WD 01/ 28657 PCT/ US00/ 28680 COVPLEX SHAPED FI BER FOR PARTI CLE AND MOLECULAR
FI LTRATION BACKGROUND 5 Field of the Invention This invention relates to a
filter systemand specifically to a systemutilizing solid and liquid
reagent s.wesmes7pt i on of Related Art 10 It is conventi oPITIUSO2868 t O use
activated charcoal and other materials as adsorptive elenents to renove

i mpurities fro@MIMIESSHAIED YABERITGR PARTICIZ ANT MOLECUIIARET Cr 0SS
sections, it is possible to produce fibers which are partially hollow. A

particularly effective cross sect HBRTRABMNhaving three T-shaped | obes
extending from a central core, as described in U S. Patent 5,057, 368,
which is incorporated herein by 15 reference. Conventional filters have
used filteBAGEGROIINDcoated with solid or liquid materials in a variety of

appl i cations; Eowpiver!, many of these applications have relied on

absorptﬁ ortlE 11 adsorption. Adsorption occurs where particles to be
renoved  att achriQinlbiRion YERE® PhiltdrBfstdrh bhESpebifically Bla sz&t&mniﬁfngmﬂ eas,
absorption occurs where nolecular notion nobility is harnessed to nove

unwant ed pandtliquidosagentsm one zone to 20 another in a non-nechani cal manner.
The nultil obal fiber has been particularly effective as a w cking fiber
where certain contam nant-renoving liquids or solids are filled in
cavities fpég&ﬁgjcm'dﬂﬁemtédwnfi ber. The nultilobal fiber filled with solid
filtering particles have been used in  adsorptive gi r filtration and

odor - r¥hovi ng  dbisicervantionally kaown tq nsedgtiyaigl qhiaree othenipaterials as nc| yded t he

use of car ' '&gﬁm-- biAGin 3R6Peant YWhtR deXddv] and solids
whi ch coul glgggér k@é@%?i&hﬁggént m r?g%%&s) (see U. S Pattent é’é@% 394, whi ch

i s i ncor peffeativeifibes crvisnisaotionseit éy passible. to oraduee fleps whigh reermartially hodowg

mul til obal ;type fi.begs.as w ckj.ng. fi Vi | ved ;absorptive

properti esA(#'Rl(%{afl%leﬁg v ﬁﬁ°&ssse\ﬁ}\?‘gﬁ ogggg‘g?ﬁhg% ﬁ\%‘aﬁﬁﬂi fr%\égshe %%lg{ﬂgtsf?o of the

fibers. Thecethi &, dsdeserileedtiy 01.S.Hatent 5067868, whidhi ig iricbipordtsitidpeind 8y odor and
n a reversihle manner oma contam nated airstreamto aid

gas nol ecul es i f ;i ;
in th® ev@?ﬁ"ﬂ'&F- fpaysatianab Hitgrs hayrised F}%Fré‘t&m a poted wathosolig,on lighidst r eam (see

U.S. Pat eNfpgiterials in a variety of applications; however, many of these applications have relied on
- absorption, rather than adsorption. Adsorption occurs where particles to be removed
attach to the surface of the filter material elements; whereas, absorption occurs where
molecular motion mobility is harnessed to move unwanted particles from one zone to
20  another in a non-mechanical manner. The multilobal fiber has been particularly effective
as a wicking fiber where certain contaminant-removing liquids or solids are filled in
cavities formed within the fiber.
The multilobal fiber filled with solid filtering particles have been used in
adsorptive air filtration and odor-removing applications. Such filtering particles have
25  included the use of carbon particles, zeolites, baking soda, cyclodextrins, and solids
which could adsorb certain contaminants (see U.S. Patent 5,759,394, which is
incorporated herein by reference). Other applications utilizing multilobal-type fibers as
~ wicking fibers also have involved absorptive properties of certain liquids which are filled
within the cavities of the fibers. These liquids were typically chosen to lightly absorb
30 odor and gas molecules in a reversible manner from a contaminated airstream to aid in
the eventual dispersion of these molecules into a second airstream (see U.S. Patents

5,891,221 and 5,704,966, which are incorporated herein by reference)..



5,891, 221 and 5, 704, 966, which are incorporated herein by reference). -1 W
01/ 28657 PCT/ USOQO 28680 Mai ntai ning environnents free of contamnants is
particularly critical in the manufacturing of integrated circuits because
waf ers ar ¢o/dfggssusceptible to small particles and | ow BeIves06/28580 cert ai n
chem cals. This can be done by manufacturing wafers inside cleanroons wth
filtered air. TMeinfaidihgéervionments e dfconmaiiraatsinpdariiclialyadriticahianhecal 5 | evel s

to extrenely |ow |levels (less.than 1 part-per-billion).,, Sem conductor tools
are also TEMHRTVRS dﬂf?é'ﬂt@% CIRFUHS %E‘?W?er%#ﬂgﬁfea‘fe%%’ﬁﬁp%ipg"? ﬁ‘&?ﬁ)pr ovi de | ocal
ultra cl eagyAdieddnd\ow bvels 08 cRtALQRAiAS. THAVRN BE dokebMBAIfARGngGRTER cal

filters have a very short |ife span, require freguent replacenent, and are

i nef f ect i viaside cledrrpernewith {iltered isr Theyfiliers are aipeddtp seduge partielgjand chemisUMVARY |1 n

accordance, w i 19N, - hi LI iGlLe ' | .1 ber
filter 1s le&eé%@rel&grgﬂel&d\f?‘}qEﬁvgfr%éle?s{}bkeﬁ Bé%t—?ég%ﬂé:ﬁgm Scczeg 1&3‘8 n g{nﬂolr’llgn aflJ|°I tering
appl i cat i ogtgnetifdes equipyed et eddirorrhéntal ebitiols thaqyovide lobal witrdelearf disfloar reduces
contam nants_ to low leyels in the 15 res- -bjllion. A reactive reagent,
pr ef er abl ydHRePEIEsSHIL: Ve quﬁnt&@ﬁ‘g?mﬁagﬁ{tﬁs b?"e ATy ﬂ'm‘j‘?’.ﬁfpafls di sposed
within | Onﬂhﬁi%&%mﬁéﬂﬁéxﬂeﬂt, 8Rfdte iRBdtive af effitieftly filldimolodpasain My be.
reactive w th base contam nants by any known nmechani sm~ such as an

aci d- base chesdeals. on to formionic bonds, an oxidation-reduction reaction,
and v d’ous ot her organic and inorganic reaction nmechani snms as known in

the art” to form coval ent bonds, hydrogen 20 bonds, coordi nati on conpounds,
or conpl exsgempARNds. The reagent may be-used al one I n conjunction with

or
solid adsorptive particles which may al so _h iJized with th reagents in
the | ongi tudindp a$‘¥°6‘ia§°W%thFh‘F_1{‘YFé“?’Psl§EPE‘T. 'hfab‘?lﬁif“ﬁ%tr’g‘ﬁ?a‘w@*@eﬁg&e’i‘ﬁ_t 0 a
single | aygeada with 1@?@? Q‘P@fé’* ERMical @bntamfuhtfiltetiny 8ppiidatddeeThemt , N
u e

anot her enbodi ment, the reagents remain expgosed to the flow of a .
cont ani natmxaﬁctedﬂﬂmﬁigawiﬁ@m%ﬂeoﬁbﬁfﬂh’ée%nﬁmqi@ﬁ&tOT%éIQYéhtllaﬂienant's in a
fluid ream.r W thin i | ' Fﬁhﬂqi] £1l As the
base cont a‘l’*ﬁ“ﬁ'gg 'giglhoél ) r""eraefﬁcetgn"?:?‘Facg’gﬁc:lgx,grE e conat%gr)n&?l’g%an??? Flgegﬁﬁlgg i thin the
| ongi t udi nstid $brat, & dispokddewithib éongitudinal slots in each length of fiber. The reagent may -

be reactive with base contaminants by any known mechanism, such as an acid-base

reaction to form ionic bonds, an oxidation-reduction reaction, and various other organic
and inorganic reaction mechanisms as known in the art to form covalent bonds, hydrogen
20  bonds, coordination compounds, or complex compounds. Tﬁe reagent may be-used alone
or in conjunction with solid adsorptive particles which may also be utilized with the
reagents in the longitudinal slots within the fibers. The ﬁb:el:rs are formed into a singie
layered, in one embodiment, or a multi-layered fiber mat, m another embodiment, but the
reagents remain exposed to the flow of a contaminated airstream passing through the )
25  filter. The contaminants in a fluid stream react within the longitudinal slots of the fibers.
As the base contaminant and reagent react, the contaminant is retained within the
longitudinal slots of the fiber.
In a preferred embodiment, the contaminants are ammonium and/or amines and
the reagent is an acid. The acid-impregnated multilobal fiber is significantly more
30 efficient than several corhmercially available filters. The filter can be used in a variety of

applications including clean rooms and in filtering chambers for installation in the field.



In a preferred enbodi nent, the contam nants are amoni um and/ or am nes and
the reagent is an acid. The acid-inpregnated nmultilobal fiber is
significantly nore 30 efficient than several conmercially avail able

filters. wihew/Zbd7t er can be used in a variety of appli c®Craseo28 udi ng
clean roonms and in filtering chanbers for installation in the field. -2 WO
01/28657 FERIEBIPESCRIPFION M EHEMHSAWINGSO G: THE DRAW NGS Fig. | shows a

detail ed cross t onal of an _indjvi du Fig. 2
Shows. a ol ose. dEEAS Fdsfaﬁ? pesiibrinal VB st i byl gt Bbeg 1, o
reagent d'Sposeﬁg\Mdhbwglaeﬁﬁéluﬁuiew&ﬂhtﬁderfdamﬁde&f:ﬁuﬁlobﬁﬁ&é@é"ﬁn@aw der view
of the fiber mat of Figure 2. Fl? shows a plot conparing the percentage
of cont am@W‘@FR?&?&Wﬁb‘GQRCWEWOWﬁ@Hor the acid-inpregnated nultil obal
fiber versus t t q;@g;r ters. Fig. 5 shows a
chanbersel n one\q@%‘% égg&s gt V?ét}?léh}{%ﬁ¥%+%lra!rpgu§ni airstreamwith 10 the
aci d- i npr egnat eig. mwlhbwb amdt cébmparingfthé percentdge 9f cdhtadmm bréaktmdsnghimm of

FlgureSWLthamJIt ere fiber er same
reference % Iﬁécqc}é tmn‘y?‘%h?lgﬁ’ef Yﬁif‘"ﬁ%’% @TWW‘QF‘C Va?’*ﬂt?‘ﬁﬁl cal
itens. 15 gfAl LED DESCRI PTI O\I Figure 1 shows a detailed view of a cross
section-of an individual multilobal fiber 2. Fiber 2 is a type of fiber
made of . . t her ndpg-dsthpws pehambar in enecembodireent B3r usoinftltering an kirstfeatmewitlf or ni ng

t echni gyes onposi tion through a conventi onal

Spi nnetat emeﬁéiﬁg&n@%ﬁ%éd(}ﬂ bﬁlﬁ% gi\rl/telcreferenced U. S. Patent 5,057, 368.

Fi ber 2 i ncl udeiig Z0shaws ttecchdmbérrod Figuine Emmtarrmdtﬂlqbﬂsl xﬁxlﬂbdbelrﬁbeﬁﬂltmr dly.
Each of | obes t er.yi nat es th a i C end| cularly attached
to the end of I'GE&TEe sems ey W?VWP%’GQ’&%?%&‘R? @Sé‘ﬁafé‘éﬂﬁ acent caps 8
runs al ongigthiRaBdmst € | ength of multilobal fjber 2 for m ng | ongitudi nal
slot 10. Multilobal fiber 2 has the ability to retain powlered particul ate
matter, such as powdered carbon. The carbon powder can be nmechanically held

Wi t hi n1525 ﬁ#ﬁkm]ﬁ%éﬁg&%mwy caps .8 without the use of any Iliquids.
Ent r appi n

Figure 1 shows a detailed view of a cross section-of an individual multilobal fiber

2. Fiber 2 is a type of fiber made of thermoplastic polymers and formed by conventional
fiber forming techniques, such as spinning a fiber composition through a conventional
spinnerate, as described in the above-referenced U.S. Patent 5,057,368. Fiber 2 includes
20  acore 4, from which three lobes 6 extend outwardly. Each of lobes 6 terminates with a
cap 8 which is perpendicularly attached to the end of lobe 6. The cavity formed between
lobe 6 and adjacent caps 8 runs along the entire length of multilobal fiber 2 forming
longitudinal slot 10. Multilobal fiber 2 has the ability to retain powdered particulate
matter, such as powdered carbon. The carbon powder can be mechanically held within
25  slot 10 entrapped by caps 8 without the use of any liquids. Entrapping the powder within
slot 10 can be accomplished by dusting the powder into the fibers and then shaking off
the excess powder or blowing the excess powder off with a fan.
Preferably, fiber 2 can hold, through capillary forces, liquids within slot 10.
Figure 2 shows ﬁ close-up view of fiber mat 100 where liquid reagent 12 is filled within
30 slots 10 of meshed fibers 2. Liquid reagent 12 can be utilized to fill slots 10 by having
liquid droplets penetrate fiber mat 100 and wicking into slots 10 after impacting with the
surfaces of fibers 2. After the liquid droplets impact with fibers 2, they quickly coalesce

into slots 10 while leaving open voids between fibers 2 and allowing for unencumbered
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slot 10 can be acconplished by dusting the powder into the fibers and then
shaking off the excess powder or blowi ng the excess powder off with a fan.
Preferably, fiber 2 can hold, through capillary forces, liquids within slot
10. Figurwodi/zgdssms a cl ose-up view of fiber nmat 100 wherreThisouisdsor eagent

12 is filled within 30 slots 10 of neshed fibers 2. Liquid reagent 12 can
be util i zediiflow thtdugh fiberamatQ 00y Fiversi2ngn kitetnatieir wigk edageria D @b aihgn flbier mat

100 and wicking into slots 10 after inpacting with the surfaces of fibers
2. After t hﬁ) lvr?ﬁaﬂlarycr‘?’ffﬁﬁ)&dm thets MI‘T’F%CFS"BEF%W, repAwne gxseskiegeesbhl-esce
into slots 10 wyd ' MR 165 fa l.Qwi ng for
unencunber ed \_’\gRa 6}/2\25&8%55&76I%EC%1¥J%1 bﬁ%ggﬁﬁg?rd?ﬁévﬁpﬁe@ggﬁ%ager mat 100.

Fi bers 2 cadlercingreageat 12/btopghi alechaniggbatomizer oppreferablyrbysisirgsa coh@erttipnalapi | | ary

force by dippt fibers 2 into reagent 12 d HLemovi ng excess reagent 12.
Reagent 12 lgcglhd.'%«gp?eg'r ERNS fﬂﬁ?go ao‘fﬂngpys‘)fgﬂg‘qgf F‘I‘cg‘raé ﬂf’gﬁé‘f‘wgﬂ%’ such as
forcing reagéuttanis? crfiploxifagentspedoadihating agéms)ane delijueRemiapemblnoweyerUsi Ny a -
conventional. 5 liquid dropper._ Reagent 12 can r'ange froma variety of

li qui ds sudhPeederalle ipsuse goids yagids for useasreaget 1 2anciee Rt AEe B dimited to, -
coordi nati ' »spHOMENSLIfurid acid erable to
use aci ds. q%%@gg@?équs %ggagss‘d’ifg‘g’gazaﬁ? B&e{&?ﬁgﬁ)ﬁ%sg?i but glrﬂéﬁén%ctld' F?%E@gd to,
i nor gani ¢ aciddmayatse bassdionther than orgavic prid.cOrdahig apids fnghalej mt are moul f uri c

aci d. gani c..aci ds | so. be-used rat.her than.i,ngrganic gcids, O ganic
o s e dipgtedifmped bbbl BepPrig, R R et RS Bie A BpsRin o and
tri car boxyldcids afchelie cittib dsctic] nidleis, fimafie,gapioic, lanfit,dkalid) edalsite, drfaribC, | actic,

mal eic, fumaric, caprgic, lauric, oxalic, malonic, tartaric, succinic,
sal i cycl i ¢, sussiicraligyelicapdmalic acids, Jp parthercmbadiment: Popded aeds may dlso nay al so

be used in yal@&einPlack Bk ligttidciaGhd i.ﬁé@g&amr»ﬁanﬁgﬁé wiﬁgmuﬁd%ﬁna}%i na
nmethod simlar to" that described above for carbon powder. [n an
al t er nat i vahasgesstiberbatove froeerborpovwdes.c b anmigpative embdgimens qubwideretliblasesr .

non- basji.c cont.ani.,nants. h V\derdbsssggﬁ/'nl e e. q. odi um
bi car bglléat é"%(yba oigr%glsésdgtgﬁ:é F%%dl u}%cggt?f%%g e, soﬁ‘%ﬁ%’#&#&ﬁﬂg?ﬂf’%’sodi um
phosphat e, epptsadiambitazbonar{biking soda)asaiium cirpoans sctitum hpdrogide) tHsddium

ot oc™, RS SR ook T B SR et oA o
conprise e @édg@ﬁﬂbﬁﬁhgﬁﬂﬁﬂde%ooﬁirﬂxﬁng GAtOMBNH Edriise trdfkifdrHERIs . ghows a wi der
view of fiber mat 100. Fibers 2 can be pleated or forned ]
copper, and complexing agents which comprise entrapping agents, e.g., cyclodextrines.
20 Figure 3 shows a wider view of fiber mat 100. Fibers 2 can be pleated or formed
in layers to form fiber mat 100 in a variety of configurations. Generally, the volume
within slot 10 makes up about half the volume of multilobal fiber 2 and depending upon
the density of the contaminant, fibers 2 can gain around 100% in Weight of liquid
contaminants and anywhére from 25% to 125% in weight for solid powders within slots
25  10. Utilizing the multilobal fiber 2 property to capture both liquid or solid contaminants,
reagent 12 is used for adsorptive and absorptive filtration applications. Reagents 12 are
intentionally impregnated within slots 10 and can be a reactive liquid or a solid.reagent,
preferably both agid, and fiber mat 100 is used as a supportive network to hold reagents
12 in a highly dispersed configuration for adsorptive and absorptive molecular
30 contaminant removal. Multilobal fiber 2 can retain not only a liquid or solid (acid)
reagent 12, but is effective in also retaining a combination 6f a liquid reagent and solid
particulates. Solid adsorbants such as zeolites, aluminum oxides, activated carbons (both

impregnated and virgin), and chemically modified silicas can be combined with acid
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in layers to formfiber mat 100 in a variety of configurations. Generally,
the volune wthin slot 10 nakes up about half the volune of nultil obal
fiber 2 and dependi ng upon the density of the contaminant, fibers 2 can
gain aroumgofi#¥eésh i n wei ght of liquid contam nants and arGrARBNAR8680 oM 25% t O
125% in weight for solid powders within slots 25 10. Utilizing the

mul ti | obalredgdefier2, th ditheiidiid/ orf D1id d¢rir) afd hprberlated Withiwslo&ql0idf neifloB4T Nant s,
reagent 12 is used. faor adsorptive and _absorptive filtration Sgpl i cations.

Reagent s fibegy2 Sqlidradsarbantsanayalsgbs wsd in eambipation iy basereagens Ad apdin be a

reactive | oW 008 wah5Qdidlio reagent, preferably both acid, and fiber nat
100 is uségggggg% support(%t\ge'netvxork to hold reagents 12 in a .highly .

di spersed conf iFjaratat 00 ispartizdlady pffective anfilteringdaget donmindrecfrbmra 30
contam_nant renpvagl , * |tilobal .fiber 2 can  retain not only a ljquid or
S0l T 0 (Gaci RIS Biig afpam. Basts 5e8 SGhsideredbany e el Bt v Sy borfbonligi nat  on
of a |i quirdpdr@igRtbagdid tiedhethicaDartd. | ThekeéRmicalsind @oRPoide athedeTeiis as

zeol ites, alum num oxi des, activated carbons (both | npreaaa’g ed and
virgin), desescrfibasss.|agusaysbasesand preferably apncampouadsshaiaee slkelinedepn -4 WO

01/ 28657 B -?&ﬁ@ ﬁ@gg s arh? | ol or solid form and
| mpr egnat eagxém&d?%?{r’f S otts' o?%ﬁ%ggﬁéﬁﬁﬁ% .sgsSoI I d adsorbants may
al so be used i A fiberbmatd 00 ompregvatdd vhiisBquié acjé rdagdrits Hhid partiepladlg effe@ilewi t hi n
slots ,10. .Fi bet t 10Q.i articularly effective i ilterin se

cont arithar ST AEORIREvE conamai. s o BRYT Ut o S PR Ghny
chemical s &M-EQWZ YRS QNMB)Y fromQGREHALES sPedhiSAn hitsttda witem cal

arts. These chem cal s and conpounds I nclude Lew s bases, shift bases,
aqueous b§Btemingnts, far exERpls| apmenjurs densopasers thimugh fhes mat k0.i Avitipassen

aqueous enyj | ' ppber mat
100" 1 mpr oqsk SR SRS hHELB G 58 rAkS RS HELARLBANRE Suedllh U T
i n speci f ireatd (in akenctidn wejl knpsva 1a diret aat)yiwithreng is iseribediby avidreapetm12H3, and

am nes (foq ex e, n-nethyl -2-pyrrqlidone (NVP)) from., passing fluid

st rea?hs A °55‘?§%Ep€éﬂ‘fiﬁa§??tt128ﬁ‘f}§ﬂ$%§wg?ge? gpm %vg{gﬂ]%eea,m’&ﬂ?fﬁﬁilﬁﬁ‘ﬁ’i ons, passes
through f ifegkingWiatet @9a bypFoduct A8I6A4ng BY Ginidrtuin 108 keteaéti VAl sndZatiabPlcegnat ed
wth acid reagent 12, the anmonium.ion chemcally reacts (in a reaction

wel | knowrfcidfeageat k- tReaggnt 2 imreyersibly rizingibe apipogiymyiops witkintthe slotsd 015 form a
sal t. Aci Q80664 fber £XChanges hydrogen atons with the ammoni umions,

The combination of multilobal fibers 2 impregnated with a liquid acid reagent 12
20 gives unexpected, ultra-high efficient results in filtering out base contaminants. The
effectiveness of fiber mat 100 utilizing multilobal fibers 2 impregnated with acid reagent
12 can be seen in Figure 4 when compared to two conventionally available acid-
impregnated commercial filters. All three filters were subjected to a continuous 90 parts-
per-million (ppm) exposure of a gas contaminated with ammonium diluted in air. The air
25  was conditioned to 50% relative humidity and 23° C; the air was blown through the |
filters at a velocity of 150 ft/min giving an equivalent pressure drop for all three filters.
The basic gas concentration was measured continuously downstream of each filter and
the breakthrough percentage of the contaminants were plotted over time. The
breakthrough percentage is the amount of contaminants remaining in the air downstream
30  of the filter relative to the amount of contaminants initially in the air upstream of the
filter.
As seen in Figure 4, curve A represents multilobal fiber 2 imprégnated with acid

reagent 12. Curves B and C represent the results of other commercially available filters.
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formng water as a byproduct and | eaving the ammoniumion to react with and
attach to acid reagent 12. Reagent 12 irreversibly retains the amoni um
ions within the slots 10 of nultilobal fiber 2. The combi nati on of

mul til| obalydgiggs® 2 i npregnated with a liquid acid reagertT/dsdo/ 28580 gi ves
unexpected, ultra-high efficient results in filtering out base

cont am nanThe refils of edrve At shoersigificaht rkiehion ofebntafiihantsiftonz thegeidul t i | obal

fibers 2 ipnpregnated, w cid reagent 12 c be .seen |n Figure 4 when
conpar ed t’fr;npR ate m)’é‘m’#’”g @'FT °}§?f§&ﬁe&l§f”é@ c‘?r?-]'smﬁfﬁ?%éﬁﬁhg‘a“'é i al
filters. Aioh%&hi"f@@ftflé hdi@bsng¥rRn® uSetih @64 AkktloR vathGRMtioBHIOEter 20 TRAT t S-

per-mllion (ppm exposure of a gas contam nated with ammoni umdiluted in
air. The aretenfign time of Bbetim4t d A@ i nearlphoeetimeses longlas thedpteytiantim@shodn t he air-

was bl own thro A éﬂﬁll I+ L/ m i,¢j Ng an
equi val %ﬁr}t mpﬁ”lg}sé %@123 %’r‘%‘%% %Egg?tﬁ’k/f Fos plﬁél} ‘>e/err ésbfs' 46?’%2\& 5%155{}3@0‘%5‘5/{’
concent r at breakietgifasutveB).cont i nuousl y downstream of each filter and the:

br eakt hr ough per.centa of ..the ¢ontam nants re -pl otted over .tinme. The =
br eakt hr ough peﬁlbma,agﬁwghq%a%ﬁffasﬁm inBibe e PRRABFSAM2 i n the air
downst r eam,, 34, Faphiatibus| £.8", preﬁdi.?g{dr\{@yc.tm% iORiIGUPHBEr 205 foRNERInRN6E
initially in the air upstreamof the filter. As seen in Figure 4, curve A

r epr esent sFiterd mat| 100 adn B¢ used, in onerpmbagtimentcas\gi filtering elgmentgngdiltering. Curves B

and C yepresent e resulis..of Qther rci val.l e fi.lters. -5 WO
01/ 26685 PR RO 8 SR iriBye S, CHamBR 02 polsy RO T Sbich R B8: et o
of cont anm geafpned fro i cofiventihal met4l]y. € olarhiddmnel decorainadaté hdridiihg Zndofiedd  ei t her
curve B or_  C show ng the ffectiv%&esss i\&d Iorﬂggr life of t%e aci d-r eagent
12 used i ninglghgtignc dhoplegied ar lavered fbgsamat {PGis anacheqiphousiag d A prefarablyhy of ~
fiber mat J0QmbSve\Ra1bW olitpafng dIE St RAUsbYBIAS, ik B ali@hRAE ePBodiindht, RNOWN 5

in curve B (120 m nutes at about 0% breakt hrough versus 40 m nutes at about

4% br eakt have fier masrl 08 aitachedlo, a frthe:(frametis n@Ghewn); this ymewith fiberagatnt 12 in -
mul til pbal £ ber, 2 n [ ' . | i . €a8.,

pl eati 1ig O}Jq c&?éhreflrll’éfflnr%ﬂ%? ‘ii #g%%&lgﬁi b %eg{’g’c‘)@ {r}nm??@lgirn%%t ?'%gf)mg lgi ber mat
100 can bealstsled an inletddand el outlerd tq alsv an dirstreasn 201ty miseteoughifiltednd i | t eri ng
\%/gi gﬂaggﬁrgég eralSOZqugmeinrg] fﬁtlege%rtﬁrogg'h g‘e% nmba?iOOl Oéha(r:n%réx$ 110Q2t csan%fe ugledq8US| ng 18,

provide particle and chemical filtration for ammoniums, amines, and particles for

chemical clean room environments.

20 Figure 6 shows an alternative embodiment of fiber mat 100. Figure 6 is similar to
chamber 102 in Figure 5 in most respects except for the substitution of multi-layered
fiber mat 100” for fiber mat 100. Multi-layered fiber mat 100’ is a filter composed of a
number of individual adjacent layers. Each individual layer is impregnated with any of
the reagents discussed above; and several individual layers, each layer with a different

25  reagent, are combined into a single multi-layered fiber mat. The number of layers can
range from one to N and fiber mat 100’ can contain any combination of layers and
reagents depending upon the desired functionality.

Although the invention has been described with reference to particular

embodiments, thé description is only an example of the invention's application and

30 should not be taken as a limitation. In particular, even though much of preceding
discussion was aimed at liquid acid-impregnated multilobal fibers 2, alternative
embodiments of this invention include multilobal fibers 2 impregnated with solid acid -

reagents 12 and multilobal fibers 2 impregnated with a base, both in liquid and solid

-6-



designed froma converntional netal, e.g., alumnum to accomodate handling
and field installation. The pleated or |ayered fiber mat 100 is attached
to housing 18, preferably by an adhesive or a |ow outgassing glue. It is
al so posswblog28ssn an al ternative enbodi nent, to have fiRSHUSNR36800
attached to a franme (frame is not shown); this frame with fiber mat 15 100
can then bforinne filter ne-hasicrcontgmintntsh (Variohsethe AdpRIaans and corpbisatiops #8.  Housi ng

18 al so has. an i-nl et . o i r 0 pass
through fi FERFT T theimglisPhith Sl léﬁb“é‘u}}ﬁ%h?isﬁ"leer f i verdid of el t 0 £O5°
Chanber 10thedoliovifig tlaimk.t 0 provide particle and chemcal filtration for
anmoni uns, am nes, and particles for chemcal clean roomenvironnents. 20
Figure 6 shows an alternative enbodi mnent of fiber mat 100. Figure 6 is
simlar to chanber 102 in Figure 5 in nost respects except for the
substitution of multi-layered fiber mat 100" for fiber mat 100.

Mul ti-layered fiber mat 100" is a filter conposed of a nunber of

i ndi vi dual adjacent |ayers. Each individual |ayer is inpregnated with any
of the reagents discussed above; and several individual |ayers, each |ayer
with a different 25 reagent, are conbined into a single nmulti-layered fiber
mat. The nunber of layers can range fromone to N and fiber mat 100" can
contain any conbination of layers and reagents dependi ng upon the desired
functionality. Although the invention has been described with reference to
particular enbodi nents, the description is only an exanple of the
invention's application and 30 should not be taken as a limtation. In
particul ar, even though much of precedi ng discussion was ainmed at liquid
acid-inpregnated nmultilobal fibers 2, alternative enbodinents of this
invention include nultilobal fibers 2 inpregnated with solid acid reagents
12 and nmultil obal fibers 2 inpregnated with a base, both in liquid and
solid -6 f!li WD 01/28657 PCTNSO0/ 28680 formto filter non-basic

contam nants. Various other adaptations and conbinations of features of

t he enbodi nents di sclosed are within the scope of the invention as defined
by the following clains. -7



WO 01/28659 | ItiltkEIEht 1 Tidit (rrrl 11 11t PCT/USO0/ 28680 L s CLAIMS
Weclaim 1. Afilter conprising a fiber mat for the renpval of base )

contam nants from a fluid g: 5 a plurality of el ongated
fibers, exwhotzseszr defini ngmﬂﬂmulﬂmlml ongi t udi nal | ycTresinasdo ng
internal cavities, each cavity Baving"ar® ofening to an outer surface of
said fibeCLAMSagent which is disposed within said internal cavities of
said el ong%ed1 fibers and is chemcally reactive with said base

cont ani nant's® “40 -wher ei n sai d reagent is retained within said internal
cavities and i s1expoadilter Gompiidir Jﬁb&%aﬁfd&%ﬂb&a%?%efcm%& r??:‘oﬂx filter;
and wherein said reagent is adapted to react with said base contam nhants.
2. The fi| adlidgtreampcamprisingher ei n sai d fi bers have a pI urality of capped

| obes 5 assoc n f sa| d fiber.
5 The 711 ter of Ppaichbltloaied sReR R b S8 fle ¥y o BRI " e
filter of €ktendingintenied cavities) taeh eavitychaving@s opéniatodn bﬁﬁeﬁﬁtﬁﬁ!ce 6fatidies. 20
5. The fil %Er_of Claim 1, wherein said reagent is adapted to react with
said base™@ntani nants selected fromthe group consisting of anmoni um and
amines. 6. The §idahé walchGl @ikpBsdd withinlsBRIinE QAT /D8 G @ CHRCE sol i d
di sposed 25 within said internal cavities, said adsorptive sel ected
from t he ganslis ctzmﬂlbtrpmvgmﬂuz@dlbaseeconmmmsm oxi de, activated carbon,

and sikaca. 7. dsorptlve olidis
i npr eg?\%t ed Wi tﬁﬂgm&) Slntd% r%? b lge%é?edg" frn 1eenéaﬁﬁﬁ‘ﬂ DA ‘%‘f’ﬁpﬂﬁ’%d? an acid,
a coordi nasaxd]gmdgeemndnemm}oaghmjdﬁﬁ& agknt, and a deliquescent agent. 8.
The filter of Clﬁu m 1,. wherein ai a reaaent sel ected fromthe group

consi sting of aff e&E’F’&aldéea@B‘Hr’ﬁ tefl tRyreag}avith sa%&l hasseAnBmiAftagent, and ‘a
del i quescent agent. -8- This Sheet Has Been Repl aced

2. The filter of Claim 1, wherein said fibers have a plurality of capped lobes

15  associated with said opening to said outer surface of said fiber.
3. The filter of Claim 2, wherein said capped lobes are T-shaped.

4. The filter of Claim 1, wherein there are three of said internal cavities. -
20
5. The filter of Claim 1, wherein said reagent is adapted to react with said

base contaminants selected from the group consisting of ammonium and amines.

6. The filter of Claim 1, further comprising an adsorptive solid disposed
25  within said intemnal cavities, said adsorptive solid selected from the group consisting of

zeolite, aluminum oxide, activated carbon, and silica.

7. The filter of Claim 6, wherein said adsorptive solid is impregnated with a
reagent selected from the group consisting of an acid, a coordinating agent, a complexing

30 agent, and a deliquescent agent.

8. The filter of Claim 1, wherein said reagent is selected from the group

consisting of an acid, a coordinating agent, a complexing agent and a delxquescent agent

-8- This Sheet Has Been Repl
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e rreerritrrnd I I I O O 1111111111'1'1'1"11'111111111111111 WO 01/ 28657 *
C L MS PCT/US00/ 28680 9. T m 8, wherein said acid is an

i norgani ¢ acid sel ected froﬂﬂu“m “mllﬁH i sting of phosphoric, sulfuric,
and bori ovaei/zés’>s 10. The f (BI aism 8, wherein saiRf TAISOP28680 o

nonocar boxyl i c, dicarboxylic, or tricarboxylic organic acid selected from
the group consisting of citric, lactic, maleic, fumaric, caproic, lauric,

oxal i c, mal oni ta CCi sal cid. ._The
filter of d ai rc% 8, \[X}f%m}?"n@ﬂ Q‘%be |§Xééa?| qur %’%‘56“ lecltﬁ%&f’ﬁnl ter of
G aim8, whepRup coiisting 65yREphorie, ﬁuﬁﬁblﬁhdb&ﬁca&dfl | ter conprising a
multi-layered fiber mat for renoval of base contam nants froma fluid
stream conprising: 15 a plurality of adjacent fiber |ayers, each said

| ayer gomprising: amg‘ﬁit@lj ofait 8, Jﬁ?&ﬂ&ﬁﬁlaélﬂl?sez{ Mon&adxid Qe ﬁ%&blﬁ ng a
plurality of Iongitu |na y exténding internal cavities, éac

havi ng an aprecirbgxylioorganic ecid selested frameh@grogmc@SiStlbgof cxmcrlaaq:annalmhl ch is

di sposed thi.n said jnternal ca |t| s, of sai.d eI ate 0 fibers and is
cheni cal | BPRI8IS al'“ﬁc’?é?]bc’  FEHPS, S lrcé'@’ln “?i—}lcé ﬂdeagent i s
retained within said internal caV|t|es and is exposed to said fluid stream
directed through said filter; wherein said reagent is adapted to react with
sai d cont ani nankls; T\hﬁ@i@?f@alm&r‘@&g@ﬁﬁalﬂfﬁaéﬁghs aslHgwd| ayer is sel ected
fromt group 25 consi st ng of an acid, a coordinating agent, a
conpl eXi ng agent, and a . deliquescent agent; and wherein each said fiber

| ayer contai ns 12. di fThe filtet offGlaige8itwhetein sdith ecafzerittiea soditd. Cl ai m 13, wherein
said fibers have a plurality of capped | obes 30 associated with said
opening to said outer surface of said fiber.

13. A filter comprising a multi-layered fiber mat for removal of base

contaminants from a fluid stream, comprising:
15 a plurality of adjacent fiber layers, each said layer comprising:

a plurality of elongated fibers, each fiber defining a plurality of
longitudinally extending internal cavities, each cavity having an opening to an
outer surface of said fiber;

a reagent which is disposed within said internal cavities of said elongated

20 fibers and is chemically reactive with said base contaminants;

wherein said reagent is retained within said internal cavities and is
exposed to said fluid stream directed through said filter;

wherein said reagent is adapted to react with said contaminants;

wherein said reagent in each said layer is selected from the group

25 consisting of an acid, a coordinating agent, a complexing agent, and a .
deliquescent agent; and

wherein each said fiber layer contains a different reagent.

14.  The filter of Claim 13, wherein said fibers have a plurality of capped lobes

30 associated with said opening to said outer surface of said fiber.

15.  The filter of Claim 13, wherein said capped lobes are T-Shaped.

a5 Been Replaced
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15. The filter of Caim 13, wherein said capped | obes are T-shaped. This
Sheet Has Been Repl aced I 11 [Tt~ et reerrer rrrrtl

9O LLLLfll | 1]
VIEL VI 1T T PCTIUSOC)’Zlm " JJ"f”ﬂFCLMS 16. The filter of
Claim 13, whewsssy t here are bl 1 ernal cavit pepuso08680 The
|

filter of Caim1l1l3, wherein sa [

r eagent i s adapted to react with said 5
base contam nants selected fromthe group consisting of amoni um and
amnes. 18. The filter of O aim 13, further conprising an adsorptive solid
di sposed wi t hi A6.sai Hhe fiktesof Slaimal\di whessin then¢ are sltse efsald/iptesml cavisesl ect ed
fromthe group consisting of zeolite, alum num oxide, activated carbon,
and silica. 10 19. The filter of Caim 18, wherein said adsorptive solid is

i npregnated W th7a Thefidiof ©MiRABewhdreiasait beagatitdsimdaprdsd sdatngitipéaidn aci d,
a coordinati ng agent, a conplexing agent, .and a del | quescent agent. 15 20.
The fil Per ba§e cemamamsemngém thegRqup eqngisting of pmmenium and apines. sel ect ed
fromthe group consisting of phosphoric, sulfuric, and boric acid. 21. The
filter of Caim13, wherein said acid is a nonocarboxylic, dicarboxylic, -
or tricarboxyl i 8.or ghis Gltexof €laiw| 18 cfugherfcomprising ag adsorptive nelidsdispogedf citric,

20 l actic, Leic,. fumaric. capyojc,. ..l aur.ic xalic,. malonic,.tartaric,
succi ni c, é’ﬁnﬁf%wq IEIeg%cavr%ﬁsi %Pdéﬁswnﬁoﬁlq,ﬁéele&?cf#%mt efgr&]l%f:?ﬂs'férfg erein
sai d r eagegéolits alunlihthofide, aclivaléd cafbvm, drid sila. of C ai m 13, wherein said
reagent is a solid. 24. Afiltering systemfor renoval of base contam nants

from ad%ai r st ream conprising: a housing, further conprising an inlet

through which sgd ajgefite3FChith 8 Swhén 3d adOnftiVe!s6lid {s BBl 2SI d

airstreamexits; ) ]
reagent selected from the group consisting of an acid, a coordinating agent, a complexing

agent, and a deliquescent agent.

15 20. The filter of Claim 13, wherein said acid is an inorganic acid selected

from the group consisting of phosphoric, sulfuric, and boric acid.

21.  The filter of Claim 13, wherein said acid is a monocarboxylic,
dicarboxylic, or tricarboxylic organic acid selected from the group consisting of citric,
20 lactic, maleic, fumaric, caproic, lauric, oxalic, malonic, tartaric, succinic, salicylic and

malic acid.
22.  The filter of Claim 13, wherein said reagent is a liquid.
25 23.  The filter of Claim 13, wherein said reagent is a solid.

24. A filtering system for removal of base contaminants from an airstream,
comprising:
a housing, further éomprising an inlet through which said airstream enters and an
30 outlet through which said airstream exits;

a filter disposed within said housing, further comprising:

This Sheet Has Been Replaced
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a filter disposed within s her conprising: This Sheet Has
Been Replaced 1 1111111 11 t‘i‘ |i| EMMJ l| 11
PP 1211111 A 1111200 /28657 PCT/ USCQO 28680 a
pluralitywébyssgnoated fibers each defining a plurality RIT/USINGRGBYUCI nal | y
extending internal cavities, each said cavity having an opening to an outer
surface of said fi bﬁﬂuraﬁﬁd)fefbngﬁ&gﬁbérs elich definidg wiphurality sfiodgitwtimatiyal
cavities of said elongated fibers 5 such, tlg‘at. sai d reagent is retained
within said inte¥fsdingdnigmeal "e’é“t!i’ﬁ(FaF%saé‘i dE42YIBe 2 Qpeging ip &p PUEHFETCR t hat
said reagent chgihalvey shgacts wth at Ieast a portion of said base
contam nants. 25. The filter of Claim24, wherein said fibers have a
plurality of capped dmmtdlmbsed;whhinasa@dnwaymeéOﬁmﬁﬂngaﬁd fehersl out er
surface, of said_fihe 6. The filter . r pped

| obes at e T-sha%’(‘-,’j?iﬁ'l 5*‘3 FRETY fﬁrf*@ egfm%fnas%rhﬁb{%aeoﬂe&rﬁ {ih ?o%rd ggt hree of
sai d internal csid dits@8am sich tR&}.saillleagbht chemically fdaets With4t leakrarpditionssf d
reagent is adapted to react with said contam nants selected fromthe group
consi sting of aSeifbbASEAPHFAINAMENnes. 29. The filter of Claim24, further
conprising an adsorptive solid disposed 20 within said internal cavities,
said adsorptive solid is selected fromthe group consisting of zeolite,

al um num oxi de, 25%ct i Thetfdter oﬁClaim ,24a\mhhrsihlsaidé1bels(havél'mplufailit}tﬁ'rcappeddbbdsm 29,
wherel sal d ads(g) g ? E.g reagent selected from
t he gr Qp espese W%s?} °B?P’%%?°cfa‘d69 cﬁg PSR ent . a conplexing 25
agent, and a deliquescent agent. 31. The filter of daim?29, wherein said
reagent is selected fromthe consisting of an acid, a coordinating
agent, a conpl e3 ng Ehgefilter 05@8013 28evhegeie seid GePreg dohes areJosiaped. The filter of
Claim 31, wherein said acid is an inorganic acid sel ected

27.  The filter of Claim 24, wherein there are three of said internal cavities.
15
28.  The filter of Claim 24, wherein said reagent is adapted to react with said

contaminants selected from the group consisting of ammonium and amines.

29.  The filter of Claim 24, further comprising an adsorptive solid disposed
20  within said internal cavities, said adsorptive solid is selected from the group consisting of

zeolite, aluminum oxide, activated carbon, and silica.

30.  The filter of Claim 29, wherein said adsorptive solid is impregnated with a
reagent selected from the group consisting of an acid, a coordinating agent, a complexin;g

25  agent, and a deliquescent agent.

31.  The filter of Claim 29, wherein said reagent is selected from the group

consisting of an acid, a coordinating agent, a complexing agent, and a deliquescent agent.

30 - 32.  The filter of Claim 31, wherein said acid is an inorganic acid selected

from the group consisting of phosphoric, sulfuric, and boric acid.

et Has Been Replaced
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fromthe group consisting of furic, and boric acid. This
Sheet Has Been Replaced ilt ﬂ’] ﬂmu mll [l 1221212 1 1222000 rreend
1 T Y A VI 00/ 28680 33. The filter of
QA ai m 3lywyhipsen said acid is a nonocar boxyl ic, dicarbkorysiorsssor
tri carboxy c organic acid selected fromthe group consisting of citric,
| actic, maleic33fundhe ﬁltemf[ﬂiaifmql Whereincsaidoacad is @ manetaboxylict artari c,
succinic al,jc nd ic acid.,5 34. The filter of O aim 31, wher ei n
said r eagéﬁu aﬂ?"é&/iéc’ °F 8[??‘3’0%??50‘3%“1‘4 fetesied fromeths gppup consigting of fitdai d r eagent
is a sol i dactitOmaleic, fndakit @profc R xR Tc, Indl b2 harfiBik, sfueémircegm\!ﬁ{c Af amoni um
and anmines froman airstream said fiber mat conpri si ng: urality of
el ongat ed malis@eid. each said fiber defining a plurality of longitudinally
extendicng i nternal cavities, each said cavity having.-an opening to an
outer “surface of said fi ber; 15 an acid disposed within said internal
cavities of saBd. el dhgfitedfCldimd, whireinesaid reapent isnaliduids ret ai ned within
said internal cavities and is exposed to said airstreamdirected through
said filter; and wherein said acid reacts with at |least a portion of said
amoni um and ank nesTh@ﬁ]tér%-@aqm%ql {vhérBinthid fgéhttlghgolﬁpi d internal cavities.
20 37. The filter of Claim 36, wherein said bers have a plurality of
capped | obes, associated with said opening to said outer surface of said
fLber oM The G1t e e bl s SIEk riBboh SABRSSib Q0SS g, T- Shaped.

- from an airstream, said fiber mat comprising:

a plurality of elongated fibers, each said fiber defining a plurality of
longitudinally extending internal cavities, each said cavity haviné..an opening 1o an outer
surface of said fiber;

15 an acid disposed within said internal cavities of said elongated fibers;

wherein said acid is retained within said internal cavities and is exposed fo said
airstream directed through said filter; and

wherein said acid reacts with at least a portion of said ammonium and amines to

form a salt retained within said internal cavities.

20
37.  The filter of Claim 36, wherein said fibers have a plurality of capped lobes.
associated with said opening to said outer surface of said fiber.
48.  The filter of Claim 36, wherein said capped lobes are T-shaped.
25 )
39.  The filter of Claim 36, wherein there are three of said internal cavities.
40.  The filter of Claim 36, wherein said acid is a liquid.
30 41.  The filter of Claim 36, wherein said acid is a solid.

42.  The filter of Claim 36, wherein said acid is an inorganic acid selected

from the group consisting of phosphoric, sulfuric, and boric acid.

-12- This Sheet Has Been
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39. The filter of Caim36, wherein thére are three of said internal
cavities. 40. The filter o ' mﬁmin said acid is a liquid. 30
41. The filter of GaimSG,{\mwmi\u\ dis asolid_ 42 The filter of
Ol ai m 36WOW2868T n sai d aci d'BS an u novy gdni & aci d sel ectBEF VTS he group
consi sting of phosphoric, sulfuric, and boric acid. -12- This Sheet Has
Been Replaced '~~II II1" 1111111 I:. is WD 01/28657 PCT/US00/ 28680 43.
The filter of C 23.m 3fhe iR bECRIMRB6TwWREEH shid adidT®4 ARAGEBHIRYLIE,

di carboxylic, or tricarboxylic organic acid selected fromthe group

consi sting @icabpxyliceor tricarbexydic opganici acid seleqisd fvom g grayp consigingiod cittseal i c,

mal onic, ta i . e | i iR afi Llde:nd4s: A hod of
renovi ng an?‘r%ﬁ{s’uérinalgﬁ’g am %ggp@%b%ﬁéé’foﬁﬁ%%sa}@éém ((::gs%%éri?l& %Bcﬁﬁe gct s of:
provi di n§ anfalickeld, conprising: 10 a plurality of elongated fibers, each
fiber defining a plurality of longitudinally extending internal cavities,
each said cavity having an opening to an outer surface of said fiber; and,
an aci d di sposedgy t hAHn&l?ddCbﬂrE&S&iﬁ?Lmﬁﬁﬂiu_H A8 dlin&Fidin 8 rRnoaleas fi bers
such that said acid i-s retained within said internal cavities; 15

di recting sabuipfising @egete @m t hr ough said filter, whereby said acid in said
filter reacts wth. at t portion of said ammoni um and amnes to form
a salt retained gnmt@}#n,$4§1§$§0?iigp§}n§a| cavities in said fibers of said

fil te(rj. 165. | Tge met hoslpmfaligwdmhn%éted\éﬁlbeﬂ’sﬁéaah ﬁhérdieﬁhhgh@hhﬁﬁ’@oﬂ PI ur al icty oL
cappe 20 | obes, assogi ated wi,th said opening . to, said outer surface of sai
fiber. 46. The morgteeAlyExiending interpplauitias. s3chsaidqapityhaving.an epeaing tahaped.

47. The method of, Shad Sdd oW P shifere are three of said internal
cavities. - T

an acid disposed within said internal cavities of said elongated fibers such
that said acid is retained within said internal cavities;
15 ' directing said fluid stream through said filter, whereby said acid in said filter
reacts with at least a portion of said ammonium and amines to form a salt retained within

said internal cavities in said fibers of said filter.

45.  The method of Claim 44, wherein said fibers have a plurality of capped

20  lobes associated with said opening to said outer surface of said fiber.
46.  The method of Claim 44, wherein said capped lobes are T-shaped.

47, The method of Claim 44, wherein there are three of said internal cavities.

25
48.  The method of Claim 44, wherein said acid is a liquid.
49, The method of Claim 44, wherein said acid is a solid.
30 50.  The method of Claim 44, wherein said acid is an inorganic acid selected

from the group consisting of phosphoric, sulfuric, and boric acid.
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25 48. The nmethod of C aim 44, wheregj aid acid is a liquid. 49. The .
met hod of C aim 44, wherein said gmﬂmg‘aﬂﬂlﬁﬂmmu 0 50. The nethod of
Claim44, wherein said acid is an {10k y 2oy t!iglel ected fromthe group
consi st i nowghisHegsphoric, sulfuric, and boric acid. Thi s PERAIS00/38689 Been
Replaced -13 lilt | Jill il1!'11G 1111111 Qu 11112iiiill CL WD 01/28657 S
PCT/ US00/ 28680 51. 5The Tisd ihettiodbf Clairh d# Axtheraitn saic acid $sod mlommtiarbok glica

nonocar boxylic, _dicarboxylic, .or tricarpoxyli¢c organic acid selected from
the group con§i°§{q°ﬁl§}'°of”f e P’&Xh_c orRRq al?“&ﬁggt@ij @P“’r‘ﬂﬁﬁmu_e SORMB P M aur i c,
oxal i c, mal onijgyric trANLBR fufarid Waprolt, fauriS hlSe afonf) sucifie] dlicylic kM S |

I
Sheet Has Been Replaced 111111 11111710121 111 - 14
malic acid.

5
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