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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);
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20  bonds, coordination compounds, or complex compounds. The reagent may beused alone
or in conjunction with solid adsorptive particles which may also be utilized with the
reagents in the longitudinal slots within the fibers. The fibers are formed into a single
layered, in one embodiment, or a multi-layered fiber mat, in another embodiment, but the
reagents remain exposed to the flow of a contaminated airstream passing through the

25  filter. The contaminants i_n 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 ammaonium and/or amines and
the reagent is an acid. The acid-impregnated multilobal fiber is significantly more

30 etficient than several commercially available filters. The filter can be used in a variety of

applications including clean rooms and in filtering chambers for installation in the field.
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Fig. 1 shows a detailed cross-sectional view of an individual rru é)
fiber. Fig. 2 shows a close-up view of a fiber mat nade of rTU|tI|O
fibers w eagent di sposed within each multil obal 18689 M1 O- 3
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acid-inpregnatéed nultilobal Tirber versus two other conmercially avail able
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above-r ef epgﬁr; U S. Patent 5,057,368. Fiber 2 includes 20 a core 4, from
whi ch three | obes 6 ext end outvvardly Each of | obes 6 term nates vm'th a
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rrultllo al ormn |tu slot 10. Multilobal fiber 2 has
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carbon. The carbon.powder can be cha hel WIthl 25 sl ot 10
entrapped by c §°.f§et7\ﬁ”ﬁarf8%fenf%¥’qgelé‘%Ehgrﬁ?frﬁuﬁ&?'gécatcﬁﬂf‘?é’p‘ﬁi ng the powder
W thin sl@émitd ieas. be acconplished by dusting the powder into the fibers

and then shaking off the excess powder or blow ng the excess powder off
with a fan. Preferably, fiber 2 can hold, through capillary forces,

I i qui dgs W pbTAILEDAbEIERIPTIONQUre 2 shows a cl ose-up view of fiber mat 100
where liquid reagent 12 Ts filled within 30 slots 10 of neshed fibers 2.

Li qui d reagent Figdrechihopsa detpiladzery ois oros pecipmian igliviquahmvyltinpal fitgui d
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between fi Bthsrat, RUscAbs GO reHIAREUTE S8t 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
maﬁer, 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.
Figurg 2 shows éclose-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

23-
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include, ,e.d., sodiu r bona aki n oda),, sodi um carbonate, sodium
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whi ch conprise transjtion net al s, and conpl exi’ng agents

whi ch conpdh§edes. gty dispindgnatig atids lnémgﬂer e uaamomdweéam@omwe 3 shows
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| ayers to formfi ber O in a variety of configurations neral Iy,
t he vol umhat dgsembed abwstfoqqarbﬁak@sdmplnab@mmmrfzmbcprbmvrm povelesfl baseb t i | obal

L0er 13 Ay 8RSRMA%, HRORon bR, BRIk o8 IS G ARLRRG el dcDer 2 can

gain around 100% 1 n wel ght contam nants an &% from 25%
to | 25% i s-gwsddjbm bicatbomatd ﬁbdclpgmde)r sodinit anmbabé:uﬂn&xyd@xldhjttniddmnng t he

mul ti | obal ert tur bot h or ,solid contam nants,
r eagent 15h£5|§p§£ ﬁtai?or célaé%or P ’é’g‘? Ledw'lm tIe{nﬁbé?fait‘":orf“é‘bpI i cations.
Reagent s icganté2 mamriehmiemwdxhqnng ngmagﬂmhaﬂmmmhranmsd:mmga&(k @nd can be a

reactive |I%lé}gn comalegco id rteaﬁéa‘\b erably both aci.d, and fi ber mat
100 i s us€cFras " SUPPSIEAFE Hhe ?OI?’WISB ﬂ‘é’aap PRI CYFOFeHIeR| gh| y

di spersed conf Figure atshm a‘meierad@oasfmmmatamd aipes rzptm Veepleauddas lfk{»rﬁfed 30

cont am nant, r enoy, bal fi| ber an ret & only a liquid or

solid ( aciHfYeTs té’ggrghff“beii“,at @t‘" F§”§f’i“l£6’?’i‘ rai“ﬂ“sa Berf“ theyegea conbi nat i on
of a | i quinethinGRY &0 maRd3GipSBduit Ha!f 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 acid, 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 hf 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

e



particul ates. Solid adsorbants such as zeolites, alum num oxides,
activated carbons (both inpregnated and virgin), and chemcally nodified
silicas can be conbined with acid -4 1 6 APR 2006 WO 01/ 28657 16 APR 2004
PCTI USCO ¢8G8tkeicagent 12, in either liquid or solid fuisi@igsd MPr egnat ed
within slots 10 of nmultilobal fibers 2. Solid adsorbants nmay al so be used
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Anmoni and am nes are preferable bases. A fiber mat 100 i npregnated with
oo e S Bl RS ol B GRS Sherfiale 6 Gamporgcs Somana g | v
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exanpl e, n-nethyl -2-pyrrolidone éNI\/P)) froma passing fluid stream An

ai r st r eam Rpeshshlft bRseaAqusebasesfapR Peskashly &y campriedithitiastalkalivadsas t hr ough
fiber mat olffhus &ilohmBiS AnorfiPhnd Bilibds flIALrekbiDGS, 2 1 MPFegnat ed wi th

acid reagent 12, the ammoniumion chem cal reacts (in a reaction well
known in the arkfibajimanl (ricpiegnatgdowvittblentidagidaedednts Eaigeaticdlry effetbvd or m a

sal t. id.r ; ) Wt t he, anmonj.um i ons,
form nrgjcwalfl glr%%gg&g{ %5%?%% B%tg gglﬁﬂ-p%g’gslgﬁégﬂ a?hrgggrﬁr%hlp}t}fﬁaf%ﬁn%s @é’act wth
and at t aclextmple aemethyleaperliddri2 (NREADfeorh a passing fleMerainb| An diestraim svithhe

ammoni um i ons_ W tpitn the slots 10 .of mul tHOg}?hbfi be{ 02 The conbi nation
of mul ti| SBRRFTHIEREYISr FAPRIS, TURAIWY QRS HISSES PORER HoAeh! e didhb®sE5 20 gi ves
unexpect ervtht_xl_lﬁarthi f?frsafiﬁabfe'gﬁwd Wi]?Sz;t_id @Bagert 12 tIh(é) aﬁinaglu@u@n &ﬁﬁﬁcially ! obal
contam nants, The effectjveness o i.ber. m utilizing multiloba
CTbere. b Thslsdi oo Ml TR s Rt S B bR LR a4 wien
conpargd tigmt ¥Ealtc QyErehdeAtNal chihad ¥ bl @Bk dh abdisOrith t(RNRBAAER togONTEr Ci al
filters. Al three filters were subjected to a continuous 90 parts-

per - mi | | i dATIpHIeRssdeprguch pnddeaying thaHEen iR 18do (RetviRAre ATtashili | uted i n

air. The aid répeiias. ReAMI 120 sy RAMASTR! Atdorun{ieni Hitti¥ aaNiefo G the air
was bl own throp%the filters at a velocity of 150 ft/mn giving an
equi val entof prutdelal BbsiZop for all three filters. The basic gas

concentration ‘Pﬁéc&ﬁ%ﬁ:ﬁ%ﬁ%rﬁﬁlﬁkﬂ%@é!?)&mﬂ&%ﬁﬁ@@lg;;ﬁ.l%dgagfagsi eh @ and the

breakt hrough percentage of the contam nants were pl time. The
br eakt28r owggtes peaxpessedayirahightefficieahssuits infiltering cutrhiasepnnteminamai Aharg in the air

downstr €aM¥fectiveness 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 impregnated with acid

reagent 12. Curves B and C represent the results of other commercially available filters.
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30 of the filter relative to the anbunt of contam nants initially in the
air upstreamof the filter. As seen in Figure 4, curve A represents

mul tilobal fiber 2 inpregnated with acid reagent 12. Curves B and! & APR 200{
representwpligzge@sul ts of other conmercially available fdidgtmen © 1 5 APR
2004 WO 01/28657 PCT/ US00128680 The results of curve A show significant
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utilizigng :aci i Ltilopal fiber can be used in a variety
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fiber mat bi€@Bthrough feecum@B).100 can be used, in one enbodi nent, as a
filtering ele 10 ¢ as_shown in Figure 5.

nt i filterin anmber 102
Chanber 102 co %’Frsri’% 1@? udlizing pgy aﬂgf%‘,lgv\we(‘.ﬂ%ﬁaﬁﬁ%& ceks userkid af r om a
convent i oRatietyref pplicatio}, e.g.2pledtind UMaydre ARANFEP HEL © 1hangll4 field
installation. The pleated g# Iggereé flgber mat 100ti gd}gtqbg%ﬁ%gg?o housi ng
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substitution of mylti-layered fiber mat 100" _for fiber nmat 100.

VLI i -1 ay SPalrn s Tand Fryie; 16t 2oy SopiEem A e astaeidlioges of

i ndi vi duathaatbeareihile dyiag SiterbbGFouzh et it 200, [@MAber 192 APSaQ0aLed Wi th any
of the rea ants .gi sc %sedCFJg[bove; and several |ndividual 1ayers, each

| ayer wit FFOXaPIHeEr aatt chsmicaldlyalipn forgmumenymy, araiges, prdopagicldsiferl e

mul ti - | ayeteaskal éib@rosMbavirbiRestsinber of layers can range fromone to N and
fiber t 100'__can_contain any conbination of |layers and reagents

depena ng uporflgu{ggé shows 2a glterpiive Fobredimen 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 2 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
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Al t hough the invention has been described with reference to particular
enbodi nents, the description is only an exanple of the invention’g APR 5004
application and 30 should not be taken as a limtation. In particular,
even t hough opaigky of precedi ng di scussion was ainmed at pdGydoslassso
acid-inpregnated nmultilobal fibers 2, alternative enbodinents of this

i nvention foaghe tikermoh bidiokatanfiidaer Vadolsmtee ghptacshssing BoraBihitdnast d

reagents 12 and Iti|opal fibers 2 inpregnated wth a base, both in

i quid andgcétb‘ﬁs& d CTL%BW&S didosesese S PHEGFOPLA Lo g Soelingd B t o
filter nonmPagiowifMidgl nants. Various other adaptations and combinations
of features of the enbodi nents disclosed are within the scope of the
invention as. defined by the following clains. .7 1 6 APN 2UUG CLAI M5 W
claim: 1. Afilter conprising a fiber mat for the renoval of base
contam nants froma fluid stream conprising a plurality of el ongated
fibers, each fiber defining a plurality of |ongitudinally extending
internal cavities, each cavity having an opening to an outer surface of
said fiber; a reagent which is disposed within said internal cavitites of
said elongated fibers and is chemcally reactive wth said base

contam nants; wherein said reagent is retained within said interna
cavities and is exposed to said fluid streamdirected through said
filter; and an adsorptive solid disposed within said internal cavities,
sai d adsorptive solid inpregnated with said reagent selected fromthe
group consisting of an acid, a coordinating agent, a conpl exi ng agent, and
a deliquescent agent. 2. The filter of claim1, wherein said fibers have
a plurality of capped | obes associated with said opening to said outer
surface of said fiber. 3. The filter of claim2, wherein said capped | obes
are T-shaped 4. The filter of claim1, wherein there are three of said
internal cavities. 5. The filter of claim1l, wherein said reagent is
adapted to react with said base contam nants selected fromthe group
consi sting of ammonium and am nes. 6. The filter of claim1l1l, wherein said
adsorptive solid is selected fromthe group consisting of zeolite,

al um num oxi de, activated carbon, and silica.
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7. The filter of claim1l1l, wherein said acid is an inorganic acid&el Eﬁted
fromthe group consisting of phoshopric, sulfuric, and boric aci ASK (e
* fiditagkasof claim 1, wherein said acid is a nonocar boxyl i c, dicarboxylic, or
tricarboxylic organic acid selected fromthe group consisting of citric,

| 36§ liGm -mel eic, fumaric, caproic, lauric, oxalic, malonic, tartaric,

succl ni c, salicylic and malic acid. 9. The fiIter of cIaiml V\/nerein sai d

r enge filted Corfprhidifgh iber H@t fofhige femdval ofbase kahtiininanWeds aMuidktedns %ﬁ'@?iSiggt a
se

solid. 11. Afilter conprising nulti-layered fiber mat for renoval
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f |aoféﬁgeﬂé "Yhéfg rﬂ‘sﬂﬂﬁ?‘jc?‘lﬂlpgl id o vitkeseisaidelongatad fthersand isichemiselly sgagtive

&aseg %@F%maﬁ@% s chenmically reactive with said base contanminants;
vvherel n said reagent is retained within said internal cavities and is
explugeid saisl reagent f9 tgtainest wishim sdid iotetred catvitieoanghis sapebellitd tad flufil steamedirectdi d
r ahgpaigh said fdtbapanedd to react with said contam nants; 6 APR LI UUG wherein
said reagent in each said layer is selected fromthe group consisting of

annadsérptite SO dispeset MeitHAA 81U intBrnal 4Rt @X 508 a8@RRve N iRpAShhY %ﬁ&%}d reagent
agseretctederftﬂn WP cBRGHingA fChnldcREh cbaaér%&atﬁg Qgé’dt”? c&nﬁl'e&f‘ng gy O@ﬁﬁg e

hgehi | ter of claiml1l, wherein said fiber ave ura
Iobes associated with said opening to said outer surface of said f| ber
f ¢ c ed l.obes are.
Tt e an gt e PRSI BRSPS Bl St apeac
|ulr er a| m 11, wherein said reagent is adapted to react with

b { . ect ed i sti f [ d
___‘a%?r&gﬁfﬁ%gn”? PGt Fagbie L% erm Tfbedonpr i o1 ng. an-adsor pti ve Sof1d

di S i nternal cavit saird adsorptive solid sel ected
%ﬂ?’?ﬁﬂteﬁptgﬁ%ing CEIMG et arg EYF§ ‘E’t:* said iffeal fAVEi€s de, activat carbon, and
SI|I a.. 17. The filter of c¢claim16, wherein said adsorptive solid is
T@@ lé‘teéaf%ﬁml Whersineinid iagentupadapiespreRst yithupid basmsoniammgnistselested diogn the
a%%‘&?&‘?%b&“i“ﬁ@ éﬁ’é‘?ﬂm“%aegﬁﬁ!“é%@r ng agent, and a deliquescent agent. 18.
The filter of claim1, wherein said acid is an inorganic acid sel ected
f réorhbe fdteg PHEIBIN dnwhereinspid pdsopiesRbe icselestadifoem ghe grup bonsistingoff deolite,
Trduminumeexigde, astivatad ¢arbopandgilicasai d acid is a nonocarboxyl i c,
di carboxylic, or triycarboxylicnn organic acid
7. The filter of claim 1, wherein said acid is an inorganic acid selected from the group consisting of
phoshopric, sulfuric, and boric acid.

8. The filter of claim 1, wherein said acid is a monocarboxylic, dicarboxylic, ot tricarboxylic organic acid
selected from the group consisting of citric, lactic, maleic, fumaric, caproic, lauric, oxalic, malonic, tartaric,
. succinic, salicylic and malic acid.

9. The filter of claim 1, wherein said reagent is a liquid.
10. The filter of claim 1, wherein said reagent is a solid.

11. A filter comprising multi-layered fiber mat for removal of base contaminants from a fluid stream,
comprising:

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 fibers and is chcmlcally 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;



selected fromthe group consisting of cit ric, lactic, lilaleic, f oG i
capyhgredn s3idifrageniys adapted tnres el with saidtcantaminarsgjcci ni ¢, salicylic anmpﬁém
“acid. 20. The filter of claim1l, wherein said reagent is a liquid. 21.
Thwheiein grid ofagehtinreadt saidh@ree issefated £&3I8 ol ot afi9cidia b bidRiahn
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housi ng, further conprising an inlet through which said airstreamenters
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such that said reagent is retained within said internal cavities and is
exbbddg filsr shridimiles whemin said baripedtlolsaiat TAGRAL Chenical Iy reacts with at
| east a portion of said base contam nants, wherein the reagent is

sel4edhedilfer ofitkabe 101 GlprefiDMsieSirt HFeObs A A6 .coordinating agent, a
conpl exi ng agent, and a deli quesceﬁt agghntﬁﬁérgﬁl.&*ﬁfeégfi |ter of claim 22,
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wherein'said acid I's a nonocar 6&§1ic, di carboxylic, or tricarboxylic
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i s 'f‘éljhl % d. . 26 é’he filter of claim22, wherein said reagent is a solid.
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said fiber. 2%. The filter of claim2l, wherein said capped | obes are
T-Khdhediltepof clyiye 15 whersin said adidisrandflorpahieraidseldvesdefr@hahd Bioas cohsis@iptf
i rRhospharice gWifuricognd Boric 3¢id. filter of claim 22, wherein said reagent is
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Wk dhe filtecodisint p1,i wigersinlshid respehiRrQapai ed Wi th said reagent. 33. A
filter conprising a fiber mat for renoval of amoni um and am nes from an
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22. A filtering system for removal of base contaminants from an airstream, comprising:

a housing, further comprising an inlet through which said airstream enters and an outlet through which said
airstream exits;

a filter disposed within said housing, further comprising:

a pl‘urality.of e]ongatefi fibers each defining a plurality of longitudinally extending internal cavities, each.said
cavity having an opening to an outer surface of said fiber;

a reagent di5pos<?c! within said internal cavities of said elongated fibers such that said reagent is retained within
sald.mtemal caviijes and 1s exposed to said airstream such that sajd reagent chemically reacts with at least a
portion of said base contaminants, wherein the reagent is selected from the group consisting of an acid, a
coordmating agent, a complexing agent, and a deliquescent agent. | ,

23. The filter of claim 22, wherein said acid is an inorganic acid selected from the group consisting of
phosphoric, sulfuric, and boric acid,

24. The filter of claim 22, wherein said acid is a monocarboxylic, dicarboxylie, or tricarboxylic organic acid

selected from the group consisting of citric, lactic, maleic, fumaric, caproic, lauric, oxalic, malonic, tartaric,
succinic, sahcylic and malic acid.

25. The filter of claim 22, wherein said reagent is a liquid.

26. The filter of claim 22, wherein sajd reagent is a solid.
9



: 20[]11
L AG “E'\\‘f@%ﬁ%ﬁgt e Ry SRR IR hESRbE A B P s %%&* t
Sqlgb)elﬂelrﬁ@r o rfxt-%ﬁf?%% surface of said fiber; an aC| d di sposed wi thin said
internal cavities of said elongated fi bers wherein said acid is retained
”SMhemdme@auqﬂﬂmmfer‘fhlarm@avamdgm»msc Exboswd to said airstream directed
through said filter; and wherein said acid reacts with at |east a portion

26 Ofhesfiliteh oAmadmi ADvaRetiaticiese tioeé of MMidimankl detigkned wi thin said internal
cavities. 34. The filter of claim 33, wherein said fibers have a plurality

30 thcgﬁ'i?é?%q c!a%% %R:?ﬂ ?41 ﬁﬁth? §<§a’t%ge§gt8q Vé}C@g\r’l{h a1d59£ gcgrlﬁtaﬁlr sbgef’e%&d%om

heSal N, : . erein said
ﬁgglgpa% ?ni'frfler ¢tai m 33, wherein there are three of said
i nternal F |t|e 37 The filter of claim33, wherein said acid.is a
31 |T1&Lﬁ1&r3f ofgiaip errfreéroraprle%ﬁw@grptmwéﬂ dispased widhia spid iptesnal pavitien saidhe
adsorptiversobd selpraue%ﬁw thetgaeus Gonsiatieg aicree!ites ahwninnarayids, ectivatadl esebass erdisiticom
the group consisting of phosphoric, sulfuric, and boric acid. 40. The
32 fTHetfdter of clalimidh @:Egrer’nd’lﬂaerabmptaii\'rackoaidiisiimlsregnarexhwaarsbidxyigmt. di carboxylic,
or tricarboxylic organic acid selected fromthe group consisting of
33 .CA filttEcorhPEdih € a KB} @hi ©or rdidRl bEamGRRIGH Gnd ARHel CronP¥PhitGreaMBLAR fi®er mat
corﬁ idigg:i ¢, succinic, salicylic and malic acid. 41. A nethod of removing
ni um and amines froma fl ur d stream conpri si ng the acts of:

eac{U g%}{c‘i”fgsw %ﬁ% %i%%ﬁg?ﬂ’?ﬁ em Pﬂ Eh of% ﬁ? gﬂﬂg%gtepg@gaﬁménga@?{hues

each ter surface of said fiber;

, nt er cavities of said el ongated
a“?‘f‘ggrsgoieﬁc‘ﬁ%flﬁﬁ? 2 e&“ﬁ”&?"d & 0%1%3‘% sloned ‘%a}‘{' B85 said Jeternal cavities:
dlrect said.fluid streamth h said filter, whereby said acid in, said
whrrerrt d pd s @twrdhwgrmﬁé iddptesmal galtiesranghis cxagsad m?ﬁ%ﬁ%w&'fﬁﬁ%&% h 6 m
fitgr;aad t retained within said internal cavities in said fibers of said
filter. 10 6 APRI[] 42. The nethod of claim4l, wherein said fibers
whegsiesaid i) FeRctst ity pt llee%a@aﬂr%tr&alé}s%@epwwaw 4rhm§sar0dfospéﬁiahgetame yaihin
seidptepakiptititée of said fiber. 43. The method of claim42, wherein said
capped | obes are T-shaped. 44. The net hod of claim 41, wherel n there are
34 tﬂmeféte@rof shim 3Prvbema saihifbars bave a plgralithef eapphddbbst assoaiatedaith sehd ppémingti d
saidohgr pyfagelof guildibes6. The nethod of claim 41, wherein said acid is a
solid.
35. The filter of claim 33, wherein said capped lobes are T-shaped

36. The filter of claim 33, wherein there are three of said intemal cavities.
37. The filter of claim 33, wherein said acid is a liquid.
38. The filter of claim 33, wherein said acid is a solid.

39. The filter of claim 33, wherein said acid is an inorganic acid selected from the group consisting of
phosphoric, sulfuric, and boric acid.

40, The filter of claim 33, wherein said acid is a monocarboxylic, dicarboxylic, or tricarboxylic organic acid
sclected from the group consisting of citric, lactic, maleic, fumaric, caproic, lauric, oxalic, malonic, tartaric,
succinic, salicylic and malic acid.

41. A method of removing ammonium and amines from a fluid stream, comprising the acts of:

providing a filter, comprising:

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 acid disposed within said internal cavities of said elongated fibers such that said acid is retained within said
internal cavities;

directing said fluid stream through said filter, whereby said acid in said filter reacts with at least a portion of
said amunonium and amines to form a salt retained within said internal cavities in said fibers of said filter.

10



47. The nethod of claim4l, wherein said acid is an inorganic acid

sel ected fromthe group consisting of phosphoric, sulfuric, and boric
“acid. 48. The nethod of claim4l, wherein said acid i s a nonocar bdxybPk i
42 CHrehoxtyibil of claim | whedeoxsdid fibers hant & phcality of ehgetddobdsragsocidial withsgid opening
&0 stitesurtice of txid Gibet actic, malefic, fumaric, caproic, lauric, oxalic,

mal onic, tartaric, succinic, salicylic and malic acid. 49. A gas filter
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conpl exi ng a?en'_t, and a deliguescent agent. 50. The filter of claim'+

4 §wideanethop of claim dht wherspy sasbacidis abiqeid. 51. The filter of

claimt9, wherein the reagent conprises a base. 52. The filter of claim
40, Tileanethod bhielaim 4d 1 whareireajbadid issa sdlidor egnated in an adsorptive solid.
53, The filter of claim49,wherein the adsorptive solid is selected from
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44 Pheasifdter oomprrsinant ; i npregnating the reactive reagent in an adsorptive
solid; and disposing the adsorptive solid in the plurality of internal
agphutaligsof elédzatethizbarg teh cdfibér deffminphi ploesley of tdngitedinalanenanding itataldiaviie§And
The net hod of cl ai nb7wherein the contam nant is basic. 60. The nethod of
_GlraaniSéwbapest dispdved odi@theriarinal savitle6fthe fibersSind st 10 ¢hOfroGp BorHisting of
- af avfick bhse, b ReoAksNIng g, § 0binflelih gSiplefC bfd a HeRqOkLER: gEP consi sting of
carbon powder, zeolite, alum numoxide, and silica. 1

50. The filter of claim 49,wherein the reagent comprises an acid.
51, The filter of claim 49, wherein the reagent comprises a base.

52. The filter of claim #3,wherein the reactive reagent is impregnated in an adsorptive solid.

53, The filter of claim %, wherein the adsorptive solid is selected from the group consisting of carbon powder,
zeolite, aluminum oxide, and silica.

sa. The filter of claim%i,wherein each of the plurality of fibers is trilobal.
5]5. The filter of claim 41, wherein each of the plurality of fibers is quadrilobal.
s6. The filter of claim {9, wherein each of the plurality of fibers contains a plurality of T shaped lobes.
57. A method of filtering a gaseous contaminant from a gas with a filter according to claim 4, comprising:
selecting the reactive reagent to chemically react with the contaminant;
mpregnating the reactive reagent in an adsorptive solid; and
disposing the adsorptive solid in the plurality of internal cavities.
58. The method of claim37 wherein the contamipant is acidic.

59. The method of claim 57 wherein the contaminant is basic.

60. The method of claim 37 wherein the contaminant is pH neutral.

61. The method of claim 7, wherein the adsorptive solid is selected from the group consisting of carbon
powder, zeolite, aluminum oxide, and silica.
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