WD 02/ 051526 PCT/ US01/ 48864 METHOD AND APPARATUS FOR CONTROLLI NG Al R
QUALITY Field of the Invention The present invention relates generally to
met hods awvaozesusmwes for i nproving indoor air quality. MPeT/past4ssed arly,
the present invention relates to nethods and 5 devices for controlling
hum dity and/or for renoving volatile organic conpounds and particulate
material fromthe inside space. Background of the Invention Indoor air
quality is a subject of increasing concern. Indoor air quality is inpacted
by several air contam nants such as hum dity, volatile organi c conpounds

10 (VOCs), sem volatile organi c conpounds (SVOCs), and particul ate
material. Wiile it is desirable to control the level of humdity at a
precise level, \if I dess k ahl i t r@ﬁffqyal of the
ot her comonen&kgﬁﬁﬁgﬁﬁéﬁg‘@ééf P&?@%@ﬁ%?‘gﬁ %@FL\W& l'y, indoor
air quality in comercial buil di ngBieldofenhgedtidny 15 controlling the fresh
air ventilation rate. Leakage and soneti nes out ﬁi e conbustion. air. supply
provi des suffi ci Sht Presst dBYFISPR relatsp Eenaralty togRethpdsindedyicss 1OF FERPYMEs .
However, it. w . e i j inkd hones
and bui | di ‘ﬁlé%*"lb%l??r‘%gﬁ‘ﬁ/i QM%’5%%“%§l9b§‘%%?%h%5€@nﬁi‘%?"Si’iiéﬁeéﬂé‘?sﬁf‘éani c

i mpurities dwcesdar tantiollateeisinidity nad/og ferateovinCuplagi drnganicappausdisodpt i on,
soneti mes known as 20 ca}r bon filtration, is used to renove organi c vapors
fromair stpPaHfyateTedsl iy e ipgide BRags| |y 1o add enough carbon granules to
an adsorption bed to renove or gagd&orcaRIBLMAMJeARYRIties fromthe air for a
period of weeks or nonths. Under normal circunstances, the carbon is used
for three to sixlndont bs qualityt kren subjsttackilicreating sopeaiat elndoot gis PeliBolnance

and usage of this type of systemis |im,ted hy. .cos o 2 d

di sposal of Hﬁl%arct)% I%%EEB’SWI @%?Og‘?@lga’gﬁﬁa%hy%t %@lgﬁgim?ﬂ@fe %5%&5 %? @ggﬁr?dg t hat
can be {®l epaded), ket Ratllo beLaiAdImmat BV G 4) and ghrtictilats miatepial. t While fto
renove organic inpurities frombuilding air, it SO, i nportan

it is. a to
renpve or atsdlesieblprepsentrelibenevebpf \Rﬁ@éjrltyvaér?ol?r.emﬁﬁulﬁvﬁl’t%/ ig@pe defirable to

cause a high rate of removal of the other components such as VOCs and particulate

materials.
Normally, indoor air quality in commercial buildings is managed by
15  controlling the fresh air ventilation rate. Leakage and sometimes outside combustion
air supply provides sufficient refresh air supply for most residential structures. _
However, it will be more important to control the air composition as homes and
buildings become tighter and as concern over the presence of organic impurities and
particulates becomes greater. Currently, carbon adsorption, sometimes known as
20  carbon filtration, is used to remove organic vapors from air streams. The strategy is
usually to add enough carbon granules to an adsorption bed to remove organic
compound impurities from the air for a period of weeks or months. Under normal
circumstances, the carbon is used for three to six months and then replaced.
Unfortunately, the performance and usage of this type of system is limited by cost of
25  purchase and disposal of large carbon canisters and by the amount of back-pressure
that can be tolerated in the forced air system.

Although it is important to remove organic impurities from building air, it is
also important to remove or add the proper amount of water vapor. Humidity control
is necessary because air that is too wet causes mold and other undesirable

30 contaminants. This generates biologically-derived organic compounds and air

dispersed biological molecules, which can cause health and building structure
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IS necessary because air that is too wet causes nold and ot her undesirable
30 contam nants. This generates biologically-derived organic conpounds and
ai r di speosyobibicol ogi cal nol ecul es, which can cause heal paT/@Ra/48864 di ng
structure -1 WD 02/051526 PCT/US01/ 48864 problens. Air that is too dry
causes a decrease in the function of mucous menbranes, which decreases
human di sease resistance. Wil e organi c conpounds typically should be
renoved at a | evel as high as possible, humdity should be controlled
within a range, such as between 40-60% 5 relative humdity. In the winter,
hum dity can be increased to this range by use of w cking or ultrasonic

di spersi on mptdidelasi AichanBies dly canstsnelttest inghe Buictidn nfswucoys membragasmer
hum dity can be decreased to this range by over-cooling the air at the

cool i ng” coi | Which feereasen human AiSHEF IG5t , and then re-heating the

over-cool ed air toygje 'Bgéé?licr EARPSRIAL @ypitiIBl shouRVEE renldhdadtra leveloMehighanl ed

to wing out the desired excess to water. "Reheat is often acconplished with
a heating coipbsdibleathethidity sheulddiencauitrolledhavitiinra mngei srabdasbeiveed ctheream

of the cooling coi central .reheat), or.with,., smaller. resheat coil

| ocated in tﬁ%am'%bwg‘u‘%é‘?'sﬁb&eyw i E‘t‘rg?déty(%agltfee%%{egrger% {r?aﬁhé %%nggt%(ﬁ of

Wi thin the oGgMPLEGr$l@EBnicAlitjelidine@ddotn tdthscrpnnoacskidatibhalildings. In
over-cooling the air and then re-heating the over-cooled air can_consune
signi ficant dhesgymershirpidithesan berdecregsad ndiscHREE &X A¥Pr-6poliigc ekt can
be high. For these and ot her. r : . o ISRV denpt | :
buildings is Cf’? ?%5?1?131/“ ﬁlgtﬁ%gﬁfrﬁl%ﬁ&g% ud?%ﬁg%ef H(E:(E:l{cl)o ?h%;d\%ggé(ggé alél}%#ary
of the | nventh&a réhenpblesepilyileneenThesir s ovéirdesleded vadlss amdhe desicdsextess

o e S BLS e 8, P or ot vl v ot ! o
heating and GQokj.P9,gea5RRRatelyNdSRIRLaS 00t tHRCIINBE Uil (deAMBINEOAY), CatNwith
control the him di ty a?lrggrenove é\}glilatl | e organi ¢ conpounds and particulate
mat eri al fr onutaller irasiede copadecatddn iorike idischatgestppls registads rieplledotermigals)
present | nve%éa?é‘d W?t 9n t %roicggpigd ];;i)arcg.t A limitation of this approach is that over-cooling
the air and then re-heating the over-cooled air can consume significant energy.
15  Further, the cost and complexity of such systems can be high. For these and other
reasons, the humidity in residential buildings is typically not controlled during the_
cooling season.
Summary of the Invention
The present invention provides methods and devices for improving indoor air
20  quality by providing a robust, relatively simple system that can control the air quality
in buildings during both the heating and cooling seasons. In doing so, the present
invention can control the humidity and remove volatile organic compounds and
particulate material from the inside space.
In one illustrative embodiment of the present invention, and during a first
25  cycle, a first air stream is directed through an air treatment module and back into the
inside space. During this first cycle, a desiccant in the air treatment module adsorbs
water, volatile organic compounds and/or particulate material from the first air
stream. During a second cycle, a second air stream is directed through the air
treatment module to a location outside of the inside space. The second air stream is

30  preferably heated relative to the first air stream so that at least a portion of the

adsorbed water, volatile organic compounds and/or particulate material are desorbed
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25 cycle, a first air streamis directed through an air treatnment nodul e
and back into the inside space. During this first cycle, a desiccant in
the air tweart/osnts nodul e adsorbs water, volatile organi cPCOUpOUMSBE and/ or
particulate material fromthe first air stream During a second cycle, a
second air streamis directed through the air treatnent nodule to a

| ocation outside of the inside space. The second air streamis 30
preferably heated relative to the first air streamso that at |east a
portion of the adsorbed water, volatile organic conpounds and/ or
particul ate material are desorbed -2 WO 02/051526 PCT/US01/48864 fromthe
desi ccant i nfremtthe dseicernd inior thet sesend aiTHéreamcohbe gpgonsh pie shreaarceress thae

desor bed water, .vol atil e or.ganic .co I i tyeri: to a
fooat on  outpb®ufin SRR LEuE WRRMNLS AR HorRfdL AL RIGLNED
includes a chasiBethevhditle ggacenl et, a first 5 outlet and a second outlet. A

first valve selectively obstructs the first outlet, and a_  second val ve
sel ectivel y obst rlks air tieatneess srdudgpnegarablyprclydes o chambet pithoan indetgd fistt ed

through the &lifer bhe3' LER BB & AREPRE KB} BB AR ARAGRUAY Ak 951 NG
the first™ valve and openi ng the second val ve. ring this cycle, the air
treat nent nostubdel valds eslbaivieht ebstruetsl tht s¢cendogtet. cTleo fpo wndsreamdis alirected

particulate material fromthe first ir stream, The second. ai tream
2" Lhen di r eBiwdn iy BUgiFERENARPOdF aad ek iU EoFs Becq BLACTBR Bultide. of
the inside spage.hy pR&ALNHe tsBeordd Vale VBUNS: and c?bl‘é,s it afrh@eat@ERNGAodve! ve.
The second air stream can be heated to a tenperafture above the first air

stream in aasorpaniper, oblafidey srganiscdonpionndst and/exparpt Watcanatenialt frorg the fiedt i ng
el enent durin?ta 15 cooling cycle, or restricting the flow of the second
air stredm dtf F'H§™ heating cycle. Other illustrative enbodinents are

contenpl ated, as Twy tdtehd dassfehied thel divéctddr thedughahe hifidadmefmbdige B aw ngs
Figure 1 is a diagrammtic representation of a systemfor treating air
within an ilesitiha epsideof Hiedatde apase &y wpernanhs fifsyyelvaand lesmsdas seend of

tFihSufreei_ent LVE M PR otaiF 5SS cn bSh AR A thinBBturY bW he ERE af¥RESM OF

in any number of ways, including for example, activating a heating element during a
15 cooling cycle, or restricting the flow of the second air stream during a heating cycle.
Other illustrative embodiments are contemplated, as further described below. -
Brief Description of the Drawings
Figure 1 is a diagrammatic representation of a system for treating air within an
inside space in accordance with an illustrative embodiment of the present invention;
20 Figure 2 is an additional view of the system of Figure 1;
Figure 3 is a graph showing desiccant water inventory on the vertical axis and
time on the horizontal axis;
Figure 4 is a graph showing desiccant water inventory on the vertical axis and
time on the horizontal axis;
25 Figure 5 is a diagrammatic representation of an additional illustrative
embodiment of a system in accordance with the present invention;
Figure 6 is a diagrammatic representation of yet another illustrative
embodiment of a system in ’accordance with the present invention;
Figure 7 is an additional view of the system of Figure 6;
30 Figure 8 is a diagrammatic representation of yet another illustrative

embodiment of a system in accordance with the present invention;
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Figure 3 is a graph show ng desiccant water inventory on the vertical axis
and tinme on the horizontal axis; Figure 4 is a graph show ng desi ccant
wat er i nwe@bwh315n the vertical axis and tinme on the horpPeDub@l4880di s; 25

Figure 5 is a diagrammtic representation of an additional illustrative
enbodi mrent of a systemin accordance with the present invention; Figure 6
is a diagrammatic representation of yet another illustrative enbodi nent of

a systemin accordance with the present invention; Figure 7 is an
additional view of the systemof Figure 6; 30 Figure 8 is a diagramatic
representation of yet another illustrative enbodinment of a systemin
accordance with tHigumpr Ssant a i dwgntindic -rgpBURions P52 getPEneiisd 11 sy e

Figure 9 is a diagrammtic representatio f .illustrative
embodi nent w@@s?@%%@&%ﬁ?&% C\?vi“flﬁ1 t?‘ﬁé’ye%%%tggﬁ ]%EVention; Fi gure 10
i's a diagrammati CricaRYy q9em al iddprahmadit fopedsbettion | afstyeatdnother eifinsdtativent  of
a systemin accordance with the present invention; 5 Figure 11 is a plan

vi ew of an idrhbestimgnt ofe sypEBInResRrdErceVifRmEPIISA IBETE8ance with t he
present inventiong. Fi e. 12 j .pl.ancvie okt | of 1l ajy ve
enbodi menit of a B%lﬁélfegilﬁl lsa(g:cglri%g\ﬁglé \?\Aftdﬁl t ‘g&ggihsgﬁﬁjopggée}%t iogr?; Bl%:ieguirde 13
i's a perspecidcyriamtéewitthegprésehemvemiagcordance with an illustrative 10

enbodi nent of the_present invention, Figure 14 is a perspgective. view of a
fiber or granul e BESrg b §AGURHEWEORAY éﬁl%ét?'f’naﬁﬁluﬁg?t}vftqr@%docg%%taqefwe P the

present i ”Ve&%é{’ﬂﬁc%ﬂhﬁ}e%fé&n‘g‘ﬁvia&i(ﬁl;cr oss-sectional view of a fiber 992
an i

i n accordance Wt I'ustrative enbodi nent of the present invention. 15
Det ai | ed Descri pt Fignreoi3 ishe perspesitvieorie¥haf 4 fberoini srgorianes Meth gedbisipiiYeon
shoul d be read vg'.th reff rence.to tpeX -
10 embodiment of the present 1nventiori;
Figure 14 is a perspective view of a fiber or granule 892 in accordance with an
illustrative embodiment of the present invention; and
Figure 15 is a cross-sectional view of a fiber 992 in accordance with an
illustrative embodiment of the present invention.

15 Detailed Description of the Invention

The following detailed description should be read with reference to the .
drawings, in which like elements in different drawings are numbered in like fashion.
The drawings, which are not necessarily to scale, depict selected embodiments and are
not intended to limit the scope of the invention. In some cases, the drawings may be
20  highly diagrammatic in nature. Examples of constructions, materials, dimensions, and
manufacturing processes are provided for various elements. Those skilled in the art
will recognize many of the examples provided have suitable alternatives which may
be utilized.
Figure 1 is a diagrammatic representation of an inside space 20 and a system
55 100 in accordance with an illustrative embodiment of the present invention. The
system 100 may be used to treat the air within the inside space 20 by removing vapors
(e.g., organic vapors), gases, and particles. Additionally, the system 100 may be used
to humidify and de-humidify the air within the inside space 20. Additional
embodiments of a system in accordance with the present invention may also be used

30  to ventilate the inside space 20 by introducing fresh air into the inside space 20.
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drawi ngs, in which like elenents in different drawi ngs are nunbered in |ike
fashion. The draw ngs, which are not necessarily to scale, depict selected
enbodi mrew@oaekiszw e not intended to limt the scope of theTUAMenssédon. | n
sone cases, the drawi ngs nmay be 20 highly diagramatic in nature. Exanples
of constructions, materials, dinmensions, and nmanufacturing processes are
provi ded for various elenents. Those skilled in the art w Il recognize
many of the exanpl es provided have suitable alternatives which may be
utilized. Figure 1 is a diagrammatic representation of an inside space 20
and a system 25 100 in accordance with an illustrative enbodi nent of the
present invention.InThe ilksatev Jaﬁ{bodﬁxyenbeom%@m ol,t theatystdme BIOr imdlddesnat he
i nside space 20 b rem) |ng vapors (e.g. ani ¢ vapaors), pge{ases and

particles. AJAREPHSIal att‘ﬁé"%@}%‘iéh?fﬁéo nHigﬂ bEGEsEPT 108 intH & tp mplgwer
de-hum dify tiag ajye B‘fo(x)é} 'To& hﬁuf AglidoniRAGEatied widd ﬁx‘spff@ét 116HRad %g%&t gf

a systemin accordance wt e present invention nmay a be used

ventil ate theiurcni;lZjeThqahbeveﬁ(DOdi)maiyruemddum dgw zie Stonathe insidostabe 20 nisiodgh
space 20. -4 WD.02/,05 6 PCT/ USQ1/48864. In the illustrative enbodi nent of
lgure 1. 51 ndbS PEF SRR P crted 8 (b BKEaPRE: 202 Soa hS Idaupl ed o a

motor 104. The not an diP4rchSnePWRIdet 120 & Blsp¥Rd inl8fd &Hﬁnm%& \J:‘Qﬁ th§ in
fluid communication with a first duct 110 and a second duct

bl ower 106 miyower \Woeadite Wsislaspdce 20r &rhﬁtarrérqahstruen@blén:bwzoduﬁersom@lnramyt he

d
an' i vt eat st oo s § ehraeiain e MR T R RFFESGRR vkt~

bl ower 106 ange thenbdisizie Thaee t?éitmafh&n@dlﬂe tineatssemtiuaedsl festldflet ngB usles a
plurality of walls 122 defining a chanber 124, and an inlet 126 in f1uid

cormuni cafi oesndrputiehd3Q Hafitsbralye 432, /d apscond gabvedit msghostlatie inlfidd
includes a fig gﬁﬁgﬁﬂédg%% \%%@tt}each]aglb%f%f? dmgtdrgév&éé)as?%s% ?etrab\{ﬁla}ﬁ%)té@%o and

a second val v h out I's 1n flui conmuni ca chanber
124. The fi r stleviavale obh8Rict thepfiref @rtiebll §8.atldprest, tie sesaldeedlvey E34yisqhysferabty t he

T ML R S RRTRE XN E AT R
to a first actuator 136 and the secon:d valve 134 is coupled to a second actuator 138.

15 In Figure 1, it may be appreciated that the controller 102 is coupled to the first
actuator 136 and the second actuator 138. The controller 102 is preferably adapted to_
selectively actuate the first valve 132 and the second valve 134. In the embodiment of
Figure 1, the first valve 132 is in a closed position and the second valve 134 is in an
open position. With the first valve 132 and the second valve 134 in the positions

20 shown in Figure 1, a first air stream 140 passes through the chamber 124 and is
directed into the inside space 20.

Figure 2 is an additional view of the system 100 of Figure 1. In the
embodiment of Figure 2, the first valve 132 has been actuated to an open position by
the first actuator 136 and the controller 102. The second valve 134 has been actuated

25  to aclosed position by the second actuator 138 and the controller 102. With the first
valve 132 and the second valve 134 in the positions shown in Figure 2, a second air
stream 142 passes through the chamber 124 and is directed to a location outside of the
inside space 20. In Figure 2, this location has been labeled VENT.

An air treatment matrix 144 is disposed within the chamber 124 of the air

30 treatment module 120. In the embodiment of Figure 1 and Figure 2, the air treatment

matrix 144 includes a first panel 146, a second panel 148 and a third panel 150. In a
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a first actuator 136 and the second valve 134 is coupled to a second
actuator 138. 15 In Figure 1, it may be appreciated that the controller 102
i s coupl eadovwoxih® first actuator 136 and the second act uRCDUSAUIBBI64The
controller 102 is preferably adapted to selectively actuate the first

val ve 132 and the second valve 134. In the enbodiment of Figure 1, the
first valve 132 is in a closed position and the second valve 134 is in an
open position. Wth the first valve 132 and the second valve 134 in the
positions 20 shown in Figure 1, a first air stream 140 passes through the
chanber 124 and is, djirected ingo t he inside space 20. Figure 2 is an .

addi ti onal viP&{EEFd ?Wéogwﬂléﬁha ot eengli g6rie a‘i?lpt?qcltot KEove psaileseiiemdhe mirgur e
2, the first I u d p kil {.rst
nctuator 136 LR T Eanen ol SRafgy PAEC The LRl BmAASE S MaRly 1 et T e
25 to a cl osedhigosipdr fonbthet die teg possds slobugh tre dB8tsend 24 hand et watkt eapot02.

Wth the first valve 132 and th cond .val ye 134 in the positions shown
in Figure 2, ags%g%om the peeog rpéﬁ?etln ﬁ‘%zmﬁ_é{st?_e%e\(?cﬁ?’Sug‘illesf)Wégc‘ﬁaa_nﬂré’FeSEZ‘ﬁﬁ‘&ﬁq i's
directed 50 andyosalcr@redaytasiréenefatibhe THeNRirdl§asase i2Qdaphdt fo Ab® Fgatibi S

| ocation has béen | abeled VENT. An air treatrment matrix 144 is di sposed

wi thin the civapdredronpteodir thae pagses tigougly detaembenbtul & 4 particularlyweferred

enbodi ment of Figure Figure 2, .the air .treatmnment trix 144 j.ncl udes
Srrst panclm bt e URONEsalie ) pid BRNIERY 1 kY e iecliting
02/ 051526 PCTesdDo #88pbcesy whvhiag, pebaeire® ) as tdendafist. MaPALmbES tise,
adapted to renpve particles fromthe air that passes through the chanber

124. The secdRd Ipaie Pasiiaon ef hgapansls 1ay Aes6¥isd: dnbwry CAROAImemssof ke alrr
t hat . : h
at passgs tt%@*é%gg*aﬁ*& g%ﬁ%%ni‘e?n lét@@qu%lggt Y& 8N/ 208 the gﬂﬁg%@cggc#% 0 ee

second panel ectivel esor I'n a process
referred to ds pegmhenaniion. Vidr®us hiludrapanembd8indnss afl pptedd far aisadis didbair

organic vapors fromthe air.that passes.through the chanber 124. In a
particul arl y U5PEeEt Fag ]e%‘{)?ﬁ}i Q%?tiu?s?gg@b%?‘@ani c vapors adsorbed by the
third panel 150 mgyekgstsl ROtdNLInkIuddes TR 142 BaRhO6 88 Wah&lberay4 Reyt

referred to as regeneration. The nunber, type, and Telative position of
t he panel s masinghig gemagnicaonsip therbloaverd A6 endthet dietredtment module 120. The

15 furnace 152 may be used to heat an air stream passing through the heat exchanger
154. In the embodiment of Figure 1, the furnace 152 is coupled to the controller 102.
The controller 102 is preferably adapted to selectively activate the furnace 152.

The system 100 may be used to remove vapors from the air in the inside space

20. One method of removing vapors from the air of the inside space 20 may proceed
20  as follows:

1) Directing a first air stream 140 (shown in figure 1) from the inside space 20
through the air treatment module 120 and back into inside space 20, wherein air
treatment module 120 adsorbs vapor from first air stream 140.

2) Positioning the first valve 132 and the second valve 134 so that a second

25  air stream 142 (shown in Figure 2) passing through the air treatment module 120 is
directed to a location outside of the inside space 20.

3) Activating the furnace 152 to heat second air stream 142 so that second air
stream 142 has a temperature that is higher than the temperature of the first air stream
140, wherein at least a portion of vapor adsorbed by the air treatment module 120 is

30  desorbed from the air treatment module 120 and carried away by second air stream

142. Examples of vapors that may be suitable in some applications include water
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10 treatment matrix 144 are contenpl ated w thout deviating fromthe spirit
and scope of the present invention. Various illustrative enbodi nents of
panel s f oWO0xes152s the air treatnment matrix 144 will be deeTUSbe@sdel ow.
The system 100 al so includes a furnace 152 having a heat exchanger 154 that
is in fluid communication with the blower 106 and the air treatnment nodul e
120. The 15 furnace 152 may be used to heat an air stream passing through
t he heat exchanger 154. In the enbodi mnent of Figure 1, the furnace 152 is
coupled to the controller 102. The controller 102 is preferably adapted to
sel ectively activate the furnace 152. The system 100 ma(v) be used to renove
vapors from t FPoai PrERpict Yaoisndindevapldlceorsanic oprworedsh¥O6Ts)r enByimples afor s
fromthe air he Jnsi a 0.ma roce 20 as faqllows: 1
Directing a f?lr g{“@a\l’grp ggst &gg}?@ﬁﬁelﬁgﬁ%ﬁ ﬁ)ﬁé)r ‘fagﬁ" ev_aﬁor%r%l etpﬁdg YarPgi)rsdeesgeﬁace

20 through t¥aoad, ketohe adpoes)amiahdpdrd 20d amthebaghrsi nt o i nsi de space 20,
wherein air treatpent nodul e, 120 adsorbs vapor fromfirst air stream 140.
2) Positioning thell¥ prémethqdy@ aepprange twith dscpisseny dpveationy theoaif Hegatraent

second 25 ai 8t £AM M‘a%tc(dstb%ﬂ@o bRy Tk OHoSr ﬁém%ﬁiﬁgﬁ‘g&g&w P S n%éﬁod

treatnent nodule 120 is ‘directed to a | ocation outsi t he 1 nside Space
20. 3) Acti vatdcngd ahrestfeamnbRenbybe dirbeat tlwecgintheadir tettheamniatidx sld4t dnail

d ai t .142 t t th i s hi gher an t he
Cemporatur e oTSTHBUT: Sl oIt L EatRO A T i et 443 Y g OF creaimet

vapor adsor beghoByietiR8 ididtsoth i Bicmm i &rehg0145 3his gﬁ*fa@ﬁqs hRMfeAgnai
treatnment nodul e 120 and carried away by second air stream 142. Exanples

of vapors t hakigaee3, yeiduistasgybeh shovsogdesipgint water trvsntoriconthe weatieu axis Gn\D
02/ 051526, \PCT/. 1/ 4 _vapor, ani ¢.vapors, and vplatile arganic
conpounds' vc{&# %3“ t%%go%bszétg?% S g}og%r‘ffecf\l}éﬂ%?%e %pﬁﬁﬁcbatﬁ%cpté‘%%%\?ﬂﬁ‘%ng}”ater

hydr ocar bon viapeitssry abtlablydecwadaify eRBefle. Vapors, ketone vapors, am de
vapors, and am ne vapors. In one nethod i1 n accordance with the present

i nvention, the airltty Eabsrpersigodniatiakien e vesy Sirasyes. the vaigormtaar/opapor
fromfirst aifheSyHEAEBA? willMndthhs 8R! h‘ﬂ%’tead, the low point in Figure 3 will be a

characteristic determined by the adsorbent type, regeneration time, and temperature.

15 Similarly, the high point will be determined by the feed composition, adsorption time
and temperature. The difference between the low and high contents is the effective
dynamic capacity. Thus, the 0% and 100% values in Figure 3 represent 0% and 100%
of the effective dynamic capacity.

Methods in accordance with the present invention are also contemplated in

20 which second air stream 142 is directed through the air treatment matrix 144 until a
portion of the water adsorbed from first air stream 140 by the air treatment module
120 is desorbed into the second air stream 142, This approach is illustrated in Figure
4, which is a graph showing desiccant water inventory on the vertical axis and time on
the horizontal axis. In Figure 4 it may be appreciated that some water remains in the
25 desiccant throughout each cycle.

In some applications, it may be desirable to allow some water to remain
adsorbed within the air treatment module 120. For example, in one method, water is
intentionally left in the air treatment module 120, and a gas which is present in first
air stream 140 forms an acidic solution with the water present in the air treatment

30 module 120. This method may be advantageously used to remove gases from the air



second air stream 142 may be directed through the air treatnment matrix 144

until substantially all of the water adsorbed fromfirst air stream 140 by
the air twearesste nodule 120 is desorbed into second airpeT/US@Msssl2. Thi s
approach is illustrated in Figure 3, which is a graph show ng desi ccant

water inventory on the vertical axis and 10 tine on the horizontal axis. In
Figure 3 it nmay be appreciated that the desiccant water inventory
approaches zero during each cycle. It is to be understood that after the
very first cycle, the water content and/or the VOC content will not be

zero. Instead, the low point in Figure 3 wi,ll be.a characteristi
det er ni ned by tsansde sp4se - t@?ﬁ&}plgsebi%?é?%magﬁlayibﬁe{emgﬁag él%etglgtaﬁplgaCHS
Simlarly, the . mel dbxite lﬁis, B&d fielosEifeeticast he feed conposition,

adsorption time ‘and tenperature. The difference between the | ow and high
contents is the efFigetiveis dydiagiammatjsaceprgsentios, of a guildisaal ABus AV Ries

in Figure 3 represent Q% and % of the eff Lve QLG ca |
Met hods in aé Pg’é’ﬁ‘é‘é Ogn'atSPfStf’Wi\?Og)r E’S%ﬁ‘ffm{gﬂ%eeﬁ'ftggthe gFees’g%tlnlggé 1@%9?1’1’ Fe)?rﬁb‘%g Tin
20 whi ch secepd (2iFigt 588 RhHAALREy dirhRati8dhé bysagh 0D Figures N edtiPeRicapat i X

144 until a portion of the water adsorbed fromfirst air str_eamél%g b¥ t he
ai r treat mentharsbribysten1 200 iinclades oy bad vahteo23he The SurHVAVE 2P Ao AN o fhis

approach is iJ.lyustrated.in Fi. j i r : i L&¢ gat
water 1 nvent S5t BHUERE 258 P uSro pied o A offtoh Food RRO (BRP VARG PRIREEREl
Figure 4 it gayctbelppahacidabadadehat biome 206t erfluiéraimsuricetiohevitl2 Birdealiiscant
t hroughout each cycle. In sonme appljcations, it.my.be desirable to.allow
sone water t @uisidrefrihe igidsrspace -tiﬁ‘i‘f‘ncqnﬁ@”ﬁf ?bi Pé’éﬁ?@%ﬁy ﬁ‘i@ﬁ%gmlsﬁg.cuﬁ%?(
exanpl e, Jhn ey B HAfa YALEDSE B intrBHGM QA i @F Inside dpage 0.7 L eat ment
modul e 12 , and a gas ich is present in first air stream 140 forns an
aci di ¢ sol ution wiThe systemv2(0esf Fipesenalse mcludss aitemperaareriansdgoermiduibat 1320,

021 051526, PCTPURS FBBGA TR L2 e haasut 8 o RS R s Rl v
be removed usifigh shh&icAPR SREHairiiEp SRS HithRIthelinxdepagag). dhd systernagen
droxide gas, also includes a humidity transducer 262 that is coupled to the controller 202 and is
15  adapted to supply the controller 202 with a signal which is indicative of the humidity
of the air within the inside space 20. The controller 202 may use the signals from the
temperature transducer 260 and the humidity transducer 262 as input to control
algorithms. It should be appreciated that the system 100 of Figure 1 may also include
the temperature transducer 260 and/or the humidity transducer 262 without deviating
20 from the spirit and scope of the present invention. It should also be appreciated that
other systems in accordance with the present invention may include the temperature
transducer 260 and/or the humidity transducer 262 without deviating from the spirit
and scope of the present invention.
Figure 6 is a diagrammatic representation of yet another illustrative
25  embodiment of a system 300 in accordance with the present invention. The system
300 of Figure 6 includes an air conditioner 364 having a compressor 366, a condenser
368 and an evaporator 370. In Figure 6, a first air stream 340 is shown flowing

through the evaporator 370. The evaporator 370 may be used to cool first air stream

340 before it enters the inside space 20. In Figure 6 it may be appreciated that the

(S%]
(o]

system 300 includes a fourth valve 372, a fifth valve 374, and a sixth valve 376.



Figure 5 is a diagrammatic representation of an additional illustrative
enbodi nent of a system 200 in accordance with the present invention. The
system WQO0Douk26Fi gure 5 is substantially simlar to thePe)sS&mss@0 of
Figures 1 and 2, except that the system 200 includes a third valve 256. The
third valve 256 is coupled to a third actuator 258 that is coupled to a
controller 202. The third valve 256 may be selectively activated to pl ace
the blower 206 in fluid communication with air that is outside of the

i nsi de space 20. The controller 202 is preferably adapted to selectively

10 activate the third valve 256 to introduce fresh air into the inside
space 20. The systfé®ro0b isfarFpgditiend Wreool the sddema3ikebdriguer @ t Fntkducer
260 that is oL 0 j t,ed 1t u he
controller Zgg%\l?\nﬂitnﬁ&éggfﬁgﬁg? it %tﬁi o A}}egali?en%pga |<i/%h g?@? Hzg’a%“?‘ tfl eegril%le%éabb e

wi thin the i 33bdevepabdeca acthhted by stwmor0Bot sHosm) sochatdes, drdatiiie dickyof a
transducer 262 that is cog% e& to the controller 202 and is 15 adapted to
suppl y the cSRIOPEIATHIe8Eb ¢t Hhg 26iugior asipieipd math thaifewtth valvep72nikeifth dity
of the aik WhRkns7khend Bl €2i1SPAGE 376 areTHE pRAGLEY! I

signal s fronﬁfhe pen%erature transduégi 280 a%dgfiebﬁﬁ§§35?¥oﬁﬁgﬁg ﬁ%ér
262 as i nput Seeonglont stedam 342 Goivstpast. the torsleoser 68 @nd plooegh dteethatibat 32gef
system 100 of, Fi.gure | I i ncl.ude , the tenperatyre transducer 260
and/ or the hthRﬁ %‘?F@a ?F%ﬂ‘?éﬁ@gig%gn \Itz%}eteﬂ'g’ﬁfi”ﬂ%\%og? FEYEE gﬂt?‘FrCSFI&PWé%%iWM and
scope of thebphieseldthehttheRtdodd-aiddiregioubd al so be appreci ated that ot her
systenms in accordance with the present invention may include the .
tenperature trandéger 8260 ardirgrmuplc hippFERigtion aofs digt eanctlg? Wiustratinte

devi ati ng,fr It e nt_invention. -Fiqure 6 is
a di agr a?r%at ?{?b?glg}%g g?\taasmsgﬁpgﬁ&%?ccgﬁgﬁ%ewﬁﬁﬁﬁeﬁg{ers At il%em’fg' (;F%’l?gsé(?tﬁght of
a syst em 300406 oAEpurad meduddstahfutriaee pfEisemiig 4 hee Rk tlngerThe!. SHRtSlem3® of

Figure 6 includes . ap air condition 364 having a conpressqr 366, a
condenser 3 é_go AFdH a@\?éfp‘iﬂ“gft%ﬂne%%ﬂ hayv e eRupREessor ﬂ\ggiar@lnd%nslaf 4Q% B340
i's shown flow f@ratbNiryiain tt}hsedﬁ%ﬁﬁp Lrtnr tl?é?g/aggﬁ?orewgl{daﬁ&li gg&gsg%g%g n

used to cool first air stream 340 before it enters the insi
Figure 6 it meeyorberpapie sideavedietchanberhédt is30ntsyplaed BOOevencthatdbs evapbeatiort h

val ve 3725 a4f76 fatng H%tV&CQZégerangy %es}ljlééela Xtalo}/ enegr7g' sihgle location such as a

conventional furnace/air conditioning system. The operation of the system 400 during

a cooling season may be described with reference to Table 1 below.

Stage Stage Compressor | Blower First Second Fumace
Description 466 406 Valve Valve 452
432 434
A Start ON OFF CLOSED OPEN OFF
B Cooling-dry ON ON CLOSED OPEN OFF
D Cooling- Stop OFF ON CLOSED OPEN OFF
E Regeneration- OFF ON OPEN CLOSED ON
heating
F Regeneration- OFF ON OPEN CLOSED OFF
purge
Table 1
20 Stage A of Table 1 is a beginning stage in which the blower 406 is off and the

air conditioner compressor 466 is on. During stage B, the blower 406 is turned on so
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WO 02/ 051526 PCT/ USO1/48864 Figure 7 is an additional view of the system
300 of Figure 6. In the enbodi nent of Figure 7, the fourth valve 372, the
fifth vaweoBrsas2eand the sixth valve 376 have each been BCT/watie@sdy
actuators (not shown) so that they direct the flow of a second air stream
342. The actuators associated with the fourth valve 372, the fifth 5 val ve
374, and the sixth valve 376 are all preferably coupled to the controller
302. Second air stream 342 flows past the condenser 368 and through the
chanber 324 of the air treatnment nodule 320. In the enbodi nent of Figure
7, the condenser 368 may be used to heat the seco air stream 342. Figure
8 is a di agr dwiar jaf stiepiedent @@istotheéfw%tvai\‘ﬁo%“e?mp ﬂr%%‘farpaﬁt?fem(ﬁﬁ’%o thic 9
enbodi ment o i 1 e } i2@&broddre
cvatem 400 B bl e e R e 5.
The system 4@Qm ki dsnhd videgean faiws thongh theaaietreatgnhanatnig 44¢. c bngiegsBor

466, a condenser 468 and an evagporator, 470. In the diagr shown, the
evapor at or 45 cRplnheibthe gustarydr SiaRRed by Urmipe %‘55891’{%:‘5% géegso f the

chanber. 4t is cogtegm al achDaRNRinhchlidd slbe SUARAAEOKLA Sird ThIANAs hent
exchanger may be pl&ced at of near a Si ngl e location such as a

convent i onal operciand e secomhdilve 4 isglaspd sethat Fhair gpyearats disecsed thirigsyhs em

400 during a. cooling seasol be .descr.i,b i 8RC pl gs4l
bel ow. St agea’ét%@téne@gﬂﬁf%gg%’f @b‘iﬁéﬁ#“ﬁ’“ﬁ% © ég%l\énﬁ%ﬁ%%ag%é@' %g[lfseg}l%%t% on 466
406 Val ve VakygrA&Ron 432184 Real @lid aiNuOh. CrusShbatePEN GirBam Bis@sothiengs dr y
ON ON CLOSED OPEN OFF D Cooling- St og OFF ON CLOSED, OPEN OFF __E
Regener at i on{re@FRNON2DPERAGIESERO dRsorh dag PisyiopsiRagarrbrd vapers: dibe deRPTeBEN
CLCSED O?g Q%&g alaal?:ellr%e% by the air stream to a location outside of the inside space 20.

During Stage F, the furnace 452 is turned off, but the flow of the purging air stream

" continues, preferably allowing the air treatment matrix 444 to cool.
The operation of the system 400 during a heating season may be described
with reference to Table 2 below. It may be noted in Table 2, the compressor 466 of

15 the air conditioner 464 typically remains off.

Stage - Stage Compressor | Blower First Second Furnace
Description 466 406 Valve Valve 452
432 434
A Start OFF OFF CLOSED OPEN OFF
B Heating OFF ON CLOSED OPEN ON
D Heating OFF ON CLOSED OPEN OFF
E Regeneration- OFF ON OPEN CLOSED ON
heating
F Regeneration- OFF ON OPEN CLOSED OFF
purge
Table2

Stage A of Table 2 is a beginning stage in which the blower 406 is off and the
furnace 452 is off. During stage B, both the blower 406 and the furnace 452 are
turned on so that an air stream flows past the heat exchanger 454 of the furnace 452

20  and into the inside space 20. Vapors are preferably adsorbed from the air as the air

stream flows through the air treatment matrix 444. In stage D, the heating of the air
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20 Stage A of Table 1 is a beginning stage in which the blower 406 is off
and the air conditioner conpressor 466 is on. During stage B, the blower
406 i s twoenimmesso -9 WO 02/051526 PCT/ USO01/ 48864 that ROT/ESE1/483864cam

fl ows past the second val ve 434 and the evaporator 470 into the inside
space 20. This provides cold air into space 20. Vapors are preferably
adsorbed fromthe air as the air streamflows through the air treatnent
matrix 444. In stage D, the cooling of the air streamis stopped by
turning the conpressor 466 off. 5 Stage E is a regeneration/heating stage.

In stage E, the fi.rst valve 432 i.s ened. a I

closed so t hatSHR SFt Pp%%rt@'am‘gv g?ﬁ'%%&é"ﬁ rggm%&t WE%@?& %@g}é‘?ﬁéﬁ? )}nget rix

444 to a | ocqkidf RehisiedRe anp%%u*e%t%xﬁ&ﬁﬁﬁn&ﬁwﬂﬂﬂ&hé insidacpacts®. i s

turned on so that it heats the air stream The heated al*r] tream hg;}%s t he
§ e

air treatnent matStase, Eda%f%gnqr?thféh@é@érséa&‘fhehbls*é%‘? Sadhs L8 v dhor s.

The desorbed to v are ca d
of Cthe 1 nor a@reisiRfe Bhfpd PHLL 854 RIchIR BihaiShifARel | P ARAL RLMAS! (B

the flow of thErpuheitigatdk 148ty e tovaticwbtiisidses thqameﬁesmbmalmmvﬁmgc@ %2 ai r

treatment matrix 444 to cool. The operation of e syst.em 400 duri
heating seasdh twragd 1aa Bro &t i1h BERLs g ity $FEE N J hlbe ﬁ%}b‘l“é sge Tﬁgllbfiﬂ‘;l{i']g %ﬁy be

noted in Tabl, %a&nentt?xfatﬁ)grm{ls(?ﬁ%ﬂrto ﬁ@&)rgfvapc;ré M"@ &hitula Fﬁgféfé@é&ﬁémﬂcﬁﬂment

typically renmains o t age Conpressor ovver rst Second Fur nace
Descri pti on 4hé véRcitad ﬂew\Aatevef 4i5 DasABY tltengmﬂ@t air tre@RENORRICL ARED OE

Regenor at | on-HUEPE (BRI BN ERoReE R REAT I GE A R Eher AT TR
CLOSED OH  RJAs8fs through the air treatment matrix 444. The desorbed vapors are preferably
carried away by the air stream to a location outside of the inside space 20. During
Stage F, the furnace 452 is turned off, but the flow of the purging air stream
continues, preferably allowing the air treatment matrix 444 to cool.
| Figure 9 is a diagrammatic representation of yet another illustrative
15 embodiment of a system 500 in accordance with the present invention. The system
500 of Figure 9 operates using a single valve (first valve 532). The system 500
includes a furnace 552 having a heat exchanger 554. The system 500 also includes an
air conditioner 564 having a compressor 566, a condenser 568 and an evaporator 570.
The system 500 of Figure 9 also includes an air treatment matrix 544. The
50 illustrative air treatment matrix 544 includes a first panel 546, a second panel 548, a
third panel 550, a fourth panel 594, a fifth panel 596, and a sixth panel 598. In a
preferred embodiment, the first panel 546 and the sixth panel 598 are roughing filters
(e.g., 20 — 30% ASHRAE according to ASHRAE standard 52.5). The second panel
548 and the fifth panel 596 are high efficiency filters (e.g., >90% efficiency according
25 to ASHRAE standard 52.2). The third panel 550 and the fourth panel 594 include a
plurality of fibrils and an adsorbent material.

The operation of the system 500 may be described with reference to Table 3

below.
Stage Description Compressor | Blower | - First Furnace
566 506 Valve 552
532
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Table 2 Stage A of Table 2 is a beginning stage in which the blower 406 is
off and the furnace 452 is off During stage B, both the bl ower 406 and the
furnace #8Qoz08526t urned on so that an air stream fl ows paBCTAURE /4386
exchanger 454 of the furnace 452 20 and into the inside space 20. Vapors
are preferably adsorbed fromthe air as the air streamflows through the
air treatnent matrix 444. In stage D, the heating of the air -10 WD

02/ 051526 PCT/ US01/48864 streamis stopped by turning the furnace off.
Turning the furnace off and on may be used to regulate the tenperature of
the air contai ned—wthrntHeinsrge—s e—20—5Stagert=+5-a

regener ati on/ heat i/ir{rgL stageg.ggﬁtn st age E?Nt he fip;3 vaf‘%fedﬁ@ its Ogjﬁﬂ)ened and
t he second val vie 484 | s(ebpsedrso|t ha n air eam ect hrpugh
the 5 air treatnept patrix §Zﬁﬁt1 a Fggatj n g&?sidém%?g%?e iﬁgFge space
20. The furnace 492 is GaplingdSton 50 tOHF it |he@ t heClEDSEBL f eadFF The
heated air StI’EdHIéIEd gie""' T—trea frect 'dI\'f abstng—++—to-desprb
vapors. In a particul aﬁ)g %?Igtfoélr'r ed e@g di mrgnt ,~*"t he \@mﬁet i cON ow rate
of air passing jthrough theafihg trpatment matirix 444 is less |during the
regeneration stlage.—thereby causihg an increase in fenperature of the air
10 passi ng througﬁthe%g?anﬁt&trrent QEEFri x |440ON The d¥¥¥befd \QRPrs| are
preferably carjried %y E%{%%tehe alr streamtio a | ocation outgside of he
i nsi de space 20Q. Durilng ge F,| the furnage 452 ils turned pff, but|the
flow of the purging air stream continuggslepreferably alTowmng the air
treatnent matrix é44 to cool. Figure 9 1s a diagrammtic representation of
yet anot her il | ustradedyef Teblednpgdiemmningottage inywehienitBddower H6deobtieeaini t h
the present | i y 00 of Fi qur operat es.usin i ngl e
valve (T1rst e ot S ol B e T 532 Y B B85 0e T 2
heat exchangéloves£06Th¢urnyd besp 3040 aal dostreund Bdes pas thaievagensi 5TORRH HH4
havi ng a gongre sor 5?@ (A condens§r 68 and an evaporator 570. The system
500 of Fi gur &Y aPEE° Fiic MRS &nPiisrally adsorbrd iogt thesaitessthe pifetrepm. flows
i1lustrativetlabligh thealrRAtmsRfdk 544 i ncludes a first panel 546, a second
panel 548, a third panel 550, a fourth panel 594, a fifth panel 596, and a
si xth panel 598. Stpeg E is a regeneration/heating stage. In stage E, the first valve 532 is

RO 1
LILLY

opened allowing an air stream to pass to a location outside of the inside space 20.
4Referring to Figure 9, it will be noted that the regeneration/heating stage may be
10 accomplished utilizing a single valve, namely first valve 532. This single valve
operation reduces the complexity of system 500.
Also during stage E, the furnace 552 is turned on so that it heats the air stream.
The heated air stream, preferably, heats the air treatment matrix 544, causing it to
desorb vapors as it passes through the first panel 546, the second panel 548, and the
15 third panel 550 of the air treatment matrix 544. The desorbed vapors are preferably
carried away by the air stream to a location outside of the inside space 20. During
Stage F, the fumace 552 is turned off, but the flow of the purging air stream
continues, preferably allowing the air treatment matrix 544 to cool.
Figure 10 is a diagrammatic representation of yet another illustrative
20 embodiment of a system 600 in accordance with the present invention. The system
600 of Figure 10 includes an air treatment matrix 644 having a heater 678. The heater
678 preferably includes a heating element 680. The operation of the system 600 may

be described with reference to Table 4 below.

Stage Stage Compressor | Blower First Second Heater
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preferred enbodi nent, the first panel 546 and the sixth panel 598 are
roughing filters (e.g., 20 - 30% ASHRAE accordi ng to ASHRAE st andard
52.5). Tweosmeums panel 548 and the fifth panel 596 are PCTNSEi488@i ency
filters (e.g., >90% efficiency according 25 to ASHRAE standard 52.2). The
third panel 550 and the fourth panel 594 include a plurality of fibrils
and an adsorbent material. The operation of the system 500 nay be descri bed
with reference to Table 3 below Stage Description Conpressor Bl ower First
Furnace 566 506 Valve 552 532 -11 WO 02/051526 PCT/US01/48864 A Start ON
OFF CLOSED_COFE Cooling-dry ON ON CIOSED OFE_ D Cooling- Stop OFF ON
CLOSED OFF| E Rependsatptom- OFF @X60PEN O06hept | glve RegeNéWatlon 6TFF ON
OPEN OFF purge [fTable 3 Stage A of Table 3 is p be |nn|ng séﬁpe in which
the bl ower| 506 is off, the aijr conditipner coppre %66 TS off, and the
furnace 552 14 off. Dyhing sfage dgy the bﬁymer(ggﬁsEg turgegnon| sqofhat| an
air streamflows| past the evaparator 570 into e 5 insilde spacei20. Vapors

are preferpbl ads@Obk'mig ﬂr}om the QNr as| t K&Nai r @E@&Eﬁl fil o@BENt hy ouQFE t he

I a-fra-B-a

air treat neat_fa X—o44 age—TA4Ss—aregenet Tt p— Stiage
E, the firbkt Yal ékgﬁfg §mpopenegﬁgflowin n ¢t§$E an1t§PE§as t OEF

| ocation out sg de| afegbhgaiifin! de spage 20 (ﬁ@ferrlqj\gEN TOUOSED, |[TTOoN TT] be
noted that|the regenerat i on/ heati ng st alge may pe 10 acconplishedfutilizipg

a single valve, nhamgisptiigrst |val ve 532.| This sj ngle val ye
F Regeneration- OFF ON OPEN CLOSED OFF

purge

Table 4
Stage A of Table 4 is a beginning stage in which the blower 606 is off and the
air conditioner compressor 666 is on. During stage B, the blower 606 is turned on so
that an air stream flows through the air treatment matrix 644 and into the inside space
s 20. This provides cool air into space 20. Vapors are preferably adsorbed from the air
as the air stream flows through the air treatment matrix 644. In stage D, the cooling of
the air stream is stopped by turning the compressor 666 off. ‘ -
Stage E is a regeneration/heating stage. In stage E, the first valve 632 is
opened and the second valve 634 is closed so that an air stream is directed through the
10 air treatment matrix 644 to a location outside of the inside space 20. The heater 678 is
turned on so that it heats the air treatment matrix 644 causing it to desorb vapors. The
desorbed vapors are preferably carried away by the air stream to a location outside of
the inside space 20. During Stage F, the heater 678 is turned off, but the flow of the
purging air stream continues, preferably allowing the air treatment matrix 644 to cool.
15 Figure 11 is a plan view of an illustrative embodiment of a panel 747 in
accordance with the present invention. Panel 747 is preferably included in an air
treatment matrix as described above.
The panel 747 comprises a frame 782 and a plurality of fibrils 784. In.the
embodiment of Figure 11, the fibrils 784 are arranged in a substantially randomly
20 intertangled pattern. The fibrils 784 define a plurality of the air flow pathways 786.
The air flow pathways 786 are preferably substantially tortuous. The panel 747 also
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operation reduces the conplexity of system 500. Al so during stage E, the
furnace 552 is turned on so that it heats the air stream The heated air
stream pwebmoesrbiey, heats the air treatnment matri x 544, cBOBURQ/48864t O
desorb vapors as it passes through the first panel 546, the second panel
548, and the is third panel 550 of the air treatnment matrix 544. The
desorbed vapors are preferably carried away by the air streamto a

| ocation outside of the inside space 20. During Stage F, the furnace 552
is turned off, but the flow of the purging air stream continues,
preferably allowng the air treatment matrix 544 to cool. Figure 10 is a
di agr ammat i cpreégpatdyg emtlades endeskicyet depooitioe préfetabiyt dispdsee bePdeeaniobel ofetite of a
syst em 600 i&ﬁcggﬁdance with the present invention. The system 600 of

Fi gure 10 i nt?4dé§™an air treatment matrix 644 having a heater 678. The

heater 678 pref efaPloybe aﬁiﬁire’éfh@éd Bah@atdub deddBn®. MaydRQitilikoe woleiAddvetingf t he
system 600 nay be described with reference to Table 4 bel ow. Stage Stage

Conpr essor Bitemdhe mirisandSsepnaf tearesent inyentig G220B1es 26 dpEyaSotlidsgEa

B Cool | n. dri SHECR EovEep st Brate TTudsdn s ToBh i Meaeh it BN o
E Regener at i flomid-FalifORENGdOSKNveNd badbt, nBarfuniRegader 8hii@n- p&kidotd, OPEN

CLOSED OFF purge Table 4 Stage A of Table 4 is a beginning stage in which
the bl ower 6€¥ciiE Wpmidenepleinal clpride galfium Srditde eatpiuas gHe.68#ates slyRerobur i ng

THas B, hopBLOn Pyl B80S s 10"
magnesium chloride, magnesium perchlorate, magnesium sulfate, molecular sieves,

10  phosphorus pentoxide, potassium hydroxide (fused, sticks, etc.), potassium carbonate,
resins, silica gel, sodium hydroxide, sodium iodide, sulfuric acid, titanium silicate,
zeolites, zinc bromide, zinc chloride, and combinations of such desiccants. The
desiccants may be used in various forms. For example, the desiccant may a solids
and/or a liquid. The desiccant may also comprise part of an aqueous solution.

15 Figure 12 is a plan view of an additional illustrative embodiment of a panel
749 in accordance with the present invention. Panel 749 is preferably included in an -
air treatment matrix as described above. The illustrative panel 749 includes a frame
782 and a plurality of walls 722 defining a plurality of the air flow channels 790. In
the embodiment of Figure 12, each air flow channel 790 has a substantially polyhedral

20  shape including an inlet surface, an outlet surface and four side surfaces. The air flow
channels 790 may have other shapes (e.g., cylindrical, decahedral, gtc.) without
deviating from the spirit and scope of the present invention. The panel 749 also
preferably includes a deposition 788 overlaying at least some of walls 722. In some
embodiments, walls 722 include an electrically conductive material that warms when

25  an electrical current is provided therethrough. Thus, the walls 722 may act as heating
element 780 of Figure 10.

The deposition 788 preferably includes a desiccant. The deposition 788 may
include additional materials without deviating from the spirit and scope of the present
invention. Examples of additional materials include odor absorbent materials. For

30 example, an exemplary deposition may include a desiccant, a first odor absorbent, and
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5 20. This provides cool air into space 20. Vapors are preferably adsorbed
fromthe air as the air streamflows through the air treatnent matri x 644.
I n stage v ob@swool ing of the air streamis stopped by POT/WSeIgsséIe
conpressor 666 off. Stage E is a regeneration/ heating stage. In stage E,
the first valve 632 is opened and the second valve 634 is closed so that
an air streamis directed through the 10 air treatnent matrix 644 to a

| ocation outside of the inside space 20. The heater 678 is turned on so
that it heats the air treatnment matrix 644 causing it to desorb vapors. The
desorbed vapors are preferably carried away by the air streamto a | ocation
out si de of sedgend ndptiebsopeare Xy wWBMrdfrag sSoagdexmnpiehéhehdertositiof 78ay sndludened

of f, but the_ f] ow of Hﬁe pﬁr@i ng ai L Litlr eam coriti nues, preferably allow ng
the air treatHent 2SPHGAnEAECRIagy Spated sluming (TR 'S ™4 bl an view of an
illustrative enbodigient3 Rfa gerfale Vigw dff filRE 6PEAANIEE 9Ok Acdoh®anlE Q8@ NN

i nvention. Panel 757 is preferably included in an air treatnent matrix as
descri bed abdlstratieeemphasamenraof the pysser exveation.afebargy sapeile 782 badik ittlpbal
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perchl orate, magngsl |Lf : S| 8VeS,: i de,
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outer surfaces of the granule 792, the deposition 788 preferably includes a desiccant.

15 The deposition 788 may, of course, include additional materials. For example, the
deposition 788 may include a desiccant, a first odor absorbing material and a second -
absorbing material. By way of a second example, deposition 788 may include carbon,
a zeolite, and chemically coated alumina or silica. Additional embodiments of
granule 792 are possible without deviating from the spirit and scope of the present

20 invention. For example, embodiments of granule 792 which do not include deposition
788 have been envisioned. Embodiments of granule 792 have also been envisioned in
which the body granule 792 is formed of a desiccant material. In the embodiment of
Figure 13, the granule 792 has a generally trilobal shape. Granules in accordance
with the present invention may have other shapes (e.g., spherical, tubular, etc.)

25  without deviating from the spirit and scope of the present invention.

Figure 14 is a perspective view of a fiber or granule 892 in accordance with an
illustrative embodiment of the present invention. Referring back to Figure 11, it is
contemplated that the fibrils 784 of Figure 11 may have a generally triad shape, as
shown in Figure 14. In the embodiment of Figure 14, fiber 892 includes a plurality of

30 lobes 893 with endcaps, as described in U.S. Patent No. 5,057,368, which is

incorporated herein by reference.
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resins, silica gel, sodium hydroxide, sodiumiodide, sulfuric acid,
titaniumsilicate, zeolites, zinc bromde, zinc chloride, and conbi nations
of such ae@obwermies. The desiccants nay be used in vari OuBCT/ORMMEAS8HOr
exanple, the desiccant nmay a solids and/or a liquid. The desiccant may

al so conprise part of an aqueous solution. 15 Figure 12 is a plan view of
an additional illustrative enbodi nent of a panel 749 in accordance wth
the present invention. Panel 749 is preferably included in an air
treatment matrix as described above. The illustrative panel 749 includes a
"frame 782 and a plurality of walls 722 defining a plurality of the air

fl ow channel s 790Fighre 16hie ®rbmedisemivhaloficli glinefide?, 9%Adh aatdrdfdcevwichamnel
790 has a sug tair,}ti al | c£0| éhe ral 20 shape.including an_inlet surface, an
outl et surfabBISTR S FRrodmgat ol the fresent mpention, Refsiming hagkniel Hewsol lrdl Ishav e
ot her shapes ! i 1 i gLl from
R e e
preferably i siowdiedigurddpodn theosmi@Bmentef Figrira §)5,d4ibdr 883 tindudes agilurakidyl of 722.

In sone mbodi nents, wal 15,722 jncluyde an electrically conductive mnmterial
that e e R SAh ghadibs r! a8 the GrbaRE e TG En 4 JreratBuea se.
the wal s 72dispigd 86fiveds ch@pddj@nt pliesEBbes 688, of Figure 10. The deposition
788 preferably includes a desiccant. The deposition 788 may i ncl ude

addi ti onal mat er i Hpeingjthipdescaibod dbs nrpldrrednembredimghisi of Bsdprseopanvshtiome
present inv ' BEX AN . Lal s.include odor absarbent
mat eri al s. Fo?g%gpg%gégllr@%eaztn%el%?n%flgragg%gﬁ&ﬁgl{ ?\t ?1%1?? %Pulgleenﬁ ’B%%i%gcant ,
a first odormatismdest, widdd the Sobp¥\OFf fi2/hrhS BereRCAitddH6d./ #B8houssacans:gdor
absorbent. B \é}%y. of a second_ exanple, the deposition nmay include carbon,
a zeol it & andf EifeVeRty ceted PYaftihdngment faye dgen ey deigh 11 the faregoing

perspective yi fi U . ' #
UseMb@ln. AR Ge AN hEWdE thil ARGRLAGNES id Bafrespapss,

illustrative enbodi nent of the present 1nvention. of "‘granu

a trilobal énlghbypratined Ghaogesdvsy he phade ah idetpilef pdrodesrly @8 mafthe dfishepe, or
granule 792 may fuyrther include deposition. 783 overl ayipng.an outer
surface of a?lz%feaggtér@ﬁge%?mt ng?rgsb‘é%tﬁ%fxceegﬁlgo ?CPP?JSD% Fg‘?Fvén%%ogﬂlﬁent,
a panel may heemion sdepk fshaf cduisd, WeBSeddin the language in which the appended claims

15  are expressed.
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plurality of granules, |ike granules 792 of Figure 13, randomy stacked so
that they define a plurality of air flow pathways. The air flow pat hways
are pref a¥@b2/¢513% substantially tortuous. The plurality oPChUaNnMssst may be
cont ai ned between a front screen and a back screen. An outer frame may be
di sposed about the outer edges of the front screen and the back screen.
Each granule 792 preferably includes a deposition 788 overlaying one or
nore outer surfaces of the granule 792, the deposition 788 preferably

i ncludes a desiccant. 15 The deposition 788 may, of course, include
additional materials. For exanple, the deposition 788 may include a
desiccant, a first odor absorbing material and a second absorbing
material. By way of a second exanple, deposition 788 may include carbon, a
zeol ite, and chewhaaislcjaimedtised al umi na or silica. Additional enbodi nents of
granule 792 are ossiRLe wi t hout devjating fromthe _spirjt. and.scope of the
present 20 i nventi on. AFBENELaiRsI TemoX g BanPE ©F %?‘Pesgffélﬁhlﬁ"é Hgan \M‘ﬁ‘@‘g SB¥ Cnot

i ncl ude deggﬁk%gg%jhg§§ bgpe been envisioned. Enbodi nents of granule 792
have al so bee enV|siongd in which the body granule 792 is forned of a
desi ccant mat eriditecting a fisst arbdgtrmecimpisinEaguirem B¢ inside spasauihmug®2nhas a

generally tri|obal s e. anul es I n.accordance . wi.th,the presen
Pventi on M REemBRRE, nd LA TS GF REFR PR ik BRI gmodule
Wi t hout devidaérbB&apdOmdhie: St 4ik btrédg) scope of the present invention.
Figure 14 is a perspective view of a fiber or granule 892 in accordance

with an il ust rdifdctias enBergndedit sGeam Hhrquebsibataly fgaimenbmodrls & i lgatiere k

to Figure b1} . |.a t ibrils. 78 i
nave o gendtiidgof Pe Sk SR hBkel B1ch R ot of e epdbel s vl
Fi gure 14, fiinheie 40fecatachumhedula apd usrddet taywa9fby3he saabrd 2iB SBearh;tdadendcaps, as

described in U S. Patent No. 5,057,368, which is incorporated herein by
reference. -15 WI@9ino3he S6cETAUSHIFARGER 2 FicgiReRtus [hat Hs chigher b itighal

view of a H&Q?&agggofﬁwqﬁggﬁpﬁﬂﬁﬁLmﬁth an illustrative enbodi ment of the
present invention. Referring back to Figure 11, it is contenplated that

the fibrils 784 of Figure 11 nay have a generally triad shape, as

2. The method of claim 1, wherein the vapor comprises water vapor.
3. The method of claim 2, wherein substantially all of the water adsorbed
from the first air stream by the air treatment module is desorbed into the second air

stream.

4. The method of claim 2, wherein only part of the water adsorbed from the

first air stream by the air treatment module is desorbed into the second air stream.
5. The method of claim 1, wherein the vapor comprises an organic vapor.
6. The method of claim 5, wherein the organic vapor is selected from the

group consisting of ether vapors, ester vapors, ketone vapors, sulfide vapors, amide

vapors, and amine vapors.
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shown in Figure 15. In the enbodi nent of Figure 15, fiber 992 includes a
plurality of 5 | obes with endcaps 993. In the enbodi nent of Figure 15, a
desi ccantwaepayssie 995 is di sposed between each adj acent parusaf4sB@bes 993.
Havi ng thus described the preferred enbodi nents of the present invention,
those of skill in the art will readily appreciate that yet other

enbodi nents may be nade and used within the scope of the clains hereto
attached. Nunerous advantages 10 of the invention covered by this docunent
have been set forth in the foregoing description. It will be understood,
however, that this disclosure is, in many respects, only illustrative.
Changes may be made in details, particularly in matters of shape, size,
and arrangenment of parts wthout exceeding the scope of the invention. The
invention's scopb is, TmfnﬁﬁuﬁsefcuhﬁihedhmnhthﬁahﬁngwaganimmGMkchmhMesa
appended ckﬁ #ﬁﬁﬂ% ress MD 02/ 051526 lUSOl/488%§ 9@3 IS
clai med i s:degiceant arb,: vape gph@e L RsStsR S‘? 81 APPT [hthg sef
space, COmdtshpg the steps of: directing a first air stream conprising
air fromthe inside space through an air treatnent nodul e and back into
the inside space, wherein the air treatment nodule adsorbs vapor fromthe
first air strea directin o r st m.t hrough t he .air treatnent
nodul e to a | ocatiion f’%u‘Ps‘%ag i(?la Z‘i"fﬁ I(Ifet% %éccanwg}pﬁsﬁs fca[ %%{’St a
portion of the adsorbed vapor is desorbed fromthe air treatnment nodul e
and carried away by the second air streany and wherein the second air
stream has a tenper at liremethigd of claimp (Z]h‘é]fler?ﬁléhe flepaccaplcGpprigesi sedfet he first
air stream 2. The nethod of claim1, wherein the vapor conprises water
vapor. 3. The nethod of claim?2, wherein substantially all of the water
adsor bedt fromite fThestmediod sf tlram hywhéreinathe destabimeadmprostsl € nidecular

desor bed i n'geoet he second air stream

11.  The method of claim 7, wherein the desiccant comprises carbon.
12.  The method of claim 7, wherein the desiccant comprises a resin material.
13. The method of claim 7, wherein the desiccant comprises a first desiccant

and a second desiccant.

14. The method of claim 1, wherein the air treatment module includes a first
panel for adsorbing water from the first air stream and desorbing water to the second air
stream; and

a second panel for adsorbing one or more organic vapors from the first air stream

and desorbing the one or more organic vapors to the second air stream.

15.  The method of claim 1, further including the step of heating the second air

stream.

16.  The method of claim 15, wherein the step of heating the second air stream
includes the step of directing the second air stream through a heat exchanger of a furnace.
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4. The nmethod of claim2, wherein only part of the water adsorbed fromthe
first air streamby the air treatnment nodule is desorbed into the second
air streawo 050513 net hod of claim 1, wherein the vapor cPOPUSGIESSEN
organi c vapor. 6. The nethod of claimb5, wherein the organic vapor is
selected fromthe group consisting of ether vapors, ester vapors, ketone
vapors, sulfide vapors, am de vapors, and am ne vapors. -17 WO 02/ 051526
PCT/ USO01/ 48864 7. The method of claim 1, wherein the air treatnent nodul e
includes a desiccant for adsorbing vapor fromthe first air stream and
desorbing vapor to the second air stream 8. The nethod of claim?7,
wherein the desiccant conprises silica gel. 9. The nethod of claim?7,
wherein the desiccant conprises a zeolite. 10. The nmethod of claim?7,
wherein the desiccant conprises a nolecular sieve. 11. The nethod of claim

7, wherein the desiccant co i s. carbon. 12. The thod of claim?7
wherein the desidant ésm@{agfs Jaipm L3 ki he, fiep of heatipg 4hie seeqnd ais stregra;

7, wherein {RgdeShEGRY of UMREHSEIhA sbddnd! aifl @BksBaMougdNs Rn8&ENYS an air
desiccant. 14. The nethod of claim1l, wherein the air treatnent nodul e

i ncl udes a ¢dndstionepanel for adsorbing water - fromthe first air stream and
desorbing water to the second air stream and a second panel for adsorbing
one or nore organic vapors fromthe first air stream and desorbing the one

Or nore organi C Y@Por Theendthed SEA9NE 1 8iwheréineRdsted bf heliag MR fedn@hir@lraidn 1,
further including the st;p of heating the second air stream 16. The
i

net hod of cingludeashe giseredi dirediiagsthe seemdnaiatsiragminest 8 sevsiivcaslectaieplebgpting
i ncl udes th%6§k§p of directing the second air streamthrough a heat
exchanger of a furnace. -18

19. A method for removing a gas and water from air in an inside space,
comprising the steps of:

directing a first air stream that includes air from the inside space through an air
treatment module including a desiccant and back into the inside space;

wherein at least some of the water from the first air stream is adsorbed by the
desiccant and at least some of the gas from the first air stream forms an acidic solution
with the water adsorbed by the desiccant;

directing a second air stream through the air treatment module to a location
outside of the inside space; and

wherein the acidic solution is desorbed from the desiccant and carried away by

the second air stream.

20.  The method of claim 19, wherein the second air stream has a temperature

that is higher than the temperature of the first air stream.

21. The method of claim 19, wherein the air treatment module includes a first
panel for adsorbing water from the first air stream and desorbing water to the second air
stream; and

a second panel for adsorbing one or more organic vapors from the first air stream
and desorbing the one or more organic vapors to the second air stream.

-19-



WO 02/ 051526 PCT/ USO1/ 48864 17. The nethod of claim 15, wherein the step of
heating the second air stream includes the step of directing the second
air streavobheuaszyh a condenser of an air conditioner. 18PCTN80WHSBHIOd Of
claim 15, wherein the step of heating the second air stream includes the
step of directing the second air stream past a resistive electrical heating
elenment. 19. A nethod for renpoving a gas and water fromair in an inside
space, conprising the steps of: directing a first air streamthat includes
air fromthe inside space through an air treatnent nodule including a

desi ccant and back into the inside space; wherein at |east sone of the
water fromthe first air streamis adsorbed by the desiccant and at | east
sonme of the gas fromthe first air streamforns an acidic solution wth
the water adsorbed by the desiccant; directing a second air streamthrough

whor oi n the aci art sof i RO GEEH 2o PHbntRe Rt Seadl SRi e ei Gy

by the secgnetr@int. stream 20. The nethod of claim 19, wherein the second
air streamhas a tenperature that is higher than the tenperature of the
first air stream 21. The nethod of claim 19, wherein the air treatnent

modul e i ncl udes %S:.fi M $he m%ﬂﬂ)%l offc%imaﬁsgvrélmeﬂgth\gﬁﬁe ;oaffnh]regtgﬁr%&% steéJnﬁtai -tlreagxl

stream and desorbing water to the secdnd air s a second pan

f or adsor bi mgludesethe stepwif diroctianihe se@mpdrag streamtlirhegl 2 hedt eaclrangér danurranel
desorbing the one or nore organic vapors to the second air stream -19 WO
02/ 051526 PCT/ US01/ 48864 22. The method of claim 19, further including the

step of heating jhe serORR Al df 3ifkEBMwherein the step of heating the second air stream

includes the step of directing the second air stream through a condenser of an air

conditioner.

25. The method of claim 22, wherein the step of heating the second air stream
includes the step of directing the second air stream past a resistive electrical heating

element.

26. An air treatment module, comprising:

a plurality of walls defining a chamber;

an inlet in fluid communication with the chamber;

a first outlet in fluid communication with the chamber;

a first valve means for selectively obstructing the first outlet;

a second outlet in fluid communication with the chamber;

a second valve means for selectively obstructing the second outlet; and

an air treatment matrix in fluid communication with the inlet of the chamber.
27. The air treatment module of claim 26, wherein the air treatment matrix

includes a first panel adapted to adsorb water and a second panel adapted to adsorb one or

Imore organic vapors.
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23. The nethod of claim?22, wherein the step of heating the second air
stream includes the step of directing the second air streamthrough a heat
exchangewo@b2/es1526r nace. 24. The method of claim 22, wher BCTYUSOI&88¢4ep of
heati ng the second air streamincludes the step of directing the second air
stream t hrough a condenser of an air conditioner. 25. The nethod of claim
22, wherein the step of heating the second air stream includes the step of
directing the second air stream past a resistive electrical heating

el ement. 26. An air treatnment nodule, conprising: a plurality of walls
defining a chanber; an inlet in fluid comunication with the chanber; a
first outlet in fluid commnication with the chanber; a first val ve neans
for selectively obstructing the first outlet; a second outlet in fluid
comuni cation w ©B. t h&he hamnbredtimeat ae@iardol abine 26E dhsrdi® the ir &edatrd @t Ymatrix
obstructing the second qQutlet; and an air treatnent matrix in fluid

communi cat | AR ety figrgiulehe chanber. 27. The air treatnent nmodul e
of claim 26, wherein the air treatnent matrix includes a first panel
adapted to adsorb water and a second panel adapted to adsorb one or nore
organi ¢ vapors. 220 WDhe2di03ka26erPGhoIB0 1414830 253 wHdreinantr ldasieadmendf the
nodul e of cl ai n‘126, vc\%er in the air treatnent matrix conprises a plurality
of granul es8ragles fipludea desicgaltnent nodul e of claim 26, wherein at | east
sonme of the granules include a desiccant. 30. The air treatnment nodul e of
claim 27, wherein at | east sonme of the granules have a substantially
spherical shape. 381. The af rtrepieent nopdulaoefutleinof27¢ | valierein6at Vst edme tdfethai r

treatment mELT. nCOMPLISARAPLHALhINLS] Fbrils.

31. The air treatment module of claim 26, wherein the air treatment matrix

comprises a plurality of fibrils.

32.  The air treatment module of claim 31, wherein the fibrils are arranged in a

substantially randomly intertangled pattern.

33.  The air treatment module of claim 31, further including a coating

A overlaying at least some of the fibrils.

34, The air treatment module of claim 33, wherein the coating includes a

desiccant.

35. The air treatment module of claim 26, wherein the air treatment matrix

comprises a plurality of walls defining a plurality of air flow channels.

36." The air treatment module of claim 37, further including a coating

overlaying at least some of the walls.

37.  The air treatment module of claim 36, wherein the coating includes a

desiccant.
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32. The air treatnment nodule of claim31, wherein the fibrils are arranged
in a substantially randomy intertangled pattern. 33. The air treatnent
nodul e ofw@bzdsrs®1, further including a coating overlayi POT/EBO4886H Somnme
of the fibrils. 34. The air treatnent nodul e of claim33, wherein the
coating includes a desiccant. 35. The air treatnent nodul e of claim 26,
wherein the air treatnent matrix conprises a plurality of walls defining a
plurality of air flow channels. 36.' The air treatnment nodul e of claim 37,
further including a coating overlaying at |east sone of the walls. 37. The
air treatnment nodule of claim 36, wherein the coating includes a

desiccant. -21 WD 02/051526 PCT/US01/ 48864 38. The air treatnment nodul e of
claim 35, wherein the walls include an electrically conductive materi al.
39. The air treatnent nodul e of clain138 wherein the walls include a
material that vk n S n et et hr ough.
40. The air treaf nent VFrprlgdaul{slqre‘?ﬁl‘r{’?&ltt Otfvéllglﬁal?’r% t gré\?vgl ng?'énlg mcfiud’e ar?
metal . 41. elActriehity dodductivenmaterial vapors fromair in an inside space,
conprising the steps of: directing a first air streamconprising air from
t he inside space through an air treatnent nodul e and back into the inside
space; wher el n ashi r StRaRGeabhir: Afdld o AEALIE WnetBR it Sy ALSHIBE PBhREial
vapor fromthe Irst alr stream erein a seéond panel e alr

treat nent ntdulverrasigbreisn eleetrionl auoreet iscgadhicted thapdrsughr om the first air
stream heating a second air streamwith a furnace; and directing the
second air streamthrough the air treatnent nodule to a | ocation

40. The air treatment module of claim 38, wherein the walls include a metal.
41. A method for removing vapors from air in an inside space, comprising the
steps of:

directing a first air stream comprising air from the inside space through an air
treatment module and back into the inside space;

wherein a first panel of the air treatment module adsorbs water vapor from the
first air stream; -

wherein a second panel of the air treatment module adsorbs one or more organic
vapors from the first air stream;

heating a second air stream with a furnace; and

directing the second air stream through the air treatment module to a location
outside of the inside space, wherein at least a portion of the adsorbed vapors are desorbed

from the air treatment module and carried away by the second air stream.

42. A method for heating an inside space and removing vapors from air in the
inside space, comprising the steps of:

directing a first air stream comprising air from the inside space through a heat
exchanger of a fumace;

directing the first air stream through an air treatment module and back into the

inside space;
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outside of the inside space, wherein at |east a portion of the adsorbed
vapors are desorbed fromthe air treatnment nodule and carried away by the
second aiwoeresaam 42. A nethod for heating an inside spaP€T/@iR@/488¢¥0Vi ng
vapors fromair in the inside space, conprising the steps of: directing a
first air streamconprising air fromthe inside space through a heat
exchanger of a furnace; directing the first air streamthrough an air
treatment nodul e and back into the inside space; -22 WO 02/ 051526

PCT/ US01/ 48864 wherein the air treatnment nodul e adsorbs one or nore vapors
fromthe first air stream directing a second air stream having a
volunetric flowrate less than a volunetric flowrate of the first air
stream t hrough the heat exchanger of the furnace resulting in a

t enper ature of twersiscibadiraireatwentemnlieiadgoths @nerortthem vaperst &ompethatfirsteaiof
the first air stream and directing the second air streamthrough the air
treat nent 6= to a location outside of the inside space, wherein at

| east a portion dfectihe adecRdRecktaROiSiR £veaaRiReHow theMdshRafh Volungatisrent
nodul e and carried away by the second ait stream 43. A nethod for renoving

vapors froroay ratg af die firsé Rdstrepadbrough e hedtregchinger of thesfuoface desuditng imga a
first air 4 Si i e i,nsj de space through ai .
treatnont SEIRRENED GRS LASnR dle (LA bGe SIS ALAR ke AR Mg st i o,

treat ment nodathearmidsor bs vapors fromthe first air stream heating the
panel of the air, .treatnent rmgul,e; and directing the second air stream
through the air 4FeSURSLRR S5r98¢I13F stepamn flseugh g 2l Jreeimnt gnodyle tprisiagation

space, wheroa{sm@afth@aﬁtd@sgaw, IRt [he ﬁ%;&gxﬁgﬂhg %Q&gﬁeﬂz&)o?se%g;%t@?oqbec{ L

the air treatnment nodule and carried away e second alr “str
from the air treatment module and carried away by the second air stream.

43. A method for removing vapors from air in an inside space, comprising the
steps of:

directing a first air stream comprising air from the inside space through an.air
treatment module and back into the inside space;

wherein a panel of the air treatment module adsorbs vapors from the first air
stream,;

heating the panel of the air treatment module; and

directing the second air stream through the air treatment module to a location
outside of the inside space, wherein at least a portion of the adsorbed vapors are desorbed

from the air treatment module and carried away by the second air stream.

44, A method for removing vapors from air in an inside space, comprising the
steps of:

directing a first air stream comprising air from the inside space through an air
treatment module and back into the inside space;

wherein a first panel of the air treatment module adsorbs water vapor from the
first air stream;

wherein a second panel of the air treatment module adsorbs one or more organic
vapors from the first air stream;
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44. A nethod for renoving vapors fromair in an inside space, conprising
the steps of: directing a first air streamconprising air fromthe inside
space thmwooghozmeai r treatnent nodul e and back into the POBUME/sspEICE;
wherein a first panel of the air treatnent nodul e adsorbs water vapor from
the first air stream wherein a second panel of the air treatnment nodul e
adsorbs one or nore organic vapors fromthe first air stream -23 WO

02/ 051526 PCT/ US01/48864 directing a second air streamthrough a condenser
of an air conditioner, wherein the second air streamis heated by the
condenser of an air conditioner; and directing the second air stream
through the air treatnment nodule to a | ocation outside of the inside
space, wherein at |east a portion of the adsorbed vapors are desorbed from
the air treatnerdiresbioglacseaentl vaptiréase traagh bycondenseeeiomdainiconditiomamvhe2ih

the second air stream is heated by the condenser of an air conditioner; and
directing the second air stream through the air treatment module to a location
outside of the inside space, wherein at least a portion of the adsorbed vapors are desorbed

from the air treatment module and carried away by the second air stream.
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