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FI LTRATI ON This application is a continuation-in-part of U S. application
nunber OW02208265i | ed on or about Cctober 20, 1999, andPclTaiSOw113656 ority
to PCT/ US00/ 28680 filed Cctober 17, 2000. Field of The Invention 5 This
invention relates to a filter systemand specifically to a systemutilizing
solid and 1liquid reagents. Background of The Invention It is
conventionally known to use activated charcoal and other materials as
adsorptive elenents to renove inpurities froman air stream Wth the
advent of @EEHIEYAND METHORSFOR GHEMIGSL REACTTYBIILERAKIONr oduce
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herein by reference. Conventional filters have used filtering nedia coated
with gRid 6f Phe IivéHtin Materials in a variety of applications; however, many
of these applicatirons 15 have relied on absorption, rather than adsorption.
Adsor pt i ONTREGMVeRtiYNRILetd IR} SitdnPaliespetiEibTIKad aayitaa hitiliging belidandf ace of
the filter material elenents; whereas, absorption occurs where nolecul ar
not i oHquidisédgenty. i s harnessed to nove unwanted particles fromone zone to
another in a non-nechanical manner. The nultilobal fiber has been
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mul tilobal-type fibers as cking fibers also have invol ved absorptive
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which 18 Incorpor l%é(fjl?erg\lg rbg,‘, reference. Conventional filters have used filtering media coated

with solid or liquid materials in a variety of applications; however, many of these applications

15  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 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

20 fiber.

The multilobal fiber filled with solid filtering particles have been used in adsorptive air
filtration and odor-removing applications. Such filtering particles have 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

25  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 odor and gas molecules in a reversible manner from a

-1-



typically chosen to lightly absorb odor and gas nolecules in a reversible
manner froma -1 WO 02/083265 PCT/ US02/ 11556 contam nated air streamto
aid in thwoanesi2enl di spersion of these nol ecules into a Pexarsd2/aisse stream
(see U.S. Patents 5,891,221 and 5, 704, 966, which are incorporated herein by
reference). .Mintaining environnents free of contam nants is particularly
critical in the nmanufacturing of integrated circuits because wafers are
very susceptible to snall particles and 5 |low levels of certain chem cals.
This can be done by manufacturing wafers inside clean roons with.filtered
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are al'so sonmefines equi pped wt environnmental controls that provide |ocal
ultra clean airflow during processing. However, conventional chem cal
filters haMieindainiepynehomentsi ffee of pamtamineysiis parfieudaylyenticalépthgcenent, and are
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chemcally reacts with the basic gas. Preferred reagents include an acid,
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anal ogous manner. Thus, there is still a need tq providglﬁ devi ces and
£
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i vend i Ct%%yé@%gﬁgﬁkgw &ﬂge&ﬁﬁg%ﬁiﬂcdlﬁ whi ch a gas contam nant is 20

filtered using g inter cavities that contain a chemcally
reactive oxidizing agent, a hydrogen ion acceptor or donor, a coordinating
agent, a cDixpprotitpgpElipetian teaches filedingnfdssic gages ngjemfiberT havigglongitudinablynant

ek oRETEe Bl g dir PR TR e it Ta a1 o NG AGEIR Somher & t he
cont aplRaRH rbarents include an acid, a coordinating agent, a complexing agent, and a deliquescent
agent, and may advantageously be impregnated into an adsorptive solid. At the time, it was not
15  recognized that basic gases could also be filtered using an oxidizing reagent, or that acidic or
neutral-gases could be filtered in an analogous manner. Thus, there is still a need to provide

devices and methods for filtering various gases.

Summary of the Invention

The present invention provides devices and methods in which a gas contaminant is
20 filtered using fibers having internal cavities that contain a chemically reactive oxidizing agent, a
hydrogen ion acceptor or donor, a coordinating agent, a complexing agent, or a deliquescing

agent.

The gas contaminant may be acidic, basic, or pH neutral. Where the contaminant is basic,
the reagent can be any acid, but is preferably an oxidizing agent. Where the contaminant is
25 acidic, the reagent is preferably basic, and more preferably comprises a group 1 or group 2 metal

cation, preferably of the following anions: a phosphate, chitosan, a hypochlorite, a borate, a



25 acidic, the reagent is preferably basic, and nore preferably conprises a
group 1 or group 2 netal cation, preferably of the follow ng anions: a
phosphat ewoahioszzssain, a hypochlorite, a borate, a -2 WO 02/,P033B6511556

PCT/ US02/ 11556 carbonate, an hydroxi de, or oxide. Were the contam nant is
neutral, the reagent is preferably a conplexing agent, a coordinating
agent, an oxidizing agent, or a deliquescing agent. In preferred

enbodi ments the reagent conprises a netal cation, especially a group 1 or
group 2 netal cation. The reagent may al so advant ageously conprise a

phos phabenate i thydmmideaor E&idey Poladt theicortaminapbis aseral dbe ke at wefezbly 2

hydr oxi de, or oxide The reagent is pr.efer Yy g pt o an
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oxide, or silica. The fibers are preferably nultil obal, and nost preferably
ei ther trippatered efibadimdnahiad reagent cirsprabsomprabtaionsespedially 4 group ilbver s
contain a plurality of T shaped |obes. 10 Vari ous object at ures,

, '
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n, along wth t

i nven e acconpanyi ng drawi ngs in which |ike nunerals
represent |ike conponents. Brief Description of The Drawings 15 Fig. 1
shows a deflaé teagentioprsfesahty ingmegnated dnto o adsarpitive isolid irgluding, o1 exgrIPles i ber .

Fig. 2 Ehoms @ clo e-u view aof a fiber mat nmade of nultilobal fibers with
a rea§E&RPD PRV %b?%@‘hfﬁﬂ?ﬂm%gﬁﬂgﬁﬁFg$%obal fiber. Fig. 3 shows a wider view
of the fiber mat of Figure 2. Fig. 4 shows a chanber in one enbodi nent for

use in filtraeifbersare préfereﬁauyxﬁalmdvag land hest p2erablydithepiribdabdérepiadailoball dbal
fiber filter. Fig. shows the chanber of Figure 4 with a nufti-|ayered
mul t i lioHse prefased that thedibers soataggy a plaealiseefel fhepetlehtse synbols in different

figures indicates simlar or identical itenms. -3
10 Various objects, features, aspects, and advantages of the present invention will become

more apparent from the following detailed description of preferred embodiments of the
invention, along with the accompanying drawings in which like numerals represent like

components.

Brief Description of The Drawings

15 Fig. 1 shows a detailed cross-sectional view of an individual multilobal fiber.

Fig. 2 shows a close-up view of a fiber mat made of multilobal fibers with a reagent

disposed within each multilobal fiber.
Fig. 3 shows a wider view of the fiber mat of Figure 2.

Fig. 4 shows a chamber in one embodiment for use in filtering an air stream with the

20  acid-impregnated multilobal fiber filter.
Fig. 5 shows the chamber of Figure 4 with a mufti-layered multilobal fiber filter.

Use of the same reference symbols in different figures indicates similar or identical items.



WO 02/ 083265 PCT/ US02/ 11556 Detailed Description Figure 1 shows a detailed
view of a cross section of an individual nultilobal fiber 2. Fiber 2is a
type of fwber/osade of thernoplastic polynmers and forned bycrars®ntsse©nal
fiber formng techniques, such as spinning a fiber conposition through a
conventional spinneret, 5 as described in the above-referenced U S. Patent
5,057,368. Fiber 2 includes a core 4, from which three | obes 6 extend
outwardly. Each of lobes 6 termnates with a cap 8 which is

perpendi cularly attached to the end of |obe 6. The cavity fornmed between

| obe Petnidddbsad@idn caps 8 runs along the entire length of nultil obal
fiber 2 formng longitudinal slot 10. Miultilobal fiber 2 has the ability
to retai n pipedel shoysa détailddatiev nfa tress sestimioias ipbvidesleaulilbpldiber Fhe 10

car bon, powder can_be necha |caII hel d within_.slot 10 entr. y caps 8
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t he excess powd or bl owi n he excess powder of f th a fan. Preferably,
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dhplesPdpiple
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into gl ot f afddf Ble! owi ng for
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WIGK cadgepswde? cb,lpru\mebhamcﬁllphsld #@thbyslctaldi elntrapgpdfogrcaps dyitogphawgsefofbers 2
into reagent 12 and renovi ng excess reagent 12. 2 can b for med
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dr opper. ange from'a vari et l'i qui ds such as aci ds,
bases famxi dants reductants, 25 conplexing agents, coordinating agents, and
del i quescent agents. Acids for use as reagent 12 include, for exanple,

' norgant ¢ ?géfgrg.bl?',uﬁb 13 can %ofdcth?oculgg cgpr}Hary forces, liquids within slot 10. Figure 2

15  shows a close-up view of fiber mat 100 where liquid reagent 12 is filled within 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 airflow through fiber mat 100.

20  Fibers 2 can alternatively wick reagent 12 up within slots 10 by capillary force by dipping fibers

2 into reagent 12 and removing excess reagent 12.

Reagent 12 can be formed into liquid droplets by different methods such as forcing
reagent 12 through a mechanical atomizer or preferably by using a conventional liquid dropper.
Reagent 12 can range from a variety of liquids such as acids, bases, oxidants, reductants,

25  complexing agents, coordinating agents, and deliquescent agents.

Acids for use as reagent 12 include, for example, inorganic acids such as boric acid and
preferably phosphoric or sulfuric acid. Organic acids may also be used rather than inorganic

acids. Organic acids include, for example, moncarboxylic, dicarboxylic, and tricarboxylic acids;
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preferably phosphoric or sulfuric acid. Organic acids my al so be used
rather than inorganic acids. Organic acids include, for exanple,

noncar boxwbioe/8xtst ar boxyl ic, and tricarboxylic acids; -4 WOTARDBG265

PCT/ US02/ 11556 these types of organic acids include citric, lactic,

mal efic, fumaric, caproic, lauric, oxalic, malonic, tartaric, succinic,
salicyclic, and malic acids. In another enbodi nent, powdered acids nay

al so be used in place of the liquid acid and i npregnated within slots 10 in
a method simlar to that described above for carbon powder. |In an
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hydr oxi . [ Lum: t i i86n, PRENGRItHARiGx%i de or
hydr of?%gfnagg%%%%&%%@séggIrtnlldfégalttr@ ongttglg’. §§55g§£|8fdlﬂg}l 1?]%n, age’nfﬁg cont enpl at ed
her ei and Behpléging agints Which c@mpideaintrpgpinpapgatest. @, cycloddxioigen per oxi des as wel |
as ot her inorganic and organi c peroxides, group 1 or 2 netal

h hl i , t al id i.ncl ud ; ti ; . X
F8PLh ConplRBXis g en Tt 2 g o oRniae.¢ s-hun | B opeg Rl diiorflfe 50
crown Wosadvgrﬁ eofly EQhpike agfhosiatediniRbin) 8 hgRRlosits aoen® laahtdnites ei n

include’zinc and tin acetate, ‘etc. Del i guescl ng agents cont eﬁl ated herein
i ncl ude hyitokidenoraritiep oPartieilantsi ¢eateimpiated fasercire srdigm BRG RPtgESiUA A rekidsy i des),

of 11 el o™ b e B Yy Hid BT e by Bk Radk, MR & v der view

potassium carbonate.

15 Oxidizing agents contemplated herein include group 1 or 2 metal permanganate,
hydrogen peroxides as well as other inorganic and organic peroxides, group 1 or 2 metal

hypochlorites, metal oxides includes zinc, tin, iron, titanium, and so forth

Complexing agents contemplated herein include urea, cyclodextrins, crown ethers, and

so forth.
20 Coordinating agents contemplated herein include zinc and tin acetate, etc.

Deliquescing agents contemplated herein include lithium and potassium halides

(including bromides and chlorides), fructose, propylene and ethylene glycols, etc.

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
25 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 anywhere from
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to formfiber mat 100 in a variety of configurations. Generally, the volune
within slot 10 nakes 25 up about half the volunme of multilobal fiber 2 and
dependi ngwopessi2ke density of the contam nant, fibers 2 cacTgsonisseound
100% in weight of liquid contam nants and anywhere from -5 W) 02/083265
PCT/ USO02/ 11556 25% to 125%in weight for solid powders within slots 10.
Uilizing the nmultilobal fiber 2 property to capture both liquid or solid
contam nants, reagent 12 is used for adsorptive and absorptive filtration
applications. Reagents 12 are intentionally inpregnated within slots 10 and
can b25% te E2CH un/'eeﬂghrﬁur sblxdrpoavdsrslmmlm gagdnt Utleleg éh?ﬂbulyllqmi fibscdi d, and

fiber mat 100 is d.as a5 8ort|v net%glg ggradgea ent s 12 in a
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nultllobal fibers 2. Solid adsorbents may also be used in conblngtlon with

base facilyeagentd2an i erffﬂctem@taéw refeining? %qnahlgatl%@f apiyishrepgent ansigof!

particu f r t roma
pass.Hﬁh?ﬂﬁ¥%%épggéﬁﬁ’&S%P&{£ il.%gam ﬂ%géggggﬁfﬁgﬁ%ga%g%gaﬁvhchen1cals or
CONMpoiiyisgnaled a@dRitginY, 200 ahérmcdilggabdﬁﬁdd giticarcan bk dombinthevithheeidi readentld,s,

| udi hyd d d | ect d
oA BESERBRaE T GRS
convendd ARak ey ?s%ad’e%gd cothbthEibn W?thtbgﬁa fehamt ‘P@hn@ﬁﬁp?egdafk‘&lvﬂﬂhﬂ gloRydr ogen

ion acceptors Yand el ectron donors (Lew s bases) . Particularly
cont ebfol at ed acid contami nants are nineral aC|ds and organi ¢ acids, and
especially including hydrochloric acids, sulfur oxide acids, 20 organic

aci ds. Par bCL” .Con 1%@%%7@%‘[1%@%} eﬁgg;% %QSIC CO aﬁ’u i{%rﬁl and am nes.

pH neutr al u5|n e Inventive technol ogy
her ei Bagsin ?@ﬁﬁd :ﬁifélaﬁr ant@ﬁﬁIamebﬁﬁ@a)nmrhlﬂﬁﬂsi #r@lang 61&&1&8&19 anéangiuadar seni ¢ and

it derivatives, alcohols,

15 conventlonally regarded as an acid in the chemical arts, including hydrogen ion donors and
electron acceptors (Lewis acids). Contemplated basic contaminants are considered any chemicals
or compounds conventionally regarded as a base in the chemical arts, including hydrogen ion
acceptors and electron donors (Lewis bases) . Particularly contemplated acid contaminants are
mineral acids and organic acids, and especially including hydrochloric acids, sulfur oxide acids,

20  organic acids. Particularly contemplated basic contaminants are ammonia and amines.

pH neutral contaminants can also be filtered using the inventive technology herein.
Particularly contemplated pH neutral contaminants are arsenic and it derivatives, alcohols,
hydrocarbons, and oxygenated hydrocarbons. Particularly contemplated reagents for such neutral

contaminants are coordinating agents, oxidizing agents, and complexing agents..

25 A fiber mat 100 impregnated with liquid basic reagents 12 is particularly effective in
specifically absorbing acidic contaminants, such as mineral or organic acids, including especially
nitrogen or sulfur containing acids, sulfur oxides, nitrogen oxides, hydrogen sulfide) from a

passing fluid stream. In an exemplary illustration, an air stream contaminated with sulfuric acid
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hydr ocar bons, and oxygenated hydrocarbons. Particul arly contenpl ated
reagents for such neutral contam nants are coordi nating agents, oxidi zing
agents, awo ocosgb®xi ng agents.. 25 A fiber nmat 100 i npregmramasomtshe | i qui d
basic reagents 12 is particularly effective in specifically absorbing
acidic contam nants, such as mneral or organic acids, including especially
nitrogen or sulfur containing acids, sulfur oxides, nitrogen oxides,
hydrogen sulfide) froma passing fluid stream In an exenplary
illustration, an air streamcontam nated with sulfuric acid -6 WD 02/ 083265
PCT/ usewesltbmh f}basmle%A@@mvmtabenanﬁmSSqmer maltilpleal Eibprs &mnﬁéﬁﬁpatﬁés ses
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an inlet. 14 an outlet .16 t a an120 t hr ough
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102 C FFhnRBwS Bbertrfat 100 i @En PatnkiafibPordBflot¢d BftecHabadablyi \letlﬁlﬁhbﬁmng 1§ Figure
5 shows an alternative enbodi nent of fiber mat 100. Figure 6 is simlar to
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100 ose a nu ndi vi cent layers. Each
|nd|vqﬁy@ﬁeﬁgnuaeamﬂotaﬁﬁﬁgmﬁn@ﬂomnth any of the reagents dlscussed above;
and several individual |ayers, each layer with a different reagent, are

c%gblned

Figure 5 shows an alternative embodiment of fiber mat 100. Figure 6 is similar to
chamber 102 in Figure 4 in most respects except for the substitution of mufti-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 reagent, are combined

20 into a single mufti-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.

Thus, specific embodiments and applications of devices and methods for chemical
reactive filtration have been disclosed. It should be apparent, however, to those skilled in the art
25  that many more modifications besides those described are contemplated without departing from
the inventive concepts herein. The inventive subject matter, therefore, is not to be restricted

except in the spirit of the appended claims.
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enbodi ments and applications of devices and nmethods for chem cal reactive
filtration have been disclosed. It should be apparent, however, to those
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i s cl &lmed damedis: A gas filter conprising: a plurality of elongated fibers,
each fiber defining a plurality of longitudinally extending 5 internal
cavities; Aargls éltercageprising: sposed within the internal cavities of the

fibers, and elect fr r sistin f ing agent and a
base. 2. TPmB IW gB‘Fgagquaé aﬁ%ﬁﬁ%ﬁéﬁ?ﬁ%&‘ P]é%ﬂ]%' ?ﬁ %&@P é% %ﬁ%‘g]ﬁ%se. 3.
The filter of Cin@érH&ﬂeawW%ﬁdl“ the reagent conprises a metal cation. 10 4.
The filter of claim1, whérein the reagent conprises a group 1 or group 2
netal cati @masentﬁiseomdlvvl@nnﬂfelnﬂemahvmthméﬂ@lfwetShwd@&?ﬁ%ﬁtﬁ%ﬁ%@r@@s a
phosphat e, chi tosant {%{)och ori tet n&a grate, a car bonat e, an hydroxi de,
or an oxide. 6.“P&"PEP %‘Flﬂg}ﬁgﬁ?ﬁf Whérein the reagent is inpregnated
into an adsorptive solid. 7. The filter of claim6 wherein the adsorptive
sol i d2conpThsfRercdichon 1p wheein thd feagent Thmpfibdstilerbasé. cl ai m 6 wherein the
adsorptive solid is selected fromthe group consisting of zeolite,

g: 3?]618;]?;0)6(“‘19?] gé)?’dlagtznlell S qegbtgg?eeaggrlltlcgl%%nggs acnkgal caf'l'oWher ein each of the

10 4. The filter of claim 1, wherein the reagent comprises a group 1 or group 2 metal cation

5. The filter of claim 1, wherein the reagent comprises a phosphate, chitosan, a hypochlorite,

a borate, a carbonate, an hydroxide, or an oxide.

6. The filter of claim 1, wherein the reagent is impregnated into an adsorptive solid.
7. The filter of claim 6 wherein the adsorptive solid comprises carbon powder.
15 8. The filter of claim 6 wherein the adsorptive solid is selected from the group consisting of

zeolite, aluminum oxide, and silica.
9. The filter of claim 1 wherein each of the plurality of fibers are trilobal.
10.  The filter of claim 1 wherein each of the plurality of fibers are quadrilobal.

11.  The filter of claim 1 wherein each of the plurality of fibers contains a plurality of T
20 shaped lobes.

12. A method of filtering an acidic or pH neutral gaseous contaminant from a gas with a
filter, comprising:

providing the filter with a plurality of longitudinally extending internal cavities; and
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10. The filter of claim1l wherein each of the plurality of fibers are
quadrilobal. 11. The filter of claim1l wherein each of the plurality of

fi bers cowpDaems32es plurality of T 20 shaped |obes. 12. A merhusd2/of556
filtering an acidic or pH neutral gaseous contam nant froma gas with a
filter, conprising: providing the filter with a plurality of |ongitudinally
extending internal cavities; and -8 WD 02/083265 PCT/ US02/ 11556 di sposing
a reagent within the internal cavities that reacts with the contam nant,
the reagent.  is_selected fromthe group.copsisting . of an oxidizi,ng agent, a
base, a cOBPUWiNgR ICATIAYER the InfeERA) CaKiGT H%@%%?{S,‘%Qh@eﬁoﬁ@fnifﬁﬁé i ng agent.
13. The met hod i L F Rt di Ll £basd. al4. The

nmet hod of cl ai m%%%&&%eéggﬁdwg{@%%ﬁ; %%Ig%?ihlggpr r%(élztﬁlrgga%ﬁ’ 15. The net hod
of claim 12 whecwirdingtivg ageaige nomplexingagext, dnd a deliqugesing agens. The net hod of
claim12 wherein the reagent is a base. 17. The nethod of claim 12 wherein
the reagent. is onpl exi agent . 8.. The net.hod of claim 12 wherein the
reage ? i slrge ‘a‘gﬁ]loéﬁggl@i"hzjgg’&g%fnh&iﬁon%@?mﬁelsarlr% 'fod of claim 12 wherein the
reagent conprises a phosphate, a borate, a carbonate, an hydroxide, or an

ox§ de14.20. THheetl bodabih 12 hakminltBe vhgaeinanttihpHmeagént i s i npregnated into
an adsorptive solid. 21. The nethod of claim20 wherein the adsorptive

solid conprises a powder. 22. The nethod of claim12 wherein the cavities
are d&¥i ne@hwe%flpg\fé\lgﬁ%llzﬂ Fét.le’e 88 1s W“*@Pﬁ&%ﬁn&f cl ai m 22 wherein
each of the plurality of fibers contains a plurality of T shaped |obes. -9

16.  The method of claim 12 wherein the reagent is a base.
17.  The method of claim 12 wherein the reagent is a complexing agent.
18.  The method of claim 12 wherein the reagent is a deliquescing agent.
10 19.  The method of claim 12 wherein the reagent comprises a phosphate, a borate, a carbonate,

an hydroxide, or an oxide.
20.  The method of claim 12 wherein the reagent is impregnated into an adsorptive solid.
21.  The method of claim 20 wherein the adsorptive solid comprises a powder.
22.  The method of claim 12 wherein the cavities are defined by multilobal fibers.

15 23.  The method of claim 22 wherein each of the plurality of fibers contains a plurality of T
shaped lobes.



