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(57) ABSTRACT 

An ultra-efficient rnultilobal cross-sectioned ?ber ?lter for 
chemical contaminant ?ltering applications is described. An 
absorptive chemically reactive reagent, preferably an acid or 
base and in liquid or an adsorptive chemically reactive 
reagent (an acid or base) in solid form, is disposed Within 
longitudinal slots in each length of ?ber. The reagent may be 
used alone or in conjunction With solid adsorptive particles 
Which may also be utilized With the reagents in the longi 
tudinal slots Within the ?bers. Reagents Within the ?bers 
remain exposed to a base-contaminated airstream passing 
through the ?lter. Base contaminants in the airstream, 
chemicals such as ammonium and amines (as Well as 
particles), react With the acid reagent Within the longitudinal 
slots of the ?bers. As the contaminant and reagent react, the 
ammonium or amine becomes irreversibly absorbed (or 
adsorbed if reagent is a solid acid) to the liquid acid reagent 
and rnultilobal ?ber. 
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COMPLEX SHAPED FIBER FOR PARTICLE AND 
MOLECULAR FILTRATION 

[0001] This application is a divisional of application Ser. 
No. 10/652,230, ?led Aug. 28, 2003, Which claims priority 
to application Ser. No. 09/834,581, ?led Apr. 12, 2001 (US. 
Pat. No. 6,623,715), both of Which are incorporated herein 
by reference in their entirety. 

BACKGROUND 

[0002] 1. Field of the Invention 

[0003] This invention relates to a ?lter system and spe 
ci?cally to a system utilizing solid and liquid reagents. 

[0004] 2. Description of Related Art 

[0005] It is conventionally knoWn to use activated char 
coal and other materials as adsorptive elements to remove 
impurities from an airstream. With the advent of effective 
?ber cross sections, it is possible to produce ?bers Which are 
partially holloW. Aparticularly effective cross section is one 
having three T-shaped lobes extending from a central core, 
as described in US. Pat. No. 5,057,368, Which is incorpo 
rated herein by reference. Conventional ?lters have used 
?ltering media coated With solid or liquid materials 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 ?lter 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 ?ber has been particu 
larly effective as a Wicking ?ber Where certain contaminant 
removing liquids or solids are ?lled in cavities formed 
Within the ?ber. 

[0006] The multilobal ?ber ?lled With solid ?ltering par 
ticles have been used in adsorptive air ?ltration and odor 
removing applications. Such ?ltering particles have included 
the use of carbon particles, Zeolites, baking soda, cyclodex 
trins, and solids Which could adsorb certain contaminants 
(see US. Pat. No. 5,759,394, Which is incorporated herein 
by reference). Other applications utiliZing multilobal-type 
?bers as Wicking ?bers also have involved absorptive prop 
erties of certain liquids Which are ?lled Within the cavities of 
the ?bers. These liquids Were typically chosen to lightly 
absorb 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 US. Pat. Nos. 
5,891,221 and 5,704,966, Which are incorporated herein by 
reference). 
[0007] Maintaining environments free of contaminants is 
particularly critical in the manufacturing of integrated cir 
cuits because Wafers are very susceptible to small particles 
and loW levels of certain chemicals. This can be done by 
manufacturing Wafers inside cleanroom’s With ?ltered air. 
The ?lters are used to reduce particle and chemical levels to 
extremely loW levels (less than 1 part-per-billion). Semicon 
ductor tools are also sometimes equipped With environmen 
tal controls that provide local ultra clean air?oW during 
processing. HoWever, conventional chemical ?lters have a 
very short life span, require frequent replacement, and are 
ineffective at ef?ciently ?ltering out certain chemicals. 

SUMMARY 

[0008] In accordance With the invention, an ultra-high 
ef?cient multilobal ?ber ?lter is described With long life use 
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for chemical contaminant ?ltering applications. The unex 
pected ultra ef?ciency of the ?ber ?lter reduces contami 
nants to loW levels in the parts-per-billion. A reactive 
reagent, preferably an acid or base and in either liquid or 
solid form, is disposed Within longitudinal slots in each 
length of ?ber. 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 bonds, coordination compounds, or complex com 
pounds. The 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 ?bers. 
The ?bers are formed into a single layered, in one embodi 
ment, or a multi-layered ?ber mat, in another embodiment, 
but the reagents remain exposed to the How of a contami 
nated airstream passing through the ?lter. The contaminants 
in a ?uid stream react Within the longitudinal slots of the 
?bers. As the base contaminant and reagent react, the 
contaminant is retained Within the longitudinal slots of the 
?ber. 

[0009] In a preferred embodiment, the contaminants are 
ammonium and/or amines and the reagent is an acid. The 
acid-impregnated multilobal ?ber is signi?cantly more ef? 
cient than several commercially available ?lters. The ?lter 
can be used in a variety of applications including clean 
rooms and in ?ltering chambers for installation in the ?eld. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 shoWs a detailed cross-sectional vieW of an 
individual multilobal ?ber. 

[0011] FIG. 2 shoWs a close-up vieW of a ?ber mat made 
of multilobal ?bers With a reagent disposed Within each 
multilobal ?ber. 

[0012] FIG. 3 shoWs a Wider vieW of the ?ber mat of FIG. 
2. 

[0013] FIG. 4 shoWs a plot comparing the percentage of 
contaminant breakthrough over time for the acid-impreg 
nated multilobal ?ber versus tWo other commercially avail 
able ?lters. 

[0014] FIG. 5 shoWs a chamber in one embodiment for 
use in ?ltering an airstream With the acid-impregnated 
multilobal ?ber ?lter. 

[0015] FIG. 6 shoWs the chamber of FIG. 5 With a 
multi-layered multilobal ?ber ?lter. 

[0016] Use of the same reference symbols in different 
?gures indicates similar or identical items. 

DETAILED DESCRIPTION 

[0017] FIG. 1 shoWs a detailed vieW of a cross section of 
an individual multilobal ?ber 2. Fiber 2 is a type of ?ber 
made of thermoplastic polymers and formed by conven 
tional ?ber forming techniques, such as spinning a ?ber 
composition through a conventional spinnerate, as described 
in the above-referenced US. Pat. No. 5,057,368. Fiber 2 
includes a core 4, from Which three lobes 6 extend out 
Wardly. 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 
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entire length of multilobal ?ber 2 forming longitudinal slot 
10. Multilobal ?ber 2 has the ability to retain powdered 
particulate matter, such as powdered carbon. The carbon 
poWder can be mechanically held Within 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 ?bers and then shaking off the excess 
poWder or bloWing the excess poWder off With a fan. 

[0018] Preferably, ?ber 2 can hold, through capillary 
forces, liquids Within slot 10. FIG. 2 shoWs a close-up vieW 
of ?ber mat 100 Where liquid reagent 12 is ?lled Within slots 
10 of meshed ?bers 2. Liquid reagent 12 can be utiliZed to 
?ll slots 10 by having liquid droplets penetrate ?ber mat 100 
and Wicking into slots 10 after impacting With the surfaces 
of ?bers 2. After the liquid droplets impact With ?bers 2, 
they quickly coalesce into slots 10 While leaving open voids 
betWeen ?bers 2 and alloWing for unencumbered air?oW 
through ?ber mat 100. Fibers 2 can alternatively Wick 
reagent 12 up Within slots 10 by capillary force by dipping 
?bers 2 into reagent 12 and removing excess reagent 12. 

[0019] 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, oxidants, reductants, complexing 
agents, coordinating agents, and deliquescent agents; hoW 
ever, it is preferable to use acids. Acids for use as reagent 12 
include, but are not limited to, 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, but are not limited to, moncarboxylic, dicar 
boxylic, and tricarboxylic acids; these types of organic acids 
include citric, lactic, maleic, fumaric, caproic, lauric, oxalic, 
malonic, tartaric, succinic, salicyclic, and malic acids. In 
another embodiment, poWdered acids may also be used in 
place of the liquid acid and impregnated Within slots 11 in 
a method similar to that described above for carbon poWder. 
In an alternative embodiment, poWdered bases may also be 
used to ?lter non-basic contaminants. Such poWdered bases 
may include, e.g., sodium bicarbonate (baking soda), 
sodium carbonate, sodium hydroxide, trisodium phosphate, 
potassium carbonate, potassium hydroxide, and sodium tet 
raborate. Also, reagent 12 may include coordinating agents 
Which comprise transition metals, e.g., copper, and com 
plexing agents Which comprise entrapping agents, e.g., 
cyclodextrines. 

[0020] FIG. 3 shoWs a Wider vieW of ?ber mat 100. Fibers 
2 can be pleated or formed in layers to form ?ber mat 100 
in a variety of con?gurations. Generally, the volume Within 
slot 10 makes up about half the volume of multilobal ?ber 
2 and depending upon the density of the contaminant, ?bers 
2 can gain around 100% in Weight of liquid contaminants 
and anyWhere from 25% to 125% in Weight for solid 
poWders Within slots 10. UtiliZing the multilobal ?ber 2 
property to capture both liquid or solid contaminants, 
reagent 12 is used for adsorptive and absorptive ?ltration 
applications. Reagents 12 are intentionally impregnated 
Within slots 10 and can be a reactive liquid or a solid reagent, 
preferably both acid, and ?ber mat 100 is used as a sup 
portive netWork to hold reagents 12 in a highly dispersed 
con?guration for adsorptive and absorptive molecular con 
taminant removal. Multilobal ?ber 2 can retain not only a 
liquid or solid (acid) reagent 12, but is effective in also 
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retaining a combination of a liquid reagent and solid par 
ticulates. Solid adsorbants such as Zeolites, aluminum 
oxides, activated carbons (both impregnated and virgin), and 
chemically modi?ed silicas can be combined With acid 
reagent 12, in either liquid or solid form, and impregnated 
Within slots 10 of multilobal ?bers 2. Solid adsorbants may 
also be used in combination With base reagent 12 and 
impregnated Within slots 10. 

[0021] Fiber mat 100 is particularly effective in ?ltering 
base contaminants from a passing ?uid stream. Bases are 
considered any chemicals or compounds conventionally 
regarded as a base in the chemical arts. These chemicals and 
compounds include LeWis bases, shift bases, aqueous bases, 
and preferably any compounds that are alkaline in an 
aqueous environment. Ammonium and amines are prefer 
able bases. 

[0022] A ?ber mat 100 impregnated With liquid acid 
reagents 12 is particularly effective in speci?cally absorbing 
base contaminants, such as ammonium, NH3, and amines 
(for example, n-methyl-2-pyrrolidone (NMP)) from a pass 
ing ?uid stream. An airstream With contaminants, for 
example, ammonium ions, passes through ?ber mat 100. As 
it passes over multilobal ?bers 2 impregnated With acid 
reagent 12, the ammonium ion chemically reacts (in a 
reaction Well knoWn in the art) With and is adsorbed by acid 
reagent 12 to form a salt. Acid reagent 12 exchanges 
hydrogen atoms With the ammonium ions, forming Water as 
a byproduct and leaving the ammonium ion to react With and 
attach to acid reagent 12. Reagent 12 irreversibly retains the 
ammonium ions Within the slots 10 of multilobal ?ber 2. 

[0023] The combination of multilobal ?bers 2 impreg 
nated With a liquid acid reagent 12 gives unexpected, 
ultra-high ef?cient results in ?ltering out base contaminants. 
The effectiveness of ?ber mat 100 utiliZing multilobal ?bers 
2 impregnated With acid reagent 12 can be seen in FIG. 4 
When compared to tWo conventionally available acid-im 
pregnated commercial ?lters. All three ?lters Were subjected 
to a continuous 90 parts-per-million (ppm) exposure of a gas 
contaminated With ammonium diluted in air. The air Was 
conditioned to 50% relative humidity and 23° C.; the air Was 
bloWn through the ?lters at a velocity of 150 ft/min giving 
an equivalent pressure drop for all three ?lters. The basic gas 
concentration Was measured continuously doWnstream of 
each ?lter and the breakthrough percentage of the contami 
nants Were plotted over time. The breakthrough percentage 
is the amount of contaminants remaining in the air doWn 
stream of the ?lter relative to the amount of contaminants 
initially in the air upstream of the ?lter. 

[0024] As seen in FIG. 4, curve A represents multilobal 
?ber 2 impregnated With acid reagent 12. Curves B and C 
represent the results of other commercially available ?lters. 
The results of curve A shoW signi?cant retention of con 
taminants from the acid-impregnated multilobal ?lter 2 over 
either curve B or C shoWing the effectiveness and longer life 
of the acid-reagent 12 used in conjunction With multilobal 
?ber 2: The retention time of ?ber mat 100 is nearly three 
times as long as the retention time shoWn in curve B (120 
minutes at about 0% breakthrough versus 40 minutes at 
about 4% breakthrough for curve B). 

[0025] Fiber mat 100 utiliZing acid reagent 12 in multi 
lobal ?ber 2 can be used in a variety of applications, e.g., 
pleating or layering multilobal ?ber 2 to form ?ber mat 100. 
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Fiber mat 100 can be used, in one embodiment, as a ?ltering 
element in a ?ltering chamber 102 as shown in FIG. 5. 
Chamber 102 consists of a housing 18, Which can be 
designed from a conventional metal, e.g., aluminum, to 
accommodate handling and ?eld installation. The pleated or 
layered ?ber mat 100 is attached to housing 18, preferably 
by an adhesive or a loW outgassing glue. It is also possible, 
in an alternative embodiment, to have ?ber mat 100 attached 
to a frame (frame is not shoWn); this frame With ?ber mat 
100 can then be installed or removed interchangeably Within 
housing 18. Housing 18 also has an inlet 14 and an outlet 16 
to alloW an airstream 20 to pass through ?ltering chamber 
102 While being ?ltered through ?ber mat 100. Chamber 102 
can be used to provide particle and chemical ?ltration for 
ammoniums, amines, and particles for chemical clean room 
environments. 

[0026] FIG. 6 shoWs an alternative embodiment of ?ber 
mat 100. FIG. 6 is similar to chamber 102 in FIG. 5 in most 
respects eXcept for the substitution of multi-layered ?ber 
mat 100‘ for ?ber mat 100. Multi-layered ?ber mat 100‘ is a 
?lter 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 into a 
single multi-layered ?ber mat. The number of layers can 
range from one to N and ?ber mat 100‘ can contain any 
combination of layers and reagents depending upon the 
desired functionality. 

[0027] Although the invention has been described With 
reference to particular embodiments, the description is only 
an eXample of the invention’s application and should not be 
taken as a limitation. In particular, even though much of 
preceding discussion Was aimed at liquid acid-impregnated 
multilobal ?bers 2, alternative embodiments of this inven 
tion include multilobal ?bers 2 impregnated With solid acid 
reagents 12 and multilobal ?bers 2 impregnated With a base, 
both in liquid and solid form to ?lter non-basic contami 
nants. Various other adaptations and combinations of fea 
tures of the embodiments disclosed are Within the scope of 
the invention as de?ned by the folloWing claims. 

We claim: 

1-85. (canceled) 
86. A ?ber mat comprising: 

a plurality of elongated ?bers, each ?ber comprising an 
internal cavity; 

a plurality of poWdered particulate matter; and 
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a chemically-reactive reagent disposed Within the internal 
cavities of the ?bers, Wherein the reagent comprises at 
least one acid, at least one base, at least one coordi 
nating agent, at least one compleXing agent, at least one 
deliquescent agent or a combination thereof. 

87. The mat of claim 86, Wherein the at least one 
compleXing agent comprises urea, a cyclodeXtrin or a croWn 
ether. 

88. The mat of claim 86, Wherein the at least one 
deliquescing agent comprises lithium, a potassium halide, 
fructose, propylene or ethylene glycol. 

89. The mat of claim 86, Wherein the at least one acid 
comprises a liquid acid. 

90. The mat of claim 86, Wherein the at least one acid 
comprises a poWdered acid. 

91. The mat of claim 86, Wherein the at least one base 
comprises a liquid base. 

92. The mat of claim 86, Wherein the at least one base 
comprises a poWdered base. 

93. The mat of claim 92, Wherein the poWdered base 
comprises sodium bicarbonate, sodium carbonate, sodium 
hydroXide, trisodium phosphate, potassium carbonate, 
potassium hydroxide or sodium tetraborate. 

94. The mat of claim 86, Wherein the coordinating agent 
comprises at least one transition metal. 

95. The mat of claim 94, Wherein the at least one transition 
metal comprises copper. 

96. The mat of claim 95, Wherein the plurality of ?bers 
comprise at least one thermoplastic polymer. 

97. The mat of claim 86, Wherein the poWdered particulate 
matter comprises carbon poWder. 

98. The mat of claim 86, Wherein the poWdered particulate 
matter comprises Zeolite, aluminum oXide or silica. 

99. The mat of claim 86, Wherein at least some of the 
plurality of ?bers are trilobal. 

100. The mat of claim 86, Wherein at least some of the 
plurality of ?bers are quadrilobal. 

101. The mat of claim 86, Wherein at least some of the 
plurality of ?bers contains a plurality of T shaped lobes. 

102. The mat of claim 86, Wherein the mat is pleated. 
103. The mat of claim 86, further comprising a frame 

coupled to the mat. 
104. A gas ?lter comprising the mat of claim 86. 
105. A ?ltering chamber comprising the mat of claim 86. 
106. A housing comprising the mat of claim 103. 

* * * * * 


