 110 depicted is_ shown with three units or nodul es

- conf i gur ed Subgttercpon; whish the migrodibees armepelifsyeare deppsited ds imnegenbnt can be,

4 Wi 2005 WELGSTR e el 6t oo ed s Gkt Byt ororch dpd  TE751

i ncl udeg0an ranbfiberssich bohipdsitk Hakbonn exdellog filrer medium for self-cléaning
- application. Cleaning the surface by back pulsing repeatedly rejuvenates the filter

' ‘medium. As a great force is exerted on the surface, fine fiber with poor adhesion to
- " substrates can delaminate upon a back pulse that passes from the interior of a filter
- through a substrate'to the micro fiber. Therefore, good cohesion between micro
25 fibers and adhesion between substrate fibers and electrospun fibers is critical for
sticcessful use. ' '
- | Products that meet the above requirements can be obtained using fibers made
from -diﬂ'erent*polymer‘mateﬁals; Small fibers with good adhesion properties can be
.made from such polymers like polyvinylidene chloride, poly vinyl alcohol and
‘30 -polymers and copolymers comprising various nylons such as nylon. 6, nylon 4,6;

- nylon 6,6; nylon 6,10 and copolymers thereof. Excellent fibers can be made from
PVDF, but to make sufficiently small fiber diameters requires chlorinated solvents.
Nylon 6, Nylon 66 and Nylon 6,10 can be electrospun. But, solvents such as formic
acid, m-cresol, tri-fluoro ethanol, hexafluoro isopropanol are either difficult to



dirty or contamnated air (i.e., with particulate matter). A tj@%ror
conduit 112 is provided for venting clean or filtered ah#fi%@éﬁjt i lter
assenbl Yyd $82013he interior of the system 110 is accessi pl-¢ndshi/4gh an
access door 113. 5 Still in reference to,Figure 21, one side wall panel 117
I's depicted as broken away to illustrat&the arrangenent of the various

el enents of bardlaeswsryieypensives Rreferredinivemipinclude matey; ¢thanel.dgoprananok

positioned i ] m] ]dlg Ihg I - air or
ot her cont amQ%JgFl-ged: @F}@w e |s175?'ﬁ?iri%%ce t|8gha om%’&ing&glli/ ia%%%ﬁp%ﬁa?nto a
dirtyair = chaithesnch 8dventsysens homsbdch exrasiesilleyalugedit Weikaee fdmadfiatces 10 of
gravity .in myving the dust through the assenbly 110 to_a collection area

114. The di fibgrsapadedrumByC, PYDC paolstyraes) pelyapmylonifsids. PMMA. ®YDE pper wal |. .

panel 1165 two. . naiiks: | i | s uPﬁE' 7..(whi

downwar dI5'y f%%%ga%g%;elragﬂ%g%e ) Sttg -28%@' wa ?@ﬁgforp%%tt?e&r \g%lglgo ?%Ir[\lgr{gatpai r
of sl opi ng suwhtngelmic?Sard diksolVbdin whiepietitansl) idoprpand]?detdniddmetitholodndy
define the collection area or -hopper 114 within 15 the phase portion of
the assenbl ym%SéBerﬁs&r—aﬁﬁwq&é% o ke ey lrvrgoelient aghestondos de

e I g ) ' 128
val | panel s” jlZy iﬂﬁggy%%%ggﬁ%&cmu fier it SHCLAE Abdnid LT ©

havi ng a step-1i are nounted separate fi r el enments
132 of the agpmiviatign. Selfcleahives tiabeckshieptlse br twistis esef@ibvhen Sleatnedivonisal |

RCHRERT v P RN MR R M AL o R RSB O
structure 12 _oﬁgﬁfﬁ(%o%ﬂﬁﬁﬂreiﬂéeﬁ iged ﬂicaés\éﬁm?{rinm Delicaivhs] Bxabifiangd or

spaced apar al Iy overlapping rel atiofship, rh a generall'y downward
di rection at alzpholgoluble poigpneides tochde Maromelt ¢238) 6233 mad 6900 fivheHbrel,z ont al

3345, “def i nELFARIe ROPT Bchoqs Bt amitand SV S RBAREH ok ShAsAE 120, “he -
the dirty ai MdRE&mSent (Bnpase MHothekPody SMIEdIRI sdlmbiepolafhidd #s the § ecei ved

into the distribution space 133 prior to its being filtered. e i ndi vi dual
filter el®nenylenjdkox apddifiertnylpm 66 (Ref. ;ifasaﬂé.'a%mdn Rlasties handboadd i nt o

L bt - ons MG R 5 R ERA PR ANER e OB, EERD SO0 how
it is 30 supprshalidchdePA-2be, Bl _mqmmg,uraganl%ﬁ Vinob540 fram AR the

filter element of U S "Patent No. 4,395,269 and U'S. Patent No. 5,562, 746,
each of whi cBradycisigpd ChemirabGomppny.ef erence herein. Details of construction

of the filte ; OW. i)t ia ] ' I nt@. stabl e
eyt inar cal - ESEpEB AR Sl kb 8Bl b RAABREE LlBiR0 o5
PCTI US012®51 Kiliter<ith ShugtAbRe defertlosh bPaipdnéd Nemperaifits S5Bgh 86050 B? p5  Whi ch
is incorporated by reference ' T - .

- e higher, Filters installed in Indonesia or Gulf Coast of US can be exposed high

- -humidity above 90 % R and high temperature of 100 F°. Or, they can be exposed
- to rain. We have found that filters used under the hood of mobile equipment like
- carsy trucks, buses, tractors; and construction equipment can be exposed to high
25 . temperature (+:200°F), high relative hunidity and other chemical environment. We
have developed test methods to evaluate survivability of microfiber systems under
...~ harsh:conditions. Soaking the filter media samples:in hot water (140 F°) for 5
. ‘minutes or-exposureto high hurnidity, high temperature and air flow. -
.. Referring to Figure 21; an air filtration system or assembly is depicted
30 . generally at 110. The system 110 depicted is shown with three units or modules
» - «configured together:in side-by-side arrangement. This arrangement.can be, for
example, of a size that fits into a 6:ft by 10 fi by 10 £ space.



herein. In reference now to Fi gures 23 and 24, one of the filgﬁ ﬁgﬁ%nts
132 is shown in perspective view and cross-sectional vi ewr 4l ¢ /&B )
filter f@ypniasl32 5 includes first and second opposi ng pafSFHRPE1433. 134,

- with the tubular, preferably cylindric construction of filter nedia 135

extendi ng therebet ween. The nedia constTuction 135 defines an open filter

interior 138, whi Ehe systan & b ekignveds! inelugdes an inigh opgendui dd ifer takingienum i n
. The tub :uction-of i - ' 5 4 ded t
the end: capdiss EORBINEL AP, vl bt lEd ik Aoyl BEEGEATBAPEC (O

pol yur et haneprweided iféxl vedting bleag oelfiltered aikIhm fhid4ilter assehbly 110. eThesheniont 132

depi cted, the I's also an inner suppQort tube or |jner 136 and an outer
support tube® e-syqtq;g,ll@mccﬁﬁegyoggi@q@ﬁ%qsgoqg 3437 hel ps to provide

structura integrégy; . I "1_%51 | DI Bndfed ak bk rates
one exanpl e of ho%th gf%%ﬁéﬁﬁg#gggﬂﬁg%l%m telgggﬁl(%p%%gi ct e‘gééeal S
agai nst -t he awdetodhedtitatel b8 arrahgenpent bf thelvaripud ¢dleménts of thermdsensdy. 1B3thisi ncl udes

) SRRl P s R e e R B 1
5, 803, 941 1 Oeniby I Miidt-1280A hir b b p{i%tn%ﬁ;aie{dﬁ%ﬁ?ﬁitﬁ%d&c%ﬁin Bﬁf)@ﬁﬁr%@y again to

Figure 21, in ;the arrangenent de er elenments . . 132 are
carranged i ndipatios jnto a dinty-eindhsmbari@2r dhig dlloms hgass&ably tofutilihetheifbrcey

elements, . 1..32 that is .nost adj acen 0 the shee 28 is sealed to .
Che s ubelQ ok Bravaty o o vie the ot B5uEn S aambiy 1048 555 ecton e 12

adj acent to,Th LERpamhbBATE ish%ﬁné@b;ﬁ&%'d%@rIB-ﬂié\iiap%ir‘ﬁ@H%ﬂnem%,%volz by
way of the yoke aSsenbly. Further; each of the filter elements 132 that

i s, adj acentpais ofappostngiside wall pstels I 7 (whidh extenddowgaandd fromdhe vpreer 25 is
sealed to the. adjacent filter e nt, 132 hefween the respectixe end caps.
Figure 22 i|P&SYr ?Pé’gggﬁﬂw&rrﬁﬁgea@hﬂé’mr ft°PBIE aﬁ?srﬁgrfﬁ‘aﬁfeon system
110" . The adlsping Shvees Qiz&ﬁ&ﬂ?’aﬁia@l@rdeﬁnétﬁé‘doﬁécﬂdﬁ&t@@oﬂdpﬁ&gﬁﬂlﬂﬁﬁhjﬁf Figure
- 11, and includeS.-an inlet 111', an outlet 1.12 an acceSs: door 113', and
si de pandl s thebase pottion-of thamsseably.t here is a dirty air chanber 122', a

clean air chanberg 160/, and a tube sheet 30 128' . :The.tube., .S 128" ;
ceparates the. di SRR disBral i eRher Hold oot of Ui Vet b fl7 E ]

Wi thin the. ainbuited b kfdcePWal s hiti® shdél'strasitre -maﬂaﬂﬁigﬁtétmﬁu@@essé?ﬂa_twﬂaﬁ' are
filter elements 132. One =difference, betw the system 110' of Figure 22
and the syst@afnopntpdsepapigfilier slements 132 of thesasserallydilOvdiedvhe sbpetnent s 170,

. ‘descri bed -Ltﬁr: el oW, Fiaure 26¢i A Al | e of the
filter elenen _s%%izéjgggér«g%fagalﬂ%% gﬁ%@ﬁeﬁﬁ%«e@%ﬁ ‘ #%i%% 122
PCT/ USO2025 1#dm afean air chamber 160. The filter elements 132 mounted-to-the stepped, tube

o sheet structure 128 are positioned in the dirty gir chamber 122 in stépped or spaced

- apart, partially overlapping relatioriship, in-a generally downward direction at an
-acute angle of inclination with respect to the horizotital plane of the-upper surface
©  panel 116. In this manner, a distribution space 133:is:defined in the uppermost
25  portion of the filter assembly 110. As the dirty air enters the assembly-110 from the
~ inlet 120, it is received-into the distribution space 133 prior to its being filtered.
Thé individual filter elements 132, as depicted, include pleated media 135
formed into cylindrical tube elements each having ends. Other than preferred media
- formulations described below, the construction of each element 132 and how it is
30 - supported to the tube sheet structure 128 is similar to the filter element.of U.S.
- Patent No. 4,395,269 and U.S. Patent No. 5,562,746, each of which is incorporated
- by reference herein. Details of construction of the filter element and how the filter
" media is fashioned into stable cylindrical shape and confined with end caps is



within and seal ed against the tube sheet. 128'. A gasket r@&poééa
the end cap 133" is conpressed against.the tube sheet 1284t 5 seaI
141" w twobbeossibe sheet 128'. A system for cleaning eaebrafsoidgaifilter
el enents 132, 132" is also provrded in the clean air chanber 160, 160
In reference to, Fi S ci des Iuralrt ulse type
val ves 165 a WSQ‘? @%%a{?flgﬁp ‘?g@s% ‘isawsjégi%@c%ﬁ’ﬂ eﬁ?fﬁ@elw '
arrangenent ingreppsi tioned directly in-line with an outlet opening 134

(Figure 26) in the tube sheet structure 128' so. as to direct a j et of
conpr essed a| ri nﬂmrefemce)wnto Fiigoras @8 atd 84 odneanfhd filtefeléméntet32isenent s

oi ples.pi pi nGUATY HTRBRERES Bl e B R 1oy 1o Arvera e st 3R ol

and oper asi OfnoNides mﬁ%dlsébdnh%Pﬂéémg &l cra9§ e38N3A, ﬁﬁtt/tﬁéluﬁhﬁflr pesteraBlyand 27,
each Venturi elenent 170 depicte i ncl udes an inlet bell nDuth shaped

portion (or vekrdrical,icangruction of Blgr media lﬁtddendmgtﬂ@mbemem dheprgia I n the --

ort Fon. 375 ol H1PUHS pEha% R dleHF L S el Gponflo s’ o' ™
i nt er connect glebh @ir¢ohdiber plekynk, i isd. /Phe @blal Shstry@n 61 filtoR h¥ldiPDystison 174.
Air exits the Venturi element 170 through the diffuser 172. into the clean

air c harrber seyred onfipadediar the pad eapstldB etP4aned rasamsinsieneasgis malded withint er

el ement n f|| tion. air
flow pat Pteré%’&rﬁ‘%“’géﬁ%ﬁﬁ ‘éﬁ‘!’a‘éf‘?‘rﬁ)ﬁé 1%%2134'}1?& ﬁﬁ%%b % 2 depicted
has a. di ver depicted Oherel iftalso @) inrRS sti;ipbrtahliaeyorsi:tea 1 S End\ad d)uterlszlpﬁoﬁ @ube or
facilitate pressure recovery. durlé;the normal : filttion; condition. The

throat port 186 1876 Hash e thediners k36, k37 hdlpsiiormevide stracivral Mitegsidy oF sHppTtor
t hereo as. di $8ia 145 .U S. . Patent 5,562,746; or, in the one depicted in
Fi gure 26, .rrg(g‘!h%e m%t%sured to gradual |y decrease I n dianeter from abase

line 106-to the ofiiguet 2 ilisirates driexadtpl@of hovd tequaitiendarifiltet/elomehal 3Nt
6, 090, 17 The .Ventur.i elenent 170 .is osrtloned on the-tube sheet

st ruct ur & 128ePieted spals againgh thegubeyshept 13% Inppicalar, thefirst end pan 1% ¢ he:
Venturi inl e, Rifek > ol “?'@'@ Stl |1
‘in reference tco Fi gﬁre%gekénﬂhgggﬁ‘%guseen '%tqtqﬁ @{ u%gﬁ%?aelﬁngq? 170 is
3.0 secured. gﬂnetsheetﬂﬂﬁbyar}@kb adsBRiblyus desgribéd m WiH PaleheNS 25861241 1981
connecting the. base léjr é‘% fao t he be sheet 128'. O her details of -the
Venturi el emAe Al 14} withhetubggheef 128, s, patent - Nos. 5, 562, 746 and
6,094, 173, . .each Rk to Fi gﬁﬁrﬁomgqnggé&éﬁt &h.E RfEr /20133
O MR ab0s B Rt o BipiEES, clietis
.20 132 are arranged in pairs, in-an end-to-end relationship. Each of the filter elements
.7 - 132 that is:most adjacent fo the tube sheet 128 is sealed to the tube sheet 128, while
.. . each-of the elements 132 that is most adjacent {o the stepped panel 129 is sealed to
 the:stepped panel 129 by way of the yoke assembly. Further; each of the filter

-« elements 132 that is:adjacent to-each other.and stacked end-to-end against each other

25 s sealed to the adjacent filter element 132 between the respective end caps.
... Figure 22 illnstrates an alternate embodiment of an air filiration system 110",
. The arrangement-of Figure 22 is similar to the arrangement of Figure 11, and
- includes:an-inlet 111% an outlet 112'; an access door 113", and side panels 116", 117,
- .:Further, there is a dirty air chamber 122!, a clean air chamber 160", and a tube sheet
30 128" The tube sheet 128' separates the dirty side 122" from the clean air side 160",
- .Mounted within the air filtration system:110' and against the tube sheet 128' are filter
+ -+ elements 132!, One difference between the system 110" of Figure 22 and the system
110 of Figure 21 is the existence of Venturi elements 170, described further below.
Figure 26 illustrates schematically one of the filter elements 132" operably installed



26 In Figure 27, the nozzle or blow pipe 197 of -the pul se JgtMs&@gm‘%s
shown schematlcal | y spaced a distance 182 away fromthe Vent

170. As wowmz2r@33ts through the bl ow pi pe 197, an asynmet pCt/us@l2sef1 air
fully turbulent and behaves as a wall - £e shear flow For this type of

air flow, the ocjty profile 5 rea ut as the t he, bl ow
pi pes 197 an&’l%f%%‘é%ea]&g&gﬂ%ﬁﬂ%@%g er%‘?g éﬁaﬂc@ﬁ &gb(' engd Caphe pat h

183. Venturi jgbé. ré{ aéﬁhé&bésue%hm‘t@fo&mfa[s%mﬁa&vhh%?eﬁl@es&@fer the
interior 138,138 o I% ter“elements 132, 13 in a manner that results in

a uni f or m di 428 butlon of air pressure across the entire: length of filter

nmedi a 135, 135' bet vveen nd c ce 182 be en the
bl ow pi pe 197 andz gﬁ%‘%odfftﬁfhéﬁer\fgﬂ??ﬁf ?’Jé):?el a‘%’?@@%&%ﬁﬁﬁi cally
| ess thans ZSmJLqébﬁ%mchaﬂﬂeMcﬁ18@a%ﬂe@erbﬂtfehe$1gd:ezzsm§y@émmmé§ats the
di stance is about 22-23 inched. Inother: arrangenents, the distance is

20- 21 i nchespluplity ef pulsdtyps aalvep 65 a;tdrmzlas]gewemmp«rsel&ﬂ tAwa:lval@‘i)@ldlve

I d f t I t h ] h ofth
cxt ansi n' 180 D 1D pceyis oS dact SR i g iR § bt epspndis 7

chanber 160; (& 6262/113&6%5%6& sﬁh&mzsl&paslts d%@ts&qetofcohﬁﬁesﬁé@aﬁlmr

flows- through the Venturi elenment 170 while eX|t|ng the open filter
interior 13gthespen interiord3éwfamanpliilier demanis 482, bﬁ%ariﬂ@rtYPQGfPWPq' he

F1 i ety s SRl ok Bk ValfER bR e BitiSE ol Qistal 1 pltpu BB 55°

120" and theaﬁrldnﬁ%élﬂ&)gﬁf&mb areﬂ;ﬁ?awmﬂqgetaﬁcul ate matter .is renoved
fromthe air streamby the fil nedi a 135, 135' As described bel ow,

preferred nedia fmwmramw@rlﬁgw% Ml,@acﬂre%’ewn.cilﬁm%%%é@y@%s

Phe air- ol calmitey of b5 fnkiyhfbe ppt Bhp VonSRGRA bork B 7gThaFA 71 155

interval of firbdtoitivg. 1760 dn the depictedednstivdithent, théids 4B8'a diffidet portien ¢ore coat ed
W th dust or_other particulate material.: Each of the fllter el enments 132,

132" ar el$ pulVespicutlet eerfiar) 172- {Tihs threatpostion, b76is/internpses befWerndAndw pi pe 197
]S Bl ST AT Tl b1 O RRSEST
170 i s presetie;Vidoai glearaul70acbughthd diﬁ’dserdﬂnﬂﬁofﬂﬁb ¢ledroait bimnﬂ:ef 16@er
bpen {11ter ¥ W A i B s RARSSauroush Bischier koot 5 BpBStESEY B p o
Yo, ool 7 /00l U, S8t 110
t he ext e2@ ordiffus¢rymrfion 17 depéctedhdsIndivergig (or Amihg) sessadially stoaighfraall ty to
f_ all ' ntot hf?’fh t%pﬁgiﬁita%épressurc recovery during the normal filtration condition. The throat
- .portion 176 may be coricave in the direction toward.the interior thereof, as disclosed
* in U.S. Patent 5,562,746; or; in the one depicted in Eigure 26, may be contoured to
gradually decrease in diameter from a base line 106 to the outlet portion 172, as
25 . described in U.S. Patent 6,090,173. _
_ The Venturi element 170 is posmoned on the tube sheet structure 128' in
.+ . relation to the filter element 132' such that the Venturi inlet portion 174 is disposed
:_in the clean air chamber 160". o R
- Still in reference to Figure 26, it.can be seen thai the Venturi element 170 is
230 secured to the tube sheet 128" by way of a suitable fastener 181 connecting the base
line 106 to the tube sheet 128", Other defails of the Venturi element 170 are
described in U.S. Patent Nos. 5,562,746 and 6,090,173, each of which is

+ incorporated herein by reference.
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When air cleaner systens of the types described above in F §ulds<ZAj@md 22
are usedygipadikgh tenperature, high hum dity environnment gctiRatsis
tenperatures greater than 5 120F often 140 to 300F, and hum dities greater
than 30% RH, often greater than 50 to %o (/1oRH), it has_been found that
certai n nmedi a for imFural thorozeleer bioot pipgd97 of UBHpuljegjebsisemiagbous. | n

oral, the type. of nedi i | eated fil i it
el udi g o seBerssly e Rt R s Tl R Hewy bl IR Ap e ' ©
fibers. Prefgr@abihyou hﬁe@%ﬁiiﬁ@igez,semﬁﬁeﬁicﬁewamhmm@mh@at i s

treated wwth a 10 distribution or coating of foie fibers. A fine fiber
filter strucbdhayes ack wdddres shéarifloye rFagthigdyne oflagyflow.gbe uelpcitseprodifrer ei n t he- -
filter coptains one or _more fine.fiber |ayers.conhined wi,th or separated

by one or§1 mo PRFCRGH 1 8¢ _fbf,Jetceéth E‘\e&’g‘?"g pmﬁsg}ﬁzaﬂgﬁag%%ggmﬁ”g}%@%p&a& r ed
notif i's a: Skédhe ha/SR W I 183. M@eritih lerhdht A70BNSW the jebbRiAeireln ot her: -
fibers. 15 We believe inportant characteristics of the fiber and m crofiber
| ayers i n thpathf§3|toentestheunietipel 38138’ of fikier elamentatld? el 32681 amarss W uni dity
or noisture resistance.and,. solvent. Lesistance Ll.eul ar t he

m crofi ber i &% R PP q‘ﬁmﬁmﬂno‘ff‘taﬁpm s?cﬁ?sgggér é%tﬁg‘gﬁ%%?f\mg‘#el evat ed

t enper at ur esmekil 135135 detReARA t4HRABBAIB4, property - of. the materials of the

invention relates to the adhesion of the material to- a substrate 20
structur &0 The ni dhetistance 182hetwesnitheilem ping K andibe basstine g efdtheri stic of

the filter lal, su h L3l .can _be . fac i thout

del am nat i ng%t uﬂ?‘}f'g?%tﬁ]@g%fc%@%i@# ﬁ%’%ﬁ Skégﬂéﬁb%d@%,ﬁﬁfeﬂ%g%&bflp ber

| ayer plus sybhséaabizeafntsDthe dsiare ssatibut D2-23dndheb.t Br othér attingéerents,ahedi ng
pleats, rolled materials and other structures w thout .significant.

del ani nat i ondistggice 1820-2 bifghes; prless: Hhepe BPeR gL ArangemeniSAesWidn gReSHINE ur i ng
process-wher 'a?m'% SRS HAtd hftial Roh@bstRtnkioné eegpfg but
j ust bel ow rrg g%{)éesr at u@%‘%ﬁgihae%%%%ynerhgng@éﬁrei al, %%%%?gﬁeyeﬁ%d\%eﬁ?{t han
the |owesSt oEflted@agienas,w3s.substantially inproves the:adhesion of the
fibers to each other and the substrate. At or abpove the nel enperature,
the fine fiber caﬁn'PB%"éu?QséﬂoFPgﬁeﬁﬁ%}'hﬁ‘ﬂlﬁ?é"as?‘?“si%@“‘g?%tﬁrs tﬁ?é’t"%&‘i to
control heat i fg3t®o: 192 6udii RS Lir bGP FES ahd 1lnlkdrfin ﬁ;ﬁ&ﬁ; f{4zation
tenperature F%rgﬂ%%t%%ﬁieédz %{gﬁég&ﬂ%ﬂ?lﬁﬁe ‘i"?%;ighgl o) Eég?gfe% e to | ose
fibrous strudB2ir @articatasd mhattérdatenioved froemthealissirdanyinothe dilioninpgdiarl 35y b3Er t i es

that result fromthe formation of fhe exterior additive |ayers as additive
materials ni ﬁ’iséi_%émttegbfaﬁ’&’?fﬁf S%H%%%gg@%ﬁﬂ%gl re@l?‘ﬁbq eophobi ¢
groups ofigt hgafdndflcottpdrtftfandck: VB cfARed air flows:into'the open filter interior 138,
vt 138", and into the ¢lean-air chamber 160, 160", -If a-Venturi element 170 is present,
" the clean: air flows through the Venturi element 170 while exiting the open filter

D

* ‘interior 138,138%and entering the clean air chamber 160, 160", The cleaned air exits
< ' the air cleatier 110, 110" through the outlet 112,112%.: v o v o,
25 After an interval of filtering, the filter elements’132,.132! will become coated
. with dust or other particulate material. “Each of the filter:elements 132, 132" are
- pulse jet cleaned by its respective valve 165 and blow pipe 197 that-discharges a
quantity of pressurized air from the blow pipe 197 toward and-into the open filter
interior 138, 138", If a Veenturi element 170 is present; the pressurized air is directed
30 into the diffuser portion 172 of the Venturi element: 170. The jet stream passés into
the open: filter interior 138 and passes through the media 135, 135" in a direction
opposite to the normal flow of the air stream, when filtering. This‘jet pulse of air
knocks the dust cake and other particulates off of the exterior of the filter media 135,
| 135", and causes it by gravity to fall into the hopper 14.



WO 02120133 PCT/USOL /25111 28 The criteria for performapce i gdﬁ t he
mat eri al be capable of surviving intact various operating em S,

i .e. a wewpmrasure of 140F, 160F, 270F, 300F for a perimci/ofoitzse of 1
hour or 3 hours, depending on end use,.eéa;ni le retaining 30% 50% 80% or
90% of filter efficiency. An alternative:” criteria for 5 Performances that
the material is capable of surviving intact at various .operating
tenperatures, i.e. te”peratUreibré}'fe-iézﬁgfediallﬁ)ggula%mf’ 300F, for a period of
time of | hours or 3: hours d -~ whi | Qr et ai ni ng,

dependi ng onWared airsteaneB8HentsQif@he t5P66 duscitiftibabbvein Kigtrey 21 bndh22 btchged in a

.filter layer. Survival at these_  tenperatures is inportant at |o
huni dity, hi W%%Weah'ﬁg piidigt evironmants (9at isi PImMPIHRTRETRAET 1% be

and T11ter TRSPRoftn 240 iS00 4ER huRAiRES cReRTn BBYORHI Sd S LALARR, syher ©
the material can survive Tmmersion. at a“tenperature of greater than 160F
whi | e mai nt aforfi0rigREDS it bhscheey féwnd that denteingnedis formtufions foydbe hedinriddes.

Simlarly, ,vent resistapnce in the mcrofiber materjal and the filter
material of %elﬁ BHPENS, E“g%'ﬁ’@é’i e/Pe s media fongrn lstakPé?at%daﬁE%Iur vi ve

contact wi{ NuddaehiBRLICHERIRE SBARRL ot ook BalbNly ORLOOY a 1faluIERU [ f

| uid, or an aronat sol vent 1 od o great er han about 5
m nut es at 7lFerahPieferatslyntha substrgte30%peists xoallnbose niddén, thah & thdaedrwitmt eri al s

of the invent.i can be used.j.n a variety of filter applications including
pul se cl®an ‘515 uff Qrﬁ?ﬁgg?gh’é%ﬁ@ﬂsfi lters for dust, collection,

gas. turbi nesa anda RRAINE ik sthubhrE ficidel B BHELEOS: maliSkPIBirudase t ur bi ne

intake or 20. induction. systens, heavy duty: “engine ,.intake or induction

systens, | i twhehindhe filtenerintéins onetagrineore finedibeclayens combingduvithagisepirated abi n

air; -offroad.vehiclecabin air,. disk drjve.,air;. ~ : g

hot ocopi er biirer g untiofsptitloss oEbletifd iefs, AnsthArerrd BETie: dent al

filtration -@ﬁﬁhﬁsa{ciﬂmﬁ%'ﬁﬂeﬁe&eﬁaﬁﬁduﬁfbrsﬂeﬁmsfl&mﬁmw dely .used forns. of
n

surface : loadi ng nedi a. 25 general, pa per elenments conprise dense mats

of cel |l Wdose, synMedielisvoimmrtant chiardstaristicned the fiber admaisroideglagersin dem

carryin artdcul ate erjal. The p I.S.5 08 V. _ to
bepe%/ .gegblﬁeﬂt ré&&gﬁtgre%gﬁgeﬁ%g . 'lﬁcfegﬁgﬁngéo’.hu%%@glgll%é F”?%F%fﬁ%#% I he pore
si ze and. . apyulvt tedistandelastiduYarlyt Wwhdn the Biitrofiber id asaged withpamidiey,es great er
than a selected size t herethrough. As the gases (fluids) pass through.
the filtergapisire phasdyenigtelevated tompsrapres.nBurther; asecondiaiposignt RROBEY hr ough
di ffusi on and-4 0} er f 100 £0. . Jre: -getai Nesel ec S) rticles
fromthe ga%*?%%’f?‘%té@g?n&g.m%% %{El%tt??%gas&%%g%o ngag e goéé E'gggg% t
cake, oa 20t hestriptire. €The slictofibdr liyee adlidsionris pr peportand clidranteristio of thesfiltercak e

al so begins. to.operate as.. a filter, increasjing. effjiciency. This is,
_sonmet.i m%s : matéﬁalpsuch that the material can be manu%actm'eém out del'g the _

microfiber layer from thé sibstrate, the micfoﬁber layer plus substrate can be
processed into a filter structure including pleats, rolled materials and othér structures
~ ‘without significant delamination. “We have found that the heating step of the
25  manufactuting process wherein the temperature is raised to a temperature at ornear
- but just below melt temperature of one potymer material, typically 16%er than the
lowest meilt temperature substantially improves the adhesion of the fibers to each
- other and the substrate. At or abevethe melt temperature, the fine fiber can lose its
fibrous structure. It is also critical to control heating rate: Ifthe fiber is exposed to
30  its crystallization temperature for extended period of time; it is also possible to lose
fibrous structure. Careful heat treatment also improved polymer properties that
“result from the formation of the exterior additive layers as additive materials migrate
to the surface and expose hydrophobic or oleophobic grotips on the fiber surface.



WD 02120133 29 E-4 MAR 2005 PCT/US01/2111 referred to as seag\sﬂ%r?s 5 . e
devel opment of an efficiency greater than initial effici enct}f m
filter dgaigghesych as that described above is subject topagndsgasdiaf Wwo types

of problems. First, a relatively swrple%% i.e. rupture of the paper,
results in 5 failure of .the system Sec dIy, partlculate material rapidly
bui I ds “up on t he Thessiterizedir Be cq if dhat ithe eateriglbesapahie ofEYIVEk e or

ayer, i nor oS30 a5 PSS AN G Ries, B PHBRLOGE 4R FoprOmARPL | ed 1O

i ncrease the oade systens, such as’ paper

filters. One 306thfd alp@nb@obﬁilﬁebﬁehbineoﬂﬁ?ﬁbws, depenﬂlrtgicﬂm:ﬁdlsemm ruction, so
that the surface area of nedia enco%gtered by the gas flow strea |s 10

i ncreased r eFERiNRS 3%&5Q’ﬁsa§0% o106 Silterreifigicney. AR plbsmatiyg qride .
| ncreasessti L, d’j ni eﬁﬂlssé Lﬁle%r'gﬁ?ﬁfﬁ tak¥at!VaBibhé nfbereﬁﬂfg this
as ou

reason, surfgc ITB.I’I use i n appl’l cati"ons
wherein rel atxempd:r;{mmw eed:mpnratums otf M@ﬂi‘gtﬁﬁ"ﬁ,él?()ﬂ? 13087F, e permdefitmedfved, -
general ly not,  _hi her haw abo 20- 3 f eet, .per mnute and caI ly on the
or der of abouthonF FekbowE AShtuE onshd usS ihi Erfi SR Aendifies i o 15

context is thgo ‘59“/9%9?%196%6%&’& %'Eﬂefﬁﬂé‘m'ﬁ?&'ﬁﬁez(l y&: SulAvarsotiesR per

nmedi a area). gerieral , as air ‘f ow velocity 1s increased through a
pl eat ed papertemmi'amresmuhpa:tantatflewﬂmnﬂdm:y é@ﬁnmhﬁltp,ahdMenatepsztpmetd onal to

t he squa t he velocit Thu eat ed. paper rface Ioaded
filter sél@t eiﬁhﬂmﬁgai’eé%“%ﬁjﬁ ‘E"Eﬁl\,\? e‘flPY Pn%deﬁmegﬁot‘%t]ﬁetrﬁﬁfm?eqw res
substantial  fsStHR mdbrial cfn §1ﬁ4/1% hﬁﬁﬁiei/sﬁxiiétgﬁeﬁﬂé&&?@o%@ﬁef @an 186°F20 filter
nmedia i s needed. For exanpl e, a typical cylindrical pleated paper filter

el ennen t .-of winleonantatmeg bﬁﬁgimmyfamadm gtteat@cthawabwtﬁenmbt?at Sanrlﬂly,nches in
di aneter and bout Inches Lnches deep.
Thus. the fi PRBPRORRiSERY n R ko Sl Sndisg Hir ARt 07 Be PG 5°C D
300 square f @Btaindd¥rétR QAR KR ChPSfvive SoRaElita 106 mm@twneg a
relatlvelghlghflowrates 25 an aIternatlvetip of filter nedia,

or p

soret i-med> ge hydwicapons bydradictivid orag apamaticraeliical for ppetiedaf timpgygategal dept h
medi a conpri ges ativel t angl.e of b material.- Depth

medi a is gengl?'agﬁ%ffmfig T "“85 tt??b@e?’ 8:1‘33} &Ofe%w @ensity or percent
'sol idscontent. Fije ﬁieéﬂﬁéi-ﬁbateﬁa% o'i‘iﬁh@ﬁbelﬁidmbaﬁbéu@edhﬁlﬂﬁnbgr of flept h medi a
mat of fibers arranged such that approximately 2-3%of the overaII vol unme

30 conpri ses2Pplifasigns mt@mgémése(cwml and pontpylse P@ﬂﬁlﬁ‘ﬂ@é@f fridugt colleptiof: gas
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i's reducgd, -peiwetieh ggstafis, heavy duty.engine intake or induction.systems, light vehicle

... engine intake or induction systems; vehicle cabin air;-off road vehicle cabin air, disk
-+ drive air; photocopier-tonerremoval; HVAC filters in both commercial or residential
filtration applications.
. Paper filter elements are Wldely used forms of surface. Ioadmg media. In
25 ge._,lleral,;p,apen elements comprise dense mats of cellulose, synthetic or other fibers
g oﬁented Aacross a gas stream carrying particulate material. The paper is generally
- .. constructed to be permeable to the gas flow, and to also have a sufficiently fine pore-
- .- Size:and appropriate-porosity to inhibit the passage of particles greater than a
- selected size therethrough. As the gases (fluids) pass through the filter paper, the
- 30 - . upstream side ofthe filter paper operates through diffusion and interception to
-, -capture and retain selected sized particles from the gas (fluid) stream. . The particles -
< -, -are-collected as a dust cake on the upstream side of the filter paper. .In time, the dust
. cake also begins to operate as a filter, increasing efficiency. This is sometimes



i nterfiber space is~reduced; 1i.e. the filter becones nor e eff|C|e§é g
will more effectively trap smaller particles. ,-4 MAR 20(}511 d
PCT/ USO3dZkblss 30 A typical conventional dept h' nedi a fiddGGsoipsfideep.
relatively constant (or uniform densit nmedia, i.e. a sys %em I'n which
the solidity of the depth nmedia renmaing: substantlal l'y constant throughout
its thi cknes&fcrﬁw t6 as teadonitig] "dlel Jevedopatanndf an ¢fficichéysgreatet theh inifial i s neant
that only relatively mnor fluctuations in density, if any, 5 are found
t hr oughout - t?@c’&%ﬁ%h of the media. Such. fluctuations, for exanple, may
result from a sljg j

AYRhoif AIRS ﬁ%@?ﬁﬁc}?ﬁs {BR A ed BBIRIE Su @g&fe%m

container in .Wich't nmedia I's, positioned. adi ent density
dept h rredi a tapesaafgndﬂems Fimimtehmvelyewmpbrfhw i.s.quptusuicfthe papeyugenttins ar e

descri bed; ; S Pate 4,082,476 ,5,6238,474; 10 and
5, 364, 45 tt?l g%ﬁ? ?%&Eﬁ’eﬁ?z‘i& Plds e Bfied t o
provi de ' Ztgﬂsﬁream%i‘demﬂte' Eﬂt&r %% AR Rl &k oﬂagat ﬂﬁ}éaﬁiﬂg)thé ﬁfe@#ﬂ@ﬂﬂﬁ: its

vol une or d hus, such arrangenents can designed to |load with a.
hi gher anounYamduspastheds et beemmphed Wl ipcrease dhd 'Uﬁettme'éoﬁa‘uafaee lasdad@ltery st ens,

when full filter I|f tIITEI ver the .tradeoff for
such arrange‘ﬁ’@t‘?tr? {I)—(&s Bmwj‘:?%% gt?d‘?tafrll?qt% | oadi ng, -
a rel ativel Yodn@iactidhi gtﬂthe&tﬁ@airmem%ﬂﬂeaﬁ encsizﬁ@twayt@@galﬂaw stesdt BN such
as those in-the patents referred to above, have been designed to provide

for s ubshf)antmezleawﬂfrelatl@’i@)a fhﬁ,chdﬂepi%ﬂd vorsuction: S¥hite thissingreases fttes ur f ace

| oadi ng med t|| e no| i Ll ter nts.
filter rredl Hg t‘?}@'@ﬁy o] ?h {hﬂﬁfgﬁp&@ﬁ@cf’ﬁ‘v’gﬁ{l%%a%eﬁr% udes a
first 20 | gyah mﬂ?f&ﬁﬁ%@ﬂﬂaﬁﬁ@@ﬁcﬁﬁv@ﬁeﬁi@k&aﬁ%ﬁlBw&?el@diﬁéeithﬁit@htb@w ng a
first surface. irst layer of fine fiber la Is secured to the first

surface of tfilkerimedia are iyvelvsd, mﬁrﬁé]a'moéhlgb@dh%abqubfl%@ fretdienminyie andr abl y

havi ng. an avipicelly of g BERE 07 s R 10itedpp Sl BB, Tho BN oh Y ©
pref er ablsy admudxt isdhé Werﬂg@)veldbltg%roﬁglﬁﬁﬁmed:a Resfiow W@ft@ﬁaﬁérmédil@aﬁea) st

| ayer of 25 perneable coarse fibrous material ;orrprl ses a nedia having a
basi s wei ght of n@gegﬂéhﬂ%ﬂlﬂﬂﬁﬁ[rw%é‘ﬁ(tls%@%ﬁ%ﬁw a@leate W&g! about

t0 hgof [ ﬁgt I ayer ]%# peef%eg%grﬁg’ fadp’; ﬁfo@BﬁBbr c}ﬂgﬁe gﬁeﬁ%%t()ﬁhg%lg??as e(r)gglsy

inch (12 m cwhés) pl‘ehlb@isape&rbﬁrfawloadéd ﬁlw@sm&wmpmmmlﬁkeﬁﬁﬁ&l to
0..030 ipch(25-800;,mcrons ) thick. 30 |npreferred. arrangenent the first
| ayer. 0. f peri¥steabihat reguitss substantieb flews phat i tglativeli farge surfack av fheal whi ch,

11 eval lﬁ)t Edﬁﬁ&%cﬁﬁ 3\ n¥beddd® Pof ekdaiRib, WG picO cyliirical pleated paper ﬁlter

. element of an over-the-highway diesel truck will be about 9-15 inches in diameter
-and about 12-24 inches long, with pleats about 1-2 inches deep. Thus, the filtering
surface area of media (one side) is typically 30 to 300 square feet. -

. In'many applications, especially those involving relatively high flow rates,
25 an-alternative type of filier media, sometimes genérally referred to as "depth" media,
is used. “A typical depth media comprises-a relatively thick tangle of fibrous

-~ ‘materjal- ':D"epth media is generally defined in terms of its porosity, density or

- percent solids cofitént. For example, a 2-3% solidity media would be a depth media
mat of fibers arranged such that approximately 2-3% of the overall volume ]

30 comprises fibrous materials (solids), the remainder being ‘air or gas space.
- Another useful parameter for defining dépth media is fiber diameter. If
pércent solidity is held constant, but fiber diameter (size) is reduced, pore size or
‘interfiber space is reduced; i.e. the filter becomes more efficient and will more

' effectively trap smaller particles.



construction by the Frazier perneability test, would exhi b|t a erﬁ%t)n lity
of at least 1 neter(s)/mn,.and typically and preferably=—

met er s/ Ry ozadigs €in when reference is made to efficiencyg M@J,ﬁggllot herw se
specified, reference is neant to - 4 MAR 2005 WD 02/20133 PCT/ USO1/ 25111

31 efficiency when neasured accordi ng 3 ASTM 1215-89 , with 0. 78A

nonodi sper se polyypigaleweveivesl depih pediaifdierts a daep2@latively cpasta_ntr(ex ers/ mn)

aﬁedfels?;t[bgg hgqrfgl)grj Prefer.abJH}: t he Iaﬁer1 ﬁa{; fin @b?ﬁh?g‘él%t _ sie(S:u;ed to

| ayer of nanfbmaﬁ!{b%uﬁktﬁﬁﬁﬂﬂty%ﬁstaﬂﬁﬂioﬁ ﬁoM’f"@rtﬁblanés@eBﬁf "'Qﬁfsﬁmﬂﬂl’ﬁccﬁ%&hﬂge

fi ber dianmeters of nogreafe than a out 2 mcrons,” generally and
pref erabl y ninthiseantsxt, itiameatidhat qnlyﬁeémly rmindr fpsiugtonsyin deesitypansr abl y

005 to o s Heup dxgrenonShe daflpp g  d Moellaldug b Bl PRS2
‘secured to rs‘stﬂeﬁtmfﬁ vEdagessidn t;ml diitérsénghgotedurfate, B§ramatiitr goar se :

fibrous material has 10 an overall thickness that-is no greater- than about
30 nicrons, ‘Whica ﬁl‘t@rrlaﬁilg'lsrwﬂmﬂ‘b than Wm crons, most preferably no

greater than abou t .S, W t hin
a thickness of abgﬁtﬁ?mggﬁst%??gg (HA r€ p %BF%(%‘%BJ %tﬂﬁe é@hti nes)
the fine fi bﬁfan%%ﬁieﬁ@%r@ﬂe%@@ﬂ, fdifexhxlﬁplel BYEIS. Pateﬁbmam;omms;as 2B8l474;

arrangenents accordi present 1nvention -include 15 filter nedia

in
as generH} | yanses. 3%@569@11%0@1;@@13@ medip pupngesept pachs dasisned iPgveer r ed
arrungenent Sm U drical,
pl eated conf {’g‘{d‘rl% &ﬂ) aﬁgﬁg‘%ﬁaﬁ% t{@gln %‘g%‘g’?’a '{ﬁl&%hyt adi nal | Y,
i.e. in the Thuesud mgementaeawbd dﬁsmnbdld) lmaﬂvam shighertanegunc yf partciilatal
pattern. For-such arrangenents, medi a ma edded in end caps,, ‘
as wi t h-conviaterigh st aqutptsgqucelogip@ﬁyste@g, ‘Hh%ﬁ@eﬁéﬁﬁgg tpasIsiteRdbede upst ream
liners and dgyastdeqrge ﬁlé‘“ufadgc?%%resﬂ h&%n HRinfsHas HOGY Sfibie é}alsnﬁls'r poses.

I ng f &

In sone appllcatlohs |a acco present 1nventio be used
in conj urtct i fom substdntiat hamngya)miatlvefy Iowdiolidity Medwqadgdlmdc @radianti @naty medi a,

to | mprove, over al | f||ter|n perfor ce.or lif
“medi a accoP§ioms Tgh ssthopgindhe paigRisy ’é'?f% F‘tﬁt"%’fﬁ F’%fhg‘?ﬂﬂ'@g to Ir’%v‘%e
t - convent i opaLadlfial ofpRubl hid F&Eer S eﬁfsfaaéaegt&fﬂoétoaatngqﬁema

i ncorporated (an integral feature)”i nto nedia structures 1 ncluding one or
nore r.egi onsmomhz@m‘tpodldaﬂﬁ]mdnauchlmamgymwwsed upstreamqf such nedia,

for good | oad may be used dqwnstream fr om_.conve ona medi a,
B SRSy MMy Y A e o AR AR e T g
to the pyeseryed @fﬁﬁh&%_%ﬁﬁi&&uﬁﬁe&i&'& btﬂﬁﬁ'ateihamgaﬁrst surface. A first

. layer of fine fiber media is.secured to the first surface of the first layer of permeable

coarse fibrous media.. Preferably the first layer of permeable coarse fibrous material

comprises fibers having an average diameter of at least 10 microns, typically and
© preferably about 12 (or 14) to 30:microns. Also preferably the first layer of
25  permeable coarse fibrous material comprises a media having a basis weight of no
greater than about 200 grams/meter’; preferably about 0.50 to 150 g/m’, and most
- preferably at least 8 g/m’. Preferably the first layer of permeable coarse fibrous
. .- media is-at least 0.0005 inch (12 microns) thick, and typically and preferably is
about 0.001 to 0.030 inch (25-800 microns) thick. -~ . ... -
30 - Inpreferred arrangements, the first layer of penneable coarse. ﬁbrous
material comprises a material which, if evaluated separately from a remainder of the
* construction by the Frazier permeability test, would exhibit a permeability of at least
-1 meter(s)/min, and typically and preferably about 2-900 meters/min.. Herein when

reference is made to efficiency, unless otherwise specified, reference is meant to



~in liquid filter systenms, i.e. wherein the particulate material to be
filtered is carried in a liquidL Al so, certain arrangerrentS'iad\AAlﬁbaﬁaﬁto

t he prewandzdomaenti on may be used in mist collectors, fErresmansie

arrangenments for filtering fine msts frgmair. 4r MAR 2005 WD 02/ 20133

PCT/ USOL/ 25111 = 32 According to the present invention, nethods are provided

for filterirjfficieney when mearesearepuding toj Ay My E2 189, mith Q. 4% sonpdigpagseas

descri bed t f.ar 1.t erd ]

descripti on&%@é&%&b&%&ﬁggﬁ%\l}és’ fgrtre2 B élc%figléﬁksr{‘g’ﬁpgﬁ?}%%&%?@%% ‘i nvention
can be specifi cal Pigfeeably ilguswa offithe fbBSmategihbsbcined So feofirstmrfaed af thwel y | ong
life inrelatively efficient systens, to advantage. Various_filter designs

are shown i nlapaefpeangbleqogese dprepfgnediaisg lyenofmagersandaiseiivst giedr | ¢ er

structure a . ed. wi Ll - f1 | ] [ .,
0 5. pat ant Rael 56 H6GE HAGH el tidolBisigterf b AT bkl ltim oY mftiorh,
assenbl y havgengraliy agé pefabbly noydreatelr tham bbdut [l treierotl, endtypicaligiagd, the filter
el enen . bei ng ?ﬂ%{bﬁd by.a 10 relatively, so rubber-1ike end cap. having a

L, Il
cylindrical Pt hvei s dareters smak f@%ﬁ&éé’é‘ﬂ%ﬁﬁlﬂ%@aﬁﬂﬁrﬂ%@gf U s.
Pat ent No. : sl as f [ ' , di a
conpri sing ?bggggnﬁﬁg &2? IPZ['? %ﬂwg}lﬁo’ﬁrée%?dgl C%r%%r@%# g g'ggﬁ’g?ﬁ@g&w th the
m crof i ber seewred iteths fvdt stitfecd ofithe firsh bayeBSbf perineable ebame fibrdus atdRel bast  No.
53104,537, relate to. a filter structure useful for filtering liquid nmedia.
i qui d 19 1sseralt hiskess Qb 40 BichicE R ghovi miFsuewore HeGE e |
exterior of ﬁl@&tﬁédé(?ﬁﬁdrﬁs?nﬁi&tsgﬂgﬁérﬁly%M'ﬂn%ﬁ?l@ﬁﬂmﬁi‘%ﬁdretUrns to

active use, in the structure. ters are highly useful for filtering
hydraul i ¢ fltypiislly &nbmbfeedblnthat iswitlin aRhickn¢ss Nbabdit 8 18B3ti@e2(and showv. a

typical diesel_.engine air_intake filter structure,. The strugture. obtains
air from tﬁg'?fe MBS _;é?ssﬁ?ﬁ%@%ﬁffﬁ&e%%@l%&@@ﬁwfnot contain
entrai ned moi St ur@ertad®prbfradl drrangeHests hbécRdap 1d IR prédehCinvitionandib@ moi sture
can pass to the bottom of the housing and can drain fromthe housing.

G | 1i ngHam dilter medja a9 genemlly dafined in asowaall flter catistuadtivne Senik freferred .

tructure that use ific ated fikter desi. i-nyol vi d
assages t hab PGSR Sogt wieroR s B s At iRl b N N AR B O oy
of filter masbnfghration with (BOHREE cRfthlinglRnaalipiohetdmeNy fild fnathé Bame

performance. 25 The f ilter nedia forned into the IPI eat ed Z shaped; format

can. cont aj riiregtion psislopgitedinghegisofihe eylindrisekpaticny Fagsaeh arangements, the

Patent No..5 .di se.. g bl NCh e navi g filter
el enents tha &ggﬁﬁﬁﬁt@#’%ﬁeﬁéﬂW‘?ga?asf"ﬁsre]‘?ﬁgt%?%"c. Jrlgaétﬁg%r“{']ﬁseﬂcﬂi nventi on:
Ber khoel20et aMangerhbrits mRR igiliddNehstrelm ¥ovdrsChd, dosdnettean Uters iCddsired; tor

structure useful in processing typically air having |arge-dust |oads to.
filter dust WPigshcopventional PUER9sesm af t er processi ng a wor kpi‘ece generates.. a

S i gnificant dust y,qa0. iaﬁp]?&tions, media according to the present invention may be used

* in conjunction with other types:of media, for example conventional media, to

-~ improve overall filtering performance or lifetime. ‘For.example, media according to
25 - the present invention:may be laminated to conventional media, be utilized in stack
- “arrangements; or be incorporated (an integral feature) into media structures
- including one or more regions of conventional media. It may be used upstream of
- such media, for good load; and/or, it may be used downstream from conventional
media, ds a high efficiency polishing filter. .- - S - B
30 Certain arrangemients according to the present invention may also be utilized
* - in liquid filter systems, i.e. wherein the particulate material to be filtered is carried in
a liquid. Also, certain arrangements according to the present invention may be used

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



environnmental air. Lastly, Gllingham S. Design Patent No. 425,618
di scloses a panel filter using the Z filter design. ,-4 m%d@é?&ﬁ%

02/ 20130 k14501125111 33 Experinmental The fol | ow ng y@fgedipsiiver e
produced using the follow ng el ectrospin_ process conditions. The foll ow ng
materials were spun using either a rot aﬁzng emtter systemor a capillary
needl e system BoAbconding i thertegeot invortiomemBthoddare providéd for filferieg mbhef | br ous

terials. The, fl . 1.5.mJlm 1t di st
of 8 1 nches, Meous Beeay By g uiifen S el rbeEle sk B B “4sof and
for the rot e d WAT beeh BdnPlhe WscriphionPhifd ckamplls Bbfopgmedla Fi ber Size

Fine fiber sanples were prepared froma copol yner of nylon 6, 66, 610

nyldon copol yapspraimgsiorth¢ meni—iﬁfﬂlﬁomgl bansiegifisally eomfigsredceand spnstickstio by t he -
titrati . (/4. E. A . ) ' f th
crs” o1, LG o RN, b 1,01 LT

(1947) . Nunber avyagaes fllfer@eliggddrd shoven i pateidsdibessee inddlainlfe amitnid4, 800. --
The conposition was estimted by the phase_di agram of nelt_tenperature of

t hree conporgsnecthof Glter sigictme sndgimgturesased withth kg myeaels2Bngd sbalay| on 610

b 25% ' '
Publ i sher . N VIR R eobeft2 il FEa R ERENE Kl A B e T i
are: .20 Pr O@@éﬁe!’ai@'rdgﬂ]jhﬁﬁm%f tleheni deslgnMak fdteSplemieht leilg seulet pPa792- 1. 08
Wat er AbsorptionD-570%.5 25(24 hr inmersion) D 240Shore' D6 r.dness
Mel ti ng ¥bi relseelyepfty sibbenbiy emiha@nswhwmmwﬁﬁtq%i‘w 3. 3) @
- Yield D 638%pR &l REMBLLA ., B ParedPRb eX 682476 RN PR RtdshR d 180

(26)

- depth media comprising a foam substrate with pleated components combined with
- the microfiber materials of the invention. Stifelman et al.; U.S. Patent No.
45,104,537, relate to-a filter structure useful for filtering liquid media. Liquid is
15 entrained into the filter bousing, 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.
20 The airpasses through the filter while the moisture can pass to the bottom of the
- housing and can drain from the housing. Gillingham et al., U.S. Patent No.
5,820,646, disclose a Z filter structure that uses a specific pleated filter design
.. involving plugged passages that require a fluid stream to pass through at least one
" .-layer of filter media in'a "Z" shaped path to obtain proper filtering performance.
- 25 The filter media:formed into the pleated Z shaped; format can contain the fine fiber
media of the invention:. Glen etal., U.S. Patent No. 5,853,442, disclose a bag house
- - strugtare having filter elements that cancontain the fine fiber structures.of the
. invention: Berkhoel et al., U.S: Patent No. 5,954,849, show a dust collector
structure useful in processing typically air having large dust loads to filter dust from
'30. - an air stream after processing a workpiece generates. a significant dust load in an
-environmental air. Lastly, Gillingham; U.S. Design Patent No. 425,189, discloses a
* panel filter using the Z filter design. -



Vol une Resi stivityD 257ohm cml012 to produce fiber of 0.23 gnﬁ‘ %i’hﬁjcron
T WA

- its effw&zﬁ?s""as nmeasured. Bigger fiber takes 3S ,. Iq;}gl%sotl}zgﬁ to
% In tlhe

in diameter. Sanples were soaked in room tenperature water ] and
- degrade an e level of degradation was | ess as can be seen pl ot
of Figure 12. While wishing not to be |i3fited by certain theory, it appears
that smaller fibers with a hi gher Jimpepmgntalol une ratio. are nore
.susceptible to 2005 02/ 20133 PCT/US01/ 25111 . 34 deqgradation due
Lo onvi ronent ol ERGUPVIEEREORS NEf BpART bRl g QedRERR St T et
filter medi Usfocdsasmiiford. THeToRowingkhateriQd whk!spiin (ikiRgeRhdMtBtaphgnol ic resin
and epoxy resin In order to inprove chem cal resistance of fibers, chem cal

cross- | i nki neuiger systenver 4 capellary needle systempt Beth vaup oupditp @eodusy| on 6, 66,

610) descgribed eatl] LS 1 xed with nyic resin, «ident.ified.as CGeorgia
pact 1 o S1a7anantiliap bitme FiS mikagh RN L v B BoCom e s e
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(F) Polyam de: Phenolic =100:0_ Polyam de : Phenolic = 80:20 Pol yam de:
Phenol i ¢ = 6%mnddor thgrotafingiemitteppegnoE3% 50: 50 15.0 110 94 65. W
were able to produce conparable fiber fromthe blends. The 50:50 bl end
could not be cross-linked via heat as the fibrous structure. was destroyed. -
Heating 65:35 blend. bel ow 90 degre@®@x@mpl®t: 12 hours inproves the.

chem cal_. resistance of the 20 resultant fibers to resist dissolution in

al cohol 10 Bl ends of pol yam de wit such Epon 828 from Shel |

i
Addi t1ve (Scot ciighs APy i AP BIarkd 1 BGFIREY of A BTb BV )1 1O O

o

'FC-43 0 and nj¥dn éopolynidriresin (PAPGSUpweas araiped férangletylaniveightisf e end pi nni ng.

Add- on anobunt was 10% a_of solids. Addition of . : _ .
group tsltratgoﬁ). (1.E. Walz and G.B. Tayior, determination of the molecular weight

of nylon, Anal. Chem. Vol. 19, Number 7, pp 448-450 (1947). Number average
15 molecular weight was between 21,500 and 24,860. The composition was estimated
' by the phase dlagram 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
physical properties of SVP 651 resin are:

20
Property ASTM Method == Units . Typical Value
Specific Gravity D-792 - 1.08
Water Absorption. - b-570 - % 2.5
(24 hr immersion) - S _
25" . Hardness ' D-240 - - ShoreD" - 65 -
S ‘Melting Point . DSC - . C(F). . 154(309)
Tensile Strength D-638 MPa (kpsi) 50(7.3)
@Yield o o
L . .- . Elongation at Break D638 - - % 350
30 Flexural Modulus D-790 MPa (kpsi) 180 (26)
" Volume Resistivity D257 - ' obmem - 10%

to produce fiber of 0.23 and 0.45 micron in diameter. Samples were soaked in room
temperature water, air-dried and im.eﬁqieggy was measured. Bigger fiber takes
-~ 35. - longer time to degrade and thg:icvel of degréﬂ#ﬁon was less as can be seen in the
- - plot of Figure 12. While wishing not to be limited by. certain theory, it appears that
-smaller fibers with: a higher surface/ volume ratlo are more susceptible to



Scotchgard did not hinder fiber formation. THC bench shows that

Scot chgard-1ike high nol ecul ar weight repellant finish di=d thﬂ\Rrﬂﬂﬂﬁ/

wat er reghgbafise. Scotchgard added sarrpl es were heated ppraR@yEsiier 10

m nut es as suggested by nmanufacturer. fxarrpl e 4. DModification with
coupling agents Polyneric filns were cast® from pol yam des_wi_.th tinanate
coupl i ng agedegadationdukée eindrinaani kEste dlavover gger fiveis dormstt grke p8 opr opy |
triisosteat oggg z%ﬂate KR 35 TTS), ~neopentyt (iallyl) oxytr i (dioctyl)
phosphat o titanat n eopentyl 4 M AR 2005 WO 02/ 20133

PCT/ USO1/ 25111 35 (d| al l'y) oxy, ti i (N-ethylene dianno) ethyl
zirconate (Nz44). Cast filnms were soaked in boiling water. Control sanple
wi t hout coupling agent |loses its st reﬁ@ﬁlﬂ_&rmedl ateI y, While coupling
agent added sanpl s, E
coupl i ng agent s adted
Exanpl e 5: Mdifi ﬁﬁbﬂd@ﬂtdlmiﬁiotmwhehﬁd:aimimnc%fﬁbﬁspelteﬁﬂtalhrﬁsy—llmbﬁgnm
polymer Qdigoners of para tert but pheno nol e range 400 to
1100, 10 wadvignitsscues Hticam mlﬂ#{]ee(g |6@ﬁ§451%f3§9$6‘2wéﬁt16 These

| ow nol ecul a;nl% et hanol ,

| sopropanol an ‘gﬂ%gﬂ%%ﬁﬁi%gag% rrelérpg% ot %bg%%ggfﬂ;&%gs E)J%:ﬁg}gn%é

descri bed eailNylom:Piendlic Elesmtratmsmd'nts me teénperatiner afibidnds aresshowintbend; adver se
consequen es. Some polymers and additives hinder the electrospinning
process. *tnl i ke the conventi onal phenoli.c 15 resin described in Exanple 2,
we have found: th_ .qroup of poI ymers %ﬂ@lﬁn EJ%LEQI‘E e wth fiber
for.mm ng proce ouTTd group of _add ve protects fine
fibers from \BBIyam@dehamlian% I(a(BOSee i.n the plot.156i gures 13- 16 show t hat

ol i goner s prw]yd@l@e PRENOLCGOOgD: PO Ot ection . at 14QpF, 100% humidity and the
perfornance BSlyaR) ev hgn(gp,@d @53@0 160 F. W havegqadded-this additive

bet ween $80 ap, . W have foupg that they are equally
effectlve protgc |ng P ers from exposure to high humidity at 140 F Ve
have al so found out. that performance is enhanced when the fibers are

subj ected to 150 QR Wefe Ofolprodide@dmphrableniber Hond the HlaliseThe Sh50bichte

effect of "tenperature and_timnme _exposure of 10% add-
. 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 t the chemmal reszstance of the
20  resultant fibers to resist dlssolutton n alcohoL Blends of polyam1de w;th epoxy
resin, such Epon 828 from Shell and Epl-Rez 510 can be used.

Examp!e 3 _ _
Surface modification though Fluoro Addmve {Scotchgard®) RepeHant
25 Alcohol miscible Scotchgard® FC-430 and 431 from 3M Company were
R ‘added to polyamide before spmnmg Add-on amount was 10% of solids. Addition of
Scotchgard did not hinder fiber formation. THC bench shows that Scotchgard-like

= ~ high moiecular welght repellant ﬁmsh did not improve water resistance. Scotchgard

- added samples were heated at 300 F° for 10 mmutes as suggested by manufacturer.
30
- Exaniple 4:
"Modification with coupling agents

" Polymeric films were cast from polyamides with tinanate coupling agents
" from Kentich Petrochemicals, Inc. They include isopropy] triisostearoyT titanate (KR
35 TTS), heopentyl (diallyl) oxytri (dioctyl) phosphato titarate'(LICA12), neopentyl



on to polyamde fibers. 4 MAR 2005 WD 02120133 PCTNSO1l/ 25111 36 Tahle 1.
Efficiency Retained (% After 140 deg. F. Soak: 1 m nHeati rrgi,‘MﬁuR Zﬁﬂﬁn n 3
m n Temweoadzigs 5 150 CO98. 998.898. 5 98. 898. 998. 8 130 COpbrAIsHBs{A9. 8
1096. 798. 699. 6 110 C82.890.591.7 86. 290. 9585 7 15This was a surprising
result We saw dramatic_inprovenent in er resistance with.this famly of

addi tives. i flighdexysisl @hebyleneduntiag oyl sirgenstm(NA44) o fast films weeks: we

have anal yze e caIIed

fach “Tovt aqipasaluldifind WAk Cluotlalia\it ety S IREDL i, o2 | PC

Uni versity ofmivkbdin@gishiMichliplitdergegsadded satislenmiatntaiadd s SrrmToat) & @&ur f ace
Conposition (Polyner: Additive Ratio) Heating Tinie 1 mn3 mnl0 mn

Tenper at ur e WSWYES. Wwseouplisgsgems cawBlys BorEspanéptodiber (¢2 micron

Co. 6337- 64: 3gp93 41 No Heat 77: 23 Initially, it did not seemto nake sense to
find surface co icentration of additive nore than twice of MIk
concentration. However, we believe that this can be explained by the

nol ecul ar wei ght of the additives. Ml ecular weight of the additive of
about 600 is nuch snaller. than that J&aH¥deStiper forning pol yner. As they
are 35 smal | or ivodiiEEtiod Wh ISR MENGNR! WGiRRRRE B kAGIRALY SlimEp! el es.
Thus, we achi er.

treat nent increas@digoiners of pafasier-butyl phatol anblzoulef weight mangt 400 tovel08ddi ti ve.

However,_ at 10 min ex sur 15
l(f1 was purchas ﬁnzymo International, Columbus, Ohio. These low molecular

‘weight polymers are soluble in Iow aicohols, such as ethanol, isopropanol and

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

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

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

20 160 F°. We have added this additive between 5% and 15% of polymer used. We

. have found that they are equally effective protectmg fibers from exposure to high
humidity at 140 F°, We have also found out that performance is enhanced when the

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

25 .'I:‘he table 1 shows the effect _bf températurc and time exposure of 10% add-

~onto polyamide fibers.



C, did not increase concentration. This may be an indication that nixing of
two components of copol yanmi de and ol i goner nol ecul es is hagphhhRg?@851 ong
chain 4Qyggbyd8s has a tine to nove around. Wiat this anglfrisshags t aught
us is that proper WO 02/20133 4 MAR 2005 PCT/US01125111 37 eI ection of
post treatnment time and tenperature can &hhance performance, while too

| ong exposure coul d hdﬁa&:l@l.rmiehvabtaiﬂedém&ﬁdmmuﬁgﬂérSoe]xam' ned t he
surface of these additive |aden m crofi tigrs u techni ques called Tine
of Flight SIMS. This technique involves f[l&‘ingg the 5 subject with

el ectrons and—observes . what |s mlarﬂiuﬂn fromt

wi t hout addi femperatugyy organl C nit rogen speci es are coni ng of f upon
bonbardmefit with electron. This is an indicati:on that polyam de species
are broken oftfoC*t al so shows progsence of snal l9ggiantity of imgB8ities,
such as sodium and silicone. Samgges wth additggve wi t hout heajg ¢ r eat nent
(23 % additive concentration on 10 surface) show a dom nant species of t --
-butyl frag .and small but u i guous pea bserved pea bserved
for the @@ ;/Tg%g . Al'so observ%dgre hi gh maskfg?eaks with w%ﬁf

di fferences of 148 amu, corresp ng to t- but? henol . For t sanpl e
treated at 10 min at 150 CO (50 % surface additive concentration by ESCA
anal ysi s), i AtpELEti on shows doni f@dtce of -t -butW0-Fragnents andPit?ace, if
at all, of 15 peaks for pol yam d&6.2t does not Ml peaks assodi%ied with
whol e t--butyl phenol "and-its polyners. It also shows a peak associ at ed
with C2H30 fragments. The ToFE SIMs anal ysS shgws us that bare pol yam de
fibers WPl give g??sw%“r‘bWﬁPﬂ"é n%ﬁ’f’la@?gﬁp‘@i’ﬁ'&%’%tdnﬁfﬁeﬁner chain

and contam n éfd’[rmh q{ng qqﬁ; hout
heat treat rre?\%})isﬁows I nco ?%?%hg%évglglgagml |cat| ng that™ a tlves do
not cover poadditnes wotkss weﬂ:mre ané[y@dtthéaﬁnqﬁbﬁlmﬂmﬂssurﬁce ahaimseieyh:gques

organi zed on t ace. en i.on. be m hj t h_ surfa e, -Whol | ecul es
can come offcﬁreﬁr%é’%t 6 28 108 s6mples Shown T It PSS (B 41
treat ment pr gTRFesRYD %ﬁn&gﬁg‘g@ﬁ%q&lﬁ@%ﬁhﬁ?&bw addi-tion, .the

nol ecul es are tightly arrang t only e fragnents such as

t-butyl -20and 25 possibly CH=CH - CH, are com ng off and the whol e nol ecul es
of t -butyl. phenol are 19 off.. ESCA : 5 |1.ook at different
dept hs of surface. ESCA : OSIHpY PAE 2R st rom whi | e
ToF SIMS onty | ooks at: 10- Angstrom depth Ttwes -agr-ee.

Temeratm - ~lmm _ dmm
1soc° A e ;40 60,__ .. 40060 - 50:50
130Cc. T 6040 56:44 - 62:82
110 CR. SELTES LS U633t T 6436 - 59:41
No Heat o 7723 L

30
| Initially, it did not seem to ‘make sense to find surface concentration of
 additive more than twice of bulkconcentrauon However, we believe that this.'c.an be
explained by the molecular weight of the additives. Molecular wéight of the additive
of about 600 is much smaller than that of host fiber forming polymer. As they are
'35  smaller in size, they can move along evaporating solvent molecules. Thus, we
achieve higher surface concentration of additives. Further treatment increases the
surface concentration of the protective additive. However, at 10 min exposure, 150
C*, did not increase concentration. This may be an indication that mixing of two
components of copolyamide and oligomer molecules is happening as long chain
40  polymer has a time to move around. What this analysis has taught us is that proper



30 Exanple 6: Devel opment of Surface Coated Interpolyner Type S Nylon was
originally devel oped to prepare sol uble and crosslinkabl e ~#ke§f ARf 3505
coat i ngwayébAgdxesi ve application. This type of polymer igemedgr Mt he WO
02120133 - 4 MAR 2005 PCT/USOL125111 3 reacti on of polyani de 66 W|th

f or mal dehyde and al cohol in the presenc 7of acid. (Ref. Cairns, T.L.
Foster, H. D.selection hBpgst eatmenSithe sidiigmperatie casehlizsich performagee, WhileAm  Chem

Soo_1949 7 Thi s e of can be electrospun and can be
cross-1i _nkegﬁ)o E?Rﬁe‘%?@?sm?ﬁ%ﬁw]o‘?g%%%gﬁ WPEm t hi s polymer is inferior to
copol yam des and WeGQaghdritkhfifhes # duefabe bth¥se ddditpredadent RicRifibRA Birdg/ pe 8
nyl on, 10-gallon high-pressure reactor was charged wth the follow ng

ratio: 10 Nylminmcees callgdobine af Wlight JDAS. Tids schimgee mvelweahenbaremg thpunds

. Water 2. pou ounds ~The . .r hen fl ushed
W th it PogaiititiiE eHBpE A Gbservrsaiagl iSGUNE SOIE ol RELE, THE B (e ' he

desired t enpgififdik bAdiiRes shoRCdiShic Hifidbén Speaits ete/c@ﬁmgeﬁdlpoaeomudemmas

catal yst. Acidic cat aldi[hrt s include t nfluoroacetic acid, formc acid,

t ol uene sul i electsen. T hips as ipdigetion thagobyasnide Fyesiasaes broker ofk It alsaci d,

pht halic C t her eof
Nafion(r) p%ﬂx‘% ge%g%&rhglﬁglgﬁgeh&tﬁgggmsﬁﬁt{pgﬁu?@gg @?’P@’é%ﬁ&?. on of
catal yst, rewtpledwhih additits withodthe@Qreafinenti(2a e’eaddyﬁlee:meeﬂmao@ eneous
pol ymer solution_is forned at this stage. After the droxide to

short st df tMﬁ@@hpwa@mtmleefebuelﬁaemeaw%sem HVHS t he

solution is | ymer are
Formed. 25 ARGt aRel B REMEbORE O if R i hace dthe ﬁ%@%ﬁﬁaﬁhﬂ% Thi &
pol ymer is gebkllvithinhss diffeséncbsst 148ant, corréspording e t-baiyl pitdnobfFdrike hi gh
pressure vessel |s transferred to a -bath containing nethanol, water and

base, |ike ZAmpln Geatedatlfmigat 550 S 60.% W%W“VWWU%P Bt |
bt anol ar}ﬂal&@%j rmﬁpeéﬁolhrshﬁw\é”dhm«ggof tol;utyﬁfrgérﬂ&ts and trace, if at all, of

15 peaks for polyan:nde It does not show peaks associated with whole t-buty! phenol

J_r

and 1ts polymers It also shows a peak associated with CzH3O fragments
The ToF SIMS analysrs shows us that bare polyaniide ﬁbers will give off
broken mtrogen fragment from exposed polymer cham and contammants on the
surface with ion bombardment. Additive without heat treatment shows mcomplete
20 coverage, mdrcatmg that additives do not cover portrons of surface The t-butyl
. -oligomers are loosely orgamzed on the surface. When 1on heam h1ts the surface,
whole molecules can come off along with labile t—butyl fragment Additive with
heat treatment promotes complete coverage on the surface In add1t10n, the
) molecules are tlghtly arranged so that only lablle ﬁ'agments such as t-butyl-, and
25 | possibly CI-I=CH—0H are cornmg off and the Whole molecules of t—butyl phenol are
not oommg oﬁ' ESCA and ToF SIMS look at d1ﬁ'erent depths of surface ESCA
looks at deeper surface up to 100 Angstrom while
ToF SIMS only looks at lO—Angstrom depth. These analyses agree |

30 | - Example 6:
| ' o Development of Surface Coated Interpolymer

, Type 8 Nylon was ongmally deve10ped to prepare soluble and crosslinkable
resin for coatmg and adheswe apphcatron. Thrs type of polymer 1s made by the



proportion. They are also soluble in blends of different alcohols. Thus
formed al koxy al kyl nodified type 8 polyamde is di ssol ved #n

wat er mgwidh isozdol ymer solution is electrospun in a mannger/@esgisitied 1 n
Barris U S. 30 Pat. No 4, 650,516. Poly sol ution viscosity tends to

I ncrease with tine. I's, generally kno t hat pol.yner viscos has a
great infl uerﬁé‘éﬂ?w%mlwdﬁ oA §vith igepaldel aﬂQﬁi@BOL ip thepregenee Ptefv id. ¢

control the 0 C d Mar R
Furt her nor e, &Endgrﬁﬁggégeﬁcon ériilig?léiglt%yh/lgré @%%&d%sﬁdgeﬁgt fror% I
m crofibers aAsm. &&mfﬂoecl%ﬂ;’m 64%). cﬁpompemfpelymerbm\bwdeetm&pmmamdlmol ution

Is prepared with a 02/ 2013 20 PCTI USQ1 251 1 39 of

aci di ¢ cat al EFIOS%g‘E‘ﬁedagP %fgmé’éf’?l?ﬁﬁg@r 8, ﬁﬁ?]é‘F'(‘?r e, trifluoro

met hane sul IcGn b bic acid and the I|ke and fi ber
5 Ié?[{ﬁ legand:droésh g cgléx bé ﬁ?"fké’

mats are car eat- trea er formation, the resultant flber
has a very good cllmmdeatoprelmrety@e@mylom,ﬂlﬂggaﬂlenb&)hpmmmwWes chakged
during the croq St so that one does not 5 destroy fibrous
structure. ‘i‘é{} ?%ﬁ{!ﬁ%{’%gur prising result when type 8 polyam de (polyner
B) is blended with al cohol soluble copolyam des. By replacing 3 0 % by

wei ght of al koxy alkyl nodified polyamd e 66 with: al cohol sol uble

copol yani de |.i ke mm(dﬂlpoﬂ@ytcl(h%gyner AP, mupdsri de 8061, synergistic

ef fects ere foundMetliroér formation of the 180 fruedsl is nore efficient than
-ei ther of the conypsents al one. Soaki ng i n 2 hgowalis and nmeasuring -
filtration effici gpapalagigyae better than® 98%fg pdumnaé i on efficiency
retention, THC bench testing showi ng conparable results with Type 8

pol yanmi de alone. This type blend shows that we can obtain .advantage of
efficient fiber fOhewddctnnisthen Exsteid|veith nitiolen and i heatbd tooat fieast $35 C°.of

copol yamnj de vmth advantage of excel|ent 15 chemical resi tance

crossi i nked Bpdss paesswiey Wiken die depirerhtmpsrwre; wag rege}}egngp %’E%mdc hat

I Qs
Prglnntcgloflsgénﬂ)O?Eq&l%%g%%?@?g?%ﬁégsllﬁ%%&é‘?H}ggfblgcgt&res E‘%g) H? bl ends
of pol yner AtddneheBulfoniomsid, mahbncsztmd;gmlssloa:bhxadﬂdeophthﬂniao&ﬂ, pptialicer A al one
ft th 250 Jul t'h d t t
A e S e T R I E e R T B A
are a fully Lnheghadesd é’&JtdIyEQVAR&MtYdﬁEdfcﬁtaHs?%édchﬂﬁbf&ewstdptB@JOyWEf A.

This is a conpl etely new.class of polyamde. 'Simlarly, nelt-blend poly
(et hyl er@!)tennmttema{mw): hompgenepmwlpnlewcdtﬂ@nls formed at th1s stage After the

. )spemﬁed reactlon tlme the content of the hlgh pressure vessel is transferred toa

| ” baih conta.lmng methano], water and base hke ammomum hydroxrde or sodium
_ hydro:ude to shortstop the reaetlon Aﬁer the solutlon is sufﬁmently quenched, the
| rsolutmn is prec1p1tated n de10n1zed water F luﬂ"y granules of polymer are formed.
25 .Polymer granules are then centnﬁxged and vacuum dned ThlS polymer is soluble i in,
'\ methanol ethanol proPanoI, butanol and thelr mlxtures wﬂh Wa.ter of varymg
.‘ proportron They are also soluble in blends of d1fferent aloohols '
“Thus formed a]koxy a]kyl modrfied type 8 polyam1de is dlSSOlVCd in ethanol/
water mucture Polymer solutlon is electrospun ina manner deecnbed in Bams U.s.
30 Pat.
No. 4,650,516, Polymer solutxon v1scos1ty tends to increase with time. It is generaily
- known that polymer VlSCOSlty has a great mﬂuence in determmmg fiber sizes. Thus,
itis, dlfﬁcult to control the process in commercral scale continuous production.
) ‘Furthermore, under same cond1t10ns type g polyamldes do not form microfibers as

35 | 'efﬁmently as copolyam1des However when the solution i is prepared with addition



terepht hal ate) can have simlar properties. During the nelt processing at

25 tenperatures higher than nelt tenperature of either co /ﬂgjva Q@G
group eaxgoapgesz occurs and inter polynmer of PET and PBT g@©f 25111

Furthernore, our <croosslinkingg terrper re is lower than either of single
conponent . uId ave expect ch han ccur at
this | ow tenﬁg?cgg‘ﬁtcéta Yﬁhé}“g]f%rt%lu ‘i/\ﬂﬂ 8'}cl @&Lr’%aklfé‘f a‘&)éﬁf‘g‘ﬁ 'éOTﬁgW g%‘?\ |y of
pol yami de th&xﬂﬂﬂﬁb 294 Yitrie Aci! fbﬁtg Hﬂ;ms @d%@rfﬁﬁﬂ%r@c?@fu}’l?%’ee%tde and

crosslinl an at tenperature | ower t an t ting polnt
conponent . V\Irearted\aﬁa:cﬁimd f(ﬁ‘ﬁﬁﬁlhgﬂ_, theregtifand fiber tas b werydved chemial gsistance.

{Additive 7) .and aj, trea enpe ture ece rosslij nkl ng
t enper ature, (ﬁg""ﬁa{gg {‘: P%é‘ig& @%%@%ﬁﬂg‘f}%ﬁ 0 even
better resul fstro yqigrg,gq,ruzugﬁfgthat hydr oxyl functlonal group of t- butyI
phenol ol i goner woul d participate in reaction with functional group of

type 8 nylons. \\WWéthave foende fuopmsing sselhivden typp Srpoliansgds (riymperdijiisles good

T, e e MRS 810G SRS ol O

prepared sanpikePmeflifEipblaidy 64 @it ﬁl%heﬁ s@ﬂiﬁld’&:'pbf i lﬂéﬁsw 637 &¥gs1and
anot her sanpl e of m xture of Pol yner B and Additive & (Sanple

A, Polynme
6B). W then(rfolymemAl, ﬂb%mdwo@ emqrgstpi @ﬁ’ﬁcﬁgw@mm Fﬂ@r;fmonlﬁé i ber

N T

25 Conposi ti ﬁi&az(lﬁ%§§ﬂﬁhtﬁ)u@%€ﬁ&ﬁh@%s%@ﬂéﬁﬁén B0 Fhrdtoh \iRticRY QetéRtidddi ti ve
70 .10 Surface ConpositionWO Heat WHeat WQ Heat W Heat Polyner A&B

(% 110010068 THEbanchrsting showing sampswble resmtinpithdivie§ polysmidesiononThsgar di ng
surface co rrp% tbie%ﬁ sh&®S 8Bt wh r(1&11 obtain advantage of efficient fiber formation and

excellent filtration characteristic of copolyamide with advantage of excellent
15  chemical resistance of crosslinked type 8 polyamide. Alcoho! soak test strongly

suggests that non-crosslinkable copolyamide has participated in crosslinking to
' ‘maintain 98 % of filtration efficiency. -
DSC (see Fi 1gure.s 17-20) of blends of polymer A and B become
_' indistinguishable from that of polymer A alone afier they are heated to 250 C°. ‘
20  (fully crosslinked) with no distinct melt temperature. This strongly suggests that
~ blends of polymer A and B are a fully integrated polymer by polymer B crosslinking
- with polymer A. This is a completely new-class of polyamide.
‘Similarly, melt-blend poly (ethylene terephthalate) with poly(butylene
terephthalate) can have similar properties. During the melt processing at -
25 | temperatures higher than melt temperature of either component, ester group
- exchange occurs and inter polymer of PET and PBT formed. Furthemmore, our
- ‘crosslinking temperature is lower than either of single component. One would not
have expected that such group exchange occur at this low temperature. Therefore,
. we believe that we found a new family of polyamide through solution blending of
30  Type A-and Type B polyamide and crosshnkmg at temperature lower than the
melting point of either component. :
‘When we added 10% by weight of t-buty! phenol oligomer (Additive 7) and
- heat treated at temperature necessary for crosslinking temperature, we have found



‘concentration of hydrogen. It provides information on carbon, nitrogen and
oxygen. Since the Additive 7 does not contain nitrogen, mlpMA@%QU@ﬁte

the rat iz, §ae7is rogen containing. polyanm des and additi vig#{ah98§S not
contain nitrogen by conparing concentration of nitrogen. Additional

qualitative. information is available by#030 . exanining 0 i s spectrum of
bi ndi ng. . enevenpettratsdien Wedtheorized . th&2ipdaikyl fictional pong of ivbstyhphénadi ng

energy at .arqund 531:eV and C-O . bondh . bindin ner at 533 eV
By conmpar i ngPHEomers wevléwcmatqmg@hpw gho OBE??f igﬁé'lké“sr el ative

concent rat | ofyyg o B AELP s b AR a0 brfs 306l WGk hkkgiof th sl el y

%
G .Q groups. Polyner B has C O linkage due to nodification and ;upon
cr ossl i nidr i soprive=d3Bsistemedo hight temperfurcan high himmiditycanddgdrophsoisity dmf i r ns
such reaction ha ir:)g%%d occurred, showi ng relative decrease of CO
| i nkage. (Fi_@'ﬁrS 3cerol finf, Sheta%ersy r eat ed mxture fiber of Polymer A and
Pol ymer B, Fi gurew%ﬂaeégﬁﬁﬁ%dﬁllﬁﬁfegefﬂﬁ:&ﬁfédr@l«)iym&@(aﬁpolyfheiVB gk VO

02/ 20133 PCT/ USQL/ 2511 41 Polymer A an ol ymer B). Whén Additive 7
nmol ecul es’ ar @A parelsaothepsantpile oSunixtaxeayf Potymecrds Polupeardd amdAddisive& O | i nkage.

This is ind t b in. Fi. 3 and 4, . LFi 3 f
R Spun i xt GRERH G0 as e el S0 SR sl rapiithe AroodinPiclea 4 D O 1
for heat .treghed 300% f3f €0 fikRESard evBRIaAR e ArfalobotipssifforeREESCANicfaty e 7) .

Figure 3 shows that the concentration of GO linkage increases for Exanple
7. The fliUndiamglyists: consi stent with the surface concentration based on XPS
mul tiplex spectrumof Figures 5 through 8. It is apparent that t-butyl

ol i gonmer nol ecules mgrated toward the surface of the fine fibers and form

hydr ophobi ¢ .coat i Tigh1®&ho¥RBSC A ndlysid ¥PSarpley6an8B. 10 functional groups
such as -CHZOH and -CHzOCH3 , which we expected to react with -OH group

of t -butyl” phenol. Thus, we expected to see |ess oligomer nolecules on

the surface of th i . 7o have fo t our hy. 2SS Was not
correct and we %ﬂnh&ﬁ%({éff ace of %ﬂﬁgpl%%?&er pol'y'mga?ﬁﬂg?% thin coating.
Sanpl es 18A, 6B arRblgmeefeat of sanple deXrri bed in SectBdén 5 have been 15
exposed THC benchpgitmdf@F at 100% RH. -1y previ ous sectizgn, the sanpl es
were exposed to A48Eyand 100% RH. -Under phese conditioRg, t-butyl phenol
protected terpolyner copolyam de from degradati on. However, if the

tenperature is raksed 160F an e , n,the:, y! wPReRP!
oli gome:%oi S not a -W%S@W°B$8Fecmgq{§%§2 um?ﬁyi nig q g%%)tol ;ﬁmer P
copotyarfirde fibers. W have conpar egosanpl es_at 160F and ,100% RH .
Tabl e: Retained F??‘)S_“}F’l" &8 €)X i ci enclfter éﬁ?’o*sure't@éng ﬁ%ﬁ 100% RH

o Addiive7 00 S 0T 31T 579

'

25 ESCA provides information regarding surface composition; except the
- ‘concentration-of hydrogen. - It provides information on catbon, nitrogen and oxygen.
Since the Additive 7 does not contain nitrogen, we can estimate the ratio of nitrogen
‘containing polyamides and additive that does not contain nitrogen by .comparing
concentration of nitrogen.: Additional qualitative information is available by
30 .. examining O 1s spectrum of binding energy between 535 and 527 eV. C=0 bond
has a binding energy at around 531 eV and €C-O bond has a binding energy at 533
- eV. By comparing peak heights at these two peaks, one can estimate relative -
" concentration of polyamide with predominant-C=0 and additive with solely C-O
groups. Polymer B has C-O linkage due to modification and upon crosslinking the
35 concentration of C-Owill decréase. ESCA confirms such reaction had indeed
‘occurred, showing relative decrease of C-O linkage. (Figure 1 for non heat treated
mixture fiber of Polymer A and Polymer B, Figure 2 for heat treated mixture fiber of



25 Sanpl eAfter 1 H.After 2 Hrs. After 3 Hrs. Sanple 6A82.682.685.9 Sanpl e
6B82. 488. 491. 6 Sanpl e 510.1 30 The table shows that Sanpl e-lf:EM p%{][]@r ot ect
exposur guhepd9h tenperature and high humdity. Mre Stf'bi‘ I{f erence
shows when we exposed to droplets of water on a fiber n we pl ace a
drop of DI water in the surface of Sarrpl"é 6A, the water drops I medi atel y
spread ' acr oPolyntee'A 4ol Redymensi). SWHeh Ayiditive 7tnhxde@utm¢ar®e¢a;p@he aiss, wel | .

On th th hand, th f f S I
68, 1 he s ePmar e maot of A Tinfasdd fhis sl Inc st B8 par W 4B B O ST ©
mat. W  haveigimedk Biagd 4t Epﬁﬁfé@ £ 8s-punIaiiehe fbbrd oF ¥d8 ORiIpRLEB Rk
addition of ollgoners - 2005 02/ 20133 PCT/ USQL/ 25111 42 of

p-t-butyl phé\rddltlve'ﬁh |Fsgltr9 ﬂefor)heaptrgmtmnttm ﬁi@r&@’r‘el?;plmehAv\B@l&meﬁBsfm
elimnato Wi | | o thr £ flb face
| ayer of gan%%gmé@% S%WS t%%qé%%’ ,”0 f?ﬁplfnéag? m’é"ﬁc {'5 wer e

pl aced in anEaxafle wwﬁfemﬂdmg is QOIS EitWith the SmFle oahc&haﬁonml@ae)nmvs t hat
both Sanples 6A and 6B 5 remain intact while Sanple of Section 5 was

severely danﬁg@@lemp'@ﬂm%fmihr%hﬁ ber Efficiency after Exposure to

. 310F. 10.... Sanp Af t %4.0
6B10094.00% Sanpl ek 25 qpatin ﬁ%ﬂlﬁk ﬁ%”@ﬂ%f‘%“ﬂ ?a%‘? %{ﬁéﬁd ?&%@@eﬁ%ﬁaﬁ@ﬁfone
i nproved t he tHe fitfe fitkrd fATBrA LY phetit s@mge;f@ﬁodtlsne&f iropé 8 nflodrhast he
addltlon of Additive ‘7 has a neutral effect on the high tenperature

exposur e 0 e funglienal geeaps sudaswi Al andrEH Oy which we @%6109%?33“ with
| d | f tyl
'Sﬁgﬁolyar;r oSi agg@&%su%egrﬁﬁ) IEEB'gdrlo gfs I N ﬁ&?%l ng | ne%@@%%og%gfﬁ' Oggvgre

envi ronnment Wetsarfhegufakedbes oWclidveifonndtBati our Bppothesis was not cowect adiwner

m xture of terpqlyner copol yam de and t-butyl phenol oligoner or the
m xture of t@?‘-\%l %‘Ih?aIPFP’dP@Mh&? g Ccedtg nodified nyl on

Samples 6A, 6B and a repeai of sample described in Section 5 have been
15  exposed THC bench at 160°F at 100% RH. Tn previous section, the samples were
| exposed to 140°F and 100% RE: Under these conditions, t-butyl phenol protected
terpolymer copolyamide from degradation. However, if the temperature is raised to
160°F and 100% RH, then the t-butyl phenol oligomer is not as good in protecting

the underlymg ferpolymer copolyamlde fibers. Wehave compared samples at 160°F
20 and 100% RH ' - e

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

Sample After 1 Hr.  After 2 Hrs. Afier 3 Hrs.
25 S
Sample GA - 826 82.6 85.9
Sample 6B © 824 - 884 91.6
- Sample 5 Co 10.1 L

30  The table shows that Sample helps protect exposure to high temperatme and high
 humidity.

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

35  well. On the other hand, when we place a drop of water on thé surface of Sample
6B, the water drop forms a bead'anti did not spread-on the surface of the mat. We
have modified the surface of Sample 16 to be hydrophobic by addition of oligomers



66. These two conponents m xture are al so i nprovenent over Elﬁ&lﬁ G onent
system 25 Exanple 7- Conpatible Blend of Polam des and Bi"ste A ymers

A new f g h20253 pol ynmers can be prepared by oxidative cop@hus@/giiiphenolic
ring (Pecora, A, Cyrus, W US Patent 4,90Q0 071(199,0.and Pecora , A

Cyrus, W; Johnson, M US Patent 5,153,298(1992)). O particul ar interest
i s pol ymer nekrt-batyphaiol pEhisdypeofasodnchgandiosag af 2 wakes mistelingpalor, as

Per oxi dase catal yze i | . ' %hgﬂgg]g_m ei ther side
of two -CH g%%%ﬁémpg@sngﬁ%élgﬂoﬁh%ﬁﬁﬁgg .sﬁﬁ%ﬁgﬁﬁt ased pol ycar bonat e,
which is linear, Shinplek¥pecBfanBiasppeansimple pbEaatien 5 ware plachd rearbewenched

pol ymers. Because of hyperbranched nature of this pol r, , they | ower
vi scosity of Whefleyhe tenmicgature wasselgt 38\ ’Fm%é@atg’ﬁﬁg&%@%gaﬁg%henol A
. pal ymer gcan_ he.s Wele h@ﬁ' 413 HamBlad, USOL/ 25111 43

bl ended V\nﬁct h" po ygir%es. e|§ea§1r eﬁ%ﬁﬁg\g}%ag%ﬁugi Lt%{oar aneter for nylon
Is 18.6. (Page 317, Handbook of Solubility Paraneters and ot her cohesion--
paranmeters, A.._ Barton ed.,_( Press, Boca Raton Elgrida, 1985) If one

cal cul ates s&pblgi Retamed fip ﬁt%?gﬁi%%ﬂﬁ ﬂgif, %HW&B.QEQPJ- Sol ubi ity
Paranmeters), then the calculated 5 solubility parameter is 28.0. Due to the
differences in solubility paranmeter, one would not expect that they would
be miscible with Bamhleot her. Howdfiar 6 Hws. f ound Afteaf/7dhey are quite

m sci bl e, and provide unexpected pr rties. 50:50 nd of Bisphenol A
resin oflMw 3,0 Bmﬁir.‘:’o&c(opol yami dgé) ¥ds made in e&%ol sol-ution. Tot al
concentration in Sample®h was 10 %d00%0pol yani de al¥@ 10 woul d have

resulted in 0.2 nBewple Fiber dianet#% Blend resul t&Yein | ofty | ayer of
fibers around .1 mcron. Bisphenol A of. 7,000 MW is not stable with

copol yam de and nds (o.precipitate. SC% 0: 50 bl en hows | ack of

el ti ng terﬁteawm‘%ﬁ#%O%ii@WF & ﬂdg&t%e;}l nd 150 degr ce
and bl gphe thieTbfstafecfo fHRIEr RYLY, RS additfonvdfi AN dlverT hakontu : e

bl end shows | ac?k of ‘distinct nelting. "Wien the fiber mat is exposed to 100

degree C., t bifedtiondhe hgh tethperppesexposti s. bl end woul d- make an excel | ent

filter medi a wherg, upper .us e re.| ' I ressure
drop is required. -W@%‘Wﬁfé&m@ﬁ%ﬁ%‘gﬁ@ e‘r@g%eré%%ggé@g){ n g% RKE ﬁ a
reasonabl e NEMYEmodified nylon 66 and oligomers of t-butyl phenol provides a superior

~ products.in helping fine fibers under severe environment with improved productivity

20 . in manufacturing over either mixture of terpolymer copolyamide and t-butyl phenol
oligomer or the mixture of terpolymer copolyamide and alkoxy alkyl modified nylon
66. These two components mixture are also improvement over single component

| system. *

25 | Example 7:

.. Compatible Blend of Polyamides and Bisp‘lrlei_mer'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 1s polymer made of
30 - Bisphenol A sold by Enzymol Corp.. Soybean Peroxidase catalyzed oxidation of . _
Bisphcndl-’A can start from either side of two ~OH. grqups 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,
- ... theycan lower viscosity of polymerblend. = . . =
35 ¢, Wehave found that this type of Bisphenol A polymer can be solution



20 Exanple 8: 25 solid. W find dual role of Bisphenol A po|yner-t
uni que. Bi sphenol A polyner acts |ike a solvent and in sol“""rLI m%m

pol ymer a 30 Dual Rol es of Bisphenol A Polyner Asc®pk¢i®3iand Solid
in Bl enﬁzzltﬂ'?%ri sing feature of Bisphengl A polynmer blend 1s that in

solution form The follow ng formnul ati o_ﬁBi s made: Al koxy al kyl nodified PA
66: Pol yner iBendedGvith pdBiyampiden departad Bansen{sgobbdlityppranmséryioenylon $08-G

Et hanol 190 (¥ ad Ace . Dl water 167 . Cat al 9,3 g The
vi scosi ty of(gf’ﬂﬁ‘f glﬂ‘g&%ﬁgb%&%"ft&%@“ﬁéﬁ%rm 13 33908}358?5%31&“ a{/‘?n)éei%rﬁ’e% er. 35
Total pol ymeg,&pNGetr etrroR, Mes Baod Blofidd0 195 Basielclcafatdiabbliity B at 19. 2%
I's over 200 centipoise. Viscosity of 12% polyner B alone in simlar sol vent

i s around 4 MeRn@eOGapeshHasbeck offvinbilin Pasmeters)hethecalstlalng se. This is
a clear exan Lhat Bi sphengl [ esjn ts. Li e the
vi scosity of O{hﬁ?éﬁ‘?'é’[aﬁqm Ilﬁ?g‘gnﬁﬁgo *hg\ﬁﬁerﬁcaeﬁﬁg%g%@éyﬁﬁgggﬁ?tg %;s fi ber

di aneter. wagotld hot exflett @B they waldbenisBbR witle e dthel Howeder, wa fdunder

formation, the- expected fiber size wuld be less than 0.1 micron. In other
wor ds, Pol yribat theyansuite srigeibleand providasmerpecied PIORETLP®: do not know of any

ot her case of such..dr. t . role. o 3 ' t he
sanpl e i n et hanol %%g{’éﬁp Iof Pé#ﬁ%lhd %#eﬁﬁnc({fgg'gg'%;ﬁ@?%%oﬁ ifs)}a%deg\/\g?&heg%sur ed.
Af t er al cohalh ege@all sodtidif/Tetal tondentbtionin selution naw A9 YeGopodganiidedonnd t he

fiber size was. unchanged.. This indicates that Polyner C has rticipated in
crossl i il ngvewdihaye respliedingdbi pierpn §iges ¢ametep mﬁ%@/ﬁé‘tﬂt@dpj‘?@?ﬁé’?ﬂ tion was

prepared in J : It sl PRE BonoliRliddaer B
225 g B sph%‘%g? L&h@gnﬁ%‘ @3‘%‘1&2}@@39@%@@ ?.és&gdtgswa Vb BepolERisee,
778x g 15 Acgidteedsa®preyipifte.\Nat er 157 g. Catal yst 11.6g

DSC of 50:50 blend shows lack of melting temperature. Copolyamide has

=]

meliing temperature around 150 degree C and Bisphenol A resin is a glassy polymer
15  with Tg of about 100. The blend shows lack of distinct melting. When the fiber mat
is exposed to 100 degree C., the fiber mat disappears. This blend would make an
exée]lént ﬁltér media where upﬁef use temperature is néf very high, but low-pressure
_. | .drop is requ_iréd. This polyinéi' system could not be crosslinked with a reasonable
- L _ Examp' le 8 | _
| ,D‘l'lal Roles of 'Bisphei_lol A'Polymér As So’!ﬁent and Solid in Blend

A surprising feature of Bisphenol A pdlymé_sr blend is that in solution form
~ Bisphenol A polymer acts like a solvent and in solid form the polymer acts as a
25  solid. We find dual role of Bisphenol A polymer truly unique.
~ The following formulation is made: o
| Aikoxy éjkylmodj;ﬁédPA66: Polymer B 180g

“Bisphenol A Resin (3,000 MW): Polymer C 108 g

. Ethanol 190 Grade 827g

30 _ _Acetone _ 2188
- " DI water | S 167¢g
Catalyst S 9.3 g

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

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



Viscosity of this blend was 90.2 centipoise. This is-a very |l ow_viscosity
20 value for 24%solid. Again, this is an indication Pol ymer MARCPE0bI ke a
sol vent “ﬁ(;loi,ﬂ,e” sol uti on. However, when they are el ectr og@rosdinsnafi ber,
the fiber dianmeter is 0.438 mcron. 15%,solution of Polynmer B al one would
have produced around O.2-mcron fibers."I.n final state, hgeol. qer C
contributes Odcapelsgi Hys s aydear sxample they Risphepey A resin agts, ¥9 V& at es t hat
this type of acts as
S0l i o i nf PRARCHE RS TR I ACled schich B, IO ol RBratid. Moy RO
filtration efafetrengY). MﬁmeﬁnallﬁpdymeﬂBfaldmrpastmz;mterhm fihec Femgtidn, theanpl e
9: Devel opnent of .Crosshnked . Pql amj des/ _.Bi sp, he f Ier | ends 30
Three di ffer@mec@ﬁrﬁheéﬁlz%@%ld&eé%‘ért@dl%ynl%@ﬁ’ﬂl (ﬁger“é‘gfi?r ol s and
water, stgrr gnr rl é:ml, ;eom
terrperat ure t”M‘(‘ill%cat %ﬁﬁbﬁtf\%ﬁgﬂg}gdgggligngo ution H%’In thcéS m xtﬁ?gfa\%}aa?estl rred
anot her 15 ndum]tﬂeofa/ebmponmtdﬂlﬁerlseainsgtlgesempbnhlﬂhaunlMﬁlhemmred and spun

t fib 4 MAR 2 V\002/20133 [ USO 5111 Pol
Enpglyrr:ereixsefﬁ&wyﬁwn@ggetse&wq 5&@3& i%n ?gé Fﬁ@lfg‘m . ymer

Catal yst Vi Ssmch 6B ketainéd m@ﬁ%@rsﬁﬁﬁésotﬂlch df Dhik Q¥diiesBRY € shows
t hese exanpl es Ie 9ASanpl e 9BSanple 9C 8.412.614.7 3.65.46.3

7.210. 812. 6 BélyR#&? CTs pﬁrtﬁﬂ:a&amezceﬂumommg like B5odymer solid.

10 Another polymer solution was prepared in the following manner:
Alkoxy alkyl Modified PA66: PolymerB  225g
Bisphenol A Resin (3,000 MW): PolymerC 135¢g
Ethanol 190 Grade 778.g
15 Acetone 205¢
' © DI Water o - 157g
Catalyst . S 11.6g

V1scos1ty of this blend was 90 2 cent1p01se Tlus isa very low wscosﬂy

20 Value for 24% sohd. Again, this is an indication Polymer C acts like a solvent in the

solution. However, When they are electrospun into fiber, the fiber diameter is 0.438

micron. 15% solution of Polymer B alone would have produced around 0.2-micron

fibers. In final state, Polymer C contributes to enlarging fiber sizes. Again, this

” example 1llustrates that th1$ type of branched polymer acts as a solvent in solution

25 and acts asa SO]ld n ﬁnal state Aﬂer soak:mg in ‘ethanol soluuon, 77.9% of filiration
- efﬁelency was retamed and ﬁber size was unchanged_ |

' Example 9:
Development of Crosslmked Polvamldesl BlSphenol A Polymer Blends

30 Three different samples were prepared by 00mbm1ng resms alcohols and
water, surnng 2 hours at 60 degree C. The solution is cooled to room temperature
and catalyst was added to solution and the mixture was stirred another 15 minutes.

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



. 450. 580. 79 22 573.5134. 2 0. 140. 2580. 496 15 W have found o tM&@s@é[ﬁ
bI end generates fibers efficiently, producing about 50 %™
fiber to Polymer A recipe. In addition, resultal%T rlc

m cr oflwﬂgyzsﬁf’oduce a more chemically resistant fiber {%r a cohol soak,
a filter made fromthese fibers maintai #8d nore than 90 % filtration
efficiency and unchanged fiber diameter, even though inherently

crosslinkabl e polyner is only 4%20 oft e S|Id corr osition. This three
pol ymer conposition of co-pgi&is : ied Nyl on 66 and

Bi sphenol s excellent fi ber |y nt

mat eri al . E;&%;ﬁ:%}jggﬁio Al koxy al k ga% g%e CO- o%me ?élg b@tﬁon 66 and
N lon 46 | Pddyé&-Ball on high- pressur&e4reactor 12.6e fol | okf-Ag reactions
were nmadd, gulyméeresul tant pol yners wedé anal yzefl4 After ré3ction

t enper at ur e p@pmére@ched, catalyst werg added arglgreactedifér 15. minutes.

Afterward, t@BRPHYIBagoOl Ution was ggrenched, grecipitategs washed and

dried. k MA AP 02/20133 React orgqChar ge B gon 4,6 Qp Pont Zytel 101)
Nyl on 6 6 ( any 300) 5 Formald e Di Met ha Reaction Tenp
(O lég “m (CO " Level of Subg |tut|0n koxy( 7 % 15 Met hyl ol
(wt % CTI 25111 Run | OA 46 Rurt OCRun 10 % | OB 105555
Viscosity (cP) 225 73.5 134.2
Fiber Size (micromn) _ 0.14 - 0.258 0.496
15 We have found out that this blend generates fibers efficiently, producing

~ about 50 % more mass of fiber compared to Polymer A recipe. In addition, resultant
- polymeric microfibers produce a more chemically resistant fiber. After alcohol soak,
a filter made from these fibers maintained more than 90 % filiration efficiency and
unchanged fiber diameter even though inherently crosslinkable polymer is only 44%
26 _bf the solid composition. This three-polymer composition of co-polyamide, alkoxy
alkyl modified Nylon 66 and Bisphenol A creates excellent fiber forming,

chemically resistant material.
Ex ample 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 pblymer_s were analyzed. After reaction tempérafire was reached, catalyst
 were added and reacted for 15 minutes. Afterward, the polymer solution was
quenched, precipitated, washed and dried.
30



05555 8108108 0. 2-0.220.22 2220202020 1401401401501 SO 56. 738. 837. 738. 531. 8
241.1162.3184.9175.4189. 5 11.911.77.111.18.4 0. 140. 130. 140=260/ AR PR of
the pol yyBlo2B®ds W th.Nylon 46 and Nyl on 66 shows broad P%irﬁﬂioﬁfzﬂ;i?' t
tenmperature, which are |lower than the nelting tenperature of nodified Nylon
46 (241 C) or nodified Nylon 66 (210 C). "fhis is an indication that during
the 20 reaction, both conponents are randomy distributed al ong the pol yner

chai n. Thus, ' at we Vel x aGhl.e 3 Dol MRer, of . Nyl on

46 and Nyl on%%é%iy al kyEﬂﬁl i ~;'- - * LAt - LIS ubl e
i n al cohol s. ahdonrt 6t(dtiPent Akelabtpholipand water. . PsopertyASTM\yl og
6. 6Nyl on 4. 6%}1@,@5@2@5@4@1&@13@0& remgt hD63§. . . 13. 7@08. 500 5 El ongati on at
Br eakD63945- ggaﬁgﬁﬁel e Yield 'StreggthD63g8000-12g000 ; Hgexural -
Q %

St rengt hD790},WORPT1, 500 Tensile I\/b@i%l-us Xgh0 psiDg3' 8" 2 5502 | zod
hnpac t ft- é%%lcﬁf not chD256A 0. 552' : 0172§'ef | ect iﬂp Tenp%o nder 48158194
Fl exural Loa psi 25 Both are highly ciystalliné& and are not | ubl e i-n

comon al cohol s. . Source: Mdem-Plastics Encycl opedia 1998 - 4 MAR 2005 WO
02/ 20133 PCReegioy Pamn (49 Exanpl €144: D] opnent4bf | hikr pol yH . of
opol yani #@s Jigd(GDko a 1 nodified $§Fon 28866 cop®bl.Ymer & f or ndits on of

el ectrospun Tm (C®) ' 241.1 1623 184.9 175.4 189.5
Level of Substitution

Alkoxy (wt. %) 11.9 11.7 7.1 11.1 8.4

15  Methylol (wt %) 0.14 0.13 0.14 0.26 0.24

-~ DSC of the polymer made with Nylon 46 and Nylon 66 shows broad single
melt temperature, which are lower than-the melting temperature of modified Nylon
- 46 (241 C*) or modified Nylon 66 (210 C®). This is an indication that during the
20 -reaction, both components are randomly distributed along the polymer chain. Thus,
- webelieve that we have achieved random copolymer-of Nylon 46 and Nylon 66
‘with:atkoxy alkyl modification. These polymers are soluble in alcohols and mixtures

of alcohol and water.
| Property ASTM { Nylon6.6 Nylon 4.6
T T 565°C 295°C
‘| Tensile Strength’ -+ -2 .. 11 D638 © 13.700" - 8.500
‘| Blongation'at Break - | D638 | = 15-80 - 60
| Tensile Yield Strength - = | D638 { 8000-12,000 |
[ Flexural Sirength. -~ | D790 17,8000 | 11,500
Tensile Modulus x 10° psi-* |{~D638 | - 230-550 | 250
Izod Impact fi-Ib/in of notch | D256A | 0.55-1.0 17
Deflection Temp Under D648 158 194
Flexural Load 264 psi

25
Both are highly crystalline and are not soluble in common alcohols.
Source: Modern Plastics Encyclopedia 1998



. addi ti onal

fibers 5 Runs 10B and 10D sanples were nmade into fibers by WEM)@S%

- described in ,above. Al koxy al kyl nodified Nylon 46/66 (Pol yhe %e
wer e Suﬁﬁﬁﬁﬁzfoi’i sl y electrospun. Blending Polymer D w t pdobsuiBsA brings

: enefits of nore efficient fiber formation and ability to nake

bi gger fibers without sacrificing the d&fosslinkability of Polymer D as can

be seen in the followi ng table: 10 1Bx:Raplerddr | OB Pol yner |1 COD

Al onew 30%Al onew 30% Pal | yer A 0 183{ 46140 190. 3 Fi ber

Si ze(nicron) Fiber Mas2eE APREEIMI) Ret enti on(/ a)

: ent fe
% Ly 1 it el

20 Fiber Mass ' n?@dlﬁéﬁ th /66 b bR BordfationbeldctiRpug T 0SS
sectional areaj: etention i s neasur ed soaki ng
filter sanple in ethanol. Fiber si ze Whersunchanged by al cohol soak Exanpl e
12: 25 Crosslink , ect PVA.  PVA er.s d from
Al drich énheni cal 2[9“’3?9553 M@%Eﬂ@gﬁvﬁﬁr’é‘i‘@ %W@F&Bpp‘gﬁfggeﬁxt ure of
met hanol - andypagt, %{Iko%}‘ﬂkyl’ﬁﬁﬁﬂéhl\%ﬁﬂon ¥6/65 (B pHEl Dﬁlﬂbﬂﬁweﬁ%ﬂéesgﬂﬂﬂ¥t ol uene.
sulfonic . acid catalyst” before &l ectrospl nni ng The resulting Tiber

was crossl i ndtedrospurs Blending BolymsoD with PolymenArknags ajditiond bengfite phweorag t o

ThHC Dench. 40,2008 ¢ Clol'SE1 Foub duociiaRa Thes HAASR IRkE AR TR ! ©

M W 31, 500- 590 QB0RbBGUF PAIRRRTI ab O B0 Rithe SORvARg £B8: PVAL0101010

10
Polymer 10B Polymer 10D
Alone w/30% Alone w/30%
Polymer A Polymer
A o _

15  Fiber Size(micron) 0.183 0.464 0.19 0.3
Fiber Mass Ratio 1 3 S 1 2
Filtration Effi. '

Retention(%) 87 90 92 90

20  Fiber Mass Ratio is calcﬁlated 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 . s Crosslinked, Electrospun PVA

PVA powders were purchased from Aldrich Chemicals. They were
- dissolved either in water or 50/50.mixture of methanol and water. _Thex' were mixed

. with crosslinking agent and toluene sulfonic acid catalyst before elecirospinning.
. The resuiting fiber mat was crosslinked in an oven at 150°C for 10 minutes before
30 .exposing to THCbench. . - L



Conc. (% WaterM xturem xture (c)M xture (d) Sol vent O her

Pol ynmer NoneNoneAcrylic AcidCynel 385 O her0030. 30 Pol yrrer/“‘lif\/MA% 2%5| ber
0 (a) Ow@oble133 Retained THC, 1hr. % Fiber Retained THGGTuSois111(a):
Tenperature 160F, 100% humi dity (b): Tegperature 140F, 100% humidity (c): .
Mol ecul ar Wei ght 2000 (d): Mel am ne fornel dehyde resin from Cytec 95 (b) 90
(a) 20 (b) Exanple 13 A conventional cellulose air filter nedi a=was used as
the substrate. This substasde R a Sasple 138 ght Ssrple 12Goundiemmde 123000
square feet BVArazier perneability of 16 feet per minute at 0.5 inches of
wat er pressurl®ydiobpis a t hi c¥e3s of 080482 i nches, 8488 a LEFS &F89ci ency of
41.6% A fineMfwber | ayes1,860-Ex000 81)50050600 adug00-50,000e FySGRsG000ISi ng

t he process piggcri bed with almom' nal fihegr dianeterjgof 0.2 mcrens. The --

resul ting conpgs |{ had a LETS 'efficiency of 63.7% After exposure td
-140F air at 0 reI at | veiyr. di ty fq;Fm%rgour tgﬁm trat anpl e
was al | owed %ﬁg&ﬁ{q‘ % It then a LEF r(g] Q’? ncy %56/0. :
After -exposir ? 50F ai TOX  100% r éﬂlve hum

.conposite s 20 al 1 8wed to coolYand dry, i then had EFS

eff| ci ency | qg the mathematical formulas descri bed, the fine

fi ber |ayer (E%)fICI ency retai ned after 1 hour of exposure'was 13% the
number of ef%dibéve fine fibBéa)s retai nBdabhs 11% 29G)Lr .MAR Z50B) WO
02/ 20133 PCIR¢thiged THE), 11

1 hr.

% Fiber 90 (a)

RetamedTHC

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

0 7 Examplel3
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 a LEFS efficiéncy of 41.6% . A fine fiber layer of Example 1
15 was added to the:surface ising the piocéss déscribed with a nominal fiber diameter
of 0.2 microns. The resulting composite had a LEFS efficiency of 63.7%. After
-exposure to 140F air at 100% relativé humidity for 1hour the substrate only sample
- was allowed to cool'anid dry; it thien had a LEFS éfficiency 0f36.5%. - After
exposure to 140F air at 100% telative humidity for 1 hoiir 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%.



49 Exanple 14 A conventional cellulose air filter nedia was ;@2&)3@ he
substrate. This substrate had a basis wei ght of 67 pound“s'“ib U quare
feet |, WofghBgissr perneability of 16 feet per minute at praidoniefies of water
pressure (?rop, a thickness of 0.0 12 inches, and a LEFS efficiency of
41.6% A fine fiber layer of Exanple 5 4%as added to the surface using the
process described with a nomnal fiber dianmeter of 0.2 mcrons. The
. resulting conposite had a LEFS effici e%é o‘f!e%?.O% After exposure to 160F
air at 100%relative humdity for 3 ho ubstrate only sanple 10 was

al l owed to cool angoilieitional cdlifesemdiiiter ifdt whi bseiden e whstddic.3¥hisAf t er
exposure to 160F air at 100%relative humdity for 3 hours the conposite

sanpl e was subdteateland: abasisoveightdf o Y pounds pret 0N sauae (¢t 52 EFagdi ency of

68. 0% i ng_the..nat tical fo | B Cld , f fd ayer
effici e#iy %glf"é?a#?gg? 8? ? eegperﬁglﬁugen%{ﬁsz% ggsugrfép a&é/a{g ré%@;e qrﬁé’ % e?dsof

ef fective figre.0inhedes al ANERS ¥sicadof 4R6%X e fiber AiyeosiExdnila sl
cellulose air filter media was used as the substrate. This_ substrate had a

basi s wei ghtwasfaddad tedhnefase using tles prgoess desaibed with anominsl fiher dmsterapi | ity

of 16 feet peh 1 Nute ' 0. | ckness 20
of 0.012 i nccﬁggn m%?ﬁ%“%%&é%ﬁ%@?@%@?% g%ﬁ%%ﬁﬁéﬁﬁi iOb/grA#‘gPyer of a
bl end of Pekyssite toA ARG PO% reBtigs haidityl foe8 hburs Exeasyblseatt ondyssaagpded t o
the. surface using the process_describe

it Lnal fi di t f
02" i o e, VRIIPBEd AR sanhand G BIbELICALBLS ERiSengY P S0ty ANE 02 0% A L er

exposure to 1 _23](;590 &6l uﬂ!i% iy QaHpcitk Rgmpbstrat e
onl-y sanpl e e\%g(géﬁgﬁoolv@g 0 (:{ggﬁ’eljg%’g&%rﬁy, |%g%1%% tl%ad a %E%’S e?f i ci ency
‘of 35.3% Afvgralloasd @sevot ahddid @fhai haded LEBS tficiencp bi 68.00k nUsing yhef or 3

hours the conposite sanple was allowed tq cool and.dry, |t then_,had. a
LEFS ef f i cimathgmygicabiormyias deww%sitth%%ﬁﬁ%h%ﬁf& ,01?'%%’&8{&&?‘1&3‘5&% bed, the
fine fiber | r i Ci t @l : Risnes, 96% the
number of  cf P ofEaPpkEREY S4B, B AR b L R Bs 8%

02/ 201335PCT/ USA | 25111 50 Exanple 16 A conventional cellulose air filter
nmedi a was used as the substrate. This ubstlr%e had a basis wei ght of 67
pounds per 3000 square feet , a Frazi eX3mple

A conventional cellulose air filter media was used as the substrate. This
~'substraté had a basis weight of 67 pounds per 3000 square feet , a Frazier

permeability of 16 feet per minute at 0.5 inches of water pressure drop, a thickness
20 0f0.012 inches, and a LEFS efficiency of 41.6% . A fine fiber layer of a blend of
Polymer'A aud Potymer 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 éxposure fo. 160F air at 100%
.. relative humidity for 3 hours the substrate only sample was allowed to cool and dry,
25 ° it then had a LEFS efficiency of 35.3%. After exposure to 160F airat 100%
- relative humidity for 3 hours the composite sample was allowed to cool and dry, it
" then had a LEFS efficiency of 86.0%. Using the mathematical formutas described,
the fine fiber layer efficiency retained after 3 hours of exposure was 96%, the
number of effective fine fibers retained was 89%. ES
30



perneability of 16 feet per mnute at 0.5. inches of water € p, .
a thickness 5 of 0.012 inches, and a LEFS efficiency of 4?%@@%%@

fiber | ayghr@fizfol ymer A, Polymer B, t-butyl phenol oli germseassigescri bed
in Exanple 6 was added to the surface using the process described with a

nom nal fiber diameter of 0.2 mcrons. e resulting conposite had a LEFS
efficiency of 90.4% After exposure to Egampli}6 at 100% a rel ative

hum dity for 3 hoyrs the.subs te.o ) I 10 and
dry, it then had ?_(Eﬁguetbqnf’f%eﬁfgﬁ%ﬁ ag;gl}}g%a ﬁﬁ’%?d %%(%g\ééﬁgset{a?%oﬁrg%F air at
100% rel at i veutauiiediat s Hasik widht OFf 67 RRMESPRTV0D €qEad e, ABRzRY | owed to cool
and dry, it then had a LEFS efficiency of 87.3% Using the nmathenmati cal

fornul as depemesbility pht6 fechperminate at dcinchesiol watss pyespucairon g thickesss 3 hours

of exposufe ‘ r . i f} ' el s 92%
15 Exarrpl%e 1%@02&&8%%’?%%5;%‘Tﬂé{“&g%ﬁ%l‘@l't}é?ﬁﬁeﬁgig‘gfa%é&t@g %;yv? he
substrate. TRoBmns:Bst-batyt phdiat oBghasd 4 dssdribetl inExfidpledunaksadded ta3lhe®0 squar e
feet,-a Frazier perneability of 16 feet per mnpute. at O. 50ie£ches of wat er

pressur e dr opirfacemsingihentocessdeerribed Witaaaminghibe disngtenaf Gud MIEPRcy of

41.6% A fin ' . ' : ' N ‘ j i d;.0f

Exanpl e : 1. 2%\%/13%&?(}]5{ ggﬁﬁfg O%Geﬁd"sdﬁér?g%g %%1%1}@}0&‘3’0%?&6(%g{sésf%ﬁg%sgeftge@@gﬁ%rh a

nom nal fi beat th(asedistivediunidity forQ loouss thEkebstesabrly sgmple wasilowed tembob LEFS

efficiency of 929% .. After exposure to 160F air. at 100%r%§.é1i_ve hum dity
I

i
for 2 hbrsaeddry, diben hadad BES ¢ Vol vas e Adreemosuedstodharadty, it.
then had. a - o] 0 ir at
1000 1 o at v EORA SRS hirlaRY R Fhonts 68 bompdiiet SimpIEXASAbFed & (RPIME |
cool and dr ydry, it thérehadwHEFS effici¢rielf S 88f3P4.cUsing yheahaiB8matical formuldssi ng . t he

mat hemat i cal ., fornul as_descri bed, t_hef'nef'?er ayer . efficiengy, .
ret ai nedI af t Q?SCE{’%GE%’EB?E@MI Féﬁ%ﬁg"ygl?'@%d, | -h?f#ﬁ@f?xﬂf‘ﬁ‘l‘@:‘v?%%i/ﬁie fine
fibers retai gRAWRser 68 ArechiVe fhe WbRrs2R0M A A208H133 PCT/ US01125111 51 n a)

E ~aopdoo
15

Example 17
A conventional-cellulose air filter media was used as the substrate. This subsirate

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 0f0.012 inches, and
20 - aLEFS efficiency of 41.6% . A fine fiber layer of crosslinked PVA-'vﬁth polyacrylic
- acid of Example 12.-was added to the surface using the process desctibed with a
- nominal fiber diameter of 0.2 microns. The resulting composite had a LEFS
efficiency of 92.9%. After exposure to 160F air at 100% relative humidity for 2
" hours the substrate only.sample was-allowed to cool and dry, it then had a LEFS
25 efficiency of 35.3%. - After exposure to 160F air at 100% relative humidity for 2
hours the composite sample was allowed to cool and dry, it then had 2 LEFS
. .efficiency of 83.1%.: Using the mathematical formulas described, the fine fiber layer
_efficiency retained after 2 hours of exposure was 89%, the number of effective fine
fibers retained was 76%.
30
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TEST METHODS

Hot Water Soak Test

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

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

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

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

Nevertheless, in fibrous structures where .the ﬁlfration efﬁciency is not easily

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

evaluated against the 50% retention cnterza.

Description: This test is an accelerated indicator of filter media moisture resistance.
The test uses the LEFS test bench to measure filter media perfornéance changes upon
20  immersion in water, Water temperature is a critical parameter and 18 chosen based
on the survivability history of the media under invectigaﬁon, the desire to minimize
 the test time and the ability of the test to dlscnmmate between medla types. Typical
water temperatures re 70°F, 140°F or 160°F.

25  Procedure: ,
A 47 diameter sample is cut from the media. Particle capture efficiency of the test
specimen is calculated using 0.8um latex sphefes as 4 test challenge contaminant in
the LEES (for a description of the LEFS test, see ASTM éwndmd F1215-89) bench
operating at 20 FPM., The sampIe isthen submergedm (typically i40°F) distilled

30  water for 5 minutes. The sample‘_iis then placedonadrymg rack and dried at room
temperature (typically overnightj. Once it is d.ry the Semple is then retested for
efficiency on the LEFS bench using the same conditions for the initial calculation.
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filtratjon efficiency as the nmeasure of the nunber of fine

ef fecti V&

$29E8 functionally retained in structure has aPGUHHERSHA

advant ages over other possible nethods55uch as SEM eval uation. - the

filtration MERSHEACYREMAUEFepRRLe FR the HHAFiBer éﬂﬁﬁ&tﬁugfsuma{eawmmk ¢hag a
oto

better avera%e than the tiny area seen in SEM p

| ess t han

m crographs (usually
01 square inch 10 - the filtration measurenment quantifies

t he nunber of fibers remaining functional in the structure. Those fibers
that remain, but are clunped together or otherwi se existing in an altered
structure arfro@ithy abdvelitifbemation édecdah cARARY @6 offffiéRSIoMPORGE daBenly to
functionality. Nevertheless, in fibrous structures where the filtfation

ef fi ci endy ithe fue fibersindyihe tesuliipg dops dig effisiamey duetchwatsr damagse Qnsethe lostreasur e

the percent iﬂ%ﬂfc&éﬁ%& duk %Bﬂl%'f[ﬁ% fﬁ)%g is determined one can calculate the amount of

10

15

efficiency retained.

Calculations:

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

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

F,.=Fine fiber retained

- F.=F,/F,

20

© 25

30

- The percentage of the fine fibers retained with effective functionality can also be
- calculated by: '

% = log(1-Fy)/log(1-Fy)

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.

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




eval uated against the 50%retention criteria. Description: Tﬁi@tﬁﬁﬁ is an
accelerated indicator of filter nedia noisture resist ancé".’lk t uses
t he LEFSswbestoilbench to neasure filter media perfornmance phpog@supon 20
imrersion in water. Water tenperature is critical paraneter and is chosen
based on the survivability history of t medi a, under investigation, the
desire to ni aendittens. {The testsxtintended toraimulate exbienictoperting genditiens qfither

di scri m nat e_between di.a_types,. Typical. ter tenperatures re 70F 140F

or "160F. 25 B SURERLATRG0 R 3ion 8 BRpins L nliSRE G b ch i ol e

capture effi gireiale &virohfch®s BampRe GtdaRer SutCaticldratIeRE IRk alintivdlat ex

spheres as a test challenge contamnant in the LEFS %for a_description of
PH

the LEFS t esthissyatemaymostlypepdrta smylais bovhumideonditioge puk GapglsetbeasedPM  The -
sanmpl e i s%_t h?&ﬁ&?%ﬂ&?&@i&ﬁg&cal |y 140F) distilled 30 water for 5
e"'Ts enp :

m nutes. The sanp aced on a drying rack and dried at room

tenperature ({eype@airéy over mio@t390°Once it is dry: the sanple is then
retested for__efficiency on the LEFS bench using the sane conditions for

the initial Eariditation. 4 MWRIOFERMOMeztaon fu l0pHREII4PEpnd mus The
previ ous steps are repeat edcg; uto@flﬂﬂaﬂ@ngtgﬁrmﬁ&iﬂpﬂﬁﬁti({‘ﬂo@ﬁbﬂrate wi t hout
ul ate

fine fiber. Fromthe above intormation one can calc e efficiency
conmponent duflosnRytet 0 5 thetéBAEPM ber and the resulting loss in

ef fici enf% dﬁe to water damage. Once the loss in efficiency due to the fine
fiber is*det & one can cal cul ate the anount of effi.ciency retained.

Cal cul ationsy 4+1§) Et@?sa{d;@gg &@ﬁg&@%&e@wncy: Er = Initial Conposite
u [

Efficiency; ES = ITnitia strate clency; Fe = Fine Fiber Layer FF
=1 EXP(Ln(l Er) - Ln(1l-Ex)) 15 Fine fiber layer efficiency retained: F, =
Initial fine_fib | ayer_efficiency; Fx .= Post_soak fine fiber |ayer

ef ficiency; Pprpcfe cepiyee ¢ffigigncy @f@f-"ﬁ@asﬂﬁ?ﬂ?ﬂ@‘ﬁ@@u ‘E&&%Wg@e’éf the fine

fibers. retai gadrepakh o6k bRARhYE IHAGIANR!hd YEES BeRliSdhebRing oF 30 Fphat ed Dy:
15  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.
20  The previous steps are repeated for the fine fiber supporting substrate without fine
- fiber. L TN S TP A R S
From the above information one can calculate the efficiency component due only to
the fine fiber and the resulting loss in efficiency due to alcohol damage.

25  Once the loss in efficiency due to the fine fiber is determined one can calculate the
amount of efficiency retained..

Pass/Fail Criteria: >50% efficiency retention . - - . - e
In most industrial pulse cleaning filter applications the filter would perform
30 adequately if at least 50% of the fine fiber efficiency is retained.



% = Iog( 1-F)1log(1 Ft) 25 Pass/Fail Criteria: >50%efficiency retention In
nost industrial pulse cleaning filter applications the fi Hlpr IZ@ rform
adequat @lg/pddorat | east 50% of the fine fiber efficiency Pér/ﬁ@tﬁﬁh‘a 30 THC
Bench (Tenperature, Hum dity Description:. The purpose of this bench is to
evaluate fine fiber nedia resistance to 3the affects of el evated

t enperat ure Mhbl@ﬂldmlﬁﬂﬁakﬁeﬂmder dynam c flow WO 02/20133 10 - 4 MAR

2005 PCT/ U /25 ndi ti The test is intended {o sinmulate
extrene oper 5‘???%@%@%@%@%%5%%%% ber; Ipgdia perfoymance
application, cmgegwogllﬂ@nérﬁbﬁqnmieﬁﬁﬂ%eg{anglaavy duty engine air

i ntake environnents. Sanples are taken out, dried and LEF S tested at
intervals. This systemis nostly used to sinulate hot humid conditions but
can al soSbe sed.to sinulate hot/col d dry situations. Tenperature -31 to
390F Humi“di tjsj‘ 6°995"100% RH (Max tenp for 100% RH i s 160F and nmax

cont i nuous dAratm@ﬁetaltsa&dméls%aB&bﬁtﬁamemal@Mé SdptieQefiéRalcy of thedtestS FPM
Procedure: A 4 dianeter sSanple is out fromthe madpla Partlc e capture
efficiency o?pem@ntleg@c@lp@dlmﬂ&méﬂ@usm w@ttﬂgcmlbnmmtﬁammspﬂmr es as
a test chall nan benc rat at .20 EPM. 15 The
sanple is th@ﬁg'l%ﬁﬁ éug ﬂteid@éhhﬁeéa@ﬂ (}R 8§P W%@F&H%@@Oyg‘?{ be
from m nut est hfputdays - dependl ng on testing conditions. The sanple is then

pl aced on a drying rack and dried at roomtenperature (typically
overnigh®). Once it is dry the sarrple is then retested for effici ency on

The previ ousttd PR AERRERLT Bing B0 ah@ircd bl hBbefle Yulbepl:
Wi t hout fi neoverdight). &emtt1§&W@ym%16M@&¢t%@m eﬁfb&?'oﬁlﬂﬂl@LEFS he

ef ficiency component due only to e fine fiber and the resulting loss in
ef fici ency dRfichysigedynwmeggndijions for the initial calculation. The previous steps are

- Tepeated for the fine fiber supporiing substrate without fine fiber. From the above

15  information one can calculate the efficiency component due only to the fine fiber
‘ and the resulting loss in efficiency due to alcoho! damage. Once the loss in
~ efficiency due to the fine fiber is determined one can calculate the amount of
‘efficiency retdined.

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

The above specification, examples and data provide an explanation of
the invention. However, many variations and embodiments can be made to the
disclosed invention. The invention is embodied in the claims herein after appended.

25



25 Once the loss in efficiency due to the fine fiber is determ ned one can
cal cul ate the anount of efficiency retained. 30 Pass/ FaiJ,QCMﬂ‘@r @@5>50%
.effici eygyggtigntion I n nost industrial pul se cleaning fepdieso@splil cati ons
the filter would perform adequately if S%t | east 50% of the fine fiber
efficiency is retained. WO 02/20133 57 -4 MAR 2005 P CT/USQl/ 25111 Al cohol
( Et hanol )SanhaﬂﬁsfﬂalB@ﬂéﬁi ption: The test uses the LEFS test bench to
measure filter media performance changes upon imersion in room
tenperature ethanol. Procedure: A 4" dianeter sanple is cut from |atex
spheres as a test 1chal lAengefikgniRiibipodmprising:he LEFS bench , operating at
20 FPM The sanple is then subnerged in alcqhol for 1 mnute. 10 _The
sanple is then placed &8 a @bynsieg mshWingsn 4y ks Al Qle! eapprer Mally e

(typically overnight): Lol SRR o d.for
efficiency on theb%ﬁgg@gﬁgwl{%?ﬁg%ﬁ#gﬁg e cﬁﬁﬁ??%ﬁgﬂﬁﬁﬁﬁ%&i ?’lalg i al
cal cul ati on. The . ppaeer wald il Afigt aii @peadpedudfealierting fine fiber supporting

substrate without fine fiber. Fromthe above 15 informati on one can
cal cul ate the effici enf conpsdier erRsitysiIon Rogitioped i aiptlew gammugiation o

resul ting |oss ingekfltd &OCK §UE ahQnd ﬁggﬁ@g} t loss in
efficiency due tov@%esl.aﬂfl neé{)fﬂ%grabl s‘ég?%?%s ned onéséggﬁﬁ%ta g"fu ate the
amount of effi ci eomsyructdrainniading 20 eRtensibiraf b pleatet dilicameda@Uanpbéitei ency

retention. The abqve .specification, exanples and data provide an

expl anation of t %g‘?lﬂgé e PnsipRhoRdpner W&gﬁ'ﬁg Tons and enbodi ments can
be nmade to the disclosed i gyent Ea‘?@ﬁrs-[ﬁ?tef&@ﬁ'ﬁétﬂﬂﬂeﬁl ghlaQet fhid he
clainms herein after appended. 25 WO 02/20133 58 What i's clainmed 1s: - 4 MAR
2005 PCTNS01/25111  filter inner clean air chamber in air flow communication with said

. spacer wall first air flow aperfure; _ _
. (i)  said pleated filter media composite including a
substrate af least partially covered by a layer of fine fiber;
| (A) . said fiber comprising a diameter of about 0.01

‘to 0.5 microns that after exposure for a test period-of 16 hours
to test conditions of 140°F air and a relative humidity of 100%
retains greater than 30% of the fiber unchanged for filtration
purposes ., - ‘ , _ ‘

(d)  apulse<jet cleaning system orienied to direct a pulse of air

. into said filter construction inner clean air chamber.

o o o 2. . Anairfilter assembly according to claim 1 wherein the fine fiber

comprises a polymer,

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

comprises a condensation polymer

4, An air filter assembly according to claim 2 wherein the polymer
comprises an addition polymer



1. An air filter.assembly conprising: (a) a housing incl] | r
inlet, an air outlet, a spacer wall separating said housi J‘Rgﬁg‘?QUQS

filteriwe hafeer and a clean air chanber; said spacer p@laisoiRgiydi ng a
first air flow aperture therein; (b) a fi rst filter construction posi ti oned
inair flow comunication with said fiP2t airflow aperture. in said spacer
wal | ; said first &il tefknairdiﬁsxmenbb'mcmrdingdbn@imM@QGWh@aﬂfbiﬂma pl eat ed
filter nedia conposite. defi.ni.ng a f| constructl on inner clean air
chamber; (i )P® cPpgpLises 3 pely i being oriented with said
filter inner clean air chanber in air fI ow cormuni cation with said spacer
wal | first air flow aperture; (ii) said pleated filter nmedia conposite

i ncluding a subsﬁ.‘ r at eﬁia&lrlﬁétasassgabbfaawlﬂmgd@@m&\Mber@ﬂlthﬁjl@ddlmnf| ne,
fiber, (A said fiber conp gadla terlof about 0.01 to, 0.5 mcrons
that after ®PNERH gmfp&ses B’V"% PR Ade PBYIST, s 1o test conditions of
140F air and a relative hum dity of 100% retains greater than 30% of the

fi ber unchanged for f| | tration purposes (d) a pulse-jet cleaning system
oriented to direck a-ptheswmgosigion of pleirg 6seheyeinthe plyviepkdane belidon i nner

clean air c assenbly according to claim1l wherein
the fine fi %@%ﬁé@é}@ﬁ%@gg@yh@é 3. An air filter assenbly according to
claim 2 wherein the polymer conprises a condensation pol yrrer 4. An air
filter assenbly according to claim2 wherein the pol yner r| ses an

addi tion pol yner 8AD ozmosmonnfzmﬁmlw@mﬂozmﬂh@ehs denn air
filter asse P! ﬁg] 4 wherein the addition polyner conprises
a pol yvi nyl EBE%HSG poty &e(ﬁ%(ﬂlll%&%l r filter assenbly according to claim4
wherein the addition polyner conprises a polyvinylidene halide polyner.

7. The conposition of claim®6 wherein_ the ol yvinyl i dene hal i de
P 9. The composition o %clmm4whe?'em¥he poylymer compr?ses a

polyvinylalcohol:

10.  The composition of claim 9 wherein the polyvinylalcohol is
crosslinked with about 1 to 40 wt.% of a crosslinking agent.

11.  The composition of claim 10 wherein the crosslinked
- polyvinylalcohol is crosslinked using a polyacryhc acid having a molecular weight
_-of:about 1000 to 3000. '

12.  The composition of claim 10 wherein the crosslinked
polyvinylalcohol is erosslinked using a melamine-formaldehyde resin having a
- molecular weight of about 1000 to 3000. | :

13.  The polymer of claim 3 comprising a condensation polymer, other
" than a copolymer formed from a cyclic lactam and a Cs.5p diamine monomer or a Cg.
10:diacid monomer, and a resinous additive comprising an-oligomef'héving a
molecular weight of about 500 to 3000 and an aromatic character wherein the

additive miscible in the condensation polymer,



conprises polyvinylidene chloride. 8. The conposition of claim6 wherein
the polyvinylidene halide conprises polyvinylidene fl uoT‘ilidGMA& 2@85
conposi wmoymisxl ai m 4 wherein the pol yner conprises a moivysetiasyiial cohol
10. The conposition of claim9 wherein t()tbe pol yvi nyl al cohol is
-crosslinked wth about 1 to 40 wt. % of "a_ crosslinking agent. 11. The
conposi tion of cl¥-m 18hepelyarnof¢lain 3 sewprisipg @ copdangatignnolyme giher s

crosslinked j I i i i ec : i f out
1000- 1 of 3000t FoofRflel Rtk mAE bitieHAAR o TR, G lalind bt (a GET

pol yvi nyl al cglidcid ronocines ahd aksathous iadditiae vainpriting afi oligehetdiayohe a esi n havi ng
a nol ecul arwej ght of  aboyt 1000 tmoog. 1§WT e polynmer,. of claim3
conpri si ng amé?@ﬁﬂ]éﬁg’&%ghéﬂto%@?l&ww @nd applicyly ‘“d’f?@ﬁla%}/ﬂ’éﬁl‘fcf _F‘Wﬁﬁ’rf roma °
oyl i c | act agyaagh e O8aifife midA i the TBARMBA R ptybB: 10 -diacid  monomer,
and a resinous additive conprising an oligoner having a nolecul ar melght_.

of about 500 to 3000 and an aronmatic character wherein the additive

m scible in the condensatign pal yner. \AD 02/.201 t~ 4 R 2005.

PCT/ [ JSd1/ 25111 689- 14%%@%9&%@6?1“‘&?3 Wi%ﬁ%?ﬁc&%gpaﬁeﬁ&%sati on
pol ymer, ot Negmddifit G LORRMNIRE sbRTERSopPSing aG¥Ajbt Sropidoh 3 kn Ce-io
diamn e rmnor?tleé or a Co- 109% gc% noir?gne'r,ga%% algrrogsi nous additive
conpri si ng aslcahdligeoivent duahabnyt Jto Itbivtlé wif dire podjmbrtic efmpdsgion. 500 t o 3000 and

an al kyl phenolic aromatic character wherein the additive mscible in the
condensation polyner. 15. The pol yneric conposition of claim14 wherein the

pol yrer s a - conpenentnogorfndifld éf¥Maint DPwhetei 0 BorkRiBitonipagyrierma] of
0

proportion of an aqueous alcoholic solvent and about wt % of the

pol yneri ¢ coequuwises opolyblylenihéercphthdsict i on of cl ai m 14 wherein the
condensati on polynmer conprises a polyal kylene terephthalate. 17. The
conposition of claim 16 wherein the condensation polynmer conprises a

pol yal kyl ene naphihal atrge cdifipostitth SIUTHAS14 WhereRd the béhd®ndatfon'\Yoefiedn t he
condensation polyner conprises a polyethylene terephthalate.
comprises a polyalkylene naphthalate.

18.  The composition of claim 16 wherein the condensation polymer
comprises a polyethylene terephthalate.

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

derived from a cyclic lactam.

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

molecular weight or monomer composition.

21.  The composition of claim 14 wherein the nylon copolymer is
combined with-a-second nylon polymer, the second nylon polymgr:qompﬂsiﬁg an -
.- alkoxy alkyl modified polyamide. '

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

comprises a nylon copolymer.



19. The: conposition of claim 14 wherein the condensation pol yner
conprises a nylon polyner conprising a honopol yner havi ng"‘"rlie[ﬁééﬂ Ba[}ﬁnl ts
deri veqwbro?%ﬁg,cycl ic lactam 20. The conposition of clidpshd.yggrein the
nyl on copolyner is conbined with a second nyl on polyner, the second nyl on
pol yner differing in nolecul ar ‘'wei ght 6! nononer conpositi on. 21:. The,
conposition: of claim 14 :wherein the nylon copolyner is conbined with

a-second nyl on pglyner,, the secon yl an pol ynmer, conprising an al koxy

al kyl nodified pdPyaarigeompggtiong CQHHﬁBﬂqWF%%PO&F% FPBOTEHMES B n t he
second nyl o @,%ﬁa{ . I 3604 02/ 20133
61 PCT/ USO??%%%%%?O e dco o%f@o%qg@%%gﬁgﬁz%ﬂévﬁ%isﬁg% pol yners are
treated to chiorimetershowging apinglephase mdepalsi ti on as nmeasured by a
differential scanning calorineter showing a single phase material. 24. The
conposition of claim23 wherein the copolynmer and the second polyner are
heat treated. 2594The 14QuBASLELOR 0@ blafth 25 RiRkiMIR BhOIyh{H? a6PRRIsYEBRHG and the
second polyner are heat treated to a tenperature |ess than the | ower

mel ti ng poi polyofertaneheaptrbatedrs.  26. The conposition of claim 14 wherein the
additive conprises an oligonmer ceonprising tertiary butyl phenol. 27. The
conposition of claim26 wherein the additive conprises an oligoner
conprising: OH 285 Therng@eRPaiitibR Bf efairh 22 Whetdn MRRIoBbRnid @nd &2isBcdi@NPr i ses
an oligoner conprising bis-phenol A 29. The conposition of claim 28

wher ei n t he paljuidriavecheabtreated tosa tempendtingdessthandhp lavedr mpltingpaio0d (e 02/.20133
PCT/ 1 JSOL/ 2%%1’%}%169_52

26.  The composition of claim 14 wherein the additive comprises an

oligomer comprising tertiary butyl phenol.

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

oligomer comprising:

OH

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

oligomer comprising bis-phenol A.

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

oligomer comprising;:



OH n OH 30. The conmposi tion of claim 14 wherein the resin Coﬁﬁiﬁiﬁﬁﬁfn
ol i gonmer conprising di hydroxy bi phenyl. 31. The conp05|t|oﬁ 30
wher ei nwhe2/mdshi ti ve conprises an ol i gomer conprising: /56123111 The
conposi tion of claim 14 wherein the addit)ve conprises a blend of the

resi nous additive and a fluoropolynmer. '"°33. ° The conposition of claim 14
wherein the additiQfg conprises a f luoro carbon surfactant. 4 MAR 2005 WO
02/ 20133 PCT/ USO /25111 63 34. The conposition of claim14 wherein the
additive conpflses™a onionic surfactant. 35. The conposition of claim14
wherein the cong aqri pn polyner conprises a polyurethane polynmer. 36. The
conposition of & 1D wherein the condensation polynmer conprises a blend
of a pol yurethane pol yme? and a pol yani de pol ymer.. 37. The conposition of -:
cl ai m 36 wher. TP the gglyanlde pol ymer conprises a nylon. 38. The
conposition o wherein the nylon conprises a nylon honopolyner, a
nyl on copol yner, o, m xtures thereof 39. The conposition of claim 14 wherefn
t he condensatio mer conprises an aromatic pol yam de. 40. The
conposition of 14 wherein the condensation polyner. conprises a
reaction product™~ a diam ne nononmer and pol y(m phenyl ene

i sopht hal am de). 141. The conposition of claim36 wherein the polyam de
conprises. a reacﬂﬂbn product of a diamne and a poly(p- phenyl ene

t erepht hal am de). 42. The conposition of claim14 wherein the condensation
pol ymer “tonprises a polybenzinidazole . 43. The conposition of claim14

wherein the condeﬂ?at "B &2 ]yorgﬁaonofclalm 14 wherein the resin comprises an

oligomer comprising dihydroxy biphenyl.

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

oligomer comprising;:
OH
@)
OH

'32. " The composition of claim 14 wherem the addltwe compnses ablend

of the resinous additive and a fluoropolymer.

33."  The composition of claim.14 wherein the additive comprises a ..
fluorocarbon surfactant. IR 0



conprises a polyarylate. 4 MAR 2005 WO 02/ 20133 PCT/ US01/ 2 MQS @6 44. The
conposition of claim43 wherein the pol yaryl ate pol yner "‘clbﬁ 2 5
condenSﬂ,Uﬁpoggl ynmerization reaction product between bi scipp@ieingf and

m xed phthalic acids. 45. An air filter assenbly according to claiml
further including: (a) a first Venturi &Pement mounted in said spacer wall
first air flow adert (Fie copopitiontof clhaed 14 ovherain &wrtadditive comipdisésa st filter
construction inner | eap air chanber; and wherein (i) said pulse jet

cl eani ng sysStoBiit B8t 5 first bl owpipe oriented to. direct a pul se of
air into said first Venturi elenent fromsaid clean air chanber and toward
said first filter. construction. 46. An air filter assenbly according to
claim1 wherein; 35a) sBiedohipositionjdficlaimddndteraie theeonidensatioepolsmef r st end
cap having a _central l?%% ture;, said extension of filter media being
embedded wi tFHTEE PO ANGRAEISE 47. An air filter assembly according
to claiml wherein: (a) . said first filter construction includes first and
second filter elenents in axial alignnent; (i) said extension of a pleated
filter media conpsi t elhecomnosiionf cleimilpgthessin HresondensatipgBPlaNich sai d

il ter el emstiopring 4 oiand ofa pPFERRE BhRRRY At BowAREA RO BSr Y “Vncrei o

-(a) said spacer wall includes a second air flow aperture therein; and

wherein the assenbly further includes: (i) a second filter construction
posi tioned in ai r3% | oWwheccomnositiontof slaimi3ovhezain theqodymmide PobISH aperture in

sai d spacer wall.: s '-g%second filter construction including an extension
of a pleat e(fvc\’%*pﬁs?sear% ia conposite defining a second filter construction

inner clean air chanber; - 4 MAR 2005 WO 02/20133 PCTI US01/ 25111
38.  The composition of claim 37 wherein the nylon comprises a nylon

homopolymer, a nylon copolymer or mixtures thereof.

-39.  The composition of claim 14 wherein the condensation polymer

comprises an aromatic polyamide.

40. The composition of claim 14 wherein the condensation polymer
: "comp'ﬁses a reaction product of a diamine monomer and poly(m-phenylene
.. isophthalamide).

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

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

42, - The composition of ¢claim 14 wherein the condensation polymer

" comprises a polybenzimidazole.

43, The composition of claim 14 wherein the condensation polymer

-cbmpxiSes a polyarylate. '



65 (A) said second filter construction being oriented with Sﬁ/@% d
filter inner clean air chanber in air flow comunication™V macer

wal | secW@d2a0¥33f | ow aperture; and - (B) said pleated fiHQEASONRSH1A
conposite of said second filter construg |on i ncluding a substrate at

| east partially cpver b | ayer .0 e fiher air filter
assenbly accordi ng %%‘W‘W’% lfﬁ{a“’(‘éjq 511?&‘33’ §PQINEFLdes a
second air f|c@iﬁpﬁ§@§é SHiRlehA8bR bhlymeAREiMBA&IIN, ﬁrla@ucﬁgéﬁ@%)slsi ehBﬁA
includes: (i) a second filter constructl on positioned In air

communi cat i ondimikedplithalicacidsd air flow aperture in said spacer vval |; said
second filter construction including an extension of a pleated fllter
medi a conposite defining a second filter construction inner clean air
chanber, (A) saldﬁecomﬁﬁbﬁq@fas@&ﬂsﬁrrdé%mtbwﬁa10mnﬁefﬁ€1udmgth sai d
second filter inner clean air chanbef in aif flow comunicati6n with said
spacer wall second air (&) owaﬁqﬁ'@V@mﬁlmt@)m@dlm spilsptasd walllfrsiraimedi a
conposite of said %[/ er con ructl pn |ncl%% a substrate at

| east partially cﬂove%g&ﬂ a‘b‘flfoé?%?l O IRk ﬂt%ﬁqld qﬁteéc%tbq FRPOBRET r i

el ement nount ed i rRlcaiat chiamber; an@lvhereecond air flow aperture and

positioned to project into said second filter construction inner clean air
chanber; (iii) a second bl ov(f)l pe s8idi akicdigt ¢leaning @@Eeﬂall}ﬂhl@éa(ﬁﬁstal r into

sai d second Venturi said
second filter: constructl 0 % ﬁ%%gﬁ%&}%%ﬁ%ﬁ%ﬁ%ﬂlﬂﬁ%ﬁ /25111 66
50. A nethod for fil tereﬂei@enaﬁbm@E&claaﬂmhahﬂmr&n&wmﬂ@hidrmsﬁﬁlt@t | east
140F; the method conprising: (a) directing the air through. an inlet of a
housing and into a fi [CPB$fUGHORhanber; the housing including a spacer wall

separating the the.

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

... 47. _ An air filter assembly according to claim 1 wherein:
.~ fa) - said first filter construction mcludes first and second filter
_ clements n axial alignment;
1) said extension of a pleated ﬁlter media composite
- comprising a first extension of media in said first filter element and a

-.:second extension of media in said second filter element.

. 48, An air filter assembly according to claim 1 wherein:
(a)  said spacer wall includes a second air flow aperture therein;
and wherein the assembly further includes: |
| {d  asecond filter construction positioned in air flow
commumication with said second air flow aperture in said spacer wall;
said second filter construction including an extension of a pleated
filter media composite deﬁnmg a second filter construction inner

clean air chamber;



filtering chanber froma clean air. chanber; the spacer wall including a
first air flow aperture therein;,. (b) after directing TH{GMAR 2885 t he
filterigg phapher, directing the air through an extensiglpgéopspheat ed
filter media conposite of a first filter construction and into a filter
constructi on inner clean air chamber;- t®8 first filter construction being
positioned in air flow communi caf)on said fecomdfifter anstradtion eingapintedr e i n

the spacer wall; the extension aqf a pleated filter .medi conpgsi te
defining the filter constr u‘éfitﬂaﬁ%dﬁ?ﬁ?g‘ﬁﬁ%%e"a‘#?%ﬂaﬁ%@a'?“ﬁgl??lfs?&’ first
filter construction being aldfnbadnVick B3 sfdcki §611 LRRRE aflRAn ai 1 chanber

in air flow comunication wwth the spacer wall first air flow aperture;
(ii) the nedia conposite inpetdrengnd substrate at |east partially. covered
by a layer said |ayer. conprising.fine fiber rising a fiber, with a

di ameter of about 0.1 to 0.5 mi cfHns stﬂﬁaai%atﬁﬁa%gtg@f%‘gé:gp’é’o%‘?o%a{dest peri od
of 16 hours to test conditigQBsnd®filtdrdBhstrition dtfuding &b@stat: flrkdi ty of 100% .
retains greater than 30% of the fiber unchanged for filtration purposes;
and (c) after directing thepagtiallyt¢averedibyalapsttoddipedivenf a pl eated filter
medi a conposite of a first filter construction and into a filter
construction inner clean air chanber, directing the, air into the clean
air chamber and o4t  oknbi€illRPHGEEMBLy RbordthgdBldMath BeBereii:ng to clai m 50,
further including directing a pulse of air into the filter construction.

i nner clean air chanbe@)t o said $pasenwalbineludes g second ol floyaandrizes Biewstn,;
col l ected on the Iq@}ed filter ﬁﬁ’ﬁ%ﬁco Q ite. 52. A method according to
cl ai m 51 wherein i eg?lgﬁhe(ﬁss%:{ & %"& fit se of air into the filter
constructi on inner clean ai @) chagriagbpd fltad conSi@dtiopgokitiehbd indaiMiMRv 2005 WO
02120233 PCT/USO /2111 67 renove particul ates collected, on the pleated
filter media conposit ecomapmiersion with said secgnd pis flaw apertgre wy said speerr allent ur i
el ement nmounted to praqj i irst -fid s - j Lnper cl ean
air chanber. 53. A mst%%%%&@é%%é%@gi%l%ﬁmrggtlé%glglg%gﬁlgh%?ng spacer
wal I includes a pl urafifidrmelia ethsusite dsfiniaf apbammiddiitch cohstructiglindeconposi t es

of a plurality of filter _
clean air chamber;

-(A)  said second filter construction being oriented
with said second filter inner clean air chamber in air flow
commiunication with said spacer wall second air flow
© aperture; and
' (B)  said pleated filter media composiie of said
~“second filter construction including a substrate at least
~ partially covered by 2 layer of fine fiber;
(i)  asecond Venturi element mounted in said spacer wall
- second air flow aperture and positioned to project into said second
filter construction inner clean air chamber;
(iii)  a second blowpipe oriented to direct a pulse of air info
- said second Venturi element from said clean air chamber and toward

~ gaid'second filter construction. - SR ' , .



constructions wherein each of the extensions of a pleated fi]t.er ﬁi
conposites define a respective filter construction inner a%aﬁA&ﬁ D%
chanber . wWe422083%ret hod according to claim50 further incl RPETAOLRYIELt I Nng a
pul se of air into each of the filter co gtruction i nner clean air chanbers
to at least partially renove particulates collected on each of the pleated
filter media conposites. 55. A nethod according to claimb51 wherein said

step of directingsy PUl 3RaRld B Filtbritiaif MdniPhavilSa tdrhS@hrufcQUFSt [t | On
inner 'clean air chanbers to at least partially renove particul ates

col I ected on 144%% thef methed pbmptisidgsf i [ ter nmedi a conposite includes directing
broj ect into a  respecthe [biE B Atipnteh af Lt e RorgLs Y it Ranber . 56,
A et hod accor di ngiefing kRkAbGOHEHRARE ircRlinish kot WERI PGB @EI 2 to at
| east partially renove particul ates collected on the pléated filter nedia
conposi te. filtering chamber from a clean air chamber; the spacer wall including a first "
air flow aperture therein;. '
) éﬁer directing the air into the filtering chamber, directing the
air throngh an extension of a pleated filter media composite of a first filter
construction and into a filter c@nstmcﬁion inner clean air chamber; the first
filter construction being positioned in air flow communication with the first
air flow aperture in the spacer wall; the extension of a pleated filter media
. composite defining the filter construction inner clean air chamber;
(1) the first filter construction being oriented with the
filter imner clean air chamber in air flow communication with the
spacer wall first air flow aperture;
(if)  the media composite including a substrate at least
partially covered by a layer said layer comprising fine fiber
comprising a fiber with a diameter of about 0.1 fo 0.5 microns that
after exposure for a test period of 16 hours to test conditions of 140°F
 air and a relative humidity of 100% retains greater than 30% of the
fiber unchanged for filtration purposes; and ’
(c) . after directing the air through an extension of a pleated filter
~. . media composite of a first filter cqn?tmcﬁon and into a filter construction
inner clean air chamber, directing the air into the clean air chamber and out

of the housing,

. 51. A method according to claim 50 further including directing 2 pulse of
air into the filter construction inner clean air chamber to at least partially remove

particulates collected on the pleated filter media composite.

52. A method according to claim 51 wherein said step of directing a
pulse of air into the filter construction inner clean air chamber to at least partially -
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remove particulates collected on the pleated filter media composite includes

directing the pulse of air into a Venturi element mounted to project into the first

filter construction inner clean air chamber.

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

define a respective filter construction inner clean air chamber.,

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

particulates collected on each of the pleai‘éd filter media composites.

55. A method according to cléim 51 wherein said step of directinga
pulse of ‘ : ' ‘
air into each of the filter construction mnerclean air chambers to at least partially
remove '- | ;
particulates collected on each of the pleated filter media composite includes
directing the
pulse of air into a plurality of Venturi elements each mounted to project into a
respective .

filter construction inner clean air chamber.

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

composite.



