2 5 FEB 2005 WD 02/ 20134 PCT/ US01/ 25146 1 METHODS FOR FILTERI NG AIR FOR A
GAS TURBE' 4E SYSTEM This application is being filed as a PCJ 3 BB 0mal
Pat ent Application in the nane of Donal dson Conpany, | qu4 . national
cor por aWMMWH/28Kd resident, on 10 August 2001, desi gnat i‘%’%ﬁ‘ﬁ 280ntri es
except the-U.S., and claimng priority flo U S. Serial No. 60/230,138 filed
05 Septenber 2000 and U.S. Serial No. 09/871,169 filed 31 May 2001. Field
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filtering particulate material from a gas flow stream for exanple, an air
stream The invention also concerns a nethod for achieving the desirable

removal of parti cliiasenlivaticaris being fided aspdiC hinjematiqnalPatent APRicalion Backgr ound
of the Invention The: L0 t4.0n, | : | : f
vVena fg@ﬁﬁ%@ﬁ%&.)@ﬁ%ﬁr %,tf%%ﬁugﬂh S&b&? IR USd RRIRAE, of

Donal dson Co 3%‘311160 "M nnesot a, e assignee of the
present invens Aagst 2001¢ desilimatihg sl ceutissaares thediSi, aud nirtisgpriokiagip

Pat ontor B2 o Beralay. oIt pnieoyBh g USSR Aie N0 %5
Each of the thg@g\?aquyifi'ed in the previous sentence is also owned by

Donal dson, Inc., neapolis, Mnnesota; and, the conplete disclosure
of each is incorporated herein by reference. The invention also relates to
pol ymer materials can be manuf acﬁrl-gdfm' t@ égmi npr.oved environnent al
stability to heat, humdity, reaets and nmechani cal stress. Such
materi al gpcan be ?ﬁ@]?fésehf‘in‘i&ﬁonfr@lmﬁ:d Puiltef arfainpemdrit bad Sltsatioh naethod,

m crofibers and nanofiber materials with inproved stabjlity and, strength.
As the size Mord sseifically, itegnesses anrrrangement 4o ﬁlF'ftﬂygaPIHCH%t ForLfram; o

i ncreasingly;r | 10 Fil ; : dblind riety
of applicati %g%ﬁ?‘ﬁg%%é“’ g‘%??‘;@giﬁ %&%%%I%ﬁ%?ﬁ%?ﬁ?ggﬁcan %%lét@;l}sgpar ed
usi ng thi's ffreckicviag tHeelekimbleagmovaluf particalate roaterial diom sechtaggsdlopirer s,

pol ymeric conposition, fiber, filters, filter constructions, and nethods
of filteri ng?tf‘?&ﬁbl i cations of the invention particularly" concern filtering
of partjeles fromfluid streams, for exanple fromair streans and |iquid
(e.g. non

ﬁackgr'ound of thc? Invention
The present invention is an on-going development of Donaldson Company
Tnc., of Minneapolis, Minnesota, the assigniée of the present invention. The
 disclosure concerns confinuing teéhnology-déi?elopﬁleﬁf related, in part, to the
20" subjects characterized in U.S. Patents: B2 4,720,292; Des 416,308;'5,613,992;
| | .4,02(:)',783; and 5,112,372. Each of the 'pat'ents‘idenﬁﬁed in the previous sentence is
“also owried by Donaldson, Inc., of Minneapolis, Minnesota; and, the complete
disclosure of each is incorporated herein by reference.
The invention also relates to polymer materials can be manufactured with
25 imprdved environmental stability to heat, humidity, reactive materials and
" mechanical stress. Such materials cari be used in the formation of finé fibers such as
 microfibers and nanofiber materials with improved stability and sirength. As the
size of fiber is reduced the survivability of the materials is increasingly more of a
* problem. Such fine fibers are useful in a variety of applications. Tn one application,
30  filter structures can be preparéd using this fing fiber technology. The invention
R relates to polyimers, pblﬁﬁeric’ cdmposiﬁom"fibgr, fitters, filter constructions, and
~ methods of filtering, Applications of the invention particularly concern filtering of
particles from fluid streams, for example from air streams and liquid (e.g. non-
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The techni ques descri bed concern structures having one or nﬁé§

fine fibeoszhdisihe filter nmedia. The conpositions and fidcarusesesgs are
sel ected for a conbination of properti es, and survivability. The i nvention

relates to pol nerlc co |t|ons th_ inproyed. ertie at. can be
used in a vgﬁﬂ‘{ﬁoysﬁ‘? %ﬁ!‘}g)‘isié'ﬁ% 5?95’8*%65 956t eﬂl"%ﬁ?'?rﬂﬁg'b € fine
fiber, mecr OBhbsfﬁore%&&fdﬂE{eSﬁbeH fGhe ARG Smedid. bmst&xﬂi%fsﬁmmrdwl e

structures such as nbranes, coati ngp or films. The polyneric materials
of the |nventslzg&naraséect@bf¢pe§9mbm0nh roh%rﬂégﬁ‘ﬂ%r‘@mbﬂﬁb’opertles t hat
permt the polyrre cmaterlag1 fornmns,
to have resistanc ?Bw?lﬁtéon Feg OS%?IB%% 4%?%3339 &Eeer@ S, air

flow, chesi Cﬂia‘ﬁc:ﬁﬂﬁbtﬁ@@ﬁ%irﬁf&ty&fﬁ@ﬁ&atﬁms mmmsaigthb forfrekion gf fibers, fileven
filter nmedia,_a variety of materials have been used |nclud|n f| ber gl ass,
metal, cer afibels masraiberngaotibess dibst W @3]%‘1’9“? B3isopFESRb i%8ty of -

t echni ques h 1:%&':@ Q@&% @iﬁm% r fine fiber
such as mcr %¥§1 and nanofibers %ﬁgagﬁgﬁ‘f’ﬁ{?gﬁn%ﬁ%’?ﬁgﬁ?ﬁ?m eri al
thlro;Jgh atL i ?appmddsmagzhmﬁprh&npﬂggﬁhw?;ma@@mmEﬁndnmdo[) in a
sol ution that i n or i ber 0. he y
usi ng "spi Nnn&PRFEP @Vﬁﬁg’ ort ’gmr’rg(h VSE?WCS?O &’giﬁﬁgﬁgﬂ"g |9 such as

nyl on. Ehgct hasidkyl ﬁeaﬁrairrﬂwg;hbﬁu@ls%dlﬁmmcﬁwasbe UBSmaliifiy e t he
use of a hypodermic needl e, hozzle, capillary or novahle emtter. These

structures pwoverSliernedia asweriaty ofmeatenials have bopn wisd incleding flaerglass, metaly act ed
t 20 | | t h
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el ectrost at i degoured fdrlike haighcthecsizaall cﬂmq:eﬁﬁnerﬁbaﬂmoham nineroi am&ned in a

fiber structure Ry saql vent evapo ation, nor e de | cations are
envi si oned- fBFncfﬁbhefsr &lqewth%lmao P@gﬁﬁng%i%fﬁ?tfeﬁalt g]%@ 108

are.requigged, tﬂaﬁmettaﬁm%ieeﬁl&@fasbmbnﬂ%@éshsﬁﬁéﬂt ?o}%& to 250F
and up to 300 1humd|ty 10%to 90% vp to_ .1 00% M high flow rates of

both gas and Fibeqmm alsa b forinpaddryi WgﬁwMﬁﬁéﬁWPI@mthﬁwm | at es

(ranging from ut..0.01.to0 o ons g hr asi ve
and non- abr a§?”§€q§r&}’q§5’k‘taﬁ\%¥ (F]l '%n\}ggbsa Iwaat Sufgggér%rt“ bl fluid.
stream . .. 3GhvdbGaheuRANY. adﬁﬂii)@hﬁﬂld ﬁd)zz&eesblﬂafysfﬁmfvﬂble[amﬁtwr:eﬂ?hese
materials, mcro- and nanc))?l ber materials and filter -strggtures t hat

provi de i npr émlqgﬁglp&dp id gajptions of the polymer that are then attract
20 . - collection zone by a iugh voltage electrost_auc field. As the materials are pulied

- from the emitter and accelerate through the electrostatic zone, the fiber becomes

- very thin and can be formed in a fiber structure by solvent evaporation.
i As more demanding applications are envisioned for ﬁltrauon medla,
significantly improved materials are required to withstand the ngors of h1gh
25 temperature 100°F to 250°F and up to 300°F, high humidity 10% to 90% upto
100% RH, high flow ates of both gas and liquid, and filtering micron and
-submicron particulates (ranging from about 0.01 to over 10 mlcrons) and removmg
~+ both abrasive and non-abraswc and reactive and non-reactive pamculate from the
- fluid stream. _ _
- 30:,. . - Accordmgly, a substantlal need ex:ists for polymeuc matena]s micro- and
. ..nanofiber matena]s and filter structures that provide improved prqper!;x,cs\_ for _
. - cleaning. aJr intake into gas turbine systoms at hlgher t@lﬁp_eraturgss; hi_g_ligr humidities
and igh flow ates, R : e



cleaning air intake into gas turbine systens,. at higher tenperatures,

hi gher hum dities and high .flowrates. 2 5 FEB 2005 3 Su Egggiﬁg%

| nventi on Herein, general met hods for the cl eaning of an air |nta m
in a gas turbine system are provided. The nmethods may include utilizing
preferred filter nmedia. In general, the preferred nedia concern
utilization, within an air filter, of Barrier nedia, typically pleated
nmedia, and fine fibers, to advantage. In accordance with one aspect of the
present invention, there is p the Invention r ycture for filtering air
in a gas turbine intake system the turbine operating at a tenperature of
about 140 F to 350 F, the intake air having an anbient tenperature and a
huni dity of Hgfein. ggeeral @8%°F§F|f°rtt%d§%'?'%Piﬁ'ba'b@%ﬁséﬂeﬁ@ in ﬁrgaaﬁurainp sysieeke of

a gas htd ftbliBed HEMBthéts hapmiual iifZind SreferRb Brthedib DR dehbiaf th&prrgik
having a rredl a pack formng a tubul ar construction and construction

def i ni AR Wﬁéﬁnfqhh%aépm%m AR Al Tiftgfe olprErerimedia typigalkPieateh@eAlg. adinean air
pl enunfibdre &o HathRads including a pleated construction of a nedia
conposite, the nedi a cprrposi te including a substrate at |east Partlal |y
covered by o gegpeciangg with aae pppRst of the Reesenhiaventige, Wewompravidedq Bter pol yrreri ¢

corrpos;e,ﬁrumee&rmren@ érgm@?mmm@mtawsy@fsm fHe tarbﬁmaﬁg'a% tBRb¥iRle 6f her
than a roma cyclic l act am and di am ne nopnoner

or a (8P %P‘tﬂ i:ctP@SHnﬁdh@mtak?ﬁbh%w 30 @mbignt igegetatwe apgdiadymidity ofat least

accor dQ@%Q%H“thé‘sﬁBﬁErE%br@ﬁ@iﬁﬁtm @h dirliMaké 66£84s uPES sy, dthédsfohsfilirOVi ded
a method for filtering air In a gas turbine intake system the turbine

oper at Biggeat e filierplementpaving a medipackdoming & tubsiar congtristion ang eonstrictioayi ng
an anbd:léflih‘ingt SRS faleH rn?erﬁu'FQh@ oB&TH Iiﬂrtlﬁ’[eﬁ’cfr bain fgI £884n air 8GR, tHehRedI® pAad

r|5|ngthe st eps : (a) instal lter proximate an air Intake
n

of a sk eml?ﬁée% wsérwthw Fpedia rCOE'@ﬁ’ﬁiFei Herfgedie CP@&Q%“%H@W'PQ fer
el enenypstrar dt 'Iéés%arﬁél%&re‘ﬂ%‘ d'8yér of TR FBerQalﬁg fIT’]Q FiBE3%om p?l'sﬁFlb' lgar

constr UCt [ on and construction fini ng a open [ter interi or; t he open
filterPQyYNEHG epmaRsitioy camprising agiaddijpa ﬁelmnef fea ﬁ@me@sewwammhefgh@ a
pl eat eghgeRnsdr fetaiddardbnPh c?cllcrﬁéiérﬂ ARAHOS {famihB ndMRFHeR of 8TRQSHIEEd 'n’fb?le\‘ék ng a

substrate at |least partially covered by a layer of fine fibers, the fine
fi ber sSCYBHPPT Withgn adgditiysmatarial. conposi ti on conprising an addition pol yner

or a condengaddcerdaR&d Mﬁ?én&h&eéspbaad? tife ﬁ%@&tYﬁ%htlé@rtﬁ@g i hrelkad a¥dth&d

| actam and a C6-10 di am ne npnoner or di aci d nonomer conbined with
an addiof fRfnggirdn ages tyhine infake %Nﬁt%fﬁtthﬁé}ifblﬁiaé?lééfaém@ at afesnraiatarg ofi nt ake of a
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I nvention, there is provided a neth ering air in agas tur
~int aké%‘@ﬁ"é e Wﬁ@%@@ﬁ@a&eaﬁ&ﬁtgpw (phingtalling Bifiter @fﬁ@mte a@,amnt%ke ofa

~--gas turbine system, the filter comprising at least one filter element, the filter element having a
media pack forming a tubular construction and construction defining a open filter interior; the
open filter interior being a clean air plenum, the media pack including a pleated construction of a
media composite, the media composite including a substrate at least partially covered by a layer
of fine fibers, the fine fibers comprising a polymeric composition comprising an addition polymer
or a condensation polymer other than a copolymer formed from a cyclic lactam and a Cg.q0
diamine monomer or a Cg.1¢ diacid monomer combined with an additive material; and (b)
directing intake air into an air intake of a gas turbine system

In accordance with another aspect of the present invention, there is provided a method
for filtering air in a gas turbine intake system, the method comprising, in a turbine operating at a
temperature of about 140° F to 350° F, an intake air having an ambient temperature and a
humidity of at least 50% RH, (a) directing intake air into an air intake of a gas turbine system
having at least one filter element, the filter element having a media pack forming a tubular



tenperature of about 140 F to 350 F, an intake air having an anbient
tenperature and a humdity of at |east 50% RH, (a) directi r%r;?l thﬁega(ﬁ
into an air intake of a gas turbine system having at |east Tt
element, the filter element having a nedia pack formng a tubular 2 5 FEB
2005 3a construction and construction glefining a open filter interior; the
open filter interior being a clean air plenum the rredi a pack including a
pl eated construction of a nmedia conposite, the nmedia osite including a
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m scible In e condensation pol yner directing the air rough the
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when a fluid such as a gas or passes through the filter nedia. The
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substantial attention I n recent years e use 0O tron nedia for
filtratxeslentfitedng, thigh parigie gaptursf eﬁﬂﬁm%cﬂmw&wﬂ fows sestricdinn avhen giflyidssush as
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fluids 1ncluding an air stream or other gaseous stre oma liquid
st r eanPERRR uagtr%?nhﬁa’waahrwn P i an inerns IaafamFObexamnlaea vatigly of industdeghave

ot her Biréﬁté’t?sub%%ﬁalféﬂe%flé“ inqacerﬁ’gggr‘%sté% dse 'f: Hatibh R gﬁﬁcfﬁlaﬂir& pLr @RIt h,

chem cal and physical stabil mcro er an e su tra

mat er i E3MaoV élm’\(ﬂnieéirpaf@dﬁ*‘afr@aﬁ flyid w@b@w@smhw@rﬁmwﬂltmmmt ure
condi t [ Hhsves *a)'amcmaieyﬁome#aem&ng{) ng/arPAiRE &M epskpg{ggééoe@&r gr fr&ﬂ%tlfq\ﬂﬁ and

non-reactive abr asi ve or rrasive partic entrai ne in the
flow Fiamevch ane hydrulicdiuic fubrisantpilofuek water sijaamer other Seids.Sychditratign

abi |11 BraRbohafain AfchhhibdlsirdRgth rlefhichl BRY BhifP LEBAK/ & twha?of{ggr afert

reversal of luid | ow to renpve Surface coat partlcu at
cl eani k§ %éﬂﬁ%tﬁ |"sai$ma4mtTheél§ﬁr nedip van baexpessddo pareadiange of fermperatire sur f ace

of t heccﬁr\dlﬂo% ﬁfﬁﬁﬁhi?/u g%é;ﬁ mEﬁlWr%ncérﬁlaé?lﬂﬂlgaﬁ@ oth ik ara notbhsdcaRt i al 'y

| mpr oved pressure dro se cleaning. Particle

capt ur ébféﬁ*l"? @r BW&PFQ%P\@I mwategemiamewp ithosy Bud ﬁ@We‘FUFﬁ@F dhe &ttrea@n mgdiaipfigpy er
pul se g %ﬁl@mwsémduéan.ﬁgeydaﬁ@opéﬁ,%%@%éir] me?i?avtbr%gre%'r%é Ged essBfe dul d 5%&“ -

operatlon Such filters can be renbved service and cl eane aqueous

or nonteé(aﬁébfefsﬂua f@ahiwgwmwéaqeu aling @‘mﬁtlwaﬂe)epraﬂaer@fetaawg m@qhamamthafed by
Spi Nni gt fehftfe lhPSihed BAritRER F@h A \WrBBe bith8 T@GHLAY. SGH Blerdd eleahihgganon a

result in substantially improved (i. e.) reduced pressure drop after the pulse cleaning. Particle
capture efficiency typically is not improved after pulse cleaning, however pulse cleaning will
reduce pressure drop, saving energy for filtration operation. Such filters can be removed for
service and cleaned in aqueous or non-aqueous cleaning compositions. Such media are often
manufactured by spinning fine fiber and then forming an interlocking web of microfiber on a
porous substrate. In the spinning process the fiber can form physical bonds between fibers to
interlock the fiber mat into a integrated layer. Such a material can then be fabricated into the
desired filter format such as cartridges, flat disks, canisters, panels, bags and pouches. Within
such structures, the media can be substantially pleated, rolled or otherwise positioned on
support structures.



~porous substrate. In the spinning process the fiber can for Bh iéag]ggnds
between fibers to interlock the fiber mat into a integrate@ aé% a

mat eri al wWagydolpgn be fabricated into the desired filterpépusRlispdch as
cartridges, flat disks, canisters, panels, bags and pouches. Wthin such
structures, the nedia can be substanti al I4y pleated, rolled or otherw se
positioned on support struct BriekDesoription of ghesDygwings 20134 PCT/ US01/ 25146
4 Brief Descripti ' oS Rl R efiSva LGa

el ectrostatic erri--l(:)ﬂt&er T ??gﬁq%\gptggg%lt%%{or pcro uctfa%ﬁ oawfﬁjﬁe kcl’rne fibers of
t he i nvent i onprofidBoRief thedhmfibersef thpipsesiions used to i ntroduce fine fiber
onto filter -subst  into the fine fiber, fornm.ng technol ogy..shown in
Figure 1. FIGURE Sﬁ@ﬁﬁégég?ﬁfhﬁﬁp@m%'éseﬁ%%du'_ er‘ﬂl_%ﬁrog*gr% ure of a
support rrertermknﬁ@ﬁn@th%%@r@e_@fcﬁﬁqubémwgyshmniﬂp@ufel1ber material of the
i nvention conpared to small, i.e. and 5 mcron particulate materi als.

FI GURES 4 t hr ough BIGURE 3anaiisni¢tiom of ieCapispldaternal pieycgire pfa suppPanpl e 13.

10 FI GURE 12 PRER - i.cr Of terial
of the inven |oﬁ@f#§%5§%gn%ldghé?8i?%g% %ﬁct %818%]1#}&@ @%egl\%lvbgﬁéemg%ﬁgoved
tenper at ur e adnall.€li2tand Sshithid pdrycubdie inaeriaBt eri al s of Exanples 5 and 6
when conpared to unnodi fied nylon copal yner. sal vent Ksﬁgal‘ubl e pol yam de. 15

FI GURES 17 t hr oughtlet/Righftleonsh bl o ahalycal BSECASPEFiTa [REHRS foFyampis 13

nyl on hongpol yner ﬂ@ﬁﬂ?@ETZFR&%QQMEW@@@GQSQﬁéb.tl%ﬁ@fo%eﬁﬂ&’teﬁﬁ’ﬁﬁ ned

with additives forma single conponent” materi al that does not display
di st i ngui shabfheinveh@eoefomrixsmpdsS.of two separate polyner materials, but

appears to be a cr N -O0f .0 rwi.se. chenical | v i oi ned si.ngl e phase.
SO R GURE 21 i o o AN T2 ofbuaclBoN BRimmtorat fplhfs 5 alr
intake filt raétﬁhlﬂ%r%f%ﬁ&ﬁhieﬁh]kbfﬁlﬁﬁnﬁl@ssﬁﬂ@%ﬁﬂd&nﬁﬁe&fﬂ@nﬂid&ﬁé@ﬁﬂé@; and

FIGURE 22 is a schenatic cross-sectional view of another gas turbine intake
filtration syepelimessplventsoliblanadyaside.em of Figure 21 but smaller, utilized

in the hods of g Rizsed 1) Religkle P

I nvention The invention p?z\%é%{@nd%%pr o\}gg{ago e@%ﬁd%?@o?%:&@%l S

pol yner has nylon homopolymer and a nylon copolymer, once heat treated and combined with
additives form a single component material that does not display distinguishable

: charactéri_stic_:s of two se_;barate polymer materials, but appears tobe a crosslinked or

otherwise éhemic_:a]ly joined single phase.

20 FIGURE 21 is a schematic cross-sectional view of a gas turbine air intake
'ﬁli.;ra't‘iqn sysfém, utlhzed in the methods of this disclosure; and
: _ o FIGURE 22is aschematxc cross-sectional view of another gas turbine intake
Siliration system, similar to the system of Figure 21 but smaller, utilized in the
methods of this disclosure. =

25 | ' - Detailed Description of the Invention
| | The 'inventidﬁ providés an improved polymeric material. ‘This polymer has
1mproved physical arid chemical stability. The polymer finé fiber '(microﬁber and
nanofiber) can be fashionéd into usefuil product formats.  Nanofiber is a fiber with
diameter Iess than 200 nanometer or 0.2 micron. Microfiber is a fiber with diameter
"' 30 larger than 0.2 micron, but not latger than 10 microns. This fine fiber can be made in
the form of an improved multi-layer ifhicroﬁltfﬁﬁon media structure. The fine fiber
' Tayers of the invention comprise a random distribution of fine fibers which can be
" bonded to form an interlocking riet. “Filtration performance is obtained largely as a



I nproved physical and chem cal stability. The polymer fine' fiber
(mcrofiber and nanofiber) can be fashioned into useful pr r .
Nanofiber is a fiber with dianmeter |ess than 200 nanonet ergﬁf%gﬁn%@r%n.
M cr of | W€Y02{2813¢ fi ber with dianmeter 30 larger than 0.2 FREPIZ5H4t not

| arger than 10 mcrons. This fine fiberscan be nade in the formof an
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is obtained |largely as a_25_ FEB 2005 WO 02/20134 PCT/ 1/ 25146 result
of the 1 ne MPGEL. Bhs Rneos e e ars heyasmeCR AT 8P e B
properties Gfpersiithd ERDF ARG Br nddbofdtBRhd tlativRlysnRiIiphcts bebyedhhe
substrate to which the fine fi-ber adhered. The fine fiber interlocking

net wor ks Shavhe fiberknucht spaces typicadlyrangesbstwsen fibare of pbaye 001t abeiet 250 m of
' fib fLb | at ivel- | . he fib )
Such spaces Dyprear pharamyE0s b RBLAY RichoPt "t R BERBEER g a0 5 "¢ S

m crons or OfdcSibeR arld. alcellfloaid Myl 4@ thinaviens choldeffapptoptiatp sobkinates
conprising a_ fine fiber |layer and a cellulosic |a erlgrgggggj W th a

choi ce of apBedre fEhes addsess hane micnonandthiginess fskhe g W a mcron in
thickness t Qublfuotfbithdil| BRclidClhoiitds: cal URDIihAUSY hicgluedha. 11

service, the ers can stop 1 ncident particulate from 10 passing through

the finel(fi hessihgitmoughrtbe finefiber layenamsi et afinin sabstential auréack badingg of of

par 1 cul bt coTPPRLPRESIer oA BEFGRIS RS g ek tter i REPLGbREL e "o
mai nt ai ns hiﬁ?idiﬂo%%'duﬁ%ke@ﬂﬁfe@iﬂefﬁ%{'é&f&@ﬁﬂdﬁl&jﬂlﬁﬁﬁﬁigﬂhﬁﬁﬁ an@noval . Even

with relatively fine contam nants ha‘w'gigf a particle size of about 0.01 to
about | ni creveralk¢ffciendstafipartisdlate remopali Hveg withgelatively fine contgamaplis a very

ubst ant | af IS oS SPa et EP ARt FATE1 BBk e ARE TR EollodE
huni di tyi5 hi @b filb Gber ik averyldgledee cgpabisy. ¢l eani ng,” operati onal abrasi on,
condi {1 ons. The | et B BBcTRUREA Bislon Revrin FoE s G EEYOL 20 o
UL o, YL GoRt ok 1 Py it wigtepne (1
t he i npr ovedcleaning, q;;efatidﬁal abrasion, submicron particulates, cleaning of filters in use and g
| other demhniliﬁg conditions. The 1mproved microfiber and nanofiber performance is
20  aresult of the improved character of the polymeric materials forming the microfiber
or nanofiber. Furﬂler, the ﬁltefﬁedii of the invention using the improved
) polymeric materia_ls of the im{ention lprq_‘vid_es a number of advantggeous features
including higher efficiency, lower flow rostriction, high durability (stress related or
environmentally reiated) in the preseﬁcé of abrasive parti_culatesfand a smooth outer
25  surface free of loose fibers or fibrils. The overall structure of the filter materials
- provides an ovemﬁ thinner media allowmg improved media area per unit volume,
 reduced velocity through the media; improved media efficiency and reduced ﬂqw
restrictions. _ o _ -
) A preferred mode of the invention is a polymer blend comprising a first
30 -polymer and a .v;econd, but different bbiymer (differing in polyrhér type, molecular
weight or physical property) that is conditioned or treated at elevated temperature.
The polymer blend can be reacted and formed into a single chemical specie or can
be physically combined into 2 blended composition by an annealing process.
Annealing implics a physical change, like crystallinity, stress relaxation or



"polynmeric materials of the invention provides a nunber of agy
features including higher efficiency, lower flowrestricti gﬁ%$%5

durabi | i {s0 dophiz8Ss related or environnentally rel ated) p®RpdfALRIESENCE Of
abrasive particul ates-and a snooth outer 25 surface free of |oose fibers or
fibrils. The overall structure of the fil'ter materials OVI des an overal |
t hi nner nedi #TgpB- nrefoamsd aabaaleur shapisallyreacigd mto ¢ singlegpolymereduced

vel ocity t hr qughe Lie AR croloBUYSHRTE BBl GhASY rth hstluged 1 ow

restrictions prefe I'nvention I's a poly end
conprising a pblym&ncBﬁhtaml yBech amgtesiak edendombined dmﬂafaemefetre@ addities

(dlfferlngln r e, l ecyl ar . we t or Sic property) that is
condi ti oned . d’? aé’acta@ ‘éfaé"rr%g m%&ﬁf t%’]é“ gb‘?féﬁz t?F%’ﬁ%escan be -
reacted asd fd%oiﬁﬁa)lbl gy&oﬁhm&@ mrgeéwmr&fcd%%m@%@ﬂmﬁ@éd y

conbi ned into bl ended onposi t'i on _by: an_anneal i ng process. Annealing

inplies a phy@ﬂ?c]aghm@@ﬂﬂhlgleh@mybwaﬂﬂld!ﬁﬁ@ﬁtommqﬂ&mtm 2 5 FEB
2005 WO 02/ 2Q4,34, ]taﬁoo]tl aﬁ %g%a%ét%fz%%;o% gﬁ]gﬁfaﬁbgﬁ S are
o STRGT e po

chem cal | y react Speci'e such fferential

Scanni ng Cal euicrmat Suclam&adryﬁbess ézﬁi\llﬁﬁ'b& smostlﬂglrﬁcc aphptishid £disateniyk of Such a
materi al, when con‘pl ned with a preferred _additjve materlal can forma

surface coat it#faddit ‘{eH’éatgéPc! PF f% gUlsrcqatiae pf tesdiibias

ol eophobiygi t ﬂ_&é@@ﬂgﬁ Emﬁ@g when
cont act ecllg w?é?lhhhl gh ten‘gg‘%g%&]t}?g ﬁhﬁ? Oﬁ@%?}\rﬁ%&?%u t o%-)lééretal%{l ng
condi ti ons. Tieblénded polyineeic sgstemhmc&mhwlcmﬁ mytonrGoahylon &nl th aylen £6-Gb-anet er
of 2 mcrons Ies t han .0. 01 .. m cron u flbers an “have a snoot h
surface corrprﬁtlg Tt erlbéﬂ‘?%trge&?mu%’ﬁﬁp%ﬁ @’&P r an outer
coating of t ﬁbﬂeféﬂi’éii yllotEcdPBlyRidr ésin (WP-BSI)Qﬁéstdn)ﬂy%Qi ﬁﬁh&tbédul&%lglft bﬁ' | oyed

in the polyrrer surface or both. Preferred materials fagr:use in

bl ended pol y %%mtm;wpnél Ed\éfalmnérGB Taxlp eteamnﬁwwtbewlecnlﬂ on

(6-66 61Q) r},g @t Kihe Iﬂﬁﬁ I
conposi t | ons gé‘% erre E\n“c\{)dpi)o yer %{é%éﬁyﬂ'ﬁs‘%ﬁ@g&@ was anal yzed for
nol ecul ar vvelagdsm,gdomoletnlda- waghqrws,gpvasmremnam 5003n<E24 260. ZI‘IamdnﬁoBhoﬂ' ayl or,

det erm natlon of t he ﬁxﬁ E]%rscﬁS Wei ht of nylon Chem Vo 19
Naber 7o b s gstigied Reikep 4 o e comonmm iy
bet ween 21 5%?10&%13%& 4%3/9 ngfdifﬁ@ﬂiﬁaﬁ’%%'aﬁﬂnym%lﬂ%éﬁ’@ts% @'ﬁgém phase

di agram of- nel't terrperatur of three conponent . nyl on
Nylon Plastlcs Handbook, Melvm Kohan ed. Hanser Pubhsher New YorK (1995)).

20
N chortad_pl;ysica_l prop'erl;ies of SVP 651 resin are:
- -Prog.g_lj.z, . ASTM Method Units Typical Value
o - Spec:ﬁc Grawty - D—792 o - : © 1.08
25 Water Absorption - - D-570 % - 25
e - {24 hrimmersion) . . - . | y o
Hardness , . D240 ‘ Shore D 65
‘Melting Point~ - © DSC CeCER) 0 154(309)
. - TensileStrength.. . D-638 . = MPa(kpsi).. - . 50(7.3)
30 @ Yield o |
Elongation at Break D-638 % ©o- 0 350
. Flexural Modulus . .D-790. - MPa (kpsi) 180 (26) -
Volume Resxstnnty D-257 ‘ohm-cm 1012

35



nyl on 6 about 45% nylon 66, about 20% and nylon 610 about 25% (Page 286,
Nyl on Pl asti cs Handbook, Melvin Kohan ed. Hanser Publi sher I\F Bfo@[ﬂ:{]S
(1995)). 20 25 30 35 Reported physical properties of SVE % Orgg ar e:

Pr oper t WB300t hodUni t sTypi cal Val ue Specific G avi tyD9 R {an\at er
AbsorptionD-570%2.5 (24 hr imersion} D240Shore D65 Hardness Ml ting

Poi nt DSCC( F) 154 ( yvifiabotdl Bivies 8 hitdroDsfiikea of kpsi §750 90D-+3) ca@bdd el d
D- 6389850 El on atliig]%i at "Break FlI ex%raFI o Hea

_ : Modul usD- 79. 0, a. (kpsi) 180(26)
Vol ume Resi stdediin guohaohemmsysians.2 Thess apapreterahly wﬂﬂk%gg%l '&&#Fﬁ)%‘is 25146
7 A pol yvinyl alc | havhn ?ﬁfﬁ ¢ b 881 FEQBre di8r3bR+% can be
used in suchprﬁgelr?/oag?mgélsnltkg%sa&d es]gé%% Sre erably cross Iei nkepgl. And t hey
are nost  pr gidhivaéphobicadditive kederiald conmbi ned with substantial quantities

of the ol eophobic. and hydrophobjc additive materials...5,Another preferred
node of the inven#ﬂ@ﬁ%ﬂ?%&?‘%{l@ﬁf IEV?PX'F’%%VP?V&S& S RON™ i ned wi t h

an additive SRR tRed Fith ER B bdtposioned hiproot fib@tihé onal

properties. - The preferred polyners useful in this aspect of the invention

i ncl ude nyl onpqrationabpreperties. yThayefered eolyment Rl fothjsaspect oIy BYEHFPE dene
fluoride pol rs..polyvinyl al cohal i | Loridehose

li sted mat er%@eﬁ@ﬁpo{wﬁwﬁm&ﬁ%ﬂ@%@@%ﬁﬁ%l9 %rls’eig’l 0 |Hcd%g%1§ fydr ophobi ¢

addi tives t hgslyfrps, peigyinklalddhal olgmersianéyin particatan thdse listed nfatdrizs Wi ti ve
materials fornéd in a coating.on the fine e g .

10  combined with strongly oleophobic and hydrophobic additives that can result in a
microfiber or nanofiber with the additive materials formed in 2 coating on the fine
ﬁl:::ér' surface. Again, blends of similar polymers such as a blend of similar nylons,

| similar polyvinylbhloﬁde polymers, blends of polyvinylidene chloride polymers are
useful in this invention. Further, polymeric blends or alloys of differing polymers

15 are also contemplated by the invention. In this regard, compatible mixtures of

" polymers are useful in forming the microfiber materials of the invention. Additive

' 'composiﬁdﬁ such a ﬂﬁbro—surfactant, a nonionic surfactant, low molecular weight
resins (e.g) tertiary butylphenol resin having a molecular weight of less than about
| | 3_000 can be ﬁsed. “The resin is chafacterized by oligomeric bonding between phenol
20 nuclei in the a‘.i)s.ence. of misthylene bridging groups. The positions of the hydroxy!
) and the terhary butyl group can be randoimly positioned around the rings. Bonding
7 between phenolic nuclei always occurs next to hydroxyl group, not randomly.
. Slmllarly, the polymeric material can be combined with an aléohol soluble non-
o hnear polymenzed resin formed from bis-phienol A. ‘Such materiat is similar to the
25 tertla.ly butylphenol resin described above in that it is formed using oligomeric
o bouds that directly comnect aromﬁtic ring to aromatic ring in the absence of any
:bridging groups such s alkylene or methylene groups.
. Aparticulasly preferred material of the invention comprises a microfiber
material having a dimension of about 0.0001 to 5 ‘microns. The most preferred fiber -

30  size range between 0.001_-to 0.2 micron. Such fibers with the preferred size provide

o excellent filter acﬁvify;' ease of back pulse cleaning and other aspects. The highly

o preferred polymer systems of the invention have adhering characteristic such that
; when contacted with 4 cellulosic substrate adheres to the substrate with sufficient
strength such that it is securely bonded to the substrate and can resist the



fiber surface. Again, blends of simlar polynmers such as a bé.) %ot&@jgn | ar

nyl ons, simlar polyvinylchloride polyners, blends of pol fg Bl ‘

chlori devﬁ?éﬂig‘ﬂﬁ are useful in this invention. FurtherpcpokyiiRidC bl ends

or alloys o fferi ng polynmers 15 are aléso contenpl ated by the invention.
0

In this regard, bati bl e m xtures of Iyrrers are useful in formng the
ni crof i ber mat gwff@qtﬁe) memmﬂseqleams toeiniqug#pe Sfher Bischanial o

fl uoro-surfac ﬁpdﬁaﬁﬁ ﬂgeh%u Sins
(e.g.) tertla%@eg%ut% eno &rééélllé ﬂ&\an hﬁbaiedia?ro ecular Qd/\ﬁt fess t han

about 3000 cwmlbmdﬁ@ﬂngibdsedemnpmmttasamsmnmalbanhyltolthgkypma]l ¢ bondi ng
bet ween phenol., 20 nu I n the.absence of neth g p The
posi tions of bH’@“ﬂ‘)’/B‘P (0 SHEEPE R TeVeERE fiteSiop ap FStS"F(gEtﬁ %g’f?g% $‘5’E‘dorﬂy K
posi ti oneds ar gatigioh B AriftGrom KRGt BffectP 6t MRL orBREBR bt eTitetl Ricodb¥BYS OCCUr's
next to hydroxyl group, not randomy. Simlarly, the pol yrrerl c materi al

can be conbi nwh\ﬁhetmsmeaﬂfbgn@ﬂtmmtefth@ﬁbﬁqvéhﬁ% fhylegt 9resi n
e o Dl Rhy oo S Bl plbBL e B Bl Bt Y
bonds that di d&edndiffing@AR&RIn, ArchrB spetifid dhgmial Atanaions like hgdrbgerthmdmlgsence
par 1 sul ar Sgéqr&cgr S B GRS Sos TR oSS B P of i ber
e o e agh e R e

preferred Sl ze range to0"0.2 mcron
with the. pref stemndtﬂmeimqnfaﬂhetmnmanéhtmtreﬁseﬂtadhemlw ty; ease of back

pul se cl eani ng and othe ects.. The h| |, Q ystenms of
the' invention hav8® mgspc?ﬁta‘ffd%?'@??@ dg/g]ﬁd’ﬁ'ﬁiyhoaf{m&mﬁ]é X’gﬁedt gct ed wth
a cel | ul osi ¢ gabEAhRteAME eiRd o aTtcs stakhiral B stich B satéthier ikt ine fibkr engt h
such that it i's securely bonded to the substrate and can resist the 2 5 FEB

2005 WO 02/ 20&@@@@8@?@@%@6@@@4%@#@@%@ %ég%swtméerw@ﬁée puI se

cl eani ng ch her Egg! J Q\%ﬁig
pol yner mijerlﬁid %?&h%g Ebe ?‘gt% e su ?agfiggn% e&ﬁn rgol ng a
pul se cl ean i Meﬁblfaieramimbwbms mldb )‘Zrom:;hablends eﬂwllulpmcs,aynthémd andat i on

condi tions except.in a reverse direction acr os ‘the fil e. Such
5 adhesion caBlas} RS, MPBAVER Uh VoL glatsde SPPR eﬁ@%ﬁ’ﬁ@ fi ber

i's contact ed em@dw&hslueﬁmmp%amhsﬁtmamgﬁ ﬁdlyh@@chhb@r on the

substrate with heat :or -pressure., However) polyner characteristics appear
to play an i npedt SheetdiesubstratestesHvlosic ngnﬁ@ﬁeewehca%@emba@@%&@ Bc

chem caI ,12(5.lt eiiﬁg't | Ont%re thaFis pYa%ec?gled]ﬂlgﬁggJ:Mmciudmg an air stream or liquid stream
| - for the purpose of removmg suspended or entramed partlculate ﬁom that stream.
. The shape and structure of the filter matenal IS  up to the des1gn engmeer One

| - -important parameter of the ﬁlter elements aﬁer formatlon Is 1ts r&elstance to the
- effects of beat, humidlty or both. One aspect of the ﬁlter medm of the invention is a
25 . testof the ability of the ﬁlter medla to survwe immersion in warm waier fora
o  significant penod of time. The 1mmersmn test can prowde valuable mformatlon
regarding the ablhty of the fine fiber to survwe hot humld condltlons and to survive
. the cleanmg of the filfer element in aqueous ! soluhons that can contam substantial
- proporuons of strong, cleamng surfactants and strong alka.lmlty materials.
.30, Preferably, the fine fiber matenals of the mvenhon can survive 1mmerswn in hot
-7 - water while retaining at, least 50% of the ﬂne fiber formed on the surface of the
- _-substrate. Retentlon of at least 50% of the ﬁne ﬁber can mamtam substantial fiber
‘ eﬂ'iclency w1thout loss of filtration capaclty or mcreased back pressu:re Most
. proferably rotaining atleast 75%. .



contact between polymer and substrate occurring above or below Tg, and the
10 polynmer formulation including additives. Polyners. pl %%i iF(sz% @U@Pj
solvent or steamat the tine of adhesion can have incre adfiesi on. An
i nport arlVO4¥BYUSt of the invention is the utility of suclf URBer or
nanofi ber materials fornmed into a filter9structure. In such a structure,

the fine fiber mMateHEHalBeRfthdtRBEmbANSRE bifrodbtndnofib@Comainddapahgied to a
filter substrate. Natural 15 fiber: and synthetic fiber substrates, |ike

spun bonded fiaNenties candesrfites prdcandisve esliasmeteraf gbont G Q011tp faniczaps GRMH-ovens:

made fromtheg bl ends .yl osi ¢ | g <yl 4L 10N- Wwoven
and woven gl 25%%%?&9'@;5?0?# zriﬁé?rlglé’ ‘i‘%ﬁf—e‘é@rf f)laﬁad %?x@?ﬁoa Isﬁ’l Eg?%ﬂnggé:fr%%ed. and
hol e punched typifal @ad fiver Meatichger rahgas fommioup 6/l nsicoar(aipat 1 ds 00

Sheet-1li ke substrate or _cellul gsi¢c non woven web_. can, th be forned into a
.20 filtef stqnlf‘él@P@b?‘h@?mle@rW@@W@WWW&@%%‘W‘%@@%%@ an air

streamor |i bl%gfa%l reafrefor the purpose of renoving suspended or entrained
particul ate ?‘?iomt at stream The shape and structure of the filter

material is up toFuiéstiesisgauck agjiinest gasGrearnnplen canty naticglnta weateral t he

filter elemengs .after. for lon is.ts resjistance. t f heat,
humidity or BOTH™ OI&T4E ﬁqu%ﬂqqﬁ@%%g@e%ﬁggﬁrﬁéé dafedts o 25
test of the abhdedby ®ir dxh@ple hit RitaliREeams B el babiveolimorerisidoshiclesydir i Wat er
for a significant period. o? time. The inmersion test can provide val uabl e
i nf or mat il8n  comgutenlis drives, BYAC eif. deaneamsvep@lationmand anphisiiiops yang Sttethuni o -
conditions a b\ g o fol Sl ETRResl gqueous
sol utions th%&%%@%ﬁ’éﬁ%@&%&ﬂa‘g@@%g%ﬁ ortsif{))ljn&slg% st ron%e:s’ C tg’ani ng
surfactants godesdnentionleyapment; gansitearms dirscted B0zas Rirbines;abd,yair shivems tne
fiber materials of the invention égl?.s\rvi ve, | yersi oqr;id'én-.hotqe wat er while
retaining at VPESY n °F% RESH G CPET i eo‘ﬁatFﬂ AP Fadt th(?fclaﬁehe
substrate. Refreiih AR ferdt isl RS7ib1ORRMAbvE B phiti@latd Hfiter G bofbN bAINR

substantial fiber efficiency without loss of filtration:capacity or

i ncr eased5bagiessongss axdéor fivbadsthsties. WithIrgspeeltia pifiand geg infalia sicaysde 2 5 FEB
2005 WD 02/ 20134 PCT/ USQ1/ 25146 The. fine fi b j.se the mcro-
_or nanofi ber %@Hﬁigﬁ%‘@”{‘%&@#%ﬁ%ﬁt&mﬁ’{fen %ﬁ?(gégﬁa%gﬁrl egpgi}ﬁed can have a

di ameter of il AAkribbdaik paniealatdcalGhuseGubstartial damage 16 tHeGntemad. 5

mcron, preferabply 0.01 to 0.2 mcron, The thickness of the . ‘
workings to the various mechanisms mvolved. In other instances, production gases

or off gases from industrial processes or engines may contain particulate material
20  therein. Before such gases can be, or should be, discharged through various
.‘ ) downstream equipment to the étxﬁospheré, it may be desirable to obtain a substantial
removal of particulate material frbm those streams.
A general understanding of some of the basic principles and problems of air
 filter design can be understood by éonSideraﬁon of thé following types of filter
25 media: surface loading media; and, depth media. Bach of these types of media has
been well studied, and each has been widely itilized. ‘Certain principles relating to
them are described, for example, in U.S. Patent Nos. 5,082,476; 5,238,474; and
5,364,456. The complete disclosures of theso three patents are incorporated herein
by reference. o t o S
30 The "lifetime" of a filter is typically defined according fo a selected limiting
o pressure drop across the filter. The p@sure b-uilldup= agﬁross the filter defines the
 lifetime ata defined level for that application or design. Sirice this buildup of
' pressure is a result of load, for systems ofequal efficiency a longer life is typically
o directly associated with higher capacity;' Eﬂic':iéﬁcy is the propensity of the media to



typical fine fiber filtration |ayer ranges fromabout 0.1 to 3 mcron

(about 1 to 100 5 tines) the fiber dianmeter with a basis 2@%&
from abou,}q it 0 240 m crogranms-cm 2. Fluid streans s d gas
en

streans carry particulate material therein. The renova sorre or
all of the particuiate material fromthel%|uid stream S n_eeded. For
exanpl e, air trap} sitleer shangasss particulhtes.cKishodd be aptrat thaé typically themoreai r in 10

conmput er dISk r.ives air, clean roo | Iatlo n plicati.ons
O e e Megieh Bise oS P st el i b e AR B LR onS

not ori zed vehh€hRse rapidly e fiOMYAEIE IR apprioEh BiE ULRHARBY pregate Siffepentil di rect ed
to gas turbines; and, air streans to various conbustion furnaces, often

i ncl ude part me merétanableﬂe&eéqeld conftapfle I tisppBeationfhatesnr filters it.
i s desirahle. tt?aﬁgﬁpﬁx?%gwgﬁe ohﬁﬁnt&ﬂﬁggﬂm‘c%ntt eﬂfcxé&@ﬁ o2
o r %8s

passengers an respect to-alr and gas I htake
streans to eregbmpamgﬂﬁatﬁmﬂhaﬂm@stfbamhuaeeesnaryfﬁ)r ﬂmcsekptedtapplscademl rabl e

to renove the part uI ate mat bec rticulate can cau

substantial danmag ‘ti?n?rtfén é?h%‘fe ?@% égt“b“?%‘é(o\’ﬁi'r OV@MSW

i nvolved I'n QY addSicAHEES: THY Eﬁ@ﬁla GraPprovides ﬁEF}h%’iéﬁ rdpegiBsi ndustri al
processes or engines may cont al artlcul ate materia erein. Before

such gas es c ernqlb@d for Prgduml stabiigy. 'Hlleg mtftg@b; shhnldmghchangs sigsificaetlihet r eam

equi prrent he at mosgpher [ 0, | i al
amova e S T s T ST S e T T
of sone of t@amﬁwyszmmowdumebt@meﬁmﬁgm huhﬁchty,li@u gn can be
under stood by consideration of-the following types of filter 25 nedia:

surface IoadltﬁQP‘PFéE‘i@ or giher nepalivmenrarppmentah efiecty. theduyentipp £dates ARy a has

been wel | st ﬂ’g&% da@p t nci pl es
relating to em a e esgrl%égﬂhﬁgr eX<':1rr13b?ﬁ]Hﬁ3}S e%%%‘rﬁé%gﬁf

5,082, 476; 5 xﬁaﬂem'élbptramagneﬁe Bldatibh GucH heenvonpineital lgght dicats humsiltyfandhese
three patgnts are.inc ated herein by reference. 30 The "lifetinme" of a
filter i<ty iRerpRysi 1° J&&ccording to a selected limting pressure drop

across the fi 1t er . Polfiferth@GSi Babétin titRe @R 86 Polyherié bhiupssitiatsiores t he
lifetine at a defined | evel for that application or design. Since this

bui | dup of . preansignancludedotheadditiongrolymsernd cgrdegsation pel Yool sepleialesuchipg i ency

et ey 1 SRIRpER SUEERHL RARSAE BB B INEK pOBRRSIY
sulﬁde, polyarylene oxide, polysulfone modJ.ﬁed polysulfone polymers and
20 _mlxtures thereof. Prefen'ed materials that fall mthm these generic classes include

. polyethylene; polypropylene poly(vmylchlonde) polymethylmethacrylate (and
 other acrylic resins), polystyrene and copolymers thereof (mcludmg ABA type
7 ,‘block copolymers) poly(wnyhdene ﬂuonde), poly(wnyhdene chlonde),
o polyvinylaloohol in various degrees of hydrolysls (87% t0 99.5%) in crosslinked and
25 H non-crosslmked forms. Prefen'ed addmon polymers tend to be glassy (a Tg gréater
,than room tempemture) 'I‘hls is the case for polyvmylchlonde and
o polymethylmethacrylate polystyrene polymer composmons or alloys or low in
! crystallmlty for polyvmyhdene ﬂuonde and polywnylalcohol matenals One class
of polyamide condensation polymers are nylon materials. The term nylon" isa
30 ‘. genenc name for all long chain synthetlc polyamldes 'I‘yp1ca]ly, nylon
._ . Enomenclature mcludes a senes of numbers such asin nylon—6 6 which indicates that
. | the startmg matenals area C.g dlamme and a C5 dtaeld (the first d1g1t indicating a C¢
: gdlamme and the seeond dlglt mdlcaimg a C6 dlcarboxyhc acid compound) Another

C : _“a'nylon can be made by the poncondensauon of epsﬂon caprolactam n the presence



" the sel ect ed lagspn i else kaewn apenisiiaBrjrunaeAPES 3

'PCT/ USO1/ 25146 10 trap, rather than pass, particul ates. It shoul d be

apparent that typically the nore efficient a filter medl

particul ates froma gas fl ow stream in general t he m)r T a-lbl

filter n¥@i%%?MP3f| approach the "lifetime" pressure diff & ((assum ng

ot her variables to be held constant). Irllthis application the term5
"unchanged f @f afsinall halbherb w0 Tads resiction formisa nylomé Gnadeormafdycid ent

ef ficiency to renmove particul, at € fromthe fl@tﬁ%{tsu am.as.is.pecessary for

gaﬁpplgmnil ted in non
woven and wo Ad15h SBtnfiatbE T Copolitfed @by BB ke BRL €T i al
provi des the%&éfggﬁoﬁg?o%%rﬂ%%?s requi rngg for ?)proo%lﬁ?:t st abi | |%?? These
mat eri al s shaonbiniog vaivas dandigeunipoaads, Ivymmdl@ldcnoﬂﬂmiléﬁandsww reduced
nol ecul ar _we becone | ess fl ex oSy ect [ es cking or
physi cal | y dég’g#‘t‘a?t&'tﬂét‘?lﬁt“t%énw@g{éﬁ%m“ ? e&ﬁ? ﬁ%‘“’a“? ﬂ?gh
tenperatures rﬁidoﬁilfﬂﬁémﬁ@&a&ﬁd&n%ﬁwmmﬂhﬁépaﬁtﬁﬂbstm&m lmvemnm arel ates
to an inproved polyneric material that can nmaintain phy cal. propertles in

the face of Nyhwi GefilOanatenial inenylen manpiiefurad Fwn §ﬁ@ﬁ’e§§’ i3inGaRd

l'i ght, heat, [ hgr, r materials

t hat can be u(gﬁua?d% dl{R%H%SF&‘%%‘?L cgcgﬁ) J%ih’t%addlnds:@% tﬁjt?tlgﬁa?uritgdgdrltrt | O?] I ncl ude

both addi ti oreopellyyitiationdf epsildﬁmmocmomabwmxmmmﬂngbnaﬁtammmmblend

pol yol efi n, poI yacet al ol yam de, polyester, cellulose ether and ester,

pol yal kyI1@ne o %f@ééclp AERA- oxi de, poI ysul fone, nodified polysul fone

pol ymers and 20 thf, igFfér@ aﬂb%&tﬂﬁ%&@b@éskafﬁumaéndoal hwigh &fehn t hese
ude p t hy

generic classes inc | 'ene, pol ypropyl ene,. poly V|nylchlor|de)
pol yrret hy| nmetdoaclysiesstiee ¢l ofcsptv@nt syeslijng agentds importan o e solverd

| th di ABAt | lid
1 lor 1 de) . pab Gty PR FlbBT 0 by BRESHERER)e o RBATL U1 Y 0007
of hydrol ySIS(s@&Zt YRPOstABnS%r AR (styress EP)iatgin afiﬂn%ym«htcﬁﬁhlso}vkmd[forns

Preferred addition mers tend_to be gl assy Tg at er an room
t enper at ude) oumpmpp@n%/ weloéé@téblemﬂleﬁetvy% ttwlé%ﬂ gg Eﬁernpeso such

pol ymet hyl met @ |l oys or | ow
in crystall |@gg&k&&&e@%%ﬁd§ﬁg% uo de andbrggt@?}@lr%ze?l cohol

rrat eri a: s. Oilsydedgesated hxitaqlezltq(ethyldne pttopyllen@al'ebon ot pfrecepra lansﬁlmnh
mat erial s. er a r chain
synt heti c pol'i’lé}h‘?‘tfézgm{%g %ﬁaﬁ/po‘ﬁ?ﬁ?%ﬂgetﬁglﬁ’é ‘g‘??ﬂd@(’?}ﬂ]r?th%s%ggserl es of

number s such @gyitdd dxideddGsdRyibiksh i ndicates that the starting materials

are a C6 dlam ne and a C6 dacid (the first digit indicating a C6
20 Addition polymers like polyvinylidene finoride, syndiotactic polystyrene,

oopolymor of vmyhdene fluoride and héxafluoropropylene, polyvmyl alcohol,
poiyvmyl acctate, amorphous addition polymers, such as poly(acrylonitrile) and its
copolymers with acryhc ‘acid and methacrylates, polystyrenc, poly(vinyl chloride)
and its vanous copolymets, poly(methyl methacrylate) and its various copolymers,
25  ‘can be solution spun with relative easc becatise they are soluble at low pressures and
o temperaturcs However hlghly crystalline polymer like polyethylene and
polypropylene reqmre hlgh temperaturc high pressure solvent if they are to be
~ solution spun. 'I‘herefore, soluhon spinning of the polyeﬂlylene and polypropylene
is very dlﬂ:‘icult Electrostatlc solunon spmmng is one method of makmg nanofibers
30 and mlcroﬁber - B '
o 'We have also found a substantial advantage to formmg ‘polymeric
= 'composmons compnsmg - two or more polymenc materials in polymer admixture,
L alloy format orina cross]mked chemically bonded structure. We belisve such
e polymer composmons improve physu:al properues by changing polymer attributes



di am ne and the second digit indicating a C6 dicarboxylic ﬂ: und)
Anot her nylon can be nmade by the, pol ycondensation of eps@%} éé)"‘% %:t am
in the qﬁ}tgﬁg4 2 5 FEB 2005 WO 02/20134 PCT/ US01/ 25146 pdphydpbzsissmal |
amount of water. This reaction forns a n]?édon -6 (made froma cyclic [lactam
- al so known as episilon am nocaproic acid) that is _a |inear polyam de.
Further, nyl shchcasguipyosingpelymorthsin domil ﬁtﬂfzﬁl@@ mekiliy) W&ﬁ\’ﬁfﬁb made by

conblnlng varl us,di a various 5
cyclic lactam s?crmac{t“ﬁerl s%lll(?lsg’qr aﬁmn m >9<ture gﬁg&t@ orm ng t e&;yl on

w th random pogmdﬂclrrimaﬁhlfmnorreri c materials in a polyam de structure. For

exanple, a nylon_6 mater Is an Ion facturedfro
hexamet hyl ene di affABe %.‘ﬁé"déme%%) éwac‘aﬂceﬁ*@ g%? pgienalac rT‘E’fbn

6-6,6-6, 18 | $1440 Ffbe g@&% mylm.a&&@he/mg@ﬁbleeﬂap&m

epsi | onam nocaproi ¢ ac ene diam ne and a bl en 10 of a C6 and

a Cl O di aci dm@tvaxyﬂdﬂon@mhcblmded/wéhglwm®¢wmpolywkbl@ld©cess of .

this |nvent| s.the ch f | 1'i ng agent
is | rrportant , %181"%‘3’5(/ %ﬂgﬁ{l}yéo% eﬂ%&aﬁb%d)%%%ﬁgmg%m\gre sol ubl e
in the sol veriﬁoleéam v@l@i’f@r{yﬁmlrﬁat&iﬂBFuﬁbérydlﬂhﬂngEbmtcy o€ @pnendl pABmeric

(styrene-EP) polyner in nethylene chlorjde solvent. If 15 One‘ﬁféfﬁ onent is
not sol ubl e iggnisrandgiblended. ¥or exampler a highmejeqularsyeight|shaengmat | ock

copol yIrerp A i LgRihd ﬁw%olé&ﬂér%ﬁﬂl ﬁgﬁ&gsfﬂgolﬁﬁﬁeﬁBYAWo%

hydrogenated I ene I'ene prop
e- caprol act anméten&khh]ybebbndbdjwiﬂ;aﬁylnnaopalj(mcr quch pes Nylon-65-Gef; yliGene oxi de

and pol yurethanes of | ene . oxi |soc nates i tian polyners
i ke pol yvi POPRIEHER. it rwohewoaﬁmabggw‘en% &Yﬁg@

vinylidene flgyof ffliogidh fiyAhyIHIRERN caPYE snﬁaedp@itw oreshpaﬂﬁimlyz@pl yvn nyl
acet ate, anorphous addition polyners, such as poly acr lonitrile) and its

copol yner s wipolyvinyial¢ahel haviag ad@grﬁ@@m&rqlm%b@weﬁfb §an ?%?lé aﬂ%&‘ i nyl

hi d it
ohl o1 9e), 208 b Bed 30 36 BORRMNIR! S ASLMCIBM BRI RN |5
are sol ubl e ahechaisips. engmmmamu@mssmgmmmmm%t alline

pol ymer |ike pol yethyl ene and _pol ypropyl ene.re h t erature, high
pressure sol \P@FR%PPI trogsy alpmpin the gaide e. Pol qyﬂafmehoqngatem%@anbe |

- crosslinked using. hydroxyl reactive matcnais such as monoaldehydes, such as

formaldehyde, ureas, melamine-formaldehyde resin and 1ts analogues, boric acids
20 . and other inerganic compounds, dlaldchydes, dlaCIdS urcthancs epoxies and other
known crosslmkmg agents. Cross}mkmg technology is a well known and
. understood phenomenon in which a crosslinking teagent reacts and forms covalent
- bonds between polymer chams fo substantra]ly improve molecular weight, chemical
.. resistance, overall strength and resistance to mechanical degradai;ron,
. 25 .. Wehaye found that addltlve materials can mgmﬁcanﬂy improve the .
propcrtlcs of the polymer ma;tenais mn thc form of a fine ﬁber The resmtance to the
. effects of heat, humidity, unpact, mcchamcal stress and other neganve
‘., environmental eﬂcct can be substantra]ly 1mproved by the prcmcncc of addltwc
5 L . materials. We havc found that while processmg the rmcroﬁber matenals of the
30 invention, that the additive materials can improve the olcophoblc character the
hydrcphoblc character and can appear t to aid in lmprovmg the chcrmcal stability of
., the matcnals “We believe that the fine fibers of the invention in the form of a
rmcroﬁber are. improved by the prcsence of these olcophobrc and hydrophoblc
addmves as these add1trves form a protecﬁve layer coa.tmg, ablaj:lve surface or



solution spun. Therefore, solution spinning of the polyethylene and

pol ypropylene is very difficult. Electrostatic solution ENpd ; ne
nmet hod of maki ng nanofibers 30 and m crofi ber. W have al £5f EILE:% gﬁog
subst ant WQ 028#134nt age to form ng pol yneric conpositi onP@IHRYE#Og t wo or
more polyneric materials in polynmer admpture, alloy format grin a

crosslinked chamfalle Béﬁm%go:ﬁé& &fth W Enpbvdh haug éwﬁate

conposi tions |nprove physical properties by changing po yner attir utes 25
FEB 2005 WO O¥¢béli+4 tirGmposads/china@risticd of tiehe meteriplsamthe grepaicgmén chai n

provi di ng. 1 e HPGR LSRRGt SR ML B R Tb b hevr iR R st y mar .
material s. | rSt@nglydiyanphosio erdabs H&lﬁe&ﬁi&ﬁ@ﬁﬂmn%pﬁ&iyﬂf@ﬂolﬂ@' yner materials
can be 5 blended for beneficial 0%rsopertl es. For exanple, a high nolecul ar

wei ght  pdl yVvivdiacarbos sarfctanigpripdo mwswwﬁmdmwhwo@awam%. ght
| yvi nyl chi i |
pol yvinyl c %an:ggfxo@. r’Tﬂe el!(l:l nﬁs Qfqu e Teh ma ogﬁ'il'ong%apl?ah fp%gl can

be bl ended w't oW no ul ar- vvelg i ering
speci es of a ofdranalecyiotinniendcio lgeotpatibla vith the polghmer mbierialefioedihg, a hi gh

nol ecul ar ' wei ght rerLe rial can 10. bl ended a.l ow nol ecul ar
roi ot i o S pre et hpnd gt SsaSiRRerLith e Reldne bl dhe o8 lended w th a

nylon copol yRtropHebic aﬁo@oﬂ\%b Gup, Gs éfesﬁula@meca%@iaﬁaﬁ BfthElaa&ﬁ% wﬂﬁ
pol yvi nyl al cohol:"having a 'l ow degree of hydrolysis such as a

hydr ol yzdé pdh%/mlmblafm @Iprﬁam"séuﬁh@riéte&! thyit résides pn Itha;sutfﬂcescuwpmoﬁ ol yzed

pol yvi nyl al ¢ a r d 99, 9% and

hi gher. 15 A%ﬂgg?d% ‘ﬁ%m%%é%ﬁf@%ﬁ%@ﬁé’ﬂlg% ﬁﬁg’bthum ng
appropri ate QIo%Saidhth}ellél@I tﬁeﬁﬁﬁee tHidknedd/ik ealsulerd tdke aroluebs0 Anifdst usi ng
crosslinking a ents that are reactive, with. the nitrogen atomin the am de

| i nkage. Pol ye Becsiesitedriomard e sudags- Bisratiop dshelisk omqﬁgluﬁw xyl
ti t ey, )
el ani ne- f or Wifﬁ?%@?%@ﬁﬁ%ﬁﬂ%ﬂgﬁ%ﬁ%ﬁ BO0iE Brop AR Bl Po
das 50 icknlisa hpjesiaysde be ralisamablisthickmess fempest, &hxd th
ng\r/\gaglrosgﬁ% n'?s % eg rlE’sc t echnol ogy e::lap@matgg ownoangr
under st.ood phe owgﬂ%‘ﬁ <t5h gér gﬁ?sﬁﬁﬁﬁgp?%‘gd%hﬁ/"rlﬁgét O’éé]ud f or s
coval ent booﬁiarobetma&essmﬂewﬂomﬂﬁm éd?re%ﬂ?ﬂkﬁiﬁ%fﬁhdsy PMﬁﬂf&Dl ecul ar

wei ght, chem cal
g additive materials are used at an amount of about 2 to 25 wt.%. Ohgomenc

L _ addltwes tha:t can be used in combmatlon with the polymer materials of the
" 20 ) 'mvenuon mclude ohgomers having a molecular welght of about 500 to about 5000,
': preferably about 500 to about 3000 mcludmg ﬂuoro—chemlcals, nonionic surfactants
| and low molecular weight resins or oligomers. Fluoro—orgamc wetting agents
' useful in thzs inffenﬁon ai"e organic molecules represented by the formula
25  wherein Rfls a fluoroaliphatic radical and G is a group which contams at least one
| hydroplnhc group such as cahomc, amomc nomomc or amphotenc groups.
_ Nomomc materials are preferred. RflS a ﬂuonnated, monovalent, ahphatm organic
| radical contammg at least two carbon atoms Preferably, it is a saturated
_ ' perﬂuoroahphatlc monovalent orgamc rad.lcaL However hydro gen or chlorme
30 | 7‘ atorns can be present as subst:{tuents on the skeletal chain. While radlcals contfaining
o a large number of carbon atoms' may function adequately, compounds containing not
more than about 20 carbon atoms are preferred since large radicals usunally represent
a less efficient utilization of fluorine than is possible with shorter skeletal chains.
Preferably, Ry contains about 2 to 8 carbon atoms.



resi stance, overall strength, and resistance to nechani cal _degradation. .
25. W have found that, additive materials can significar}t FQE@@.Q& he

' propertlweﬁoghﬂ{lge polymer materials in the formof a figefidaghsiedhe
resi stance effects of heat, humdity, inpact, mechanical stress and

ot her negative environnental effect can be substantially inproved by the
presence of addltl'RlQCﬁmle@B@FlBSth@bﬂH% m&heﬂwratorwqe%egtsees%emgnt he

m cr of i ber | rials can
| mprove then%ﬁdﬂpvh "%m &ar aéit% %E@&Jfﬁi}ﬁt rop b| cC act er %ﬁgﬁcan appear
to aid inii rrm}ﬁuuaglﬁdtﬁcygheﬁ‘e@@g SEh) bt owgeﬁ-conﬂammw(tegr,laaime oXhdeddel i eve
that the fine fibers of thelnventlonlnth.ef f a mcrflber are

i mproved by t%hﬂwué?mﬁé%mﬁp@ﬂb FREORC By, nhﬁf‘dr%‘ﬂﬁ’ﬁﬁf‘% © additives -

as these addi d\@gp o‘%greor 25
FEB 2005 t?\o 0%%‘%%3{11&%%/ Q\%;J}XZ o)e)g%trate tﬁg N@%"’Z“to sone depth
to inprove th@smamomcahunthaotpml@mhﬂhﬁmaﬂb@xléﬁ sulfige, ‘tb@ﬂfaésdert he inportant.’
characteristics of. these ria

hydr ophobi ¢ gﬁ”%l? ][a%:f{ a‘ﬂﬂb&ef*;e@b’% &gl’ agz{eg%g%é) %?nclgc gfpcgc o
Strongly hydrfepheiieEROERMPS Profaralils, K2|wﬂrawth@mkg¥gﬂm$anﬂd$b¢ihbbl c 5

hydrocarbon surfactants or blocks and substantially hydrocarbon oligoneric
conposi t i ons hygirpxide, ppbisylfalg-s are nanufactured in conpositions that have a

portion f the %%éﬁ%ég%i@@gﬁa{) e PR BubR-&: %{:@egtﬂ,egd%gﬁtgrrer mat er

I al affor ing typic or assomatlon wi ththe pol ymer
whi | e the st repmgbyed il yids hﬁhﬂ:hjnﬂndﬂd@gmupdmhuch by ieniptionsambecone radiodls t he

association of the additive with 10 f or tive surface
ayer Chat  r GABISGs.o e FIOSG PRSIy HBE BRERS BISPG) OSSO T xed v th
t he pol yner qygg(f)%qe layers. For 0.2-mcron fiber with 10% additive level,
the surface thickness is calculated to be around 50 A, if the additive has

m grated towaP@:HNG -OBDsMe.or —QP@BHM siereMiaH, a sl ion QIR » gueh ® t he
mac or | al D15 Wsesnin i RloCofGPR of st SHRRLERERE, Myl 12 DUl K
protective cQtfertly Fois N o@K+ntI‘he prefetraimionic grobpsof tﬁ@ﬂwommrgdmes s
Cor T eebonds. teting AgRee: et B eiednTgpdon Baveta oo et bt or- S0t THUBHRES o,
amount of abog;d tﬁé)grgﬁp bE an%inc @hb&o&gﬁme wetting agents are anionic polymeric
' materials typically manufactured from ethylenically unsaturated carboxyhc mono-
20  and diacid monomers having pendent ﬂuorocarbon groups appended thereto. Such
| matenals mclude surfactants obtamed from 3M Corporatlon kuowu as FC 430 and
FC-431.
The amphotenc groups winch are usable in the fluoro-organic wettmg agent

employed in this invention include groups wl:uch contain at least one cationic £roup
25 as deﬁned above and at least one anionic group as defined above.
- | 'I'he nomomc groups whmh are usable in the ﬂuorwrgamc wettmg agents
| employed in this mventton mclude groups winch are hydropluhc but whlch under
pH condltlons of normal agronomlc use are not 1omzed. The nonionic groups may
have formulas such as -O(CH;CHz)xOH where xis greater than 1, -SOzNHz,
30 ~SOZNHCH2CH20H —SO;N(CHZCHZH)z, -CONHz, -CONHCH;CH20H or-
. CON(CHzCHZOH)z Examples of such matenals mclude matenals of the following



additives that can be used in conbination with the polyner materials of the
20 invention include oligoners having a nol ecul ar wei ght 02 51b§§EtB S5 o
about 5000, preferably about 500 to about 3000 i ncl udi ng | uor o- chem cal s,
noni oni ¥Q@¥?UBtants and | ow nol ecul ar wei ght resins oFCHUSHHIS.

Fl uoro-organic wetting agents wuseful insthis invention are organic

nol ecul es represented by thpgfgcp%L_@}g@f@Z{@ B5@),HRf s a

fluoroaliphatic radical and i's a group which contains at |east one
hydrophilic group such as cationic, anionic, nonionic, or anphoteric
groups. Nonignic materials at referred. Rf is a fluorinated, nonoval ent,
ali phatic org‘gv T2 P& ta%f‘an? fsg?-%fr% at | east two carbon atons. Preferably,

it Is a saturat edOtReflubtocsrgalic MReinpcagsiin tichide tHoso cgimicflu@dilemticdiowever ,
hydrogen or chlorine 30 atons_can_be E{resent qas sufb“?s?té{ﬁi ents on the

skel etal €haidgscrippd:|fer examplean U2 diatent Nofig?,704:902+ B 145506¢a80n at ons
may function t ’angﬁﬁpéﬁﬂ ] 1 R o aﬁgﬂ teri€O

car bon atons4?régﬂg§'e lléérﬁre sl nce 5‘?8 rgg{ cag]sqaghrgﬁg&lmlhgd rtggéges n"td ng | ess
ef fici ent ut iflubmehémioale fledclibied, iforeexatugle, insU SoBaisNosw.7h4.602ir4, @42, 522¢| et al

chains. Pref Ly, cont ai b to rhon.atons. .25 FEB 2005 WO

02/ 20134 Paﬂ%léﬁg%@@’z“ﬁl@h@é@tﬁ?ﬁ‘}t}réoﬁggﬁgiﬁﬁ%t SuFttanionie fIosor = e

f1 uor o- or ganiogsAROMtEnEIIRhRYECludd thodd tinfori @i MiciyddsBEbsddforan ani ne or a

guat er naré anmoni um cationi c grou whi ch can be 09 en-free@ﬁse.g., NH2) or
t

oxygen c&ft aicnimple(ia LS. Patant hos.cA$Ret30; 3.28uEh; 3mSR Sarmad hf208%ar y anmoni um

cationi ¢ hydrophi I r Oups e LRPNR7 o X,
--(NH(R2) 2) X, (R%‘%&esgfsuﬁﬁ%}%aﬁﬁng%@@ﬂg% ani onl%(mc)ggﬁ't@eri on
such as hal i genichicdugadtars. AndthatsepeddbBadditiiesthadgan earsbdiythapelynit?s 65 H or
Cl1-18 al kyl group, and each R2 can_be the sane as or {jiffere t from ot her

R2 groups. PHEiEvesioy incfusiejlaw melecular eighs fluprogarben aerylatgmateripls spch 4sqe
hyr oxi de. ey Siki3h 1Ry AR oAl AHRRIUN Ch are usable n the

fluoro-organic wetting agents enployed in this invention include groups
whi ch bylboni zati on can becone radicals of anions. The anionic groups may

have formulas such as -L - %l -.atOSCBM -PGBHM - OPGBM2, or - OPGBHM
where mis H, a netal ion, ,'acyrl fSR‘ 4)+, 15 where each Rl is

i ndependently H or substituted or unsubstituted Cl-C6 al kyl .
whereiﬁ Xis-For-CF;andnis1to 7.
Further, nonionic hydrocarbon surfactants including lower alcohol
20 ethoxylates, fatty acid ethoxylates, nonylphenol ethoxylates, etc. can also be used as
~ additive materials for thé invention. Examples of these materials inchude Triton X-
100 and Triton N-101. _
A useful material for use as an additive material in the compositions of the
invention are tertiary butylphenol oligomers. Such materials tend to be relatively
25  low molecular weight aromatic i)henolic resins. Such resins are phenolic polymers
prepared by enzymatic oxidative coupling. The absence of methylene bridges result
in unique chemical and physical stability.” These phenolic resins can be-crosslinked
with various amines and epoxies and are compatible with a variety of polymer
materials. These materials are generally exemplified by the:following stractural
30  formulas which are characterized by phenolic materials in a repeating motif in the
absence of methylene bridge groups having phenolic and aromatic groups.



Preferably Mis Na or K+. The preferred anionic groups of the fluoro-organo
wetting agents used in this invention have the fornula - P %

I ncl udedgohhéisp the group of anionic fluoro-organic mtﬂmoﬁg e

ani oni c polynerlc materials typically nyactured fromethylenically

unsat urated carboxylic nono- 20 and di aci'd nononers havi ng pendent

fl uorocarbon groups appended thereto- Sggh materials include surfactants

obt ai ned from 3M Corporation known as F{-430 and FC-431. The anphoteric
groups which are usable in the fluogo wetting agent enployed in

- OFd
this invention include groups whichfcp gt | east one cationic group 25
as defined above and at | east one afi@ up as defined above. The
noni oni ¢ groups which are usable in theJfluoro-organic wetting agents
enpl oyed in this invention |nclude]gQ9ch i ch are hydrophilic but whi ch
under pH conditions of normal agro itoni ¢ uSe-are not ionized. The nonionic
groups may have formul as such as - QQ CHACH2) xOH where xis greater than 1,
- SO2NH2, 30 - SO2NHCH2CH2CH, - SO2N( CH2 , -CONH2, -CONHCH2CH2OH, or -
CON( CH2CH20H) 2. Exanpl es of ~such nat ef i nclude materials of the
following structure: 2 5 FEB 2005 WO™§2/ 20134 PCT/ US01/ 25146 15
HGQGQM}GﬂGﬂO(GﬂGﬁ@mkhmmeu1nls2t082mdm|50t020 O her
fluoro-organic wetting agents.include t ®Ee cationic fluorochenicals 5
described, for exanple in U S. Patent Nos. 2,764,602; 2,764,603; 3,147,064
and 4,069, 158. Such anphoteric quoro-organic metting agents i ncl ude those
anphoteric fluorochem cals described, for exanple, in U S, Patent Nos.
2,764,602; 4,042,522, 4,069, 158; 4,069,9%4; 4 090, 967; 4,161,590 and
4,161, 602. Such anionic fluoro- .organic letting agents include those

[ d, 4 ; , 1n US. Patent Nos.
2,803, 656; 3, 255,131; 3,450, 755 and {4, D67, - Exanpl es of such materials
are duPont Zonyl FSN and duPont Zony _ o oni ¢ surfactants. Anot her
aspect of additives that can be used in }he polymers of the invention

3M s

- Ol

wherein n'is 2 to 20, Examples of these phenolic materials include Enzo-BPA,
. Enzo-BPA/phenol, Enzo-TBP, Enzo-COP and other related phenolics were obtained

from Enzymol International Inc., Columbus, Ohio.

- It-should-beunderstood that an exiremely wide variety of fibrous filter media

10  -exist for different applications.. The durabl¢ nanofibers and microfibers described in
this invention can'be added to any.of the media. The fibers.described in this
invention can also be used to substitute for fiber components of these existing media
giving the significant advantage of improved performance (improved efficiency



15 CF3(CX2).-acrylate wherein Xis -For -CF3 and nis 1 to 7. Further,
noni oni ¢ hydrocarbon surfactants including | ower al cohol x S,
fatty acid et hoxyl ates, nonyl phenol ethoxyl ates, etc. can%&bgmgyzgﬁ as
addi ti vewomtremBal s for the invention. Exanples of these BE{ENAIE6 | ncl ude
Triton X 100 and Triton N-101. A useful ypaterial for use as an additive

material in EH(?OP%{{@ gﬁés&?}é dgpl)tdngto fh@ %H{a“ﬂ%%ﬁét@r Wb bﬂﬁ%mﬁg‘?ﬁa{é@eno'

ol i gomers. ere atlve 25 1 ow nol ectf’ar wei ght
aromatic pheduiabmtye3| ns. Such resins are phenol ic polyrrers prepared by

enzymatic oxidatiye coupli ence | d esh result in
uni que chemical ah8t YBH?E? e&”&ﬁl@ﬁ@“ﬁﬁ&%‘%@é&%ﬁ ‘ger%ééﬁlﬁsg 35 peBe
crosslinked vwmmwd&%t@m@]@wnﬁemws@m@mmemwce;iﬂbehwbh a
variety of polyner materials hese materials are.generally -exenplified

by the f ol owhemicskdegtadation dBGo tpinysra bightueiiceires bhealume &Pz die BPeishenol i ¢

materials in.a r. roups
hayi ng phenofiﬁmg%g %ﬂgﬁ %10}6%d&gss%ﬁ%%&%%ﬁ%%%gbgwﬁég% 25146
16 OH n OH QEhyQrds vikbty Wh ARt Nektile Antmb2fle afkathipd disersé spipdissiquhenol i c.
materi al s i nclude Enzo-BPA, Enzo BPA/ phenol, . Enzo-TBP, Enzo-COP and ot her

rel ated phenolics were obtained from Enzynol International Inc., Colunbus,
Chio. it should be undersmmmmi ety of fibrous
fiiver mgia 10 9% Hichfbedrh iRt m'dnﬁaéah@e%mm%gtﬂ%@é&o%taﬁanofl bers

and mc i bers, d S |nvent|on can be ad any of the
medi a. The fIs?ﬁﬁﬁgpﬂ@fe@s’ubeaiwblbéﬁpammﬂﬁWMEgﬂhGﬁbela}mI@smedlgeﬂlm

Si'gni 11 cant BN SEABR ROl PAEPEBET B HENEED [Fpreaten TP aRy

solution is contained, a pump 81 and a rotary type emitting device or emitter 40 to

-,

which the polymeric solution is pumped. The emitter 40 generally consists of a
15  rotating union 41, a rotating portion 42 including a plurality of offset holes 44 and a
shaft 43 connecting the forward facing portion and the rotating union. The rotating
usifon 41 provides for introduction of the polymer solution to the forward facing
portion 42 through the hollow shaft 43. The holes 44 are spaced around the
~ periphery of the forward facing portion 42. Alternatively, the rotating portion 42
20  can be immersed into a reservoir of polymer fed by reservoir 80 and pump 81. The
i rotating portion 42 then obtains polymer solution from the reservoir and as it rotates
. in‘the-electrostatic field, a droplet of the solution is accelerated by the electrostatic
- 'field toward the collecting media 70 as discussed below.
" Facing the emitter 40, but spaced apart therefrom, is a substantially planar
" 25 - grid 60 upon which the collecting media 70 (i.e. substrate or combined substrate is
~‘positioned. Air-can be drawn through the grid. The collecting media 70-is passed
. arduid rolléfs 71-and 72 which:are positioned adjacent opposite ends of grid 60. A
" high voltage electrostatic-potential is maintained between emitter 40 and grid 60 by
*means of a suitable electrostatic voltage source 61 and connections 62 and 63 which
‘30 - ““connect respectively to the grid 60 and ernitter 40.
In use, the polymer solution is pumped to the rotating union 41 or reservoir
- from reservoir 80. The forward facing portion 42 rotates while liquid exits from
-1 hioles 44, or is pickec_l up from a reservoir; and moves from the outer edge of the

- “emitter toward collecting media 70 positioned on grid 60. Specificaily, the
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due to -their small dianeter, while exhibiting greater dﬂrﬁtﬁ-EiB v 00Bol ymer

nanof i beﬁ,ﬁ) @Ry crofibers are known, however their use QasufgBsiasVerY
limted due to their fragility to rrechan'i%al stresses, and their

susceptibility to 5 chem cal degradation tdue to their very high surface
area to vol ur\%equélﬁﬁab@mﬂqléﬁﬂlbmﬂgﬂé%ﬁﬂ%ﬁ@qﬂﬁﬁ?ftﬂoslmpﬁﬁ%ﬁﬁhaégﬁ@dh?ess t hese

limtations ol ), - ' ' i
filtration dhdeithenifahe! 808qRELBRRIA oo WEMly MbAEWIRRINLIL |
Descri pti on @bwaerdrii 60 ¥haeirgamie: abdaracaleofed basubstratedi?afriabeffidéncyhe uni t
can be forned by .th | ectrostati,c spinpin ocess. A sujtabl e.apparatus
for formng 3@@%1‘1%2‘? ﬁ%cé’a?el‘? TP ﬁ‘ﬁogﬁ“ﬁﬂTgﬁ"eﬂ m?ﬁ?@rﬁﬁ%&g@i@bq@gcl udes-
a reser vois”_firind il @ B4 BREGSIGEIFQIE APV the Bitkiheq drS

y

contained, a punp 81 and a ro type emtting device or emtter 40 to
whi ch the polaffieieiay leysrddi oFhe fnefihepelbnditn hesubsirale fikgs Geshencarnipradansi st s.-

of set hol o o 2ina0Bicdhusfid BE K ARPR efi HEa M bl 2, (1Y anc
t he rotating ritemdl as T adcelepdtedBomURe Mtk tothe ¢blitRfing BiediarvOy théuct i on of the

pol ymer solution tq the forward facing ortion 42 through_the holl ow shaft
43." The hol esacafziela%u@rfa@?&ena%@ﬁ@ert%ma%@ﬂlﬂmwzsithmn?écrpﬁbwcj faci ng

portion .. ' , £t ot i (o 4 dinto
B eservaly aphEAfisbinieint, Gl @ Hinpgic it fué g hadolie iR
portion 42 t hendepmdsitimere polegsremitted fibeisam the fommingmedis gherchy allovdngs it

rotates inthe electrostatic field, a dropl of t solution.is

accel er at ed an?llé’tlt@? %togf?@d‘a}"?r&%os?tﬁemg% 6&?%3%0%%9‘5‘_ 70 as
di scussed belmave a baGéth 3 bétfibIi HéiiorA0 Tho WtatiOFREoRPPE YelppdcRi 0 1S a
substantially planar " 25 grid 60 upon which the collecting nedia 70

(i .e..substr alacef rotgtion sish teai B plancds perpepdieyles to faasurfaps ofthe colécctingwn
s A Tt rg AR A A s asse e
el ectrost at i @apdicktotoralightly ofifliet frainegallvbbrietatienmitigee 2 40a gadragr i d 60 by
rene o @ SUkable Slastgsiallc ol tate, soutes ot and cornect jons 02 and
the pol ymer sfbdtlsi@BubstraRigiRfdhid. On'HiSure ! fieisAet Uik Qibstrdtl iPfnwARRIY0i I from
reservoir 80. The forward facing portion 42 rotates white liquid exits from
station 20. The sheet-like substrate 20a is then directed to a splicing station 21
20 . wherein multiple lengths of the substrate can be spliced for continuous operation.
‘The continuous length of sheét-like substrate is directed to a fine fibertechnology
‘station 22 comprising the spinning technology of Figure 1 wherein a spinning device
forms the fine fiber and lays the fine fiberin a filtering layer on the sheet-like
 substrate. After the fine fiber layer is formed on the sheet-like substrate in the
25  formation zone 22, the fine fiber layer and subsirate are directed to a heat ﬁeatment
~ station 23 for appropriate processing. The sheet-like substrate and fine fiber layer is
- then tested in an efficienicy monitor 24 (see U:S. Pat: No. 5,203,201 which is
* expressly incorporated by reference herein for process and monitoring purposes)
and nipped if necessary at-a nip station 25. The sheet-like substrate and fiber layer is
30  then steered fo the appropriate winding station to-be wound onto the appropriate
spindle for further processing 26.and 27. . : - _
i Figure 3 is a scanning electromicrograph image showing the relationship of
" typical dust particles having a diameter of about 2 and about 5 microns with respect
. to'the sizes of pores in typical cellulose media and in the typical fine fiber structures.



hol es 44, or is picked up froma reservoir; and noves fromthe outer edge
of the emtter toward collecting nmedia 70 positioned one?r-i gé&
Specifically, the 25 FEB 2005 WD 02/20134 PCT/ US01/ 2514 bl 2gggst atic
pot enti atobetoween grid 60 and the emtter 40 inparts a ®GaHE1/2134¢ he

mat eri al \/\hi ch cause liquid to be emttegd therefromas thin fibers which

are drawn where_th | ] I of) substrate
12 or an eff :i%\/\? %Aﬂﬁ"ygﬁ .t pll‘“t“l %eﬁ%‘%s%ggﬁﬂ%ﬂgbﬁgégﬁ%%%ﬂo i on,
solvent is evamaesit addafnt vtqﬁq)cfrebﬁéssthﬁtaiashmtbrbeiqnité hbgﬂirgércthﬁmmegrl d 60
therefore, the fibers arrive at the substrat r ff]cienc

The fine fi bdricalgaticlesliapdersy hysham %OWWaﬁtelﬂsF?WFso’g ths I@GX‘QF%Yt he grl d
60. El ectros I &t WP RSHES agl ymer
materi al as Ta?ﬁ%agséggélﬁ Jﬁ%aﬂég ﬁ %e&t@[?er to@ffﬁe g%grﬁltéctl ng nedia 70,
the accef er dlid fisers @ thmﬁbermrebrﬁs while tha Ganictongarttded? gipean tobalavgar yhanhi n

m crofi'ber or 10_npanofi.ber. structure. reasing or slow ng the advance
rate of the @BYPE@FPHE)“’W% @%%H%wy]‘\% nore or less emtted fibers on
the form ng medi a;ppt Réeghdg deewd@gmpﬁaﬂbfgbvgﬁoﬁhepgcm&kmy@én@ach | ayer
deposited thereon. The rota portion 42 can__have a variety of

benefi ci al pmt«maéaﬁthwemm erfipefBier mgterialy Oéw%ﬁ%P&MW%Pthpl ane of
rotation Suc@%ﬁ%g&%dﬂ%%eﬁssanﬂ%ﬁeo i anoﬁ‘%f%&%ih%te?bﬁcﬁﬁ@s @%e . ating

collecting 1 ositione rary angle

medi a camQbe finegibbt ﬂﬁt%ﬁalspﬁﬂ:@hhﬁnubﬂ peovidds agbndeystaﬁcﬂmf the penepadr al | el
orientation. Fi gure 21is a general schenmti.c -di. agrﬁg\{)tup%r ocess and
appar at us f ofteohBelagisal prmcH)esoL ghe gpegion; igypgot.ghago rate or

media. In Fig én,?%{yerhgtgnaba%teﬁgﬁbgas%mawrak%ww%aie'foﬁﬁaafomﬁr 20. The

sheet -1i ke subst alst rected to a splicing station 21 20
wher €i n rul t ithd Bnd ﬁbtgmmcerbds dafttke maﬂmnr@ﬂéhmﬂomgspﬂﬁladﬂ@dm%‘mﬂ nuous

operation. The, c jous |lenqgth of .sheef-|i ted to a
fine fiberted8i é‘?f apE GFF a‘é’&ﬁ%?ﬁ‘@ug H’r’m"gl“s"%ﬁ%%ﬂ{%tﬁtﬂec %y
Fi gure 1pgherchimc®rifits BRd PocES\CofiditiohNiniBind. i‘ﬁe&tﬂo@@nﬁmgemahlﬂihnhagtﬁibet he fine

fiber ina filtering layer. on the sheet |ike . substrate. -After the fine
fiber |ayer |1@Sﬂéﬂﬂn&ﬂ4§rpftlh@b@ﬁ@éﬂmlngléé elegipaniatict grcp,ﬁ%ésfg@lgf%?qﬁlﬁq i on zone

22, the fine Odre@g%upgaxsglﬁﬂg ol RP it fHimEH bR ﬂ&ym Retent reat ment

H

station 23 f rocessi ng e substrate and fine
fiber |ayer |1m1ynhdrenﬁelitmﬂaeds¢dmahe e!bétmspmmmgpmws, bowegver( s singler Pat  No.

and momt tor | gt & bost iade Hh BEfyefSoion!. AsHhE Bttt ks Pk 000

20 down to smaller diameter, solvent evaporates and contributes to the reduction of
| _ ﬁber size. Choice of solvent is critical for several reasons. If solvent dries too
| quickly, then fibers tends to be flat and large in diameter, If the solvent dries too
' glov&ly, solvent will redissolve ihic formed fibers. Thercfore matching drying rate and
fiber formation is critical. At high proditction rates, large quantities of exhaust air
25 flow heli)s' to prevent a flammable atmosphere, and to reduce the tisk of fire. A
solirén‘t‘t‘hat is not combustible is helpful In a production environmient the
-7 processing equipment w111 reqmrc occasional cleaning. Safe low toxicity solvents
- minimize worker exposure {o hazardous chemicals. Electrostatic spmmng can be
_ _ done ata ﬂow rate of 1.5 m]/mm per emitter, a target d13tanoe of 8 mches an emitter
- 30 | voltage of 88 kV, an emltter rpm of 200 and a relative hurmdlty of45%.
N _ The choice of polymer system is important fora given application. For pulse
- cleamng apphcahon, an extremely thin layer of microfiber can help to minimize
pressure loss and prowde an outer surfacc for particle capturc and release. A thin

R layer of fibers of less than 2-micron dlameter preferably less than 0.3-micron



and nipped if necessary at a nip station 25. The sheet |ike substrate and
fiber layer is 30 then steered to the appropriate w nding §j E@wzgm%
wound ong@ hhgiz@aPpropriate spindle, for further processl%]
Figure 3 is a scanning el ectrom crograph . nage show ng the reI atlonshl p of
typi cal dust particles having a di ameter~of about 2 and about 5 m crons
with respect diampteriepreferesd. &%ogeﬂbelqmbwquﬁéprmm@ﬁhe@né and in the

PE ure sactol it WM S dbrderthoziiondt de depdiea Balenid 5070
shgwn :n a oﬁllﬁldmﬁlmﬁsnemmleaflaﬁnmﬁtbs ?Enugstmtezasimhﬂ;ayerrcﬁna&owmdo be quite
a bit larger t t he ticle ters n_sharp. contrast, in
Fi gure 3B, t Ma® ?Wﬁcﬁglpp E"IIB an gX(Fest leﬁnlfé{“ﬁ‘bﬁrcf’?lrﬁlﬁaﬁl“ﬁ equal to -
or greate th Jaﬁ@n@@dr@tb@@ﬁ%d&%%b%&émﬁﬂ f)ﬂ:@ﬁ?féna!té%tﬁ@ﬁltéﬂ ber web

35 while the gﬁhm cron particle 32 appears to bé | arger” than any of the
openi ngs in m@mn@#mfombswﬂe&hetﬁe@ndgm ﬁﬁge@énlewahpd@mdhemnton of the

various aspects of the. pol t.eri.al ention

fiber materidl' s pepd ?'lll%lﬁl: ﬁnaﬁﬂ APk R egtﬁ?)tdlaﬁses Iﬁtg?%fﬁﬁgﬁl?énofl ber s
and the consiirgGél Hsublfrat &eihemibid filk. ﬂdr%f&@@&dfxﬂib@bh%@hﬂd@nlm&% fiber
materials of the invention R{,OV' des ‘an_under st andi ng of the general

t echnol ogi calfibpriand péestondrtwara st it ad slepgroppripdiarsis crittpdl fool | owi ng
speci fic gexg R gpterials are exanples of materials that can be used in
the formation o the fine fiber materials of the invention and the

fol | owi ng nmafPesduatsshalingeet theabavdregtirenantiaan bh @bfaidddasingdfitersand eafigm

o bcese. condtkTUREpp T Htecil Qe Lo Tl eSO AR FBRBS ['oss ¢ har
10 m cron isppgk ﬁbﬂﬁﬁcﬂﬁbﬂ%@h@ﬁ@ﬁﬁﬁiﬁﬁé Sh1bRAE; Boly aiyialcohbod el ectric

field acting as' a pulling force to stretch a polyner jet into a very fine
filament. A pplymemeandrepelygers dampuisag variowsnylenssyel oewlomﬁ,rtgflcpn $€ess,

however 151 DSl yibn, o 3R o AP R RSl BRI YE ROl Ut O

As the p maSé drawn o0 snal arre er vent
evapor at es am'ﬂ‘DF}bmrﬂobnﬁkemﬁmeﬂﬂg stoatl dibt diﬁlnelfers ibqiess chiotmatelholversts.of

solvent is crjtic for son f sol vent dr es to ui ckly,
then fibers lfaeﬁawl%Géswstxl?a @r‘ﬁ%l’?ﬁe&‘?‘éﬁl’@% ut, spIveRls Sah A dARTEY | e
too slowy, a5ql MehlsolidiuoRHmam, tRxifiRrd RbHR gaﬁdﬂaerathciflﬁeﬁ&ﬁeae mat chi ng

drying rate~and - fiber formation I's critical. At high production rates,
| ar ge quant i himsHe of vezx bxpessive Preferred solvents include water, ethanol, isopropanol,

20 acetone aﬁd N-methyl pylrolidone due to their low' toxicity. Polymers compatible
. w1th such solvent systems have been extenswely evaluated. We have found that
_ _ﬁbers made from PVC PVDC, polystyrene polyacrylomtnle PMMA, PVDF
. requzre addmonal adhesion means o attain struetural propertxes We also found that
o when polymers are dlssolved in water ethanoL 1sopropanol, acetone, methanol and
| 25  mixtures thereof and successfully made fnto ﬁbers, ﬂley have excellent adhesion to
| the substraie thereby makmg an excellent ﬁlter mechum for self—cleanmg
5 apphcatlon. Self—cleanmg v1a baek air pulse or twist is useful When filer medium is
‘used for very hlgh dust concen&atlon. Fibers ﬁ'om alcohol soluble polyamides and
. poly(vmyl alcohol)s have been used successﬁﬂly in such apphcanons Examples of
30 | alcohol soluble polyamldes include Macromeit 6238 6239, and 690{) ﬁ'om Henkel,
B Elvamide 8061 and 8063 from duPont and SVP 637 and 651 from Shakespeare
____.Monoﬁlament Compauy Another group of alcohol solubie polyamide i is type 8
‘ | nylon, atkoxy a]kyl modx:ﬁes nylon 66 (Ref Page 447; Nylon Plastics handbook,
B Melvm Kohan ed Hanser Pubhsher New York, 1995) Examples of poly(vmyl



25 flow helps to prevent a flanmmabl e at nosphere, and to reduce the 'risk of
fire. A solvent that is not combustible is helpful

envi ronnment the processi-ng equipnment will require occasftiﬁggzgﬂsng

Safe | ow@oxtwasty solvents mninze worker exposure toPREHSIHLUL

chem cals. Electrostatic spinning can be; done at a flowrate of 1.5 m/mn

per emtter &ggaé {40 | ftage of 88 kV,
an emtter r%%o%@j%&dggyﬁgﬂf&zg%@g“ﬁ @%%5%553@ X&C}ﬁgl ce of

pol ymer syst Bradustsiang Chtmaithl Com;)aygl\h’ehamcﬁohmctm Biters Bar beaxpesed tel eani ng

o essure ?SSg:?w” exsbﬁégeméw' i il O Spid At e Pe and

rel ease. e%a%m} %hQJl.‘JOeF”Sort r. ik Rl HRlhesiayref er abl y
| ess than 0 -mcron 20134 20 2 5 FE 005 PCT/ USOL/ 25146 di aneter is

preferreds Gﬁinﬁ(arﬂseﬁ[dﬁlcmﬂbmmemmgkﬁmbﬂnyebowmﬁﬂmhhﬁh substrat es
upon whi ch the m crofibers_or nanofibers ar o alr.ﬁlant When
filters are e@éﬁﬂ@)gl °§B 5137‘3‘?8833?1'39‘1 ‘ﬁ ’1“'5 8’1‘“&(}?‘ and
nanof i bers, 8&5&1%919{%9%&% r%)%?hk@% ok bu$8 HrdbBrk, Qnd

self-cleanin appl 1 cation. the surface by back puIS|ng
repeatedly r eqmsimomuea}ulpmnt cﬂnlmexpnmdlto ﬂnghAsmaeIghmﬁmaﬂéﬂglsr@to’ﬁt ed on

the surface, fing fiQher w adhesi.o t Iam nat e
upon a back B\ﬁ‘l’“@g %aetb&agﬁfé@&ﬁrea}?ﬁ%cﬂtnt eerlilad’F éé\pe?t%%me% rough. a
subst r at g t 0 e l@ats kb abiliest mithsELeF Sfstmsam@er mﬂe@duamobstsmg ffieCt O

fi bers and adhesi on between substrate fibers and el ectrospun fibers is

critical for ﬁltMmeaSB}bﬂmh%@aieP(kﬁQEt)@Iﬁmmhﬁ@@F exprsueedB gy equi r enent s
can be obt ai fibers ma rom- different polymer materials. Small
fibers with 8‘ é’dﬁ%@ t!%’@lnﬁ chan be nmade from such polyners |ike
pol yvi nyl i dene chisgfg éieagepsdmwdnmg a@ﬁlt@h;@hteﬁﬁdrelﬁﬁhmmﬂ@ s&ﬂdsﬁwﬁm ymer s

conpri sing various _nylons such yl on 6; nylon

6,10 and cosomy:\m St avaidde, is @ﬁ(?@ln@]é‘ﬁ?n Gm%r WWIB@“%E’E‘ §15§Wm PVDF, but
o e, T B i e b st anl et
f or m c oc | d schencatie sarbss-sectiorfl, depictiat okabonaldren DX B Builssﬁhampg Kalterar e
ater, ot nandyeRcRF BairL THsHER R TAE A1 it HEPROY byt R} KAUNESdue 1o
their |ow togkgdih }Srefg)ﬁd\/tﬁ&i@ fcﬁﬁﬁl&ﬁbhﬂrﬁts methods for filtering the air intake
stream. Other than cerl:am preferred medla formulatlons utilized in the system of
20 Flgure 21, the structurs in the systern of Figure 21 is described in U.S. Patent
- 6,123,751, which is mcorporated by reference herem and Wthh is oommercmlly
. avmlable from Donaldson.
| Refemng to Figure 21, the system 220 mciudes a chamber 221 having an air
mlet side 222 and an air outlet side 223 An' enters the chamber 221 through a
| _25. _ plurahty of Verhcaﬂy spaced inlet hoods 226 posmoned along the air inlet side 222.
- The mlet hoods 226 functlon to protect mtemal ﬁlters of the system 220 from the
eﬁects of ram, snow and sun. Also the mlet hoods 226 are conﬁgured such that air
5 entermg the mlet hoods 226 is first dlrected in an upward dlrectron mdlcated by
| ATTOW 227 and then deflected by deﬂector plates 228 ina downward dzrectlon
30 lnchcated by arrow 229. The initial upward movement of air causes some
“ 7 parﬁculate matenal and rnorsture from the air stream to settle or accumulate on

lower regmns 230 of the mlet hoods 226 'I'he subsequent downward movement of



wi th such sol vent systems have been extensively eval uated, W have f ound
that fibers made. from PVC, PVDC, polystyrene, pol yacrylarﬁt ,
PVDF r lb5084di tional adhesion neans to attain structl;q}e,llsu%oﬂgrtles Ve
al so found that when polyners are dissolved in water

i sopropanol , acetone, nethanol and 25 n%& ures thereof and successful ly
made into fi kénforces ﬂm}‘m@luethex:b@hb@rﬂﬂl dawewarsiowerd a drst cadlgbisan lenpeer t her eby

maki ng an ex I ent fil.t | for L cl eaning application.
Sel f-cl eani né‘aé ?g@ﬁﬂg’ tt sfletﬂ‘]b s 5'1| s useful when filer mediumis
used for very hi ghmuﬁmwmewﬂﬁweemﬁohedﬁrdeumabmmmaol ubl e

pol yanm des and pol y(V| nyI aI cohol have been used successful | such
appl i cat i ons.dopRareAnE¥olym dc%fl@dlyasllﬂrll‘b?‘bz S@sw&t&emw&maé ‘l\/acromal t-

6238, 623 gﬁ) Lom. Jﬁﬁ!' [E: %g i gﬁs@e}n Ront and
SVP 637 a%d %ﬁ _ger%I'S akespeare ﬁ@dﬁtﬁgﬁgc%any %%(g% et gé:oup of
al cohol sol ublownstoéapamldmmgenemlﬂ;erearescnttdre“cbmkmxmm’ybf nhnelystemgzmyl on 66

(Ref Page 44 Ion R s ha ok Mel vi n ed. er .Publi sher,
New York, 19 £ ﬁ’(‘ttll §f apesigres gtl H‘%Bf%‘ﬁff

PCT/ US01/ 2514fe &%&eah%tialanmltw&vﬁléﬁe&ﬁ?mﬁ%@%r mmeaﬁ:mmlapan and

Vi nol 540 from Products and Chem cal Conpany. W have found that

filters can lseverapby as airofiltes 242 emblier ¢arieidge Mﬂﬁéﬁl@fﬁuﬁww@ﬁgezﬁ ¢fters in

ﬁ?;ﬁbr” E.B: fgbegaﬁﬁ% Y edgli?m’?ndonem a or%ﬁé aspﬂggftg%@ca g(elﬁegbosed

hi gh hum di tﬁ@ﬂﬁﬁeaxﬁ@oﬁfuﬁ'ﬁ:ﬂﬂdtﬁemnstreamebhlmerﬁﬁq:bssbﬁﬂnﬁxgh@e filttrey can be
exposed to rain. W have found that filters wused under the hood of nobile
equi prent | i K42 PHPsto nassing Groughdbe apqriesi®r s, and  construction equi prent
can be exposed tof’&ﬂler%ﬂf%fa{r\gﬂ (%% B shoWh ek & Hlidey £42 1D8ELN 4 phj,and

nt ave eve

ot her chem cal environ oped test nethods to 10 eval uate
sur vi vabi I | t yof Glltenélemets onrmaahﬂmbﬁlm@ﬂgﬁnmawmca&lammg t he

i ¢y 19, GREoR et ot i, el B i oiboflbe SERERNT 0, 1 0"
filter Syster&en&i@ﬂ@mmme@@&mmmrmmmmﬁomeramam£ is the

Donal dson- GDXf f-: Pul se Cl eaning Filter System
minor diameter. The cy]mdrlcal elemen 244 and the truncated, conical element 246

of each ﬁlter 242 are co~axrally ahgned and connected end-to-end with the minor
., diameter end of each conical element 246 bemg secured to one of the cylmdncal
20 elements 244 ina scaled manner 'I'he ma]or diameter end of each truncated, conical
element 246 is secured to the partltron 238 such that an annular seal is formed
- around its correepondmg aperture 240, Each filter 242 is generally co-ax1ally
_ ahgned w1ﬂ1 respect to 1ts correspondmg aperture 240 and has a longitudinal axis
that is generally honzontaL )
. 25 - Bach of the ﬁlter elements 242, 246 mcludes amedia pack 260, 262 forming
B a tubular 'c'on'struction 264 266 and deﬁmng an open ﬁlter mtenor 268 270 within
h the constructlou The open ﬁlter mtenor 268, 270 is also a clean air ple}:mm
| Preferably, each media pack 260 262 1s pleated and compnses a composue ofa
V substrate at least partrally covered by a layer of ﬁne ﬁbers Preferred formulatlons
30 formedia eomposues are descnbed below
| In general, durmg ﬁltermg, air is dn‘ected from the upstream volume 234
" radially through the air filters 242 into mtenor voltmes 268, 270 (clean air plenums)
o of the ﬁlters 242, After bemg ﬁltered, the air ﬂows from the interior volumes 248
through the partition 238, via apertures 240, into the downsiream clean air volume



15 avail abl e from Donal dson Conmpany, Inc., Mnneapolis, Mnnesota. In
Figure 21, a schematic, cross-sectional, depiction of Zﬁg{g X
Pul se Cleaning Filter System 20 is presented. The syst f 21 is
not pridYO8R0134n that it utilizes certain preferred nElHS¥IESMEI ations in
Its methods for filtering the air intake3 stream Oher than certain
preferred negl bk | waMSda B Y -} 21, the
structure i.ng% '_e'ﬁgé;/"[sl%gg%gﬂol Hﬁnﬁtﬂéﬁcﬁdgﬁ‘hﬂggﬁé” bed | r?Q&L?lgSQBdI;g]tﬁgE

6, 123, 751, wipertords250intr pgasdumbihelintake Mot showe. herein, and which is

comer ci al | avajl abl e fr al dsan. ferring to Figure 21, . the system
220 i ncl Udeg a cﬁt eﬁ'ff%\%?ﬁ’@pﬁﬁ%ﬁ“ﬁgmc&de%lg%@%ﬁ éﬁﬁa’é‘?{zg%r ou%ll et
side 223. A mohie8 hSihkRBwakipdiRevoldid 25611 Parpldically Sheppukiebd divcledneyesd i cal |y

spaced inlet hoods 226 positioned along the air inlet side 222. The inlet
hoods 2265 f ulscwewstedte dieesaduiseijeiaf airashorm) at areawsH 72 hecksipedly frovah theom t he

effects of rain. ; . . ' ' i gur ed
such that ai %SO%I%E%E?\%@%%ZS’ ;f%%@h;tgeolg{seﬁgrzgﬁéugé ? ?822? 6 gfﬁgcﬁgeﬁéﬁl@éfn upwar d
di rection i nouteatdid tdshake ar stheywase dlislodut pattizalad efatesial teappbd irdefdratbe or pl at es
228 in a do rd directio 30.indicated b rrow,229. The initial upward
novenent of t?f’E%%ég%éﬁ&lﬁé?‘f‘igﬁ?eﬁ“gseﬁﬁtt%‘r‘ﬁ%mﬁ@g%ﬁ’i’ﬁ‘}%"t ??ﬂ&erft@h}h the air
" streamto se £ QehallBrdciing tdutoods
26, The subob o o B R e o 50154

PCT/ US011®5 1@ tic@ateanateriab btosen o theifiltdrs inta the loweatopper 232, faowemoxeld t oward a
dust collection h er 232 |lpcated at the.bottom of - 1. The
chanber 221. of tAEUGEY %‘E@a?@“’a"r oF a4 Fig 3“%p@?¥g%p‘mﬁﬁe?1§§g%?v}nqs ream
vol unes 234 paith wka®iPshch aR@idehich@Tomatonly nelud S§lindeioal iMersthat 2Blabot

generally represents the "dirty air_ section" of the air cleaner system 220,
while the dogﬁmch%lﬁngf@mm@ugb%&? ax@%mém%@ﬂ@%&a@:mw?gﬁ?ﬁ tion" of

the system 220. : b tdiESin@ninbiighity aRd ARRE T yres 240 for
allowing air @?ﬂ%@%&nuﬁ%ﬁg%ﬁggﬂrﬁﬁgﬁ?um 234 to't headownstream vol une
236. Eachs apiichesia n2:ér dismeten\Surchdbygenrents might betwsed, Faexampls, ffarer cartri dge
| ocated in the upsireamvolunme 234 of 10, . .the chanber. The filters.242 are
arranged and lierg AU LR 2524 _m%ﬁ}fsmfxfwa%@‘wgemamﬂm e order of

~ 8000 to 1.2 million cubic feet per minute (cfm).

In Figure 22, another air intake filtration system for a gas turbine is
illustrated. Other than preferred media formulations, the system shown in Figure 22
20 s conimcrcially available as the Donaldson GDX™ Self-Cleaning Air Filter
~ available from Donaldson Company. In Figure 22, a schematic, cross-sectional,
depiction of a Donaldson GDX™ _Sélf Cleaning Ajr Filter 120 is presented. The
' system of Figure 22 is not prior art, in that it utilizes certain preferred media
formulations in its methods for filtering the air intalée stream. The system 120 of
25 Figure 22 is similar to the system 20 of Figure 21, except that the system 120 is
depicted as a smaller, more compact unit. o '
In Figure 22, the system 120 fnclodes a charaber 121 having an air inlet side
1122 and an air outlet side 123. Air enters the chamber 121 through an inlet hood
o 126 poSiﬁoned along the air inlet side 122. The inlet hood 126 hclpsvtdrdirectr air
30  entering the inlet hood 126'in an upward ‘direction indicated by arrow 125’, and then
" deflect by deflector plate 128 in a downward direction indicated by srow 129. The
_ downward movement of alrforces dust within the chamber 21 downward toward a
T dust collection hopper 132 located at the bottom of the chamber 121,



t he upstream vol une 234 to the downstream vol unme 236 passes t hrough the

filters 242 prior to passing through the apertures 40. r tF’lE 5cul ar
filter agy (2 pgnt shown, each air filter 242 includes aP@ra,rugm 1dél | Ter
or ex

el ements. arrpl e, each air filter 2% includes a cylindri caI el ement

15 244 and, a sonewhat truncated, conical® el enent. 246. Each truncat ed,
coni cal el ement 248s5witisysles 1Orf Tigre Rhntheghamberjl 3} ofiths spstem 138# anot her

coni cal o1 eront gt Pk a anfl ol 8 thfiles TEIRT| W, PRaGT R oot o0

connect ed endqheu@neammhmmmmlmsentﬁhaﬁﬁr@raheaechmf' oealuermr:r:lenneal;ysednerrent
246 being sec d.to one of the cylindric 20 el enents 244 in.a.,s ed
manner. e mrG ARt SpIRA SP B Coy et STy M s
secured tost hgyRal {24, P RBRicHEIR defabs u%Wbﬁpe&%E lh@fércﬁ'llﬂﬁﬂng]%{'@to“d its
correspondi ng aperture 240. Each filter 242 i's génerally co-axial

aligned with flewdem mwpsv@ntmlu@spéﬁ@nﬂrgdawm@meéﬁ@ Rech aporture
ongi tudinal 3445 Lhatg 281 Gt By 100G M Dl b

el enents 242, a ack ormn

construction IMoftBSGhaeﬁutrdeﬁeﬂltag laﬁampﬁﬁnéedﬁrelrconﬁgﬁled@ﬂch%ﬁajﬁ70 within
the construction, The open filter, interior 268, 270 is alsgo a clean air

pl enum  Pref %gﬁo%glﬁﬂ%ﬁna"@él@%? 134 do theglownstream ¥elume 4 PaSAHr i ses a
conpositejgf gy &%%éﬁlt Fho hﬁgls% ]ﬁgﬁ}d %%e@&ﬂ@ | ayer of fine
| a co

fibers. Preferre ormul ati osites are descri bed
bel ow. In general, Bah]ram@ltdrrlhﬂmclu@s a@mrorfﬁltdwlenem Fomgxample, egpbtaiream

vol une 234 t ir filters .242 in i nt.e v S 268,
270 (clean ai %ﬂffa]é Pﬂ‘g"‘ﬁ"’?lﬂfmt Zmdﬂ?%ﬁ B“%y qu’l’:? ﬁwgﬁe air
flows fromt hEaéHtl'lﬁfchte&, dbﬁlcﬁl@@m&ﬁa.%liﬁﬁlﬁué@ lant bRl Pavidd :t ifor d8$hetdtiand

apertures 240, into the downstreamcleanair volune 2 5 FEB 2005 WD

02/ 20134 PCT/ esehqreedeaengem@lmﬁe c%&ﬂhaﬂmcalelemehlﬂr%theut fromthe
downst rea vo| HE@ 3 ne i nt ake,
not shown%Eac e%?goure El%%gnl‘l e par rﬁoiga&%téﬁl nc a%p(till se jet air

cl eaner 252 mmetedendttdhﬁwﬁﬂmﬂmhmnerﬂmmbterrm&&ﬁ:ae]?emmcnlrelmlebﬂm he pul se

jet air cleaner. 252 5 i's operated 1o direct uI se t of ai shown at
arrows 272, bgetwar%it?ﬂ% & LD smette 14 10 o fepled magier” THenalok orm t he

i nterior Vol UgRyRRS enddPesh ttuiutdd, b&:ﬁéaleteei@am RubNBEdHMhE Parfitiak E30T
otherw se di slodge particular naterial trapped in or on the
. . such that anannular seal is formed around its correspondmg aperture 140. Each

20 _ﬁlter 1421 is generally co-axlally ahgned with reSpect toits correspondmg aperiure
- 140 and hasa longltudmal axxs that is generally horizontal.
R ) Each of the ﬁlter elemeuts 144 146 mcludes a medla pack 160 162 forming
.a tubular constructlon 164 166 and deﬁmng an open ﬁlter interior 168 170 within
L the constructton. Preferably, each medla pack 160 162 is pleated and comprises a
25.  composite of a substrate at least partta.lly covered bya layer of fine ﬁbers Preferred
formulations for media compos1tes are descnbed below 7
_ - Im general, dunng ﬁltermg, an: is. d1rected from the upstream volurne 134
L radtally through the 311' ﬁlters 142 mto mtenor volunles 168 170 (clean air plenums)
. of the ﬁlters 142 After bemg ﬁltered, the air ﬂows from the mtenor volumes 168,
30 ‘ 170 through the partltlon 138, via aperturee 140 into the downstream clean air
: | _volume 136 The clean alr 1s then drawn out ﬁom the downstream volume 136,
through aperbures | 150 mto a gas turbme mtake not shown. .
Bach aperture 140 of the partrtlon 138 mcludes apulse 3et air cleaner 152
mounted in the downstream volume 136. Penodlca]ly, the pulse jet air cleaner 152



filter media of the air filter 242. The pulse jet air cleaners 252 can be
sequentially operated fromthe top to the bottom of the c?aﬁﬁ g@’?to

eventually direct the dust 10 particulate material bl ovm2f o) efilters
i nt o t hewlcomeoidaopper 232, for renoval. Arrangenents sudri@asitiase shown
in Figure 21 may be rather large. Filtergspairs used in such arrangenents

comonly incl.ude cyvlindrical filters that are out. 26 1nches | and
Chour 13, v 1 Eere 18 Gt S pulst 1ok 8 i biwaR; sRERM b ariiry T G queltle 270
about 26 i nchesodigéair ARGUU2 1i%:. ioni the @tSriorvolinioT 681l 2084 tRE filiandlemb@ut | TS
15 inches in mgjor_dianeter. Such arrangenents m ght be used, for exanple,

for filteri rytyardbide shake or gthergise dislpdgp partisylas mATHalaRBechin oo the ow denmand
on the order iieofAbrite dir firdtllap! Ao pHRL fot b Blealft 15‘*2'5555%%5@%%%1 In

Figure 22, another air 1ntake filtration Systemfor a gas turbine 1s
il lustratéd. dgehded frdmathaioptethe bdttomaif thef chiambérclZ] do syenfuadly sisttathe didwn i n

Figure 22 20 is nmey ci al | vai | abl e as the Donal dso Xm Sel f.- Cl eani ng
n U tor avarTeueTnA tetm R e Ry O el Bomet . R Tenastlar | o
cross-sectional, depiction of a Donaldson GDXTh Self Cleaning Air Filter
120 is presented. The system @f Fi gtﬁﬁ iézl 1S rioE. Erizor art, in that it
utilizes certain preferred ne fer, CLAHORY s nmet hods for filtering
the air intake strg3m wikife SY fitd® &Qm@,fdtﬁﬁglﬁp&ﬁﬁﬁl,&%dnﬁ)iédt%dl ratuft t he
system 20 of Figure 21, except thaft the system 120 i.s depicted as a

smal | er, nor erganipment aperating temiRrgurecan sometifaesypathartlepsiol 407t end afen &
chanmber 121 havi ich dcfdetn Siy. %&ﬁ [ Q S 123. Air
enters t kjllé cﬁg\r%%%n Y tsﬁ-rjglqgfﬁ Fﬁthgﬁlt% Og@%%ﬁ%@%ﬁ%ﬁf 'glq(i;%g the air
i nl et side 1Zdngeldfat leastS%dREofietos el 99594 RHdIThe ¢émpsbraturdGnéiot Biunidtyt he

i nl et hood 126 in an upward direction_indicated by arrow 127, and then

defl ect by depperdvermelyjatices thogograting cffgiengrof thy filker element. ndonshigtingPear r ow
129. The dowyg %dgl%g"f&lt Qe R ArebES oSttt a Mat b thekilGrda e 21
downwar d t owar gﬁla ~dust’ co ?ec?@g%%og%%?O%B?P\gcat egleg% t _{e_lﬁl?gi?% om of the
chanber 121. preforreERrRgREoMDITEAIES darFgihrei8(l¢ fafdBmatek ofake filteth syst em 10
of Figure.2l, .the chanmber 121 of . the.system 120 is ivided,into upstream
and downst reﬁ%ﬁ%%gp&%{fré f\l:%mﬂ’stls atp‘ﬂ?fl? °|°. _ _..%._&%éu‘;&ﬂ%‘?(ﬁ%am vol une
134 representdwnipdsitesdi rty air section" of the air cleaner system 120,

whi l e the downstream volunme generally represents the."clean air section" of

the 5 system 120.A finefibenfilier stopcturggnchedes abi-layepprmmultirlayer shudWer t ures 140
for all ow ng @ dieih he filter oontams dng or more fine fiber .1ayersi combined with or separated
| in one or more syhtheﬁc, cellulosic or blended webs. Anothier preferred motifis a
20 structure including fine fiber in a matrix o blend of other fibers.
- | " Webelieve important characteristics of theﬁber and microfiber lé.);ers in the
filter struqtlu:‘r.e-fe.late to temjieramré resistance, humldlty or moisture réistance and
solvent resistance, particularly when the microfiber is contated with humidity,

nioisture or a solvent at elevated temperannes Further, a second impoftant pfbpe_rty
25" of the matenals 6f the inventioﬁ relates to the adhesion of the material to a substrate
structure. The microfiber layer adhesion is an importan characferistic of the filter
| _mﬁteﬁal such that the matedial can be manafactured without 'délaininaﬁng the
'- mjcfoﬁbéf Iayer lwﬁqni the substrate, the microfiber "13.5!& pliis substrate can be
prdcééséd into a filter structure including pleats, rolled materials and other s&uctures
30  without significant delamination. We have found that the heafing step of the
o manufacturmg process wherein the temperature is raised to a temperature at or near
but Just below melt temperature of one polymer material, typically lower than the
lowest melt temperature substantialty ithproves the adhesion of the fibers to each




flow fromthe upstreamvolunme 134 to the downstream vol une 136. Each

aperture 140 is covered by an air filter 142 or filter c@rkr Fige 3yt ed

in the ugsid, (fzg.m volume 134 of the chanber. The filters v 2spd’ anged

and configured such that air flow ng fr%ﬂtthe upstream volunme 134 to the
e

downstream vol une 136 passes 10 throu filters 142 prior to passing
t hr ough t he a{ﬁbertaudém stlgratesahtorabpve thie mslt iemporaigs, &hreﬁneaﬁwlcanbﬁcftﬁl ter

el enents.” For.exa e | enent
144 and, a o O Bepcnup 17 ot ol Bouct bl i e e el B pG1

el ement . 146 llmdd%iﬁﬁzdﬁﬂﬁ t@ﬁptrtt@eifageﬁeﬁdsﬁcpensu afiherit Batho pasdblees loead

havi ng a m nor dianeter. The_ cylindrical el enent 14411 and the 15 truncated,

coni cal el enehRroygrugure fearefi] Fe&‘#@ﬂsﬂéo wpprgygdpalymey pr
connect ed fnqeslﬁfggkgtﬂ@ ffoﬂn&qb ograaafs% £RersQk 2860 ARRRR mBrATENT

146 being secured to one o0 rical elenments 144 in a seal ed
manner. The nimtbsswfieeamﬂtexpomhjrduiphe’amwrvlaqphdnegows)mﬂlalﬁb@tME 146 is.

secured to the par n 138 su nnul ar. - seal f or med around
e Cor r espondi g Wals P annerstal e Bler PrRB oz op &t SRR E R ol 1y
al i gned with #hesRRELs th@tehip%r&tﬂ‘é'bﬁﬁﬁ%ﬁhlﬁﬁ a@NREdinY @roukh4le At ﬂeﬁﬁltea

| ongi tudinal axis that is generally horizont aI Each of the f| lte

el enent s, 144, canbg expesedithdyglatommgratisa dlac fidler qaoéﬂefeépﬂﬁeﬁgo high he %‘iﬂF‘é’ﬁ

constructj,on 164, H?Iﬁﬁ 170 W|th| n
t he const (ﬁctti“gn %%?@ﬁa%%@hﬁ%h@ﬂe gﬁgggac 5“%8@%@ éqp ated and
conprises a %mp&lﬁﬁﬁéisﬂlet&fmmﬁﬁbnaﬁn@lapem&mﬂmmem foy perdoraragde Iy a

| ayer of fine flﬂtiers Preferred _fornul at ons for q%“go‘ﬁ) osites are
descri bed bel & @Wa@sﬂ@%apaﬂapfﬁﬁvm&% o} Ypriogs ppery &IPSR ¢ he

upstream vol ufe %eﬁt&@'o@' ﬂzmﬁ hgoug b7®°h\93@0°1? féﬂalﬂc%a oF idnel gFt1 hdupbes i Or
vol unmes 168, 178 ean air plénunms) —of the filters 142. ‘After being
filtered, thehcmrsr, d&pmﬂmgbnandukmwhﬂﬁeﬁtﬂmmgﬁﬂ%r@%.ﬁ@% or9% vbfikerr ough t he
partitio V|a ap rt 140 own n | unme
136, The H e Al st rps e AR S Bk SRR GlpkoreE

~through apertﬂ&ﬂﬁm&%ct'aﬂ%o@s@ﬁ&aﬁkg ﬁltﬁ&empérak@es e tterBpernbares bddh0°&Eper t ur e
140 of the partition 138 includes: ul se Jllmet air I eaner‘inl 52 m) ted in

t he downst r eatROVRDIATRE, 36T, ﬁ:@:ﬂ.pse?féa e of | bows 08 & howss dep 152 2 5

FEB 2005 WO O 0 o et
of air backm‘r%‘j POl rbatng d é@%ﬁoﬁe&s&eﬁﬁgﬁgfﬁ %@A&ﬁxﬂ@?éﬁ‘&:ﬁ%hﬁ@l

. ﬁbers m a filter layer. Sumval at these temperatures is nnportant at low humidity,
20 h1gh humidity, and in water saturated air. 'I'he mlcroﬁber and filter matenal of the

-rr

invention are deemed m01sture reslstant where the matenal can survive immersion at
- a temperature of greater than 160°F whlle maintaining eﬂimency for a time greater
than about 5 mxnutes Snmlarly, solvent resistance in the m1eroﬁber material and
" the filter matenal of the mventaon 1s obtamed from a matenal that can surv1ve
25 “ contact mth a solvent such as ethanol, a hydrocarbon, a hydrauhc ﬂmd, or an
| aromatic solvent for a penod of time greater than about 5 mmutes at 70°F while
mamtmnmg 50% eﬂimency -
The fine ﬁber matenals of the mvent:lon can be used ina vanety of filter
| apphcauons mciudmg pu]se clean and non—pulse cleaned filters for dust collection,
30 gas turbmes and engme air mtake or mductlon systems; gas turbine mtake or
mducuon systems heavy duty engme mtake or induction systems, light vehicle
engine mtake or mductlon systems, Zee ﬁlter, vehicle cabin air; off road vehicle
- ‘cabm air, disk dnve an', photoeopler—toner removal HVAC ﬁlters in both
commercial or r&-ndenual ﬁltratlon apphcahons



associated air filter 142, i.e. fromthe interior volune 168, 170 of the
filter element outwardly to shake or otherw se dislodge D& FEh 2605
material trapped in or on the filter media of the air filter 142. The
pul se | 8O @2%13d| eaners 1S2 can be sequentially 5 oper at%%lT’P%df‘?ﬂ etopto
the bottom of the chanber 121 to eventuzd |y :direct the dust particul ate

material bl own fg%ﬁkﬁ@%‘erfeiéﬂcﬁfssaxém&lﬁﬁ@dlf&mrofhmmnoécﬂagmfeama. Lenoval .
or mu

Preferred Media ations In gas turbine ajr intake systens, during
operation, tgrecabipapmtclawnsaompise dense meti AfsalHesS SEBE Y oSk FBPSt ure can

sonetimes reach at |east 140T. and. often js . 10:5Nn Rbanl50- 350F.
Furt her, thequE}Fﬁg&cfcﬁsﬁg?f éré?%?rle | gptta)gtﬁﬁilageh%ﬂtigﬁﬂf rr%lla g?gggg? atg{l east 75%

RH, of t en 85cdnenRecfo Belpeithbleanies gis dosr, amtitoatsothave distificiently fadweresel y
affect the operating efficiency of the filter Ogl glgl%pt. %n%ructi ng the
filter neui osizemd appRpPripte PREDSHY fonbpoitihe Bassaneiof Rargicles S ™ %redi a treat ed
with pref er%’i’ feﬁ%%%&&tbfaﬁgrhpfz&sftﬁéfaséé BRldsFRRs ’t]:[f@lﬁ%ﬁ/ﬁetﬁll@r Pt gigrance of

€

the filter 1 ements over “prior art filter elements that are not
const ruct ed dpsasas widh offtidifiltec papeo speretss thtoughriéffesioneand inforeaptigR fuct ur e

I ncludes a bi-layer or .nulti-]ayer .structur | fop - eQnt ai ns
one or nore ‘F“}Pﬂ’éeP@%@Wﬂi}ﬁt@%‘%ﬁtﬁ%@%ﬁ%&g%@}g?&%@%ﬂ gkgfnggégnore
syntheti ¢, - cgllohiGteaQis Sl dudCdalté Bn kHRalpyeléamgsitié oEtht ifilier paper.almirte,ithe dust bl end
of other fibers. W believe inportant characteristicg of the fiber and

mi crof i bE | eakermbsoibeginfte offerate aya Siter,BCTragng éﬁ&!ﬁ‘éwl’-oﬁ’é RIS

resi stance, humdity pr_noisture ' ; Nbr thes instiaAnce,
particul arl yre\liﬂ?ﬁt?ﬁ% W}lﬁ]ﬁrﬂééﬂr d‘%‘%ﬁé’é‘%‘?‘gci e%ﬁiﬁjh%ﬁi dity, nmoisture or a
sol vent at ebm¢mphed tenperatures. Further, a second inportant property 25
of the materials of the invention relates t he adhesi.on . of terial
to a substrate sﬂrsﬂéﬁlﬁﬁét?rqqﬁwelﬂBﬁtsﬁ'éfes?‘%?é?g%%ﬂstgﬁ&it%a%fﬁ&?%rtant
characteri st Bhledt! PRl MR vt Datrupties slthe pigkk, resulls ire

manuf act ur edb@nc%%f(}hrtgﬁgé%a%ﬂn%a?i ng the mcro iberﬁl ayer fromthe substrate,

the micrb$i bédlutefehe pistes. sircondlu parieulptomatepliapithebuildsp o8 e | t or
W Ehout o1 gniPIHEERdRa iR T 57 R RS keI HEEROR o
the nmanuf aciyfibRonBLeESRSe bbal Biplied feintremeehaltlifetimt'sof sirfetlondedsfilicr
TRt or al -y pystn, gudsnempelies 1o PERBLE BRI B & L ant a1 y
b oves 1 ne caRt G Bo fiat 8 Sulficd ke i Indifhodurtelol By 200 Bus WaWRARLS
" 20 increased relative to a flat, non-pleated construction. While this increases filter
lifetime, it is still substantially limited. For this reason, surface loaded media has
primarily found use in applications wherein relatively low velocities through the
" filter media are involved, gencréily niot higher than about 20-30 feet per minute and
' typica]ly on the order of about 10 feet per minute or less. The term “velocity" in this
95 context is thé average velocity through the media (i.e. flow volume per media area).
 In general, as air fléw velocity is increased through a pleated paper media,
~ filter life is decreased by a factor ‘proportional to'the square of the velocity. Thus,
" when a pleated paper, surface loaded, filter system is used as a particulate filter for a
system that requires substantial flows of air, a relatively large surface area for the
30 filter media is needed. For examiple, a typical cylindrical pleated paper filter
o elemient 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 (oiie'sidé) is typicaliy 30 to 300 square feet.




26 other and the substrate. At or above the nelt terrperature the fi ne
fiber can lose its fibrous structure. It is also cr|t|clutE

heat i ng wat®@nodsfh the fiber is exposed to its crystalli z[,th@al,gﬁaperat ure
for extended period of time, it is also yossible to |ose fibrous
structure. Careful_ heat treatnment als %

| fipr oved. pol r gperties that 5
result fromthe fdPmAeAYSRPIRRIPRS c3peria Y@“S%%P%F‘&ewy %‘VE“@S foygeates ve
materials m Gnafi@malife try?e o?ﬂitéﬁﬁ&itﬁ@gxﬁgtﬁﬁ&sgen@béﬂ ea’eﬁ fo K a{&%@&a ¢

groups on the fiber surface e tenperature o the ter, uhder
nor mal operat1$n@dclfammabdﬂpﬂtmeélalcemph@saadeﬁ'ﬂﬂyﬂh@itaeglpefﬁbmne of the

anbient air ou the fi the filt can. b osed to high
t enper at ur e. 411 ﬁeg gegen%iggggiqeg 1, oS Rgleﬁ P‘HﬁtlFYngﬁ“S)%g Y9°ti me of -
restricted. gefoehl @ilids t:duffaltwtreﬂe)tah@leg RarIb isoldityshedia diodid hey Rt ReEat

tenperature is hat_or in time of abnormal operation. The criteria for
per f or mance iMat of fibersapangaeksech tat ywreximatslyel- é%%flfh‘?/?\’ﬁfﬂb"qlhmact vari ous
operating fil SRS f 60F, 270F,
300F for a pecﬁ)lﬁ%ggof t&?rste éﬁ?s galrﬁs)’o?ﬁeégggg%?%% ggfeoﬁ 5’0‘% end use,
whi | e retaining. Bﬂﬁéthdiﬁl%ﬁlﬁﬁﬁ?ﬁlmtel%?/dﬁniﬂg tﬂdpﬂ[m]:&la&.‘f ﬁba:rldmmmeter Ah

alternative %rgllc_f{e[elrl O%Jgeié or Qﬁﬁéﬁﬁéf éﬂﬁ%ﬁ%’lf P@sp(}%‘gggg)lme of
surviving int ‘(‘fﬁtég‘g
t enper at upes ifterfidP bpace 1G8Huced: I theIARF betfoﬁies Mde EffREEnPind WilBm&fe 1 hours or

3 hours depending on end use, while retaining, depending on end use, 30%
50% 80% or SOEstorehytrapemalles pastigles. fibers in a filter | ayer. Survival at

t hese tenperatures and in
wator sataraed arh DPRRLEH bR Bl ekt achp et et o, ST, 1
are deened muinifbthi)pdeneity, phedid, i.ehedyeteinie wiidlethk 8blidigrofshy ddpitemediner si on at
a tenperature of, greater than 160 while maintaining efficiency for a tine

greater 't hal’ie%%’ét%‘“@taﬁpﬂlﬁ eapstany thrqughup its dueknest. Bl swbstaptiadyiopnytad”
m crof i bgg ey afd dni@fde isti&nf inb! Sty PRIRE agt%ﬁgfﬁﬁ ¥‘ﬁ{‘3é ht ai ned

froma material that can survive 25 cont a so vent ch as’ et hanol
a hydrocar bomrc@uh@draughoutiﬂlbdﬁ}dhomhemdlar&mmwwmmefmekampla, pay i od of
tinme greater

The fine- {1 bePURay RargsPpitaSon SL i ndog s TRedby R edlhi of *

filter appl iwhidH e Sillenkdidiisigositidnsg. cl ean and non- puI se cleaned filters
for dust collection, . 30 gas turblnes and engine ajr intake or induction

systens; gas turbi(ﬁ'é@ﬁt@!@@t}bfi pihaedia F@%P@?@F ishgve beeandevelapsd. spwesuch nt ake
or inducby 0“3&%&% %éﬁ@écnﬁ@&'fﬂ&?:gggg rtﬁ.s' F&x@x‘fﬁ\t&ubgﬁﬁ‘i&'ﬁ%s%t ens,

Zee filter; ve nalr
-and 5, 364 456 In general, a depth medta,arrangement can be designed to provide

- "loading" of particulate materials substantially. throughout its volume or depth.

- . Thus, such arrangements can be designed to load Wlth a hlgher amount of partlcuiate
. material, relative to surface loaded systems, When fuli ﬁlter hfctlme is reached
-.. 25  However, in general the tradeoff for such arrangements has been eﬂiclency, since,
for substantial loading, a relatively low solidity media is de_sued. Gradient dens1ty
systems such as those in the patents referred to above, have _beeo designed to provide
for substantial efficiency and longer life. In some mstances, surface loaoing media
_ is utilized as a "polish" filter in such arrangements, o ‘
30 A filter medla construction according to the present mvenuon moludes a first
. layer of permeable coarse ﬁbrous media or substrate havmg a ﬁrst surface. A first
- layer of fine fiber media is secured to the first surface of theﬁrst layer of permeable
 coarse fibrous media. Preferably the first layer of permeable ,90@3 ﬁbrous material

comprises fibers having an average diameter of at least 10 microns, typically and



cabin air, disk drive air, photocopier-toner renoval; HVAC filters in both
commercial or residential filtration applications. _; . , ':'F WO
02/ 20134 PCT/ US01/ 25146 27 Paper filter elenments are w dgl U of
surface WQSHIM3 nedia. In general, paper elements conpPCd@SAEREES nats of
cellul ose, synthetic or other fibers ori%ented across a gas stream carrying
particul ate BRESHHIFabodk® (BAPS 0 36 n6i6RAS.aA1sY preferablyivetivdlayer dfe per neabl e
to the gas flow, and to al so have a sufficiently fine pore 5 size and
appropri at e pemssbleconsse fibraup matqriab coppriseg 8 mbiahvinga kasisgreehtof ne han a

sel ected size_therethr ; ; | filter
paper, the g{)eg{éw% aé?@?@ﬁﬁ%%ﬁﬁé%%é@&lrdb(g%)giéabtqg??E{%gﬁd%‘llagtf usi on
and i nt er ceppioirably o€ Rt @ndntrefatibiythshischyeci pemeablrabise fibsousr om t he
gas (fluid) stream The particles. are Sol_l ected as.a dyst cake.on the

upst r eam 3i dEeg is geleast 010005 fnehd 12 mperons) thick,and typically 284 PEfYY dS begins to
operate as aufdub&jo1 tb BHBE M 5-%6{)5&@;;‘3H®£bicﬂ_.hi s is sonetines referred to

as "seasoning,” i.e. development of an efficiency greater than initial
efficiency. A si nphprefirtederradgesngnts, thedfirstigyeriodpemimesbleicbarde fbwve i s subj ect

to at |least t . es.of -probl . First. a.relatiVv i ml e, fl I.e.
rupture of tﬂj\é}‘%ﬁ_‘éﬁ)é‘?@pﬁm@gﬁl e‘?‘ﬁ%@ 1"tfaﬁ|V t&d 8?1)&?3&%13{?9}5% %’r‘ﬁ%oagédééﬁg%,
particul ate paisefib@dn byible Frazidipetriléabilfty @t Wvaldggivieaperaicadligfoftankadti | t er,

as a thin dust cake or j@gly__er_, I ncreasing_the Eressure drop.__ Vari ous

met hods Have 1 pester(fmin; and typicalhicandpyeferably ahout O0fmetesy/many Heem vhetded
filter syst - i1 er. (@11 F%ﬁm [ ] he nedi a
in a pleat ed?%ﬁ%tu%% |.5(ﬁ?ﬁ§£)en{:%é"%ﬂ{sﬁgmsur ace arg%’aﬂ§ t;) éﬁﬁggﬁﬁéaglﬁg%untered

by the gas f kffivigicy edieh infeadiffed neoatisgth ASTHE1216-89 with{0l. 28y, momdispesat ed
construction. Wiile thjs:increases filte lifetioe, it i.s stilll

subst anti al | P°JVF‘EH"?9€&P£‘ pafiges @ d)h’,m @%HJ&&E”P@E&%QG%E?@W&% primarily
found use in appl ipeatlORheRGESITideTlRt eIkl deaivel ¢ BeifritQarfidddTgh the

filter media are i1 nvolved, génerally not higher than about 20-30 feet per
mnute ahll laypr efpdupeshie conrsefibrons wediaboaylayanrimaae- apd migfohberanedial ess. The

"vel ocity” . ip this 25 oci . h
redia (1 e P Bl Ee ARG e b MR UEACRRANFAR N O HIHAT | O,

| s i ncr eased gtiuralbgimdprafefibiipto prper thakdbeut 1 thickdreand fybieailpaniecr eased by a
factor proportional--to' the square of the yelocity. Th&’i‘,b when pl eat ed
paper, sur f apeferahlydgve fiben diamefpmssmallerthan 8. micron agd sifhin therangeioli or for a

systemth ?Léaﬁaﬂbtcﬁsm%:&@ﬁﬁ&&&i Alsof re¥Rat® difirst 18yek 8 fhd HBmdigige surface
- 20  secured to the first surface of the first layer of permeable coarse fibrous material has
o | an o_verall:thic_lmc_ﬁés that is no greater than about 30 microns, more preferably no
more than 20 microns, niost preferably no greater than about 10 microns, and
typlcally and iﬁrefembly that is within a thickness of about 1-8 times (and more
preferably 110 more than 5 times) the fine fiber avéra'ge diameter-of the layer.
25 Certain préférred éifangements according to the present invention include
-  filter media asgenerally defined, in an overall filter construction. Some preferred
an‘éﬁgéme;lts jor such use odmpfis’e the media arranged in a cylindrical, pleated
' conﬁgumuon with the pleats extending generally longitudinally, i.e. in the same
" direction as a longitudinal axis of the cylindrical pattern. For such arrangements, the
30 media may be imbedded in end caps, as with conventional filters. Such
arrahgeméxit% may include upstream liners and downstream liners if desired, for
“typical conventional puposes.. - |
" In some applications, media according to the present invention may be used

" 'in conjunction with other types of media, for example conventional media, to



30 tilter media i s needed. For exanple, 'a typlcal cylindrical pleated
paper filter elenment of an over-the-hi ghway diesel truck\ﬂnﬁlF@

' 9- 15 i nafa@g2t0i3di aneter and about 12 24 i nches | ong, wdépughesisg about
1-2 inches deep. Thus, the filtering ace area of media (one side) is

typically 30 to 300 square feet. WO 02/2 34 2% B 2005  PCT/ US01/ 25146
28 In many apprrPraevesHsilienenerfamance aplicime, waamlee mediaaspqrdmedh f1 ow

r at es, an alt gy e%%sbﬂﬁn@éﬁ?ignﬁ{ayfbb i dRibatd® E GnveRivhkl AEHa, WSR2 ﬁisfa%f(er red to

depth medi IS use A"typical depth nedia conprises a relatively
thl ck tangl e afangeimentssor bedtenpaited Caapnﬂqgma&ahm)sntogmdammr@efl ned in

ternms of its Sit densi t er ent S t ent rrpl e,
2-3% sol i di ty‘%ﬁ@@tﬂﬁ%tﬂfal%%f 08‘38{5?90 #’a‘dﬁnﬁy gruge%oqsﬁ' such i
that appr oxi Nadch . %bdlldﬂﬂ, ﬁi&fratltinay%lelﬂ@ai d@ﬁﬁﬁéd@ﬂénﬂ‘doht/@lﬂﬁmﬂi&t erials
(solids), the rerra |ng air or %és space. Anot her useful paraneter

for defini ng Héderasrligh eificinrypelishingddicer . |f  percent solidity is held

constant, but f'beél%s cnfele 3ol AU SRLen BV G 28y Gl pd Al 1 ber

space i s reduced; r.e eco re e cl en nor e
ef fectively t_rnap;usdrﬁltéﬂystpms tlleCWBa‘emAhe pypticadhtc amterahto Wfﬂterdﬁpt:hneddh a

filter is a de rel.atively constant (or.. uni or enS|t , J.e.
systemin whi Eﬁg‘flﬂe Alsq, et mmﬂgﬁtﬁeﬂtae%ﬁ@%ﬁt% ngé%’dg?%ﬂ psed)
constant {dr opghRtéolichord, Mrek ARSI arBYeentrRthAldrils| fheeRBG AR air. 15 In this

context, it is meant that only relatively mnor fluctuations, in density,
if any, are founwwmm&pmﬁmtmmmmqwsmraﬂd@@h fiftering Bhs ons,

for exanpl e, resu f.ro | es r engaged
surface, by a FatuP' eltttﬁxz?.tﬁo (ffcrﬁg{ﬂéé ré %E?EO%S|%G§%d G adi ent

density dept hﬁmﬁﬂga mmmmﬁemhee/@saeﬂmseﬂeb@neﬂbsbemmmh 20
arrangenents are descrijbed, for exarrple in U S Patent. Ngs, 4,082, 476;

5,238, 474;  affgonlingie thepresqn inyenfigngan a%ﬁ@%&%ﬂ%ﬁm@rqﬂéﬁ@%ﬁ@é‘an be
desi gned p I &l aﬁ&ﬁ%st antially
throughou%:pl t%ﬁygggﬁeﬁwwgthﬁ%ﬁ%&élg%iﬁﬁ%ﬁ\cg{esrr%n%l‘s’ can be designed to
| oad with a hi gher Vanwousrfilteoflegigns kieccshbwnén patents diselpsing aid cleigling vareuso

Purace | oadeg NS e e o B B R B A
for substantigils. Pagdt N, 4,220,2208ik064cYa rodiet Seal dess'igmfoﬁeﬂlta astemblPBAvIBg
@ ad| ent den Salzt tgg/neraﬂy cyhndncal ﬁlter element demgn, the filter element bemg scaled by a
.20 relatively soft, n1bber~]1ke end cap having a cy]mdncal, radially mwardly facmg

. surface. Kahlbaugh etal,, U.S. Patent No 5,082 476 dtsclose a ﬁlter design using a

_ depth medla compnsmg a foam substraie Wlth pleated components combmed with

. the lmcroﬁber materials of the invention. Stifelman et al., U.S. Patent No.

5,104,537, relate to a filter structure useful for ﬁltermg liquid med1a. L1qu1d is

25 enlmmed into the ﬁlter housmg, passes through the extenor of the ﬁlter into an

. interior annular core and then refums to active use in the structure. Such filters are
_ l;hlghly useful for filtering hydraulic fluids. Engel etal, U. S. Patent No. 5,613,992,
; show a typical diesel engine air mtake filter structure. The structure obtams air from
_ the external aspect of the housmg that may or may not contam entl'amed moisture.
.30 The air passes. through the ﬁlter while the moisture can pass to the bottom of the
. housing and can dram from the housmg G11hngham etai., U S Pateni No.
5,820,646, disclose a Z filter structure that uses.a speclﬁc pleated ﬁlter de31gn
- involving plugged passages that requu‘e a flmid stream to pass through at least one
| Jayer. of ﬁlter me(ha ina"Z" shaped path to obtain proper ﬁltenng performauce



systens such as those. in... the.. patents referred to above, have been
designed to provide for substantial efficiency and | on 5 gggezmﬁso

i nst ances surface | oading nmedia is utilized as a "pol| such
arrangeﬁ’é‘;’] 9130 A filter nedia construction according g ’tuﬁgllﬁle%ent

i nvention |ncI udes a first |ayer of pePheable coarse fibrous nedia or
substrate ha\rhelﬁltarﬁrédlsforﬁleﬂhﬁedlep@ea‘tedZthapbdﬁ&maeéaﬂadaenﬁﬂﬂeeinerfﬂﬂra is

secured to the first surface the first |ayer rneabl e ar se
fibrous medi Bediamidicimntion: et AU, 2Jeen °-;§eﬁ(§%e‘§*§+ sdemairatiBous
mat eri al COEM &.ggﬁﬁa Qa9 A\BhAadenmE FABEhEr stlinids dremst 10

m crons, typl ca 25 FEB 2005 WO 02/ 20134 PCT/ USOl/ 25146 29
preferably abnretltrdxﬂ EerkhObllytzﬂoU:S)PmeotHQSS 97,349, ghayf adadficgliedtar first | ayer

of permeable c arse fi.orous materi rls S basi s

vei gt of S no P REvEstoL R RBTH Sptsey i Ney e fkes o Bl P B3 % 20 <o
150 g/ ng, anﬁnﬂi@%.&ez&i@ﬁ&'b%ﬂe&’sr@a%ﬂ@iccg g@ﬁdi‘&es Pﬁl@ﬁﬁk&bﬁﬂsﬁlﬁﬁiﬁ:ﬂd’nﬁ | ayer
of perneable coarse fibrous 5 nedia is_at |eas 05 inch (12 mcrons)

thick, and tgvicameptahaig berstlyepHbnghams U %&etgﬂd’amslil‘{%‘%‘? 3% displeres25- 800
mcrons) t hi enments, the first layer of perneable
coarse fi brog‘}éﬂ{31 lﬁirgt?[glgslg{z%%égqﬂ%?é a nateri al which, if evaluated
separately from a remai nder of the construction by the Frazier

perneabiljty test, would exhibit a perneability of at least 10 1
meter(s)Min, and typically and pre&@%ﬂ%out 2-900 meters/nin. Herein

when reference i sTiBffiobi koIS Welo prdBh Al RS MIBRIENAOEAA, T ef erence
is meant to efficiency when neasured according to ASTM 1215-89, with 0.7811
nmonodi sper seprogedsyenditionse spherical particles, at 20 fprn (6.1 neters/mn)

as descri bed herej eferably the |a ured to
the first surface&‘g?fql{?g’m%@a %W%?Spégrne idéé}e%ora’tase %ougﬁémg’g

| ayer of nanegapilké needié Sfsiche BoE e forhdtepiddidvsubitagtialy thy enaviirage f| ber
di anmeters_of no greater than about 2 mcrons, generally and preferably no
greater ihanm#s@ls | micron, and typically and preferably have fiber.

di aneters small er r 05 to
0.5 micron. Also, T%?epwgg.%l“{/gs?h |rstp\%%§1e@rtg?%gléﬁtgg$m%f0f8%%|% 20
secured to tlemltterwetta@wfﬂatké’ ofelstive Hunnidity bE4086, anfl forthawethiing @uithesan f i br ous
mat eri al "has_25 overall thickness that' is no greater than about 30

m crons, nor HP gg%rabl y no : ,

20 _ Example 1:
Eﬁ'ect of Flber Srze

| Fme ﬁber samples were prepared ﬁ'om a copolymer of nylon 6, 66, 610
_rnylon copolymer resin (SVP-651) was anaiyzed for molecular welght by the end
_ ,group titration. (I.E. Wa]z and G.B. Taylor, detenmnauon of the molecular weight
25 of nylon, Anal. Chem. Vol. 19, Number 7, pp 448—450 (1947) Number average
_.molecular Welght was between 21,500 and 24, 800. The composmon was estimated
by the phase diagram of melt temperature of three component nylon, nylon 6 about
45%, nylon 66 about 20% and nylon 610 about 25%. (Page 286, Nylon Plastics
Handbook, Melvin Kohan ed. Hanser Publisher, New York (1995)).Reported
30  physical properties of SVP 651 resin are: | - o



nore than 20 mcrons, nost preferably no greater than abou% m
typically and preferably that is within a thickness of at20 t B ﬁéﬁ'gs (and
more pr@feéaky no nore than. 5 tinmes) the fine fiber ayefagRsignmeter of
the layer. Certain preferred arrangerrentg according to the present
invention include filter nmedia as gener fi y defined, in an overall filter
construction. Sone preferred arrangenents for such use conprise the nedia

arranged in a cyli pI eat egk rati th th xtendr ng
general ly | ongi tuo&%g#—rﬁsﬁ/ rr‘t%‘rrg—&l di %wo 1 l«,ﬁé\hﬁuee

axi s of the. cylindspecdic (ﬁxatrttjer n. Fob-Bch arrangenents, the 3D0dredi a may be
i thedded in end cayater Absovptibn convebDtinal filter$% Such aprsangement s
may i ncl uge upst r q@iht iheesicapd downstream liners if desired, for typical:

conventional ' purp@s@gess! N sone appplzstions, rr@ﬁbl%]accor di ng gs0 t he

present invention M@Man)oﬁﬁed in. cprjunction w b her ty di a,
for exanple convenf a, to J?:)‘5 4B 2005 Y { 134 P%B%{EZSMG '
30 inprove overal | perforrrance or lifeti exarrp(l medi a

accordrn oo ‘the s nt ve troan%% be Ianlnat d to conven nal medi a,
be utrlrzed in st nts; be i ncor h@ (an |n{ g}
feature) into nedi B inc g one o ?egro

conventional media¥® Eﬁﬁhsed {h%g; eantof 5 “Fnedi a, ﬂBr good | oad,;
and/or, it may be used domnstreanrfrontconventional medi a, as a high
efficiency polishing filter. Certain arrangenments according to the present
invention may also be utilized in liquid filter systens, i.e. wherein the
particul dt5e material to be filtered is carried in a liquid. Also, certain

arrangenent s acc di i nvention e used Q in mst
ol tecrors. rBpelarbe G MRSl trdmar. Rapl e Cretinefid
According to tkﬁﬁerﬁﬁﬁéﬁﬁfer 'Mﬂid'ﬁﬂats@ﬁé"éﬂé?v%%d%&w% dr Biberf thkdger i ng:  The

nmet hods generally involve utilization of nmedi-a as.described to advantage,

for filteri rigngeasing tideprade auhihe layiel effiosthdaton yes lssasaaabesesmin & bel ow,
medi a accor;ﬂ%&q}tﬁﬁ%gpro St}ﬁis Vfo@tc}ﬁ@}:%n?}tcdpf%:&%theb J[gpe qu;g“red

and construc é re 1ve elnre ficient

systens, 200 aswdiet fibes withra logter binficer vai&&eg:rtsa At mosd1steptiblepat ent S
di scl osi ng angdcl ai,mng various aspects.of filter. structure and structures
used with théfiegmdﬁ"é?nﬁlrateeper%nm sficgss. Hywover, Uit B fré A pjgmake 2320, 292,

di scl ose a r agyi@knSEf: nfaaingn fora filter assenbly having

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

o In order to i improve chemlcal raslstancc of ﬁbcrs chcmlcal cross-linking of
nylon fibers was attempted. Copolya.mlde (nylon 6 66 610) described earlier is
' ‘mlxed with phenohc resin, identified as Georgta Pacific 5137 and spun into fiber.

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

) 30 Composmon . ' Meltmg Tcmperature (F"_)
 Polyamide: Phenolic = 100: 0 150 |
" Polyamide: Phenolic= 80:20 o 110
- Polyamide: Phenolic = -65:35 . : 94
Polyamide: Phenolic=_50:50 _ - 65

We were able to produce comparable fiber from the blends. The 50:50 blend
could not be cross-linled via heat as the fibrous structure was destroyed. Heating
65:35 blend below 90 degree C. for 12 hours improves the chemical resistance of the



a generally cylindrical filter elenent design, the filter elenent bei ng
sealed by a 20 relatively sok rubber-like end cap haV| n CEIECQ@@@I,
radi al | %nwardl y facing surface. Kahlbaugh et al., _@h

5,082, 4P V%3 0se a filter design using a depth msdl 5 ﬁ‘ﬁﬁ%‘i%g a foam
substrate with pleated conmponents conbi d8d with the microfiber materials

of the invenieh@itant Bbérk & 18ISt difsoRition iklaBohdtaBlends dfpolyatidddifdbepoxyr el ate to a
filter structure useful for filterin iqui_d nmedja iquid is entrained
into the fil%8p fshdpey 82 %gé’g’egheptﬂ“@%@;’h é”é)?f"é"‘? f 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 tyBxampledi esel engine air intake filter

structure. The structure. obtains air.from, t.he r.nal of the
housi ng that m@'&&m&may 9,Add 'Vﬁg.ég‘ﬁu m&“ r passes

through the filte coﬂdshh&mbtbeseeﬁhg&u@mmm%ltﬁ%m@ﬂﬁg Usnv&afr the

housi ng and can drain fromthe sing. Gllinghamet al Patent No.
5, 820, 646, mtﬂcﬂmmlaa@dbbbfmsmmgtmonﬂaounﬂwsm%osfpdmsf Addlplloeaf ed

filter desi i,Nvo] vi,n I passage uir treamto
pass throug g@ﬁis‘i{‘délﬂg%nﬁ?%%ﬁ f‘l iﬁﬁéﬁﬂcé%ws tﬁ?;aScoLoﬁ 3 ath to
obtain pr opeunoﬁ nld1&8dul it Svep it kPl Frishafd b m&&ﬁﬁ&%%%ﬁgﬁm/ 25146
31 The filter nedia forned into the pleated shaped format can contain the

fine fibkl afded samples werd heaterial 300 Ffosd0 aninuies as ugmstepdy arpnuigsturg;, 853, 442,
di scl ose a bag house structure having filter elenments that can contain the
fine fiber structures of the invention. Berkhoel et al., U 'S. Patent No.
5, 954, 849, show a dust collector 5 sEga@ply4€ useful in processing typically
air having large dust loads to filter ust rom an air stream after
processi ng a wor kpi ece gener 10841164 oad in an

environnmental air ¥im$Shle qﬁgﬁ HF,&D] 189,

di scl oses a pan #ﬁl%le usl lﬁ[lgctg*r‘%£ P ter deS| gn EBEQpe% %&t The
fol | owi np nefremiKdmsichderogiemicas dhal Thaginchee isoptopyl ﬁmgsoeﬂcafoylrmalmtﬂ(l%r ocess
condi tions. follo erial in a rot I ng
emtter systmf’eﬂ’m&ig‘ﬁ?“@ é@?‘l‘)vgb 5’:#‘?1 %ﬁ?ﬂ?%@é@@ﬂﬁﬁ)ﬁg Lroduce
subst anti al | g4 éf\l‘-éﬂiﬁbk%dxéﬁmm%&zl ﬂfo%natlmzu)m@aﬁtaﬁlﬁlsw@@el 5ml/mn

per emtter, tar tance of 8 inc
soaked n oﬂmg water. Control sample ‘Wlthout couplmg agent loses its strength

immediately, Whiié'upling agent added samples maintained its form for up to ten
20  minutes. These boupling agents added samples were spun into fiber (0.2 micron

: .ExampleS; -0
Modification with Low Molecular Weight p-tert-butyl phenol polymer
25 Oligomers of para-tert-butyl phenol, molecular weight range 400 to 1100,

was purchased from Enzymol Intemational, Columbus, Ohio. These low molecular
weight polymers are soluble in low alcohols, such as ethanol, isopropanol and
butanol. These polymers were added to co-polyamide described earlier and
electrospun into 0.2 micron fibers without adverse conseguences. Some polymers
30  and additives hinder the ¢electrospinning process. Unlike the conventional phenolic
resin described in Example 2, we have found that this group of polymers does not

interfere with fiber forming process.



emtter voltage of 88 kV, a relative humdity of 45% and f@r é% E.jatl ng
emtter an rpmof 35. 20 Exanple 1: Effect of Fiber Si 22 E1 i

sanpl es wRj@BiAPared froma copol ymer of nylon 6, 66, 6ddrrusulsuscopol ynmer
resin (SVP-651) was anal yzed for nol eculf}{ wei ght by the end group
titration. OE V\al andG yl or m nation_.of _the rmlecular wei ght
25 of nyl on Anal . $that1 dglnvsgrqucgs fngyfibers from Weiunber
average V‘E@ﬁm@ﬁ'a@@&e%ﬁeﬁl@ﬂ Vﬁ@ﬁ}e@ﬂs W%@@@a?&g%%rs @%defa%gﬁl tion
was esti rrat ed y the phase diagram of nelt tenperature t hree conponent
nyl on, nyl on gdodlpoattctiod5¥d 41, dﬂO%Gluahdlm alﬂl%aq:rﬂarmynms ﬁﬂaﬂveatjogumd #5%
(Page 286, Nylon Plastics Handbook, Melvin Kohg nser i sher,

York (1995)). 1845 Wehaye afddsidhis addifive betesede g é%oég YPéf‘éPﬁ 25 FEB

Typi cal VAl uan @nﬁi Sy LR RLAR S BipR TR LR e
i mrer si on) Dm&&npamtm&ﬁ’ memmolﬁhﬂdmﬂﬁnpaf@ﬁ@ﬁéﬂbﬁﬂm(c%ﬁr)mﬂ' drsi | e

Strengt hD-638MP. a (kpsi)50 (7.3) @Yield D-638%850 El ongation at Break
Fl exur al Moduiassoereghireed topd0)Edor syt petiefl gFEMRes sti vi t yD- 2570hm cnml012

to produce fiber Ofab?e?M&%geﬁf&t&@&%@mwe%@ﬁﬁ&@{posé%mh@% Y& 6 BOaked

in room
polyamide fibers.
10
Table 1: Efficiency Retained (%) After 140 deg. F. Soak:
Heating Time
1 min 3 min 10 min
Temperature : '
15 - _ _ _ |
150C° 98.9 98.8 98.5
' 98.8 98.9 e 988
130 C° 954 987 998
20 967 © 98.6 T 996
1occ 828 %05 917
' 86.2 ' 909 - 857
25 This was a surprising result. We saw dramatic improvement in water

resistance with this family of additives. In order to understand how this group of
additive works, we have analyzed the fine fiber mat with surface analysis techniques
- - called ESCA, 10% add-on samples shown in Table 1 were analyzed with ESCA at
the University of Minnesota with the results shown in Table 2.
30



tenperature water, air-dried and its efficiency was rreasured Blg fiber
takes longer tinme to degrade and the | evel of degradatl ggﬁﬁs can
be seen_jn t pl ot of Figure 12. While wi shing not t d by
certai n“@%zéﬂfe/} it appears that 20 smaller fibers wt hq)a(b(ﬁug;dh}ey? 4gurface/
volune ratio are nore susceptible to d%‘igradatlon due to environnental

ef fects. However, bi gsble2:i Sefme omymtitivakPolaner: Afiditive ®atiof i | t er nedi um
Exanpl e 2: 25 Cross-linking of nylon fibersg V\Hlp gr"lenol ic resin and epoxy
resin 30 35 In order to inprove chem cal reses 5 f’ of fibers chem cal
cross-|inking C AetEi A :
610) descri heuRasayIic S mxed vmth phenol | c resin, |dent|f|ed as Georgi a -
Paci fic %137 and spun into fiber. Nylon:Phenolic Resin ratio and its nelt

t enper at ure B0 @l.ends are shown4Bele; Conposit #xodkel ting Tenpdd:&@ure (F

Pol yam de: Plsgoili ¢ =100: 0150 Pghwan de: Phenoké:@4=80: 20110 Peét:gan de:
Phenol i ¢ =65 1 Pol yam de: Pheagj7i ¢ =50: 50. ghiy\e were abl esy.q9; produce
conpar abl e f eirea{]romthe bl ends;7.0khe 50: 50 bl end could not be

cross-1i via heat as the fibrous structure was destroyed. Heating

65: 35 bl'end bel ow 90 degree C. for 12 hours inproves the chem cal
resistance of them2hllyFBdidGbscét ﬁ&ﬂﬂ@bB&el?ﬁEﬁdJﬁﬁﬂabéBdﬂﬁntrﬁﬂmdsul t ant

fibers to resjst dissolution i | cohol . ds of m oxy
resin, such eqgyge thag s of nﬁﬁ'ﬁ“ﬁ@% ig’f‘@v?faﬁ’ggﬁ §e‘gat'ﬁ§

Surface nodi édﬁ}ﬂ' gﬁﬁm{]ggﬁl eAI cohol
m sci bl e Scoet;)%gﬁﬁﬁl Cr Q%éﬁ?l‘élg} gﬁfgﬁ Eéﬁm??%%ﬁ‘éﬁq%%gﬁy%re addedu¥o

pol yan de betbﬁ:abeuisﬁmnmmughsmdtﬁﬂmnathﬁwﬂlomeﬂ@mg pebmiatsAs fgdiatd on of

Scot ch di d t hi fib f ti
Scot choad- | TRURFIR 4 Ny seLmare HBPE L= BiIae FIKET PTISaT ngE | mpr ove
wat er resi st ahgfe hiet §os Snodftratide of :6EATs SFurier eedvaaiiditoehscd @ F for 10

m nut es as suurgest ed by manuf acturer.
ce concentration of the protective addmve However at 10 min exposure, 150

-Ce,did not_mcr_ease ooncen_trai_:lon_ This may be ar__l__ indication tl_;at mixing of two
components of copolyamide. aﬁd oligomer molecules is happening as long chain
20 polymer has a time to move around. What this analysis has taught us is that proper
selection of post treatment time and temperature can enhance performance, while
too long exposure could have a negatlve influence.
_ ‘We further examined the surface of these addmve laden microfibers using
- techniques called Time of Flight SIMS. This tech_mqge 11_1_v01ye_s bombardmg the
25 . subject with electrons and observes what is coming ;Cﬁ‘om the sut:face; The samples
without additives show organic nitrogen species are coming off upon bombardment
with electron. This is an indication that polyamide species are broken off. It also
‘shows presence of small quantity of impurities, such as sodium and silicone.
Samples with additive without heat treahnent (23 % additive concentration on
30 ' surface) show a dominant species of t-buty! fragment, and small but unambiguous
peaks observed peaks observed for the polyamides. Also observed are high mass
- peaks with mass differences of 148 amu, corresponding to t-butyl phenol. For the
sample treated at 10 min at 150 C° (50 % surface additive concentration by ESCA
‘ analysis), inspection shows dominance of t-butyl fragnients and trace, if at all, of
35 peaks for polyamide. It does not show peaks associated with whole t-butyl pheriol
~‘and its polymers. It also shows a peak associated with C;H;0 fragments.



Exarrpl e 4. Mdification with coupling agents Polyneric filnms_were cast
from polyam des with tinanate coupling agents 15 from Kenz&li:EB ZUUS

Pet r ocheig@lgasl NC. They include i sopropyl triisostear oydrikd @ @% (KR 20
TTS), neopentyl (di allyl) oxytri (di octy phosphato titanate (LI CAl12
neopentyl (diall y oxy, tri (N-et hyl ene38i ani no) ethyl zirconate NZ44)
Cast films were oF SIMBalyisis shaves thaidsrs payamidedberswilligsveoE oupl i ng
agent | oses i t I sanpl es
mai nt ai ned |té£¥%r%&€%%%ﬁgﬁ%?‘l ﬁi&#ﬁ%ﬁ?&%%@%ﬁ I n }agég)%ﬁgc added
sanpl es wer e supface with forf hdmsbardfert. Additive witlidnehdat trExtarpt shoﬁm mcoMpdhtél cation

with Low Mol ecul ar \\i. ht p:tent.bu |, Phenol Pol nmer.s of
para-tert- but%ve’ﬁﬁ%ﬁ%‘ilca%I%?ﬁﬁuvﬁé%ﬁ?t PXFROT ff“b‘%f’f e R pur chased
from Enzyngpl dﬂ%ﬁ)ﬁfcﬁaatré%é 2y th&RirPice. Wﬁéﬁoh%\%ﬁrﬁ%t@%lsﬁffacé"e' ght

pol ymers are sol uble in low alcohol's, such.-as ethanol, isopropanol and

but anol . Thesehqlemplesnles e eomd afichlang with lsbily ebutliramennti Bdditvamither and

el ect rospun |nt cron fibers. wthg ve c enges. Sone

pol ymers 30 alh gﬁ’gﬁ"ﬂm é%mﬁﬁeﬁﬁg?lpfeﬁeme’fﬂe%% of elsh%?%egﬁgg‘%ﬁc%s“s “Unli ke the
convent i onal zﬁhmgbs@enmymmarsblﬂmdomlamrnﬁgmeatssuehﬁmwlﬁltj‘doumd t hat
this group of polyners does not interfere with fiber formn process 25
FEB 2005 WO aaas;_x blySarpeHr ORoare roming o andiberithple melsreics At DU PRIt of
addi tive ot f R MRS JifRRNd &eapl ot .

Fi gures 13 1 how (ﬁ- ]!'#@g%Ir%galrrlg’@aprOV|lggﬁ]éé very g ﬁ% pr ot ectlonAat 140
F, 100% huni d|]byksaatde&;i&esmﬁmbmprtaﬂﬁ@ﬂngstmmwhdeii‘oESWSamlbeﬁBsﬂlOV\e have
added this additive. en 5%1 and 15% of pol yner used. W 5 have found
that they ar gm dp P A@FLETTi ng fibers fromexposure to high
humidity at 140 F. W have aI so found out that performance is enhanced when
the fibers are subjected to 150 C for short period of tinme. Table 1 shows
the effect of tenperature and tine exBEampl Gif 1. 0% add-on to pol yam de

fibers. ]1% ' ' Development of Surface Coated Interpolymer

Type 8 Nylon was originally developed to prepare soluble and crosslinkable
" resin for coating and adhesive application. This type of polymer is made by the
reaction of polyamide 66 with formaldehyde and alcohol in the presence of acid.

(Reﬁ Caims, T.L.; Fosfer, H.D.; Larcher, A.W.; Schneider, A.K_; Schreiber, R.S. 7.

20 Am. Chem. Soc. 1949, 71, 651). This type of polymer can be elecrospun and can be
" cross-linked. However, formation of fiber from this polymer is inferjor to
o :copolymdes and ¢rosslinking can be tncky '

| Int order to prepare type 8 nylon, 10—ga]lon hlgh—prcssure reactor was charged

..Wlﬁl the fo]lowmg ratlo
25
‘Nylon 66 (duPont Zytel 101) 10 pounds
- - Methanol - 151 pounds
Water _ 2.0 pounds
Formaldehyde - 12.0 pounds
.30 - : :

. The reactor is then flushed with nitrogen and is heated to at least 135 C°.
-under pressure. When the desired temperature was reached, small quantity of acid
- was added as catalyst. Acidic c@_taiysts include trifluoroacetic acid, formic acid,
' toluene sulfonic acid, maleic acid, maleic anhydride, phthalic acid, phthalic
35  anhydride, phosphoric.acid, citric-acid and mixtures thereof. Naﬁon®- polymer can



15 20 Tenperature 150 CO 130 CO 110 CO Table 1: Efficiency Retained (%

After 140 deg. F. Soak: 1 minHeating Time 3 min 98.998.8 795)5498. 7
96. 798. 6\,@20 g?ﬁj 86.290.9 10 mn 98.5 98.8 99.8 99.6 %%.JSME?Z 25 This
was a su 3 é result. We saw dramatic |rrproverrent in vva Ma%i st ance
with this famly of additives. In order 3% understand howthls group of

addi ti ve wor ladso heaistbasea @Mijrs}zﬁﬂeﬂaﬂdmbnmécﬁalbﬁrrMprro@edmuﬁaxiﬂ) anal ysi s

w th ESCA at THESYirehus BPPOEBroR mESB AR R PRact Stk eutsrbif R bl e
2. 30 2 5 FEBpeGR& tdR2ida/ skl &t doptbntiStké B@%@es&ué%é%él Qtraféferrfilid i ve Ratio
bath containing methanol, water and base, like ammonium hydroxide or sodium
5  hydroxide to shortstop the reaction. After the soluﬁt;n is sufficiently quenched, the
solution is precipitated in deionized water. Fluffy granules of polymer are formed.
Polymer granules are then centrifuged and vacuum dried. This polymer is soluble in,
methanol, ethanol, propanol, butanol and their mixtures with water of varying
proportion. They are also soluble in blends of different alcohols.
10 " Thus formed alkoxy alkyl modified type 8 polyamide is dissolved in ethanol/
water mixture. Polymer solution is electrospun in a- manner described in Barris U.S.
~ Pat.
No. 4,650,516. Polymer solution viscosity tends to increase with time. It is generally
known that polymer viscosity has a great influence in determining fiber sizes. Thus,
15  itis difficult to control tﬁé process in commercial scale, continuous production.
Furthermore, under same conditions, type 8 polyamides do not form microfibers as
efficiently as copolyamides. However, when the solution is prepared with addition
of acidic catalyst, suchas toluene sulfonic acid, maleic anhydridc, trifluoro methane
sulfonic acid, citric acld, ‘ascorbic acid and the like, and fiber mats are carefully heat-
20 - treated after fiber formation, the resultant fiber has a very good chemical resistance.
(Figure 13). Care must be taken during the crosslinking stage, so that one does not
destroy fibrous structure. -
" We have found a surprising result when type 8 polyamide (polymer B) is
" blended with atcohol soluble copolyamides, By replacing 30 % by weight of alkoxy
25 - alkyl modified polyamide 66 with-alcohol soluble copolyamide like-SVP 637.or 651
(polymer A), Elvamide 8061, synergistic effects were found. Fiber formation of the
blend is more efficient than either of the components alone. Soaking in ethanol and
measuring filtration efficiency shows better than 98% filtration efficiency retention,
THC bench festing showing comparable results with Type 8 polyamide alone. This
30 type biend shows that we can obtain advantage of efficient fiber formation and
excellent filiration characteristic of copolyamide with advantage of excellent
chemical resistance of crosslinked type 8 polyamide. Alcohol soak test strongly
suggests that non-crosslinkable copolyamide has participated in crosslinking to
maintain 98 % of filtration efficiency.



- Table 2: Surface Conposition Heating Time 1 min3 mnl0 mn Teen. erature
150 CO. 40: 6040: 6050: 50 130C . 60: 4056: 4462: 82 110 CO. 63: 3;%“45 ?[BE@ 4000
Heat 77: 23ydMdoi@l |y, it did not seemto make sense to fip8rguidAcR
concentration of additive nore than tw £ of bul k concentration. However,
we believe that this can _be eﬁ)l ai ned by°the nol ecul ar wei ght of the
ﬁ o

addi tives. Ml ecul B8C/esedhgures 1'+-BQ) efbdgnds okpolypenpgnd Boggoms nuch snal | er

t han that of st. fi.ber, f [ Y09 ol r t hey. ar spal in size,

t hey can mvenl(aaf%ﬁﬁ%got?oﬂl ngos%?lﬁﬁ'iAﬁ@%%gg%e%fgy%ﬁ%g?mggoigfc(ﬁi'eve hi gher
surface conce(fillptiosdlinRéd)aeleh fid diisnct MdlikafFeritiRATHE Rirohdly 6EQESS tHdhe

surface concentration of the protective additive. However, at 10 rein

exposur e, 150blends ofgolymesA dcB areciully integrated polyrer ¥y pelymey Beresslinldag cat i on
that mixi . i | | ecul es i
Spent ng oo Fib B TPIRRIL T o B PPNl T T What thi <

happeni ng as | on o nove around. What this
anal ysi s has taughtSim#arys ntelizhlemst pyie (cthyeledetpivhalefe) pathipoly(esylerat time and

t t h f hile to | -could h
nogat ve | nt | EBREMAYR) ch Bt s, iutBg HEeT BREFISA acd 1 ve- | aden
m crofibers U%F%Bmtﬁ:ﬁﬁﬁl@ﬁ&m 168t tetherinit® opEitet t&iponanlyBsted frofip t €chni que.

i nvol ves bonb ing the 25 subject with. electrons and observes what is

com ng from t gechaugefosewrs amhmte pahiness of RET hod PBEddiped, dgrthigumererepuni ¢

ni trogen ecj om n f.f (o]» p'/[s“h I This is an
i ndi cati O?\é)t _h%'itlrt%§s|c1)%¥ﬂ§;1 ﬁne‘@e"'%g‘geclf leogpeg&é’%ﬁrg% eogglg"%;e:c -élfﬁslt‘oégéﬁ%\%sdnﬁrt esence
of small quanhaveyxpéctédthatrsuéh gonp skishangsoceacit i dovd tetnpearaaeeTher&drp| es with

addi tive vvithou% heat treatment (23 % additive concentration on, 30 surface)

show a doni nale belryeithad werfound g pgy tamilpefmetyanyds thzongh soliiion fleadmedlous
peaks obser vegypeRlsad POSER YBfalile AARrRRNA H38mpdbif. RRREIA®AT ¢ hi oh

mass peaks w 148 amu, cortesponding to t -butyl
phenol . For tmeltinggopit of ¢cithent@upaientl0 mi n- at 150 CO (50 % surface additive

Fragont olsnd 1 achBen pedaad] | 0% by EERE L EHy Srhaht  Berite CARe e Dot show
peaks associ ah&@tr&&té@aﬂ&&ﬁt%aﬁn&iﬁc&ésa@*ﬁf\ﬁbssﬁﬂﬂﬂgitérﬁpWeﬂlavé foual SO shows

a peak associated with C2H30 fragnents. .
: even better results.  We theorized that hydroxyl functional group of t-butyl phenol

- oligomers would participate in reaction with functional group of type 8 nylons.

~ What we have found is this component system provides good fiber formation,
20 . improved resistance to high temperature.and high humidity and hydrophobicity to
- the surface of fine fiber layers. Sl il S
" Wehave prepared samples of mixture of Polymer A and Polymer B (Sample
6A) and another sample of mixture of Polymer A, Polymer B and Additive &
(Sample 6B).. We then formed fiber by electrospinning process, exposed the fiber
25 . mat at 300°F for. 10 minutes and evaluated the surface composition by ESCA surface
.. . analysis.



25 FEB 2005 WO 02/20134 PCT/ US01/ 25146 36 The ToF SI M5 anal ysis shows us
that bare polyamde fibers will give off broken nitrogen,f nent from
exposed pol yner chain and contam nants on the surface w athB 2[]85
bormbar drmgyd e220¢di tive wi t hout heat treatnment shows i nconpdgtigiSpNKEr age,

I ndicating that additives do not cover pggtions of surface. The t-butyl 5
oligoners are | oosgly or I zed on the sufface. \When ion beamhits the
surface, whole mlr%'ﬂﬁﬁeggaér?néyﬁ’é°5§Fm3leéﬁ6%flt6ﬁ | abil e t-butyl fragment.
Additive with heat treatnment pronotes conplete coverage on the surface. In
addition, the nolecules are tightly arranged so that only |abile fragments
such as t-butyl -, @nmpoqymssﬁ/@ly CH- - CISamﬂ,le%e com n@aoiple GBd t he whol e
nol ecul es of t-but 1351Elhe are 10 not c ng of f. ESCA-gnd ToF SI M | ook
at differ\evﬂt depthg @rface ESCA Io%gs at deeper s ace up to 100
Angstrom whi | e ToF nly | ooks at 10-“YAngstrom dept KO These anal yses
agree. Examle 6: difgs & | opnent of Surfadk Coat ed | nt er¥bl ymer Type 8
Nyl on was originally devel oped to prepare soluble and crosslinkable resin
for coating and adh@sicoEomppbitiont i OW/O Hepts t Ybleaf pWVQdEmat | Wikt by t he
reaction of polyam de 66 with fornmal dehyde and al cohol in the presence of
acid. (REF CairnsPolymbr A&Bo8t)er, H. 000 Larchdfg A W, 68¢hnei dorg A K ;
Schrei ber, R S. |.A3ditider¥ Chem Soc. 1949, 71,0651). Thid typs7a pol yner
can be el ecrospun and can be cross-1linked. However, formation of fiber
fromihis polymer BSCARSAIAlinfondtidn A CARLERABSLYR G St tlon.
“10-gal I on high-pressure reactor was charged vmth he 1ol ng ratio: 25
Nyl on 66 (duRsmeertiation omﬂrlrogenlmt providosinfovxatiomon cdrbort npmgttdend WygEn. 2. 0

pounds F -deh unds 30 The react or/| 1h n fI u
ni t rogen g\ﬁ%"%@ﬁ?@éﬁl a10%F BolontppuiEgeen, efﬂ ’gqt‘wf’ﬁeél
desi red t enpedoataitiiag polyahRRE hetladdsike tha.t‘lié@élﬁdﬂc&im@,ﬁl lﬂecgbn mpaﬁﬂgd as

catalyst. Acidic catalysts include trifluoroacetic acid, form c acid,
concentration of mtrogen, Additional quahtattve mformatlon 1s avatlable by

‘examining O s spectrum of bmdmg energy between 535 and 527 eV C—-O bond

~ has a binding energy at around 531 eVand C-O bond has a bmdmg energy at 533
| 20 eV By comparing peak helghts at these two peaks one can estunate relauve
- concentratlon of polyanude with predommant C=0 and add:twe with solely C-O
groups. Polymer B has C-O lmkage due to modlﬁcatlon and upon crosshnkmg the
_concentrauon of C-O w111 decrease ESCA confirms such reaction had indeed
R occurred, showmg relat:lve decrease of c-0 lmkage (Flgure 4 for non heat treated
25 , mlxture fiber of Polymer A and Polymer B Flgure 5 for heat treated mixture fiber of
| Polymer A and Polymer B) When Additive 7 molecules are present on the surface,
one can expect more of C-0 ]mkage This is mdeed the case as can beseenin
F1gures 6 aud 7. (Frgure 6 for as-spun mixture fibers of Polymer A, Polymer B and
 Additive 7. Frgure 7 for heat treated mlxture fibers of Polymer A, Polymer Band
30 Additive 7). Flgu.re 6 shows that the concentration of C-O ]mkage increases for
Example 7. The finding is consistent with the surface concentration based on XPS
multiplex spectrum of Figures 8 through 11.
It is apparent that t-butyl oligomer molecules migrated foward the surface of
the fine fibers and form hydrophabic coating of about 50 A. Type 8 nylon has
35  functional groups such as -CH;O0H and -CH,OCHj, which we expected to react with
-OH group of t-butyl phenol. Thus, we expected to sce less oligomer molecules on
the surface of the fibers. We have found that our hypothesie was not correct and we



toluene sulfonic acid, nmalefic acid, malefic anhydride, phthalic acid,

pht hal i ¢ 35 anhydri de, : phosphoric-acid,. citric acid andgrﬁ FggsZ@@ﬁreof -
Naf i on(rQ(@gI{ yner can WO 02/ 20134 25 FEB 2005 PCT/ U801/2 SO be
used as WI¥st. After addition of catalyst, reactiorf H4é up to 30
m nutes. Vi scous honpgeneous pol ymer sol4ftion is formed at th| s st age.

After the spRahd ieGufRRWFiIY InfdyBlymédtas & @ik epdtingf the high pressure vessel
is transferred to a bath containing nmethanol, water and base, _|ike

ammoni um hydr oxi deSagplesdui. o md rEPk PERemple desenedin Seetinn § bavedesh. Af t er

th | ut I d
de:aorsnozgdI \%gtéxi5 %g I#(?)\?g%?ladmlj egqg /ﬁﬁir}eq}l ar M#sggér}leééﬂgﬁgﬁ&%%&eanhres
are then centeprse@ed 1407H avd d 00 R UdderThess cpuolifyors; t-betybpiianb] woiepted

met hanol , et hano ropanol . huta eir ures w th wat.er, of
varyi ng éroﬂﬁ‘ﬂ’f’l r 8%‘3@@‘5‘%{; ?‘ﬁe‘ﬁéﬁh"gt‘zﬁlpﬂﬁwee‘rg@ﬁedﬁcohols
10 Thus for megsoegk &%M)o%m tuéﬁ%émﬂylter@eol%hg@mﬁmueeaa gﬁaodllsﬁeleceﬂgl n

ethanol/ water m xture. Polymer solution is el ectrospun in manner

descri bed i n tBanndeslyingSerpolyaer cmlymeeﬁbmewmvymmpwﬂe@melﬁs@ﬁlﬁ@d‘su ty
tends to |ncr%$§§ %n time. It is generally known that polyner viscosity
has a great 8 celn determning fiber sizes. Thus,:: 15 it is dlfflcult
to control the process in comrercial scale, continuous production.

Further nogee, Tubled: RemRed PR RibR Rificidyea@r BRdsars t8660T0andato0VoRH
mcrofibers as efficiently as copol yam des. However, when the solution is

prepared with add|% ? of aci di #%at3hyst ARHenas ;agieyg@ﬁssul fonic acid,
mal ei ¢c: anhydri de, uoro net hane - sulfonic acid, citric.acid, ascorbic
~acid and the like,qan %ber matsagf%areful Ié/zgeat 2Oa£ gated after fiber

formation,_'the re% fi ber has very g % chem ¢ - esist ance.
(Figure 1_ . Care © t aken duigﬁg the. c gsl i nki. n tag_e, so that one

does not destroy Famgeos structur I\\¢ have found a surprising result when
type 8 polyam de (poI mer is blended with al cohol soluble copolyam des.
By replaci ng Be @b @m@m a@npleﬂzélﬁ;pspsse%emmwm praflchigly
wi t h, al cohol &%L‘Hﬁte copol yam de |ike SVP 637 or 651 (polymer A), Elvanide
8061, synergisti ffects were found. Fiber formation of the blend is nore
ef ficient2( han ei tMere sﬁﬁhh@dﬁfeomme%swhdmex[ﬁe@idon@oplctsofmmand

reasur 1 111 b2 LOMWAL\E S0k GEUPOPRhPh bR IS e i ©f oneY

drops 1mmed1ate1y spread across the ﬁber mat and they wet the substrate paper as
- well. On the other hand, when we place a drop of water on the surface of Sample
. 6B, the water drop forms abead and d1d not spread on the surface of the mat. We
i 25 | have modified the surface of Sample 16 to be hydrophobic by addlt{on of oligomers
’ of p-t-butyl phenol 'I'h1$ type of product can be used as a water szt ehmmator,
B .waier dr0ps w111 not go tbrough the ﬁne ﬁber surface layer of Sample 6B
| Samples 6A, 6B and a repeat sample of Section 5 were placed m an oven
. where the temperature was set at 310°F Table shows ﬂ1at both Samples 6A and 6B
| 30 remam mtact whlle Sample of Sechon 5 was severely damaged

Ty
EEE SO



THC bench testing show ng conparable results with Type 8 pol yam de al one.
This 30 type bl end shows that we can obtain advantage of Zeﬁf%EBnZU@ﬁ-)ber
formati on and excellent filtration characteristic of copolyam de with
advant ageoeinmxcel [ ent chenical resistance of crossli nREVUSIIBLES

pol yam de. Al cohol soak test strongly guggests that non-crosslinkable

copol yande h [ty Cl-Dat ) 1.4 il j @i N 98 % of
filtration e?‘?ﬁ"??e%w @H%E%e‘;%ﬁ%ﬁ{ﬂg’gééf%féﬁ“ﬁgsl%bs%l/ 20134 38 DSC (see
Fi gures 17-20) of blends of polynmer A and B becone indistinguishable from
t hat of polynmer A alone after th are heated tp_2 . (fully
crosslinked) withS#8PKi stinct rreﬁ%(’e‘f%ﬁﬁerat ure.‘gﬁﬂﬁg@?r ongly suggests that
bl ends of pol yner gangRRGAB are a fulggy, i ntegrated pgdygner by pol yner B
crosslinkgng 5 wi gl balegmer A Thigotss a conpl et ehygaew cl ass of pol yam de.
Simlarly, nelt b %ﬁg oRoly (ethyl engol erepht hal at exqdp th. pol y(butyl ene

t erepht hal ate) can BVE simlar propéerties. During the nelt processing at
tenmperatures higher than nmelt tenperature of either conponent, ester group
- exchange occurs awmthileniddition@f ¥liggméifto P6lymend JRIBE ifproved théhigh her nore, our
10 crosslinking tenperature is lower than ejifher of single, conponent. One

woul d not  hifrepesaiyesesitiance of ling Eherdpvnhesddiionf Additiye 4has ppautpa,y

t enper at ype. r ' that we found a new fam |y of pol yam de
t hr ough ggl uteﬁ%k%oﬁﬁ%}%g%éé@@% yg%ﬁo and Type B pol yani de ander ossl i nki ng
at tenperature | oWarhdavhakeatli showrethii thg nixturetofdérpelyiee coppdygoode rikox¥5 When
we added. 10%: I ght, of t-butyl phenol aqligaonmer .(Additive 7) and heat
treated at t@%%M“WE@Q%@?ﬂg@e%Pg@wmcﬁé REHPE WEFEY we have
found even ?ﬁidh@t& il Bétpling Fine ¥6rsuRBE sbve el AR thpiloW&L podfcivitygr oup
of t-butyl phenol oligoners would participate in reaction wth functional
group of typénBamfhewing owsn aithsxanikbweoftepakimies coprlgyridapahebutysphonelm

provi des ,good,.f | ber t1Q ' I,SH I .ah: ature,
brd hi gn Rant Be o8 and RSS! S5 pate! Bk Ay o T ERRTL UEP,
W have prep@selhéseiwb esmpbndiitsshixtae afe R0 iRsveteansiePsinglondpopSanpl e
6A). and anot her sanple of m xture of Polyner A, Polyner,B and Additive &
(Sanpl e. 613fYstee t hen forned fiber. by electrospinning process., exposed
the fiber 25 mat at 300F.tor 10 m nutes ‘and:evaluated the surface
corrpositiron by ESCA_surface Example 7;

20 Compatible Blend of Polyamides and Bisphenol A polymers

A new family of polymers can be prepared by oxidative coupling of phenolic
ring (Pecora, A; Cyrus, W. US Patent 4,900,671(1990) and Pecora, A; Cyrus, W.;
~ Johnson, M. US Patent 5,153,298(1992)). Of particutar ihter_gsii'é polymer made of
Bisphenol A sold by Enzymol Corp.. Soybean Péﬁﬁdase catalyzed oxidation of
25 Bisphenol A can start from either side of two —OH groups _in_BiSphenoI A. Unlike
Bisphenol A based polycarbonate, which is linear, this typé of Bisphcnol A polymer
. forms hyperbranched polymers. Because of hyperbranched nature of this polymer,
- they can lower viscosity of polymerblend. . L o
_ - We have found that this type of Bisphenol A polymer can be solution .
30.- - blended with polyamides. Reported Hansen’s solubility parameter for nylon is 18.6.
. (Page 317, Handbook of Solubility Parameters and other cohesion parameters, A.
. Bartqn ed., CRC Press, Boca Raton Florida, 1985) If one calculates solubility
| pamﬁleter (ﬁage 61, Handbook of Solubility Parameters), then the calculated
.. Solubility parameter is 28.0. Duc to the differences, in solubility parameter, one
35 wpq_ld not expect that they unld ._b:c:m_isgihlg with each other. However, we found



anal ysis.. 2 5 FEB 2005 WO 02/20134 PCT/ US01/ 25146 39 Table 3: ESCA

anal ysis of Sanples 6A and 6B. 5 10 Conposition (% Sanpl BjA ?U%

Pol ymer A3030 Pol yner B7070 Additive 7010 Surface Conposl%;ﬁ

Heat W He Q4B #at W Heat Pol yner A&B (/a) 10010068. 943. 0 AFale6

70031. 157. 0 ESCA provides information redarding surface conposition, except
the concent rhi ey e daite hgstile and prdtide nflempettod propadican on carbon, nitrogen
and oxygen. 15 Since the Additive 7 does not_contain_ nitrogen, we can

estimte the ratio>%$0 hiepd afRiirhcaghtarsit abMoBt JAHY arcoprtyaids WasvBadenat

does not cont@dhdot SRR, Piaf QIRRAIHaRGn BORGAM Rs'16% LofdihR@Hlone

Addi tional qualitative information is avallable by exa Ing O I's spectrum
of bindi ng eneogy baet weeltediR H. 2anitrdibes dian@ted! Bliondirestlés! in Idftynldirergpfener gy at

around 531 eV_and C-O, bond has. a bi ndi .at 533.20. eV. conpari ng
peak hei ght's fers provad E %H"ﬁ?@ﬁ’ﬂ?ahc&ﬂggé’gg’oggﬁ‘%t‘%n‘?té‘ H‘(‘F@hc?(?ﬁ'yé’ﬁjd&? ation
of polyam de midtBndyisdadgien CO and additive with solely GO groups. :
Pol ymer B has C-O |inkage due to nodification and upon crosslinking the
concentration of (PECWIPO:58ddendsbews Edonf wmeltng ftepapesating. Cenpdyansde hakd | ndeed

occurred, showag relatjve r -y ) ;EEJ'HQ, heat
treated 25 ml%wggt?ql%%%e’fag od;e/l%e@?ic%jegg 0 &meg‘ﬂés,A |gg%gla§83);lg({rly1ﬁgﬂ;t
treated m xt uwith Thdabaft 1000 heBiend/Shaws ldeh oy dstindBmeltitipe Whed did fitve niat

nol ecul es_ are, presen

h f , ' f COlink .
Thi e i's i Hieoaeperedindl dessstn, e MbegHal Soppriste B ook melke i e 61 or
as- SpUN 1 Xt Uit bR NEUARIpol Bk 8 voAYiah Pl plsbac © 7

for heat treated mxture ol ymer A, Polymer” B and 30 Additive 7).
Fi gure 6 showdrop isatequinel. Thispehimeaisysiem obuldnGt be erhsstivkedrwittearsesprable  Exanpl e
7. The findi n‘gali“iserconsi stent with the surface concentration based on XPS

15 o e - Example 8: _ :
Dual Roles of Bisphenol A Polymer As Solvent and Solid in Blend

A surprising feature of Bisphenol A polymer blend is that in solution form

Bisphenol A polymer acts like a solvent and in solid form the polymer acts as a
solid. We find dual role of Bispheriol A polymer truly tnique.

20 - 'The following formulation is made:
- Alkoxy alkyl modified PA 66: PolymerB =~ 180g
Bisphenol A Resin (3,000 MW): Polymer C 108 g
Ethanol 190 Grade , ' 827¢g
225 DI water - 3 S 167 g

Catalyst - S 93 g

“ The viscosity of this blend was 32.6 centipoise by Brookficld viscometer.
Total polymer concentration was be 19.2 %. Viscosity of Polymer B at 19.2% is
30 - over 200 centipoise, Viscosity of 12% polymer B aloné in similar solvent is around
60 centipoise. This is a clear example that Bisphenol A resin acts like a solvent
' bécause thie viscosity of the total solution was lowerthan expected. Resultant fiber
* diameter was 0.157 micron. If polymer B alone participated in fiber formation, the
" expected fiber size would be less than 0.1 naicron. In other words, Polymer C
35 ‘parlicipated in fiber formation. We do not know of any other case of such dramatic
dual role of a component. After soaking the sample in ethanol, the filtration



mul ti pl ex spectrumof Figures 8 through 11. It is apparent that t -butyl

ol i goner nol ecules mgrated toward the surface of the fi2n§ F@@ gg@ﬁd form
hydr ophobi ¢ coating of about 50 A Type 8 nylon has 35 functional " groups
such as w@bifhband - CH2OCH3, which we expected to react PET{$01/23D6 gr oup of

t -butyl phenol. Thus, we expected to seg | ess oligoner nolecules on the

surface of th £ibers St correct
and we 2 5 F Wﬁ%/ %%%ﬂfﬁd@?%gw%%h%ﬁﬁbso e su%‘f ace of the
i nt er pol ymer efﬁﬁer@ywabmet&ﬁalamghe SaemizeswsAmchihged dTks indliasass okt sanpl e
descri bed mp%g}%jtll on 5 have beenp@ggp sed 'é’l;é: ggég at %‘go at 100% RH. In
previ ous sec erﬂ]‘@S?&WﬁR??d\kE Iygieg % RH. Under
these conditions Rh&RR oV RS £EH i the TR Emakpo! yani de from
degr adat i on. Home\j/%mﬂﬁ%ylb,ﬁl errpoélr at UI??I s raised to 160F and 100% RH,

then the 6-butyl p‘dhmqlallq,ﬂ?\@aﬁnﬁ«deAﬁmot asPelyogr Bn p2¥igcting the

under |l yi ng t er pol BisphendpoRyar{HeOXMYE: s. Mélyhev€ cobaged sanpl es at 160F
and 100% RH. 10 THE#®moB190Retade ned Fine Fi ber Effici et8gafter Exposure to
160F and 100% RH Iefoaspl eAfter 1 H. After 2 Hrs. Aftessg H's. Sanple

6A82. 682. 6. 85. 9 SgyiRk&HB82. 488. 491. 6 Sanpl e 510.1 They gabl e shows t hat
Sanpl e 6Byhel ps py exposure to high tenperaturejpgd high humdity. 20
More stri EI ng difference shows when we exposed to dropléts of water on a
fiber mat. When we place a drop of DI water in the surface of Sanple 6A,
the water drops ivméiqabﬁmsh&@rdammmmmmﬁdiemmlommh@y wet the
substrate pap

th th hand, d t
on the surfacYé-{uﬁg f%{pﬁ@d % E‘Pfgls\ﬁglgﬁimgﬁ‘@plyvqu%%&&ﬁ gag r'fntlnﬂl%r?oWa o

spread on th Ept&% edR> &Y&t@ﬂ%ﬁ&@%ﬁehexaﬁiéﬁmmw Sanpl e
16 to be hyd?oo%w)% %yﬁ?@?%ﬁo I Sgm’ers of p-t-butyl acéenol Thi s

type of pbod mcroualﬁ%sohmgm&golmnmlﬁ elonmmﬂcbhawmmmm agpynd QZrmBicrafr ops
wiTT ot g0t QuRfedRSralel BStylePBloofitbhidS B bitki3ing HioerBiFRL AL, this

examplc illustrates that this typc of branched polymer acts as a solvent in solution
and acts asa solid in final state. A_ﬁer soalang in ethanol solutlon, 77. 9% of filiration
eﬂiclency was retained and ﬁber mze was unchanged '
20 | o
Example9:
Development of Crosslinked Polyamides/ Bisphenol A Polymer Blends

Three different samples were prepared by combining resins, alcohols and
Water, stlmng 2 hours at 60 dcgree C The solutxon is cooled to room temperature
25 _and catalyst was added to solutlon and the Imxture was stnred another 15 minutes.

‘Aﬂerward, vxscos1ty of solutlon was measured and spu:u mto ﬁbers



Sanmpl es 6A, 6B and a repeat sanple of Section 5 were pl acedﬁjig 2&@@
where the tenperature was set at 310F. Tabl e shows that b@t @I A and
6B 30 r in intact while Sanple of Section 5 was severgl d 25
FEB 2005 WM¥I0134 PCT/ USO1/ 25146 41 Table 5 Retai ne%%?%’gﬂ‘éﬂger
Efficiency after Exposure to 310F. Sanpl éAfter 6 Hrs.After 77 Hrs. Sanple
6A100/ a100% Sanpl e 6B100%400% Sanpl e 534%83% Wil e addition of oligonmer to

Pol ynmer A al one inproved the_hi te eir ture, resi stance of fine fiber

| ayer, the addition of Addit%&g—ﬂgm 0 P these SHEmPESCt on tho hi gh
‘tenperature egpQsdi(g- Ve have clearly %gghatga&@@xt Se@pRfod er pol yner
copol yam de, arkoxy al kyl nodified nylon and ol1 goners o -butyl phenol
provi des a suPelyimsrB products in hel pif§ fine filBdrs under4devere :
envi ronment wPolgmienpr oved productivity3.6i n manufse&turing é&der either

m xture of tePaghen€y copol yam de and 7.2-butyl didghol 15 dRibgoner or the
m xture of teEpahymE0 Geafo®l yanm de and gl.koxy al kgl7 nodi fi gd.snyl on 66.
These two conpgpRphsolN xture are al so 23rovenemti.over. si ngloe conponent
system 20 ExpiWwWRer/: Conpati bl e Bl endjgd Poly amres and jBigsphenol A
polymers fyneg,danily of polyners can e preparggsdy oxi datigve coupling of
phenolic ring ?P cora, A, Cyrus, W US. Patent 4,900,67l(i990) and Pecora,
A, Cyrus, W; Johnson, M US Patent 5,153,298(1992)). O particular’
interest is pVisgosty @Bye of Bi sphenol R.50ld by Bovynol CdB42. Soybean

Per oxi dase catal yzed oxidation of 25 Bisphenol an start fromeither
side of two - PHEHPBEFRIGONB] sphenol A._OI?]:;I i ke Bi(ﬁ%#enol A%‘Qéed

pol ycarbonate, which is linear, this type of Bisphenol A polynmer forns

hyper branched pol yners. Because of -bYPerbranched nature of this polyner,
they can lower vi s¥shavy fomdpot thatthistilenddgenyiatas fibersfedliientynprodeding t ype of

Bi sphenol A pagl an_be sol.ution 30, .. blended with pol ides, ported |
Hansen' s sol u@?‘%{’ﬁ@ %%&?@?Séq’r()f;éé?r Cf?ﬁp(%edl tgP% _r A rec1pepj% aﬁ%@m’ I%Sﬁltﬁ?
polymeric microfibers produce a more chemically resistant fiber. After alcohol soak,

a filter made from these fibers mmntamed m_oré than 90 % filtration efficiency and

unchanged fiber diameter even thbugh inhere_ﬁﬂy cmssl_inkable pdiyﬁiéi‘ 1s only 44%
20 ofthesolid composit-idn‘.‘ Thls three—polymer ..comiaosiﬁon of C6~polyamide, alkoxy
alkyl modified Nylon 66 and Bisphenol A creates excellent fiber forming, .
- chemically resistgnt mateﬁaL |
.' Examp lé'r'l(:)::
25 | | | Alkoxj; al_kvi modlﬁed co-polymer 6f Nylon 66'5;1&1 Nylbn 46
) * 111 a 10-gallon hlgh-prcssure reactor, the following reactions were made, and
r&sultanf pollymei:'.sl were analyzed After -réék‘:ﬁon %empefaﬁire wasreached, catalyst

were added and reacted for 15 minutes. Afterward, the polymer solution was
quenched, precipitated, washed and dried.
30




(Page 317, Handbook of Solubility Paraneters and, other, cohesion
paranmeters, A Barton ed., CRC Press, Boca Raton Flori d%, h1PgER Ff0ane
calcul ates solubility paraneter (page 61, Handbook of Solubilit

Par anet 8Y@9224then the cal cul ated solubility paraneter PETYgY§ 1%.Je to the,
differences, in solubility paranmeter, od® 35 would not expect that they
woul d be ni sRERIG Wiakd @BIch ot hain 1040 WRVANOBWEREDLOT Rub 16EB REAIONO

02/ 20134 PCIT/TUSUI/ 25146 42 that they are quite m scible and provide
unexpect ed phojsard$ chiPosExd 191knd18f Bi sphenol AYesin of MW 2000 and
copol yani de NabopedDSMSenyla08) sd? ution.5Total concentrétion i  sol uti on
was 10 % Copoinyddahgtée al one woul d Bave ré8ulted i%h 0.2 ddcron fider

di anet er.5 Bl &dw4tesul ted in lofty lé&ger of03 fiberd arounf@.2l m crdn.

Bi sphenol A gfetifan8P0 MW is not stable weoh copol2gam de20and ted@ls to
preci pitate. DSC of 50:50 bl end shows |ack of nelting tenperature.

Copol yam de : I Ngof enper at uggg aroynd 150 dagree Gsgnd Bi gghenol A
resinis ag %%HO??SP?@J W th Tgﬁggiabggggloo. 9@7 bl eag shows ?%zck of
10 i85 o t he

sdoor eqiys

di stinct mel tfn When the fiber: 10 | Xpos to 1 egree &
tiber mat0di S8pEEArs. This bl end wofl-d mifedan  OR4S | enSA Tt ortiddi a

wher e upper use tenperature is not very high, but |owpressure drop is
requi red. Thisvglof pnestitgipst emy coul d not- be crosslinked with a reasonabl e
manner. 15: Blemyl e(v8:%pual Rol es ofiBi spAédol A Pdllymer Hsl Sol veft* and
Solid in Bl eMbtidylsi(mpei)si ng f eat ur e0d# Bi §dBenol A.¥ol yned2@| end 624 t hat in
solutioniform Bisphenol A polynmer acts like.a solvent and in solid form

the pol t lid. Ve f ind dual role of Bisphenol A.pal

ey ot o, 2507 Bcunde payine et win e 460 S SBE8 bead s o Ky
dified PA  SPRen ReSinA ORa 8. :

Et hanol 190 %@é‘c?%%ﬁggﬂgmﬁé@%%nezﬁ‘},%ﬁm Bt Aol P TH1bS. + 9

46 (241 C°) or modified Nylon 66 (210 C°). This is an indication that during the

" reaction, both components are randomly distributed along the polymer chain. Thus,
-~ 20  we believe that we have achieved random copolymer of Nylon 46 a_nd': Ny_lon 66
with alkoxy alkyl modification. These polymers are soluble in alcohols and mixtures

of alcohol and water.

[Property - [ASTM | Nylon6.6 | Nylon4.6
T | T 26%C | 295°C

Tensilc Stengt D638 | 13.700 2500
Flongation at Broak [ D638 | 1580 60
Tonsile Yield Strength D638 | §000-12,000

| Fiexural Strength [ D70 | 178000 | 11,500

[ Tensile Modulus x T0°psi | D638 | 230550 | 230
Tzod Tmpact fi-Tofin of m:)tch 1D256A | 0.55-1.0 T 17
Defection Temp Under D648 58 194
Flexural Load 264 psi R

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



DI water167 g Catal yst9.3 g The viscosity of this blend was 32 6 centi poi se
by Brookfield visconeter. Total polyner concentration

Viscosity of Polyner B at 19.2%is 30 over 200 eentipois S QSIty of
12% pol YRO2834 one in simlar solvent is around 60 cdfty éEHGThI sis a
cl ear exanple that Bisphenol'A resin act4 |ike a solvent because the
viscosity of the total solution was EsumpldItan expected: Resultant fiber

di anmeter was 0.157 mcron. |If poI rer B al one participated in fiber
formati on, the expect clevese , Lnternol Ha E mcron: In other
wor ds, Polyner ,g ' Qy of any
ot her case of t he
sanple in ethanol, the filtration 2 5 HBERre005 WO 02/ 20134 PCT/ US01/ 25146 .

43 effici d.fib d. At h 5 6% of
filtration effici 36 SRR R AT L e R
i ndi cat es- t hadbovd? A XS alkyT Adsli RANYI6h RBIE (P bIYer DY slohdiefsuasdskhdy! | ke a -

pol yrer soI i d. Another polyner solution was prepared in the follow ng

manner : Al slesizgspmk Blenging iPelyarer Pregh Pobiyare) bpngsagdigongibepefils of marResi n
3, 000 P : 39 D
$/\at er 1gA7N g %&i@[ﬁgﬁ: EO%&@ODB%H%?QR% s%%gk%i%gﬁc Egegﬁ ‘grﬁh W%CQ@% egt i poi se.

This is a vercyosshinkabilty ofPdlymenialanear be se2d 9 thelfolowiAg#ibls: this is an
i ndi cati og Polymer C acts like a solvent in the solution. However, when
they are *€l ectrospun into fiber, the fiber dianeter is 0.438 15 mcron. 15%
solution of Polymer B al one%ﬂglhgve produced aroupgh&egwﬁ)cron fibers.
In final state, Polyner C coOntributes to en argl ng er sizes. Again, this
exanpl e i1l ustrates that thiAdoneype Wit@ached us‘.f'“ as W4 | vent in
solution. and acts asasolldlnflna & After soaki ng i npgfhanol

h) ié’fﬂ?‘z“was fy%

solution, 77.9%of filtration efficieén retained and fi ber SI. ze was
unchanged. 2@\ Exanple 9

15 Fiber Size(micron)~ 0.183 ~  0.464 019 0.3

Fiber Mass Ratio 1 3 _ 1 - 2
Filtration Effi. ' ' :
- Retention(%) 87 . 90~ 92 . - 90

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

size was unchanged by alcohol soak.

Example 12:
25 . S Crosslmked Electrospun PYA |
. -PVA powders were purchased from Aldrich Chem1cals They were
dlssolved either i in water or 50/50 mixture of methanol and water. They were mixed

with cross]mkmg agent and toluene su]fomc acid catalyst before elecirospinning.
. The resulting ﬁber mat was crosslmked in an oven at 150°C for 10 minutes before
30 exposmg to THC bench.



Devel opnent of Crosslinked Poi anides! Bisphenol A Polyner Blends Three

different sanples were prepared by conbining resins, al cozcﬁfﬁﬁjm@
stirring 2 hours at 60 degree C. The solution is cooled t o] rature
25 and ombabyets was added to solution and the mixture wagTtatsoizzds anot her
15 mnutes. Afterward, viscosity of solgtion was nmeasured and spun into
fibers. 2 FEB 2005 WO 02/ 20134 PCT/ US01/ 25146 44 The follow ng table shows
t hese exanples: Recipe Samle 9A Samle 9B Samle 9C Polynmer B 8.4 12.6

14.7 5 Polymer A 3.6 5.4 Saniple PRAY MerSample 21.0. 8Sdpi6 12Et hamanpldDsr ade
89.3 82.7 79}5/A|sopropanol 23.521.8 21.0 D Water 18.0 16.7 15.9 10

Catal yst .45 %1379 Vi scogigby (cP) 289 73.5 134789 Fiber Siizg (mcron)

0.14 0.258 0. t
efficiently, }?dum ng gg -‘3@,@@ /OOerIS:)1 Sdﬁ%@éﬂof 3?’532%?%;;% @qymsr A

recipe. In a 21;1 resultan? polyrrerl M crofi bers produce a rmre
chemcally r n/"[) fiber. After alco soak, fil %o t hese
fibers maint "Vé’H nore than 88 o filtr effl ‘XF d fiber
di amet er eve®PHFRAASIher eMORY cross! i PRI e poft 4 onlGymed®o of the
solid conposi@h&¥n. This thred pol yner coffposition 03 copol yani d® al koxy

al kyl nodi fi &f$bydrbRVA6 and Bi sphenol A creates excellent fiber formng,
chemically ré%)stant material. 25 Exanple 10:- Al koxy a Wnodified

co-pol yner ofYaRteon 66 and Mykpn 46 | n G(abd- gal | ond9h{kdh- pr essR0gby eact or,
t he fol |l ow nRet2ReTIOOS were made, and resultant polynmers were anal yzed.

After reacti qmet enperature was reached, catalyst were added and reacted
for 15 mnutegpppfterward, the polyner solution wagyggyenched, precipitated,

washed and drIie?aﬁ’nedTHC
3 hr.

(2): Temperature 160°F, 100% humidity
5  (b): Temperature 140°F, 100% humidity
(c): Molecular Weight 2000 =~
(d): Melamine formaldehyde resin front Cytec

0 | . Exam ple13
: A couvenuonal cellulose air ﬁlter media was used as the substratc This
subsu'atc had a basxs welght of 67 pounds per 3000 square feet a Framer
- permeablhty of 16 feet per mmute at 0.5 mches of water pressure drop, a thickness
- 0f0.012 inches, and a LEFS eﬂiclency of 41 6% A ﬁne ﬁber layer of Example 1
15  was added to the surface usmg the process dcscnbed w1th a, nommal ﬁber diameter
.. 0f 0.2 microns. The resulting composﬁe had a LEFS eﬁclency of 63.7%. After
-exposure to 140F air at 100% relative humldlty for 1 hour the substraie only sample
was allowed to cool and dry, it then had a LEFS efﬁclency of 36.5%. After
exposure to 140F air at 100% relative humidity for 1 hour the composxtc sample was
20  allowed to cool and dry, 1t then had a LEFS efficiency of 39.7%. Using the }
mathematical formulas descnbed, the fine fiber layer efficiency retained after 1 hour

of exposure was 13%, the number of eff@ctlvg_ ﬁne fibers retained was 11%.



30 25 FEB 2005 WO 02/ 20134PCTI USOL/ 25146 Reactor Charge LBRun | OA45 Run
10CRun 10DRun 10E Run 10B Nylon 4,6 (duPont Zytel 101)1 gg 6 (DSM
St anyl - $) %g(?l or mal dehyde810810 5DI Wat er 0. 20. 220. 22 F@rﬁ% 02020
React i on e ) 140140140150150 Tg (CO) 56. 738. 837. 738. m (C)

241.1162.3184. 9175. 4189. 5 Level of Subst4® ution Al koxy (w .
99 11.911.77.111. 18. 4 Met hyl oI (wt 99 0. 1B0ample 1440. 260. 24 15 DSC of the

pol ymer made with | on 46 I on £6 shows
t enper at ur-e, V\hicl‘f‘%”é{ éﬁ P’Fﬁ?‘ﬁ a? %era ureS'(I)afte Jr%lf ed Nyl on

46 (241 Q O%umqtefﬂaaqwlb%lgﬁof%ﬂqjo@mﬁmeoo@uﬁfefee’tda@aizﬁ@n that during
the reaction, both conponents are randomy distributed along_ the pol yner

chain. Thus, peonsebilisepf b fect perminaterts 08 IB@WF al/wefor piRtYFR Tept WirkPesSt Nyl on
4600 M550 8 TS S R 1 L GSE Ryt 1
4.6 Tn265C29%as hadsl tbehﬁlﬁﬁﬁ@hhﬁ@ﬂ:&#ﬂoc%@:ﬂ&saﬁl&dﬁhﬁﬂQMmmal filter diameter B
St 1 engt hDTS02F ORGRE IS T 1EHURBCRBRLI IS0 110 AT BER 1oL e

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

was allowed to cool and dry, it then had a LEFS efficiency of 35.3%. After

10  exposure fo 160F air at 100% relative humidﬁy for 3 hours the _compos_ijt_f_: sample

was allowed to cool and dry, it then had a LEFS efficiency of 68.0%. Uéing the

mathematical formulas described, the fine fiber layer efficiency retained after 3

hours of exposure was 58%, the number of effective fine fibers retained was 29%.

15 - Example 15
A conventional cellulose air filter media was used as the "'silbstréte This
substrate had a basis weight of 67 pounds per 3000 square feet , aFrazner
permeability of 16 feet per minute at 0.5 inches of water pressure drop, a t‘mckness
0f 0.012 inches, and a LEFS efficiency of 41.6% . A fine fiber layer of a blend of
20  Polymer A and Polymer B as desctibed in Example 6 was added to the surface using
the process described with a nominal fiber dlameter of 0 2 microns. The resulting
compOSIte had a LEFS efﬁcxency of 92.9%. After exposure to 160F air at 100%
| :relahve humldlty for 3 houxs the substrate only sample was allowed to cool and dry,
it thcn bada LEFS cﬂ'icxency of 35. 3%. After exposure to 160F air - 2t 100%
25 relatlve hum1d1ty for 3 hours the compos:tc sample was allowed to cool and dly, it
" thenhad aLEFS cfﬁclency of 86. 0% Using the mathematical formulas described,
| the fine ﬁber layer eﬂiclency retamed after3 ‘hours of exposure was 96%, the

number of effectwe ﬁne ﬁbers retamed was 89%.

30 R ‘E'x'amglelti
o A oonvenhonal cellulose a1r r filter media was used as the substrate This
' subsuate had a basis welght 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 a LEFS efficiency of41.6% . A fine fiber layer of Polymer A,
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al cohol - soak. eszcgbed, the fine fiber layer efficiency retained after 3 hours of exposure was 97%,
the number of effective fine fibers retained was 92%. =
10
Example 17
A conventional cellulose air filter media was used as the substrate. This substrate
had a basis wefght of '67_'pounds per 3000 square feet, a".fFrazier permeability of 16
feet per minute at 0.5 inches of water pressure drop, a thickness of 0.012 inches, and
i5  aLEFS officiency of 41.6% . A fine fiber layer of crosslinked PVA with polyacrylic
acid of Example 12 was added fo the surface using the process descnbed with a
nominal fiber diameter of 0.2 II]lCI‘OIlS The resulting compos1te had a LEFS
efficiency of 92.9%. After exposure to 160F air at 100% relative humidity for 2
hours the substrate only sample was allowcd to cool and dry, itthenbad a LEFS
20 efficiency 0f 35.3%. After exposure to 160F air at 100% relative humldlty for2
hours the composite sa_mple was allowed to cool a1_1d dry, it then had a LEFS
efficiency of 83.1%. Using the mathematical forniul?s described, the fine fiber layer
efficiency retained after 2 hours of exposure was 89%, tﬂé number of effective fine
fibers retained was 76%. | | ’
25 R
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90 (a) PCT/US01/ 25146 20 (b) Exanple 13 A conventi onal
medi a was used as the substrate.

filter
of 67 pounds per 3000 square feet,

Thi s

a Frazier

m nut e avoOxmmisnches of water pressure drop,

and a LEFS efficiency, of 41.6%

of 0.2 mcrons.
After

substrate only sanple was allowed to cool

efficiency .of 36.5% After

substrate h
perneabi it

cellul ose air.
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per

a t hi cknesBCTHPOHEMG? | nches,

A finelfiber
to the surface using the.process described wth a nom nal

| ayer of Exanple 1 was added

fi ber dianeter

The resulting conposite had a LEFS efficiency of 63.7%
exposure to 140F air at 100%relative humdity for |
and dry,,
exposure to 140F air at 100%rel ative humdity

hour the
it then had a LEFS

for 1 hour the conposite sanple was 20 allowed to cool and dry, it then had

a LEFS efficiency of—39—4%Wsin rical fornul as described, the
fine fiber |ayer effasegiericy retailned}aft of exposure was 13% the
number of effectiveldEne [{d bgrs 2 5 FEB 2005 WO 02120134
PCT/ US011251. 46 48 m@gané e 34 A cel lulose air filter nedia
was used as the subsgmte. THi's $tral basi s wei ght of 67 pounds
per 3000 square feef® M a |Fradi er pernmeabi | i 16 feet per mnute at 0.5
i nches of water prepstrejadrog—ajtthirckness—5rof—0.012 i nches, and a LEFS
efficiency of 41.6%wkfilne fli bed | ayer ¢f arrpllae 5 “was added to the
surface using the p@&ss;‘descri d Wet hi® ng®i nal fiber dianmeter of 0.2
m crons. The resul t]&g cappodite thad [@ LERS &fili ency of 96.0% After
exposure to 160F ai 2 00%irel ative humdify flor 3 hours the substrate
only sanple was all pwed tlo cqol _and dry it Y hen had a LEFS efficiency of
35.3% After 10 expbsure ito 160F|air {at 100% rel fati ve humdity for 3 hours
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substrate had a basis weight of 67 pounds per 3000 square feet , a Frazier-
perneability of 16 feet per mnute at 0.5 inches of water pijr r 09 op, a
t hi cknesgy me 4012 inches, and a LEFS efficiency of 41.%?,{]5%811; I"ber

| ayer of a% end of 20 Polymer A and Polsyner B as described In anpl e 6 was
added to the surface using the process described with a nom nal fiber

di ameter of 0.2 mcrons. The resulting conposite had a LEFS efficiency of
92. 9% After exposure to 160F air at 100% relative humdity for 3 'hours
the substrate only sanple was allowegto cool and dry, it then had a LEFS
efficiency of 35.3% After exposure t® 160F air at 100% 25 relative
humidity for 3 hours" the conposite s@anple was allowed to cool and dry, it
then had a LEFS efficiency of 86.0% dJsing the nmathematical fornulas
described, the fi filer |ayer effiZiency retained after 3 hours of
exposure was 96% & ndmjer of eife@ive fine fibers retained was 89% 30
Exanpl e 16 A convef [hndl §e| _I§I ose a&r filter nedia was used as the .
substrate. This s grate\ohacb\a basig wei ght of 67 pounds per 3000 square
feet, a Frazier perrealillityjof 16 fget per mnute at 0.5 inches of watér
pressure drop, a thickndss of {0.012 itches, and a LEFS efficiency of 41.6%
A fine fiber |ayer @%Pcl yner {A, 25 REB 2005 WO 02120134 PCT/ USO1/ 25146 49

Polymer B, t -butyfs gnerjol| ol iigomgr a$ described in Exanple 6 was added to
the surface usin drqges$ descrighed with a nonminal fiber dianeter of
0.2 microns. The igkgul i ng conposi t eshad a LEFS efficiency of 90.4% After
exposure to 160F ai r™ at| 100%rel 4tiv® hum dity for 3 hours the substrate
only sample was alll owed jtg copl 5|aneydry, it then had a LEFS efficiency of
35.3% After exposiw& td 160F|air|at ©100%rel ative hunidity for 3 hours

rord

the conposite sanplge@vay al oped fo ¢vol and dry, it then had a LEFS
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hstr

efficiency of~87. %ﬁJsi nggth mat henati cal .formul as ~described, the fine
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had a basis weight of 67 pounds per 3000 square feet, a Frazier
pernmeability of 16 feet per mnute at 0.5 i nches of wat p u rop, a
t hi ckness of 0.012 inches, and 15 a LEFS efficiency of 4% 5‘%&?@ éﬁ@g fiber
| ayer of weriggetsiinked PVA with polyacrylic acid of Exanfi{@/U¥1%46 added to
the surface using the process describedssth a nomnal fiber dianmeter of
0.2 mcrons. The resulting conposite had a LEFS efficiency of 92.9% After
exposure to 160F air at 100%relative humdity. for 2 hours the substrate
only sanpl e IBESSBMERM#ODE0 cool and. dry, it then had a LEFS 20 efficiency
of 35.3% Af tidst WixeoSeHleTdsp 160F air at 100%relative humdity for 2 hours
the conposite sanmple was alloywed to cool and dry, it .then h a LEFS

ef ficiency of 83. 1dsmgEluRHoR FdICKALY, ?m@a?m?.gﬁ%pg@bﬁégﬂﬁnpgﬁars the fine

fiber layer &fegﬁ@;?&yﬁ,ﬁeﬁ@any%@é@ﬁl s&uBAH s AnuBbROSHHIR s@9% the
nunber of effective fine fibers retained was 76% 2 5 FEB 2005 WO 02/ 20134

PCT/ US01/ 2146:tB@ poésibly me)ode wyab)asSEAMD ovalpatiohDr - wO~i - 4c c~nc o nn 4)"
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- the filtration measure evaluates several square inches of media yielding a
better average than the tiny area seen in SEM photomicrographs (usually less than
0.0001 square inch

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

Nevertheless, in fibrous structures where the filiration efficiency is not easily
measured, other methods can be used to measure the percent of fiber remaining and

evaluaied against the 50% retention criteria.

Description: This test is an accelerated indicator of filter media moisture resistance.
The test uses the LEFS test bench to measure filter media perforrhance changes upon
immersion in water. Water temperature is a critical parameter and is chosen based
on the survivability history of the media under investigation, the desire to minimize

 the test time and the ability of the test to discriminate between media types. Typical
water temperatures re 70°F, 140°F or 160°F.

Procedure:

A 4" diameter sample is cut from the media. Particle capture efficiency of the test
- ‘specimen is calculated using 0.8pm latex spheres as a test challenge contaminant in

the LEFS (for a description of the LEFS test, see ASTM Standard F1215-89) bench

operating at 20 FPM. The sample is then submerged in (typically 140°F) distilled

water for 5 minutes. The sample is then placed on a drying rack and dried at room

temperature (typically overnight). Once it is dry the sample is then retested for

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

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

efficiency retained.

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

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

' The percentage of the fine fibers retained with effective functionality can also be
'c'alcﬁlated’by:" ' FR - o o

% = log(1-Fx)log(1-F;)
- Pass/Fail Criteria: >50% efficiency retention

In most industrial pulse cleaning filter applications the filter would perform
- adequiately if at least 50% of the fine fiber efficiency is retained.
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THC Bench (Temperature, Humidity

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

. the affects of elevated temperature and high hurnidity under dynamic flow

conditions. The test is intended to simulate extreme operating conditions of either
an industrial filtration application, gas turbine inlet application, or heavy duty engine
air intake environments. Samples are taken out, dried and LEFS tested at intervals.

This system is mostly used to simulate hot humid conditions but can also be used to

simulate hot/cold dry situations.

Temperature -31 to 390°F

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

Flow Rate 1 to 35 FPM

Procedure: B

A 4" diameter sample is cut from the miedia.

Particle capture efficiency of the fest specimen is caleulated using 0.8pm latex

spheres as a test challenge contamninant in the LEFS bench operating at 20 FPM.

The sample is then inserted into the THC media chuck.

" Test times can be froin minutes to days depending on testing conditions.
" The sample is then placed on a drying rack and dried af room temperature (typically

overnight). Once it is dry the sample is then retested for efficiency on the LEFS
bench using the same conditions for the initial calculation.
The previous steps are repeated for the fine fiber supporting substrate without fine

fiber.
" From the above information one can calculate the efficiericy component due only to
“thie fine fiber and the resulting loss in efficiency due to alcohol damage.

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

amount of efficiency retained.

Pass/Fail Criteria: >50% efficiency retention

D ‘' r%n vUUW w ~ 25 FEB 2005 WD 02/20134 PCT/US01/2146 51 ~ao0' 000
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In most industrial pulse cleaning filter applications the filter wounld perform

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

Alcohol (Ethano?) Soak Test

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

changes upon immersion in room temperature ethanol.

Procedure: : _ : .

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

1 minute.

The sample is then placed on a drying rack and dried at room temperature (typically
overnight). Once it is dry the sample is thenretested for efficiency on the LEFS
bench using the same conditions for the initial calculation. The previous steps are
repeated. for the fine fiber supporting substrate without fine fiber. From the above
information one can calculate the efficiency component due oniy.to_ the fine fiber
and the resulting loss m efficiency due to alcoholz damage. Once the lossin
efficiency due to thé fine fiber is determined gne can calculate the amount of
efficiency retained.. - |

Pass/Fail Criteria: >50% efficiency retention. . .
The above specification, examples and data provide an explanation of the

invention. However, many variations and embodiments can be made to the

disclosed invention. The invention is embodied in the claims herein after appended.
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WE CLAIM:

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

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

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

fiber, a synthetic fiber or mixtures thereof

3. The structure of claim 1 wherem the addxtlve compnses an oligomer
‘having a molecular weight of about 500 16 3000 and an aromatic character free of an
alkyl moiety wherein the additive is miscible in the condensation’ polymer; and
. comprising the step of directing the air through the media pack of the filter element
and mto the open ﬁlter interior to clean the air. i

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

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

6. The structure of claim 1 wherein the polymer comprises a
polyethylene terephthalate. -
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ef fici engpo @pokfae neasure of the nunber of fine fibers gffpsdidply and
functionally retained in structure has as unber of advantages over other .
possi bl e net hods such SEM eval t| 0 - the f||trat| on_neasure eval uates
several square incfies o herfé’i'ff:?fr‘i/? GWH erefdhe BRLYRGEFUBRISERARYIOBe ti ny
area seen in FE¥hhot om crographs (usually less than 0.0001 square inch -
the filtration neasurenent quantifies the nunber of fibers remaining
functional .in the structure. Those fibers that remain, but are clunped

t oget her or ot heryi se i structure ar.e on i, ncl uded
by their neasured | ! ffe@)%ls\?}éln sopﬂ Wb’?m] ?F}fl?noﬂéc{%?l?rﬁéfs%@b%‘ -
fibrous struckit escosne nglohpelyinmdr! hakséond afloh pbBAY differi@lin BR%chMr rreasur ed,
ot her nethods can be used to neasure the percent of fiber remaining and
eval uat ed aga‘l"‘ﬁglf‘ PHEOI¥Fr et ention criteria. Description: This test is an
accel erated indicator -of filter media noisture resistance. The test uses
the LEFS test bench to nmeasure filter nedia performance changes upon

i mrersion in water?. WatBre sltmnqueaf@ﬁalaimSwhaeinrthéhﬂahcqwiﬁnauecmahﬁleﬂs chosen

~based on the survivabiljt |sto a under .i.nvest]| atlon the
desire to mnlm 28%H gyipg}ép éﬁﬁmf‘ ﬁ’ﬁBPP yier Gpmpriging a plkgxy alkyl

di scri m nat e rhedifie@ polfR@idR. types Typi cal water tenperatures re 70F, 140F

or 160F. Procedure: - ' '

10_. The structure of cla:u:n 8 whcrcm the second nylon polymer comprises

a nylon copolymer.

| 11. The structure of claim 8 wherein the polymers are treated to form a
smgle polymeric composition as measured by a differential scannmg calorimeter

showing a smgl_e—phase matenal.

) 12, The structure of claun 11 wherem the copolymer and the secoad
o polymcr are hcat—trcaiei ‘
13. 'I‘he structure of clalm 12 wherem the copolymer and the second
polymer are heat-treated to a temperamre less than the lower mcltmg point of the
polymers. - - o ’

14.  The structure of claim 1 wherein the additive comprises an oligomer
comprising tertiary butyl phenol.



layer efficient

A 4" dianeter sanple is cut fromthe nedia.. Particle capture efficiency of
the test - :specinen is calculated using 0.8pm latex s ¥ t est
chal l enge contaminant in the LEFS (for a description of'ﬁlj?géggqgin, see
ASTM St amgardoB4215- 89) bench operating at 20 FPM ThePSEMSPE25146 t hen
subnerged in (typically 140F) distilledsgwater for 5 mnutes. The sanple is
then placed on a drying rack and dried at room tenperature (typically
overnight). Once it is dry the sanple is then retested for efficiency on
the LEFS bench usilfg t The staunture of diair dA svhiErpin thheddinie ¢arhpmses ewbbganom. r 2 5
FEB 2005 WO 02/2Q134 PCT/ USO01/ 25146 54 The previous steps are repeated for
the fine fi b&PBUHBBIti ng substrate without fine fiber. Fromthe above
i nformation one can cal cul ate the efficiency conponent due only to the
flue fiber and the resulting loss inefficiency due to water. danage. Once
the loss in effichgncy due to the fine fiber is determ ned one can
cal cul ate the anmount of efficiency retained. Calculations: Fine fiber

. &, =lnitial Conposite Efficiency,, E = Initial
Substrate Effijci ] e = Fine Fiber Layer Fe =1 EXP(Ln(1 E;) - Ln(1-E))

Fine fiber |ayer Jcilency, retained: Fi = Initial fine fiber |ayer
efficiency, FX—= PFp 8ak fine fiber layer efficiency; Fr = Fine fiber
retained Fx/Fi:. The percentage of the fine fibers retained

with.effective.fuigtionality can al so be calcul atedby: = |og(l-Fx)nog(1
Fj) Pass Fail Criteria: >50% efficiency retention In nost industrial pulse
cleaning filter applications the. filter would perform adequately if at
least 50% of the fine fiber efficiency is retained: 25 FEB 2005

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

comprising bis-phenol A.

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

comprising:

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

comprising dihydroxy biphenyl. - S T : )

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



WO 02/20134 PCT/ USO01/ 25146 55 THC Bench Tenperature Humdity Description:
The purpose of this bench is to evaluate fine fiber nedrh geé ‘ to

t he af f agbo2/8f3£l evated tenperature and high hum dity upgderusdysam c flow
conditions. The test is intended to sinqhate extreme operating conditions
of either an industrial filtration application, gas turbine inlet
application, or hesyy duty engine air intake environnments. Sanples are
taken out, dried ahd LEFS tested at intervals. This systemis nostly used
to sinmulate hg s.d gonditions but can also be used to sinmulate hot/cold

using O 8p late spheres as a test challenge contam nant'in the LEFS bench
i The sanple is then inserted into the THC nedi a chuck.
S m m nutes to days depending on testing conditions. The
sanple is then placed on a drying rack and dried at roomtenperature
(typically overniQfit). Once it is dry the sanple is then retested for
efficiency on the LEFS bench using the sanme conditions" for the initial
cal cul ation. The previous steps are repeated for the fine fiber supporting
substrate without fine fiber. Fromthe above information one can cal cul ate
the efficiency conponent due only to the fine fiber and the resulting |oss

in efficiency duepo alrhohbelchid OREIBim PMRreidithelaAdisive BoRpfides bl gfue to the
fine fiber is determ ned one can cal culate the anount of efficiency ‘

retai ned. PadigEsnousadiitioeiand 2 lgompelyhicti ency retention 2 5 FEB 2005 WO
02/ 20134 PCT/USQO /25146 56 In nost industrial pulse cleaning filter
applications the filter would perform

21.  The structure of claim 1 wherein the additive comprises a

fluorocarbon surfactant.

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

23,  The structure of claim 1 wherein the condensation polymer comprises

a polyurethane polymer.

24.  The structure of claim 1 wherein the condensation polymer comprises
a blend of a polyurethane polymer and a polyamide polymer.

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

a nylon.

26.  The structure of claim 25 wherein the nylon.comprises a nylon
homopolymer, a nylon copolymer or mixtures thereof.

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

an aromatic polyamide.



- adequately if at |least 50% of the fine fiber efficiency is retained.
‘Al cohol (Ethanol) Soak Test Description: The test uses tﬁe@LEE%th bench

to nmeasure filter media performance changes upon imersion in room

t enper atwWp@2eeanol . Procedure: A 4" dianeter sanple | SCAHSHEUAE t he
media. Particle capture efficiency of thg test specinen is calcul ated
using 0.8gm | atex spheres as a test chall enge contam nant in the LEFS.
bench operating atf 20 FPM The sanple is then subnmerged, in. alcohol for
| minute. The san@8e i Ththkuctpleatekiiron vhessiy thegconderdsatonipelyinedcerpiseom
tenperature (typicall overpight). Once i} i.s, dry the sanple. is . then
retested for %‘%&Wé’ﬁ@%‘?ﬁt‘ﬁ%‘gﬂ?ﬁ@m%ﬁﬂ#R@Y%p%{%?%ﬁﬁoﬁg}?mfi@ns for
the initial calculation. The previous steps are repeated for the fine

fiber supporting substrate without fine fiber. Fromthe above information
one can cal cul at e 20he dhtisthameps claim3d mdistoinithe nolifanide comprifes ageactiper  and

the resulting | os 'n-gf“ci I %ﬂ! e. Once the loss in
efficiency d 20 ug§?¢13‘edl 'ne an?{ﬂ%:éw-ﬁgéngg@gﬁm e%al%%gﬁ an cal cul ate the
amount of efficiency . retained: Pass/Fail Criteria: >50% efficiency
retention. The abave specificatiaqgn,  exanpl es and data.provide an .

expl anation of the¥ i n\;[@ﬁtstfweﬂé\ﬁk%ﬁ,w %@M&?ﬁsﬁﬂ& BARMERESERTREMt s can
be nade to, tahﬁb _invention. The invention is enbodied in the

I!!.! E-!i'-
cl aims herein afl¥er appen%ed. 2 5 FEB 2005 | WD 02/20134 PCT/US01/2146 57
WE CLAIM 1. Afilter structure for filtering air in a gas turbine intake

Thtake air having dn - ARBREToe oG P ian ek RrRAR oy e il 50, ©

RH, the strucipyl @fEprising, in an air intake of a gas turbine system at
| east one filter elenent, the filter elenment : having a nedia pack formng a
tubul ar construction and construction defining a open filter interior; the

open filter interigr bei I F %ﬂ}h £=Ye)] Kr cd ddding a
pl eat ed construct i%’n o&hgggt&cﬁg%gg%p%gll%h% t ee%%/agﬁcgﬁ%@ |tre i'ncl udi ng a
substrate at d @adénspdsd patirthyricduereadidypradichpeiweoh bisiphendl-bend mikék fine

fibers phthalic acids.

33. A method for filtering air in a gas turbine intake system, the turbine

operating at a temperature of about 140°F to 350°F, the intake air having an ambient

‘temperature aiid a. homidity of at feast 50% RH, thc: :II}.CtIhOd compnsmg the steps of:

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

the filter comprising at least one filter element, the filter element having a
media pack formmg a tubular construct_ioﬁ‘and éoﬁstrucﬁon defining a open
filter interior; the open filter interior bemg a clean air plenum, the media
pack including a pleated construction of a media composite, the media
composite including a substrate at keast partially covered by a layer of fine
.ﬁbers,‘ ﬁe fine fibers comprising a polymeric 'cdmp_qsitic_m comprising an
addition polymer or 2 condensation pdlymer other than ﬁ cdﬁoljmcr formed
from a cyclic lactam and a Ce10 diamine monomer or a Cg.19 diacid monomer
oombinéd_‘ W}.th an addiﬁve n}éieﬁai; and .

(b) dlrectmg intake air mto an air i_ntake of a gas tur’ome system




conprising a polyneric conposition conprising an additi 02 5 ?g‘rg @i
condensati on pol ymer other than a copolyner formed from y 2 5am and

a C6 to dicgdiasenononer or a C6-10 di acid nononer conbi natksugoasag additive
material. 2. The structure of clalml wh ein the substrate conprises a

cellulosic fiber, a synt hEttI] er or xtu t hereof 3. The, structure

of claim1 wherei 3% he H§dne Jaigy 3 whergp t é‘? A4 ‘iﬁ’éq'c“%\??sr?d“d‘gt%}eécul ar
wei ght of abgyy %&&ﬁ%ﬁ@ﬁﬁ)ﬁﬂo@rﬁ@ﬁ% BEOCLHRY G Gthatld Gralfer fiBe ofdikY!
noi ety wherein e additive I's mscible in the condensation pol yner; and
conpri si ng t ralkyd pbenadic mivietyorhiengn tﬁv@ddlﬁveumgﬂﬁmﬁbew@abmkolwmet he

filter el enment nd .i.nt the fd | er tQ,.cl 4. The
Structure of BOSPRPrRE <0 3 filecie it Biish taebBaR ri R o |
t er epht hal at eslerbent JA@irfé tHeWpeh Altef infkiof 0 dleadfiié gicn. t he pol ymer COWDH ses a
pol yal kyl ene naphthal ate. 6. The structure of claim1l wherein the polyner
conprises a polyethylene terephthalate. 2 5 FEB 2005 WO 02/20134 )
PCT/ US01/ 25146 5857. Thhe osmpgsition ef elping B3 whereinyihe pelymer pempriscy frer
conprises a I The structure of claim7 wherein the nylon
copol yner is cc?ﬁa@cyl&%tgﬁltr‘tﬁm% “second nyl on pol ynmer, the second nyl on

pol ymer differing |n nol ecul ar vve| ght or nonomer. 9. The structure of

claim8 wherein t ny n copol S ngbl ned ‘with a second nylon

pol yner, the sec (FOBPS twédﬁ!s% Rgrosths PRIYTPT SPREASSS fpdi f i ed
pol yam de. ﬁﬂﬁ, ﬁﬂiﬁﬁteOf claim 8 wherein the second nylon pol yner
conpri ses. copofyner. 11. The structure of claim8 wherein the

pol ymer s are treated to forma single polyneric corrp05|t|on as neasured by
a differenti al cal ori ter sho a.s hase materlal. 12.
The structure of a c\?ﬁé’f’%‘ fn Pﬁ%la%%%@?@t“%ﬁg @H% pol yner are
heat -t reat ed. polyethylenc terephthalate

38.  The composition of claim 33 wheteiﬁ the polymer comptises anylon
polymer. ; o

39. ' The composttton of clatm 33 wherein the nylon copolymer is
combmed with a second nylon polymer, t.he second nylon polymer djﬂ'ermg in

o molecular welght or monomer composmon.

40. The composmon of claim 33 wherein the nylon copolymer is
combmed with a second nylon polymer the second nylon polymer comprising an
alkoxy alkyl modlﬁed polyamlde |

41. The composmon of clann 39 wherem the second nylon polymer

compnses a nylon copolymer -

42, The composiﬁon of claim 39 \irherein the poljmders are treated to
form a single polymenc composmon as measured by a d.tﬂerenttal scannmg -

calorimeter showmg a smgle—phase matcnal



13. The structure of claim 12 wherein the copolymer and the second pol yner
are heat treated to a tenperature | ess than the | ower t5 WB)IZ% f the
pol yners. 14. The structure of claim 1l wherein the additTve conmpfis&€s an

ol i gonerwoeonpsd sing tertiary butyl phenol. 2 5 FEB 200%CWOSOUI2€6134 59
PCT/ US01/ 25146 15. The structure of claign 14 wherein the additive conprises

an oligoner conprkising, 9;_1'% s $iust 0 ';‘ym’[.:- Whekekbohie resin
conprises an oli gg?’rhr q‘g%npr ogllt}l%; %ics- p%e}zn‘glﬁ %H&hfcéoﬁh s{ruct urse 0o claim
16 wherei n t pelyatgatd hegt-ee@n@l. i ses an ol i gomer conprising: OH OH 18. The

structure of claim1 wherein the additive conprises an oligoner conprising
di hydr oxybi phenyl. 19. The structure of claim 18 wherein the additive

compri ses an ol | GQEET GREBEhAIAn ot chifl 45 cRRTMApARAROEHNBEIIHEOL! 2 146

60 OH OH 20. The structure of claim1. wherein the additive conprises a

bl end of t hgolyasr awisatiletittd toa temperatui¢ iesy bpw therewer maltingprintefthet ure of
claim1 wherein the additive conprises a fluorocarbon surfactant. 22. The
structure of p(?&ﬁeﬁsf'l wherein the additive conprises a nonionic surfactant.
23. The structure of claim1l wherein the condensation pol yner conprises

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

oligomer comprising tertiary butyl phenol.

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

oligomer comprising:

OH

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

oligomer comprising bis-phenol A.

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

oligomer comprising:



a pol yurethane polyner. 24. The structure of claim1l wherejn the
- condensation pol ymer conprises a blend of a polyurethang pofFyner?3i a
pol yam dg,g@l¥|r- 25. The structure of claim 24 wherei piigopedNgn de
pol ymer conprises a nylon. 26. The structure of claim25 wherein the nylon
conprises. a nylon honopolyner, a nyloﬁ4copolynep or m xtures thereof. 27.
The structure of chpgi m| wherein the condensation polyner conprises an
aromatic polyamde] 2 5 FEB 2005 WD 02120134 PCT/ US01/ 25146 61 28. The

structure of cfain Rerei n the condensati on pol ymer conprises a reaction
product of a O gnonmer and pol y(m phenyl ene i sopht hal am de) _ 29. The
structure of c]a . erein the pol yam de conprises a reaction product
of a diam ne and aypoly(p phenyl ene terephthal am de). 30. The structure of
claim1l mhere&g t he cqpdensation polynmer conprises a pol ybenzim dazol e.

31. The struc"F@ Df Aim 1 wherein the condensation polymer conprises a
pol yaryl ate. 32.

The structure of claim 31 wherein the polyarylate pol yner
conprises a cong at i on pol yneri zation reaction product between

bi s- phenol - A and gd phthalic acids. 33. A nethod for filtering air in a
gas turbine intakesSystem the turbine operating at a tenperature of about
140F to 350F, the {ntake air having an anbient tenperature and a humidity
of at |east 50% RHOHt he met hod conprising the steps of: (a) installing a
filter proximate an air intake of a gas turbine system the filter
conprising at least one filter elenent, the filter element having a nedia
pack formng a tubgar MRRsLbLEEALON Bt BAIREH e @inCBkbilldadna open
filter interior, the open filter interior being a clean air plenum the
medi a pack i rndigosiencpraprpsirepdikyiregnsphanyt.i on of a nedi a conposite, the nedia
conposite including a substrate at |east partially covered by a | ayer of :
fine fibers, the fine fibers conprising a polyneric conposition conprising
?n agdition pol yrger OrriR coRpeensaéf PAmMS whetin didwiditiveabmprisesl ymer

or ne -

oligomer comprising:

51.  The composition of claim 33 wherein the additive comprises a blend

of the resinous additive and a fluoropolymer.

52.  The composition of claim 33 wherein the additive comprises 2
fluorocarbon surfactant.



froma cyclic |lactam and a C6-10 di am ne nononer or a C6_10 di aci d nononer
conmbined with an additive material; and (b) directing i or onnto an
air intake of a gas turbine system2 5 FEB 2005 WO 02/ 2%?2?:;%% gg95/2146
62 34. TWeopeedeéd of claim 33 wherein the additive conpPLTES0HES1éE | goner
havi ng a nol ecul ar wei ght of about 500 g 3000 and an aronmatic character
free of an al kyl cphengl ] | = . ita] i .scible in the
condensati on pol yrsrg'r;_ %ﬁ%@ﬁﬁ#&%ﬁgﬁ?ﬁg ‘i]{ég%ﬂg%agﬁﬁggﬁﬁghﬁeabai r through
t he nmedi a pamkniofictshefadtadtt er el enent and into the open filter interior to
clean the air. 35. The conposition of claim 33 wherein the pol yner
conprises a polyal kyl ene terephthalate. 36. The conposition of claim 33
wherein the pol yngk COMRE beRSosRionRTkith o8 lvaeein BRitbh@dndiieon polymer The
conposi tion of claim 33 wherein the polyner conprises a polyethylene

t er epht hal at eompgses Fipelyswnipams pelyorerof cl ai m 33 wherein the pol ymer
conprises. a nylon polyner. 39. The conposition of claim 33 wherein the

nyl on copol ynmer is conbined with a second nyl on polyner, the second nyl on
pol ymer differingssn mhtesipaitionRif ghimGs winkmete condgestidn gilyméd. The
conposition of claim33 wherein the nylon copolynmer js _conbined with a
second nyl onC%P&‘??é@,“?ﬂ‘?é’@@@bﬁ(ﬁ%@ﬂh@%ﬂr%@?Pelgeﬁ%deﬂ’ﬁ@n%rn al koxy al kyl
nodi fi ed pol yam de. 41.° The conposition of claim 39 wherein the second

nyl on pol ynmer = conprises a nylon copolymner. 42. The conposition of claim 39
wherein the pol ynsés afhe tomatsatbntof claimrShvehesdimlegpohamidepélymennposi ti on as
measured by a di f.ferenii al scanning calorinmeter showi ng a single-phase
material. 2 SOBE®SEAS WO 02/ 20134 PCT/ USO1/ 25146 63 43. The conposition
of claim 42 wherein the copolynmer and the second

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

‘homopolymer, a nylon copolymer or mixtures thereof.

58. The coﬁ1position of claim 33 whcfei;l thelcondensati_on polymer. .

comprises an aromatic polyamide.

_ 59. The comi}osition 6f claim 3_3:__\fherein the condensation polymer
comprises a reaction _producf of a diamine monomer and poly(m-phenylene
isophthalamide). ' |

60. The qoxﬁpogiﬁon of cll'iiin 58 wherem the polyamid_e comprises a

- reaction product of a d1&mme and a poly(p—phenyiéﬁe terephthalgmide).

61. The composiﬁ_on of cialm 33 .wﬁt?rcm the condensation polymer

_comprises. a polybenzimida@c_)le.

62. The compbsitibn of claim 33 wherein _the__condensaﬁon polymer

c_omprisés a polyarylate.



pol ymer are heat-treated. 44. The conposition of claim 45%@@ &Et@l%e
copol yner and the second polyner are heat-treated to a ess
t han t heglPpl gEIti ng point of the polynmers. 45. The ap@shhkige of claim
1 Wnerel n the additive conprises an oligomer conprising tertiary butyl

phenol . 46. The conposition of claim45 Wherein the, additive conprises an
ol i gor ner corrprl si®y: @he@mPPﬁ‘ém%@ﬁﬁéﬂg?Wﬁe’@?ﬂ@?aﬁ’lﬁf?‘?@t‘?f\ﬁém“ﬁ t he reS| n

conprises an . n
T R e L
2005 WO 02/ 20dnd4niRed phibilid 405dsd6 64 OH OH 49., The conposition of claim 33

wherein the resin conprises an oligoner conprising di hydr oxy bi phenyl. 50.
The conposition of claim49 wherein the additive conprises an oligoner

conprising: OH OH &l. iR AGHPORcodRA: B clfim® I Bctein Rl Pdiep ditRreicH dit ve
conprises a blend of the resinous additive and a fluoropol yner 2. The
conposi ti on otﬁltOCaDaﬂlmnmewﬁélgaﬂ wrhipesystedl kaving @d@ﬁ@?¢@eﬂ=lteaelemleﬂidﬂ@i§@ﬁﬁbon

surfact ant . 05 %%&Ji /i (A0 / osition .of
cl aim 33 wher el né?%%l m&%lv% %éﬂ rr‘fd)fﬁ Célél-s a % é%ﬁ%%?‘gﬁégi uégcipgnf.ﬁ 4. The
conposi tion ofleerdipains} 2avhef the fltthdernan gapsaicludingpdirgnmbular filter element

with the media pack sealed against an end of a second tubular filter element with the

media pack; each of the first and second tubular filter elements defining the clean air

plenum.

65. A method according fo claim 33 wherein said step of directing air
into an air intéke of a gas turbine system haViiig a plurality of filter element pairs
includes directing air into the first tubular filter clerent and the second tubular filter
clement; wherein the first tubular ﬁlter element is cyhndnca.l and the second tubular

 filter element is comcal

66. A method according to claim 33 further including directing a pulse of
air into each of the clean air plenums of each of the filter clement pa:rs to at least
paxtlally TEMove partlculates collected on each of the mcdla packs )

67. A method for ﬁltenng air in a gas turbine intake system, the method
s compnsmg, ina mrbmc opezahng ata temperature of about 140°F to 350°F, an
intake air havmg an ambient temperature and & ‘huinidity of at least S0% RH,
(a) directing intake air info an air intake of a gas turbine system
“having at least one filfer eIéﬁienf, the filter element having a media pack
forming a tubular construction and construction defining a open filter
interior; the open filter interior being a clean air plenum, the media pack
 including a pleated construction of a media composite, the media composite
including a substrate at least partially covered by a layer of fine fibers, the
fine fibers comprising a condensation polymer, other than a copolymer

formed from a cyclic lactam and a Cg 49 diamine monomer or a Cgg diacid



conprises a pol yurethane polyner. 55. The conposition of claim SEﬁ\é,héer ein
the condensation polymer conprises a blend of a pol yur €} fraifef- pp r and a
pol yam de pol yner. 56. The conposition of claim55 V\hergz:’n t he pol yam de

pol ymer waamorisses a nyl on. 57. The conposition of claitREBESUAEHEI n t he

nyl on conprises a nylon honopol yner, agnylon copol ymer or m xtures

t hereof. 58. The [ _ ﬁd@’?’% G665 B b rs@hdengat i on pol yner .
. conprises an algrﬁgﬁn%?%’c&dggalr}%%e. %ﬁ%‘g co%pos]ilj% on of gl aim 33 wherein
t he condensati on moleyutarwaghtmfiabag 580 te 3000 2 ap amaatic chiragietvhedeite nononer
and pol y(m phenyl ene i sophthal. am de),. 6Q. The conpesition of claimb58
wherei n t he pol ya B@Eﬁ%“i"@zesmgﬁé?%@gﬁa ﬂnB?mﬁrchgf a di anine and a

pol yp- phenyl ene ter ephhi@%igdRe air @rough thoencapifacis bf thefilef eleinahtand3
wherein the condensation polymer conprises a polybenzim dazole. 62. The
conposi tion of cliainthgspe@iesimteriordo ckaadissa® i on pol ymer conprises a
polyarylate. 2 5 FEB 2005 WO 02/ 20134 PCT/ USO1/ 25146 66 63. The

conposition of claim wherein the polyaryl ate - ises a
condensati on pol y¥eri gﬁ:ﬁ°8H1pr°§[518{1f’gﬁl%ﬁ§Zt‘1‘%’t‘3&%ﬂeﬁh§§%ﬁ/n£ﬁléagp %%%&A and
m xed pht hal igm@tdes s pol§dikyitheterdphfiathtaccording to claim 33 wherein, said

step of directing air "into an air intake of a gas turbine system having at
| east one filter elenent includes directing air into an air intake of a

gas turbine systepy hawr S%P%%M%g:l":f}t?%j{ﬂbwlﬂlegeg{?‘*e'%MiG@ﬁ¥ﬁ“ereach of the

filter elenment pafTs inc tubu 1lter ele with the
medi a pack seshbgibeagpolpsikylane eapditiefata second tabular filter elenment with
the nmedia pack; each of the first and second tubular filter elenents
defining the clean air plenum 65. A nethod according to claim 33 wherein
said step of direg§ingril domdolfien 3 cRirh 67 WiRleth BiF céndiaSatiopolyheersy st em |
having a plurality of filter elenment pairs includes directing air into the
first tubul acoripiisesp pelyethpiene tenephthtadateecond tubul ar filter

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

derived from a cyclic lactam.

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

molecular weight or monomer composition.

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

- alkoxy alkyl modified polyamide.

74.  The composition of claim 73 wherein the second nylon polymer
comprises a nylon copolymer.
{
75.  The composition of claim 73 wherein the polymers are treated to
form a single polymeric composition as measured by a differential scanning

calorimeter showing a single phase material.



el ement; wherein the first tubular filter elenment is cyljndrical .and the
second tubular filter elenent is conical. 66. A nethod'%dbé?ﬁfh Gﬂ% claim
33 furthgpdbg Lyding directing a pulse of air into eachc@fushiiesisd €an air

pl enuns o ach of the filter elenent pajrs to at least partially renove
particul ates collected on each of the a packs. 67. A nethod for
filtering air in a gas turbine intake system the nethod conprising, in a
turbine operating-at a -ur e -ty%u. i e air
havi ng an anbient7?énpg%§?§§éﬁgﬁél%‘%%ﬁ%d|t@&éﬁﬁg%%ngggxg@@??fg&%g)

di recting i ntpakendtiafe hdat Readddl. ai r i nt ake of a gas turbine system having at

| east one filter elenment, the filter elenent having a nedia pack formng a
t ubul ar construction and construction defining a open filter interior, the
open filter interigr DeiggofipdifdilfifimP)A0tiin i FBYnfr B thelsBSdnddi Ng 2
pl eated construction of a ne%ia conposite, the nedia conposite including a
substrate at pobasdr apahcat @itated toatemperatuye gsd thyrethe ddwdrimadting paintof thee fine. -
fibers conprisin a condensat.i on polyner,. other than a copol yner forned
froma cycli mand a C6_16 di am ne nononer or a C6-10 diacid 2 5 FEB
2005 WO 02120134 PCT/ USO01/ 20134 67 nononer, and a resinous additive
conprising an oligonmer having a. nol ecul ar wei ght of about 500 to 3000 and
an aromatic charagﬁer e cemposifiereofdrm § A ehareia dhandditve coRpTiss#ensat i on
pol ymer; and : [ rectd L%?Fq; t gh the nmedia pack of the filter

el enment and 4@%&#&%§&%%e tFl e#&w'té%?br to clean the air. 68. The
conposition of claim®67 wherein the condensation polyner - conprises a

pol yal kyl ene terephthalate. 69. . The conpgsitian of claim 67 wherein the
condensat i on polyﬁgr h@ﬁﬁ@?@@%ﬁ%y?ﬁﬁ%ﬁﬂ1§ﬂﬁﬁﬁaﬂ NCLOBPIE 2t rhe
conposi ti on. Qfiz&had isifaerei n the condensation polyner conprises a

pol yet hyl ene terephthalate. 71. The conposition of claim®67 wherein the
condensati on polynmer conprises a nylon polymer conprising a honopol yner
havi ng repeating units derived froma cyclic lactam 72. The conposition
of claim67 wherei@Ht he nyl on copol yrmer is

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

' ‘oligomer comprising bis-phenol A. . -

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

oligomer comprising:



conbi ned with a second nylon polyner, the second nylon polymer differing in
nol ecul ar wei ght or mononer conposition. 73. The conposi EI%FFE]‘B A0 67
wherein the nylon copolyner is conbined with a second nyl on polymer, the
second myboxmqsd yner conprising an al koxy al kyl nodi f i edI/gety2didede. 74.
The conposition of claim 73 wherein theggecond nyl on polyner conprises a
nyl on copol yner. 75. The conposition of claim73 wherein the polyners are
treated to form &Bingle polyneric conposition as neasured by a
differential scannjng calorineter showing a single phase material. 25 FEB
2005 WO 02/ 20134PCH_US01/ 25146 68 76. The conposition of claim74 wherein
t he copol yner Ja e second polyner are heat treated. 77. The conposition
¢ gopolymer and the second polynmer are heat treated
to a tenperature less than the lower nelting point of the polyners. 78.
The conposi ti spCeH-elca;m 67 wherein the additive conprises an oligomner
conprising tertiarly butyl phenol. 79. The conposition of claim78 wherein
the additive conprises an oligoner conprising: Ox 80. The conposition of
claim 67 wherei resin conprises an oligoner -conprising bis-phenol A
81. The conpos of claim80 wherein the additive conprises an
ol igoner conprising: 2 5 FE B 2005 WD 02/ 20134 PCT/ US01/25146 69 OH CH
82. The conpositi qyyof claim 67 wherein the resin conprises an

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

oligomer comprising dihydroxy biphenyl.

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

oligomer comprising:

OH

@
(@B

OH

84.  The composition of claim 67 wherein the additive oc;ﬁipﬁses a blend

~ of'the resinous additive and a fluoropolymer.

85.  The composition of claim 67 wherein tfié-aﬂdiﬁvc_ 'cc;mpi‘ises a

fluorocarbon surfactant.



ol i goner conprising di hydroxy biphenyl. 83. The conposition of claim 82
wherein the additive conprises an oligoner conprising: SAFE“@ [][]h5
conposi t xRl PGl @l m 67 wherein the additive conprises ap ,239‘ t

resi nous addi t| ve and a fluoropolyner. 85. The conposition of claim 67
wherein the additive. conprises a fluor o®arbon surfactant. 2 5 FEB 2005 WD
02/ 20134 PCT/ USO1/ 26116Thé'oolaﬁosiff¢mommm(ﬁ7wh&ycin(ﬂﬁc lditive ®hprkesrai n t he
additive conprises. a onic surfactant. 87. The conposition of claim&67
wherein the cgﬂﬁgﬁlggﬁin%ﬂﬁblyrrer conpri ses a pol yuret hane pol yner. 88. The
conposition of claim®67 wherein the condensation polyner conprises a blend
of a pol yurethane polynmer and a_pol yam de pol yner. 89. The conposition of

cl ai m 88 wherein tEé polTa cppoSHann Pfes mmcﬁ?D q@ééhWP%ﬁarﬂO@BOIYﬁlﬁre B
conposi tion of, ylon conprises a nylon honopolyner, a
nyl on copol yrrerﬁh&éeg]ai)%@y'\% ﬁﬁg}oﬁepgl The conposition of claim67

wherei n the condensati on pol yner corrprl ses an aromatic pol yanide. 92. The

conposition of cIa erein.the tian rlses a
reaction product of ngnﬁFWEP?ﬁS CQ%Woé]IS‘g]F ‘@E%@E%%OHP ymet
i sopht hal am d@ympSss a%d%%&ﬁh&étﬁ&éﬁolﬁ&'aﬁ&%%o%ﬁﬁ@é Poliher. pol yam de

conprises a reactl on product of a diamne and a pol y(p-phenyl ene
t erepht hal am de). 94. The conposition of cI ai m 67 wherein the condensation

pol ymer conpri ses po benzi m.daz on of claim67
wherein the conden g.'tI o] 58?‘?3%5’?“0"(:% alfnse Whe‘%‘%ﬁ@gﬁ)? E"éi?’p&@?eg FEB 2005

comprises a nylon..

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

homopolymer, a n;glqnicj;ppolyme_r or mixtures thereof.

91.  The composition of claim 67 wherein the condensation polymer

comprises an aromatic polyamide.

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

1sophthalamide).

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

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

94.  The composition of claim 67 wherein the condensation polymer
comprises a polybenzimidazole.

95.  The composition of claim 67 wherein ﬁié condensation polymer

comprises a polyarylate.



WO 02120134 PCT/ US01/ 25146 71 96. The conposition of claim29 wherein the
pol yaryl ate polynmer conprises a condensation pol yneri zaki 1

product between bis-phenol-A and m xed phthalic acids. ag7ngrEEgMd
accor di WP emoti4ai m 67 wherein, said step of directing aPETUPHIZ144n air

i ntake of a gas turbine system having atyjl east one filter el enent includes

directing air intgsan i ol QlcRifa5 ik IR BYAHARL G a plurality

of filter elenent pairs, e t he ter elenment” pairs inhcluding a
first tubul acorhpiidesn cehdemmtion palynieriziigonreditonpaeduictectivech bigphermd-4an end of
a second tubuldar_fil %ré.ele nt wwth the nedia pack; each of the first and
second t ubul &R pPed@hthaliedddt s defining the clean air plenum 98. A nethod
according to claim67 wherein said step of directing air into an air

i ntake of a gas turbine systemhaving a plurality of filter element pairs

i ncl udes directing7.ai r Thevmethod ecdordisg tq ¢lpig 6F wheleine paid sepef diregtidsefe second

tubular filter, _ele t, Aherein t i . r 1} LS
cylindrical Hy ﬁ%%‘sge]%eoor? éﬁﬁiﬁ %Fgﬁg%qq!%‘?m%@%‘%?n% Eit%r%?l?ng%ﬂﬁ%ydei met hod
accordi ng t odécingab Infouhtabdntake6f Aighsngrbitier geteimgvagplemligfof filiee | nt o each

of the clean air plenuns of each of the filter elenpent pairs tq at |east
partial |y refswentRass; gh af e Hligr plemeipags &t g?%@bﬁ@&ﬁﬁe‘b‘gwg‘#

with the media pack sealed against an end of a second tubular filter element with the

media pack; each of the first and second tubular filter elements defining the clean air

plenum.

98. A method according to claim 67 wherein said step of directing air
into an air intake of a gas turbine system having a plurality of filter element pairs
includes directing air into the first tubular filter element and the second tubular filter
element; wherein the first tubular filter element is cylindrical and the second tubular

filter element is conical.

99, A method according to claim 67 further inclading directing a pulse of
air into each of the clean air plenums of each of the filter element pairs to at least
.. partially remove particulates collected on each of the mediapacks.



