GAS TREATMENT ADSORPTI ON- OXI DATI ON SYSTEM BACKGROUND
OF THE I NVENTI ON [ 0001] This invention relates to air

wo e@wavmast nodul es and, nore particularly, to BEIT/EB2006/000981
treatment nodul e having two gas-purifiers that
cooperatively control a concentration of contam nants

in an outgoin as streamfromthe air treatnent
modul e, - (OSUEREATMENE ADSORP FHONIQXIA BN S¥SKEY used

in autonotive, commercial and residential heating,
ventilating, and air conditioning (HVAC) systens to

purify a circulating gas stream A typical air

treat ment nodul gAtﬁIgGﬂQéMﬁ)FaTHEﬂUMEﬂYHDN 0 renove

contam nants such as volatile organic conpounds (VCCs)
fromOPRE ci rThif igvintign epdaiessio radsatmatiTing naidnlepand, fioes particularly, to
typically includes one of a filter, adsorbent nedia,
ampirertmeriingasdule haviag iwo gasaunifiers timt cotpamtivety ansrol Madncentration of
renoves, treats, decontanm nates, or chemcally
cangamipants intaneutgoimgans sieandiont e axaapleat mfdRO3] As t he

i nventors di scovered experinentally, known air

pur i 0P&s nair tizetmentinbdilésairacdenguadle uyeddn attobtide, Y&kmercial and
concentration in the circul ati ng gas stream when the
revi@Sitmd heating,rahiilating: and aig contlittonitpe(BM AC)ykteinb @ plrfy a circulating
tenporarily above a normal VOC concentration.

gabestrpananytypibal vedr theatmi@dt nocainzenilized MOiS pofifidfeTelB¥ contaminants
occur, for exanple, when certain foods or beverages

suah @s poletle piganishempaimdalcots) ﬁ&ﬁ&@%iﬂaﬂaﬁin%ﬂga@ Qiréadn, UE dir purifier
or when a VOC-containing product is spilled. [0004]

tyffiealiynindiudeoiid 6f £ FifteRa8soeRR Heia OphdtCARsH Dldna reactor, or other
treati ng normal VOC

means that removes, treats, decontaminates, or chemically converts the contaminants, for

example.

[0003] As the inventors discovered experimentally, known air purifiers may be
unable to adequately control aIVOC concentration in the circulating gas stream when the
VOC concentration coming into the air purifier is temporarily above a normal VOC
concentration. Temporary above-normal concentrations of VOCs may occur, for example,
when certain foods or beverages are present, when an alcohol-based hand wipe is used, or
when a VOC-containing product is spilled.

[0004] Known air purifiers are capable of removing or treating normal VOC
concentration levels (i.e., non-excessive amounts of foods or beverages are present, when no
or few alcohol-based hand wipes are being used, and in the absence of a spill) and may not

completely treat the circulating air stream with above-normal VOC concentrations. An

adsorbent media, for example, may not adsorb the VOCs rapidly enough to keep pace with



concentration |evels (i.e., non-excessive anounts of
foods or beverages are present, when no or few

w@b@ehnd43based hand w pes are being used, and PCT/U®06/000981
absence of a spill) and may not conpletely treat the
circulating air streamw th above-nornmal VOC

concentr or bent nedi a, for exanple, may
oruigs ol i VERs” LGy » snoueHibe Rebpe phebi o cptre ad
mntht sour e rate of the VOCs. Likew se,
afé’ﬁ*iﬂ&?% Y fryeh ghe ¥kt mpidly felabslmoécemmace oithItlet solugce rate of
n@gl cal] ly convert the VOCs rapidly enough to keep
5P ACHiATA TeRdt o,V OE's iy either remain\iothe cimglating gasatieam in above-
the VOCs may either remain in the circulating gas
n%“tmraé ARG FonspyRERTY dranan/ Brceapidasnto regtialbynendesirabieyintoenediate VOC
converted to equal |y undesirable internmediate VOC
Piodeds clibs . V Qe andiarsinigrapdiate VACepméutisamay YT cpntomie¢é Sontribute to
may then continue to contribute to odors or other
Oéﬂﬁﬁ‘é’fsqﬂ?edbm@es@@lﬂ@mndﬁms inrthe ¢iwubling gdsatrbany gas st ream
0005£0It has been proposed to design |arger capacity
ai r 800311 i ekt das dewrhpraposad t@dedgrbtanger nephicity hirviudidiers, such as an
addi ti onal adsorption sites or a photocatal yst capable

adsprbpfrresdizalivitigyaddigiptal nidsogptian ditdsroe a tphorgoaDss capaBRY Blore rapidly
these designs nmay require a large increase in the size

captrding xpe reaingfVQACw haweven ulidsé designs YQ&Juirk ta 1A1Be increase in the size
desirable to design and develop a nore effective and

arglecapone of the kir purdfddrnent nodul e that control s the
concentration of contamnants in the circul ati ng gas

st r geencliur iIngs adovide nodein MAQSOIB5 @%B@téfféat%ve DINBRYnic air
OF THE | NVENTI ON [ 0007] A gas treatnent nodul e

tréafifidnit dRgult ithias torddl (BEEABEhtHARGH FWohhinlasits ik cﬁ&ﬂﬁﬁi‘é h Estream
to control a concentration of contam nants I n an

dudtaf gBdvahoRBAITV OO ccergiags, St r eam

SUMMARY OF THE INVENTION

[0007] A gas treatment module includes first and second gas purifiers that
cooperate to control a concentration of contaminants in an outgoing portion of a gas stream
when the concentration of the contaminants in an incoming portion of the gas stream is
temporarily equal to or greater than a threshold concentration. In one example, the first and
second gas purifiers maintain the concentration of contaminants in the outgoing portion
within a selected concentration range, although each of the first or second gas purifiers alone
is unable to maintain the concentration within the selected concentration range.

[0008] Another example includes an adsorbent media that adsorbs and desorbs

contaminants in the gas stream, depending on the concentration of contaminants in the gas
2



when the concentration of the contam nants in an
i ncomng portion of the gas streamis tenporarily
wequwlo7é431 0or greater than a threshol d concentr 2CTaI82006/000981
one exanple, the first and second gas purifiers
mai ntai n the concentration of contam nants in the
out goi ng portion wthin a sel ected concentration
streany @he adsottsuighediaptederhingpily Fdserbs coyiamipgihihepuiie concentration is
purifiers alone is unable to maintain the
greatec érat atquhtoshe thiresholdecogesintretiond Whsn deangonggritighiony faHg below the
[ 0008] Anot her exanpl e includes an adsorbent nedi a
thréshbdldacacmbystican thedeisablrg noadiint predlanzinamlyi desarbe cqd@ninants either to
stream depending on the concentration of contam nants
tHeroutdoggagivnrod & gad fieeamds ¢o Hplnttoaaatlis pr edomi nant |y
adsor bs contam nants when the concentration is greater
t han[ooo9lequah teRarhple wivtledhalfd ggontenhemt ioudehemttolitng the
concentration falls bel ow the threshold concentrati on,
céitentadionr &e obnthmihits pine the mbtasihg Ypodiso bb She ont asiemrdntviien the
either to the outgoing portion of the gas streamor to
cncBeitios ajf ahy SéntarhBRRAOJin AR B¥EMAL oriihheftthefgagdBeam temporarily
treatnment includes controlling the concentration of

cCRBIAN Maddh&d conckhveatiolt goi ng portion of the gas stream
when the concentration of the contam nants in the

i ncofoR@ POrThd QRriGds FAIreAand tad@AM e FOMA! idv¥nt®hC @&l Shecome
the threshold concentration. [0010] The vari ous

aé;%@énlﬂ kS o8 kiRVANha R FroRf HetbBodiny %%ilélf‘d(%té%]ﬂieﬂﬁoﬁ ¢ YW Currently

parent to those skilled in the art from

p;e% e %d@ﬁ%@i 'flfeddlgﬁﬁlgi{hgtt 4By tieafilel @Bck¥tion can be briefly

prete odi nent . e draw ngS that acconpany the

A escription can be briefly described as
d Sg%‘?%‘i\/\ag%lgﬁfsrzl: DESCRI PTI ON OF THE DRAW NGS

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]  Figure 1 is a schematic cross-sectional view of an example structure that
includes a heating, ventilating, and air conditioning system.

[0012] Figure 2 is a schematic cross-sectional view of an example air treatment
module.

[0013]  Figure 3 is a cross-sectional view of an example adsorbent media bed and
photocatalyst. |

[0014] Figure 4 is a schematic cross-sectional view of another example air

treatment module.

[0015] Figure 5 is a perspective view of an example integrated gas purifier.



[0011] Figure 1 is a schematic cross-sectional view of
an exanple structure that includes a heating,

woenmiciore3i ng, and air conditioni ng system [ 00B2T/US2006/000981
Figure 2 is a schematic cross-sectional view of an
exanple air treatnment nodule. [0013] Figure 3 is a
cross-sectional view of an exanpl e adsorbent nedi a bed
and pPRIGIAEDN DESCRIYDIOYY OF BUEL REFERREDR dIMBODIMENT
cross-sectional view of another exanple air treatnent
modu[0916]] 00 Fipjrer] flmseatss & stimtype d 8,pfor exarwle/d eapidehtisdncommercial,
exanpl e integrated gas purifier. DETAI LED DESCRI PTI ON
oEkeliltdiar RREFERREFNC MBI MENTtel 0096 F, guthers B room, office, or vehicle
illustrates a structure 10, for exanple a residential,
caloney héagihg, ventilatly, aud air cetditioting @1V AH) sisteint4 selediveln heats or
interior space 12, such as a room office, or vehicle

codl b thB.intriftesphderig, basednipbh atibed gnputinth the HVADgisteiro. A@ air-moving
(HVAC) system 14 selectively heats or cools the

uhi 118 100 ExHBPAE £ f2h2 bIASE And/POCONBrELS@T mogaUir intdt the HIVRAC system 14
HVAC system 14. An air-noving unit 15, for exanple a

foa theBhRYIBF spadé U2 OF tIROSTRICRSS 00 thidptesn ildt path 06,tde a ventilation
HVAC system 14 fromthe interior space 12 of the

poitioH Al Wll&wslParkRf StMENbeRRednThEl VAR Hstd:f 14 @RdlarPoutside atmosphere.
ventilation portion 17 allows transfer of air between

the W Sy She Ve §REnAN Q4thdds A8 aR LERERAEA QIuld thilZT]purslﬁes the

The system 14 includes an air treatnment nodul e

1$c|3%d RYY Thd §8-nidVng GR€1Y 8Rnabiims e p@iificd DY b the Liﬁfeﬁorl ace 12
then returns the purified air to the interior space

tﬁrGﬁﬁL% @t it bR ITHR A2 un B8t e 1B alﬁl{rahgiyons thereof used in this

and variatio helpeof Used in this

description refer to removing, decontaminating, chemically converting, or otherwise making
the air free of contaminants such as dust, volatile organic compounds (VOCs), biological
compounds, or other contaminants.

[0018] Figure 2 is a schematic cross-sectional view of an example air treatment
module 18 of the HVAC system 14 of Figure 1. The air treatment module 18 includes a first
gas purifier 30 and a second gas purifier 32 in fluid communication with the inlet path 16
(Figure 1) such that the first gas purifier 30 and second gas purifier 32 receive the air in the
form of a gas stream 34 through the inlet path 16 from the interior sﬁace 12.

[0019] One example gas stream 34 includes a concentration of contaminants 36 in
an incoming portion 38 of the gas stream 34. The source of contaminants 36 is a short-term
condition in the interior space 12, such as an alcohol spill or the presence of foods and

beverages. The first gas purifier 30 and second gas purifier 32 cooperatively control the



description refer to renoving, decontam nating,
chem cally converting, or otherw se nmaking the air

w0 e@e/opf43ront am nants such as dust, vol atil e oPQEIBEI06/000981
compounds (VQOCs), biological conpounds, or other
contami nants. [0018] Figure 2 is a schematic
cross-sectional view of an exanple air treatnent
copguiration®f spniemmapy AC syl thairihe Lovdentrptipurof the catfiamiapnts 36 in an
treatnment nodule 18 includes a first gas purifier 30
ogigding pedivorl ofthe gpuistichingrt igaintairell wiith acelesteh¢anagiitiation range.
wth the inlet path 16 (Figure 1) such that the first
gas [920f i ein @@ exanpketbe nehcgatmtipn pf danemiBdts3®debquel tohe greater
air in the formof a gas stream 34 through the inlet
tipat hthisshdld comdehieationtsecli that syitherethd Zirst [gBOA@]fieD30 nox &rHeeond gas
gas stream 34 includes a concentration of contam nants
pBhifiérrB2aslonenis Gilentg mrdnthinahe 3&nceiitrdiibe of @ htagamnB4in tHd 6utgoing
source of contam nants 36 is a short-termcondition in
pbhi@ni40t Ertho passqpea 34 Ayittin ¢ REcRd cahdmbuion $fige] HoWedehahe first
presence of foods and beverages. The first gas

gRpiirffie@ B0 3R §06hdES PUATIGBI apdlEdobbrefivedRalORPRLAI tHE bdhcentration
control theconcentrati on of contam nants 36 such that

it 18 oGRBME PbFtdh 4O RV thbQi&@Atagenants 36 in an _
out going portion 40 of the gas stream 34 is nmaintai ned

W t higd2sEe! eet edeGONEENtdodhl AR HRNGRNt [Y948), LR Q@Bfcentration of
exanpl e,” the concentration of contam nants 36 is equal

cbRafinafts SRt 8 af RARoR: RGNS d SQNGRRLM ALY OhrSYCRe B when a
& ;

neither the first gas purifier 30 nor the secohd gas

c%ehtfrdltr%ﬁ &%oﬁ{a i nﬁ%@{%hﬁo{aﬁw&&ﬁitﬂe ttlﬁ@shold cancentration from a
concentration of the contamnants in the outgoing
LA, O L1, 8B LRI DA PS5 o i
0..an o) i f.er C er.ativel l. .
SR 355 B AL T ut ) S CARHBIRI B s i
cén%el%étf&hn the sel ected range.

[0022] In one example illustrated in Figure 3, the first gas purifier 30 includes an
adsorbent media bed 50 arranged in series with the second gas purifier 32, which includes a
known photocatalyst 52. The adsorbent media bed 50 adsorbs contaminants from the gas
stream 34. One example adsorbent media bed 50 includes an adsorbent media 54 between
first and second screens 56, 58. The photocatalyst 52 chemically converts contaminants 36,
for example into more environmentally acceptable chemical compounds.

[0023] One example known photocatalyst 52 includes a titanium dioxide catalyst
62 supported on a honeycomb 63, and an ultraviolet light source 64 that illuminates and
activates the catalyst 62 to chemically convert the contaminants 36. . The photocatalyst

receives the gas stream 34 and contaminants 36, which flow through the honeycomb 63.
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[0021] In previously known air treatnent systens, the
concentration of contam nants 36 in an outgoing
w@eoslor3nf a gas stream may sharply increase BEBOSA06/000981

concentration of contam nants 36 tenporarily exceeds

the threshold concentration froma short-term event,

such as an_al cohol spill. However, the cooperation of

Wisa the pliravipket light squreer 643lumingtes dbo prlaly $2ppligtériserf 1B ultraviolet

may mtigate or elimnate these sharp increases in

lighfrare gbsosiaddiy. the oo digxide & pivmeis 2 ¢l¢dmgs tiroat the vialence band to

Figure 3, the first gas purifier 30 includes an

thederadpdion bandiipad Bwe PEQlues # holgdy thenvadence dendai The priomoted electron

second gas purifier 32, which includes a known

reshistvodaesiggstang Zhe Mdle renkinng enthe rveldinee red 150tsadisiowbsr, forming

contam nants fromthe gas stream 34. One exanpl e

radier shoxyireadlicalsh eWhs comohinags 3ann dtsgrszeaim Bédiey Bdough the

between first and second screens 56, 58. The

hpieyt @ola 63 layd tre5@sarbeinint@thk yitanomy diokkle canlystnd2n &ethsydid@yl radicals

for exanple into nore environnental |y acceptabl e

attdvininé akidze theaondminahB8GE 3] wikee cakanfibadk PevMer substances.

phot ocat al yst 52 includes a titanium di oxi de catal yst

62 sS[oop4ir t eth anotBerhea/iplondsoddnt mBda aRd UM, B ia@oBlent media 54

light source 64 that illum nates and activates the

addtR| ytsitanBRart 36 TR GR) by GRAMEIL af BB ERANHRBMNMN bEss&Bover the
The phot ocatal yst receives the gas stream 34 and

adRficalinban b4, 136t is\Whé EdRofbb@Wnddlr AUBRink BENPASHE BB the gas stream
63. When the ultraviolet Iight source 64 illum nates

34 B adsdbAvYIS loafiduing RO b @smiRSntd NordMut &N 60 belne hiiQRlenthEdia 54.
absorbed by the titaniumdi oxide to pronote an

el ecfopd) fr aMidgisydaNn P3N @x&g]l)lg,hﬁe Q@Ja%géqu%ﬁgelg%gdia 54 is

and thus produce a hole in the val ence

s DEEH 21,64k %ﬁ(f&ft@&%ﬁb%‘i, ty ﬁﬁ%ﬂlﬁﬁ]moﬁﬁ%hé%ﬁ'xegﬁ,l 6r a titanium-
remal ni ng in the valence band reacts wt ter,
cctrﬁ’e[iﬁﬂqg thedia.

[0026] As is known, adsorbent media 54 adsorbs or desorbs the contaminants 36
depending on the concentration of the contaminants 36 in the gas stream 34 relative to an
equilibrium concentration of the contaminant 36 on the surfaces 60. When the contaminant
36 concentration is higher than the equilibrium concentration, the contaminant will adsorb on
to the surfaces 60. Conversely, when the contaminant 36 concentration is lower than the
equilibrium concentration, the contaminant will desorb from the surfaces 60.

[0027] The rate of adsorption or desorption of the contaminant 36 is proportional
to the difference between the contaminant 36 concentration and the equilibrium concentration

and depends, for example, on temperature and the magnitude of the difference between the

contaminant 36 concentration and the equilibrium concentration. The processes of adsorption
6



reacti ve hydroxyl radicals. Wien contam nants 36 in

the gas stream 34 fl ow through the honeyconb 63 and
wa@e@eadssr bed onto the titani um di oxi de cat al yRET/622006/000981
the hydroxyl radicals attack and oxi di ze the

contam nants 36 to water, carbon dioxide, or other
substances. [0024] In another exanpl e adsorbent nedia

apé desmmtion fhg adepsanb metiapdpresspntaiogsly én Bemitde aaafigicgen of the
fromthe gas stream 34 as the gas stream 34 passes

déffeaence hetwgels thelsenteminadi 36 ®@acenithtian 4nd the ¢mvilidisor dwangntration. The
nmedi a 54 retains contam nants fromthe gas stream 34

rigy cdcrberrptidny Girydesaption)i afgp téransiomtt dryi orafrom 86 absorbent media 54
surfaces 60 of the adsorbent nedia 54. [0025] In one

depksids, bevwhg nibdi thirgd sehandngerdiire, dnythemegniads andxeltive sign (+ or -)
media 54 is selected froma zeolite, activated carbon,
ofitheadiffercmerbetwoseh aha torgpmiedit 86 conceatritiohadn ithengephadeniedgve to the
medi a. [0026] As is known, adsorbent nedia 54 adsorbs
equilibieso cdagefithtion ofifha ndmaningnt36 of @pencthde®b o tHeligedia 54.
concentration of the contamnants 36 in the gas stream

34 r ¢l028] ve Id snoflier etiniglé, Bkid 483d6eN Gesdlar St in€lBddafat 1eA& two different
contam nant 36 on the surfaces 60. Wen the

tfRH bANIsEBBIkt nekliL One PBIsTHA bedBfif [Ssdeia@asyith MaRidsheleast two different
equi l i brium concentration, the contam nant wll adsorb

tyPRs O adBfbehitibds 85 pRBuciffON VeS8 h¥sorMiB RANE of the adsorbent media
contanmi nant 36 concentration is |ower than'the

810 | THRI b LRASBM ABhitPTused REHMEARLAPHBA M editd theAERREY; of the
fromthe surfaces 60. [0027] The rate of adsorption or

24P R Of td Raif QR trAEI LAt | eptro@%gﬁtﬁlinﬁﬁﬁ@s 369 That is, an

the difference between the contaninan _

SERGADREA] SR ST ST B
s@h a{she% glic&fo? ﬁ)@&ﬁecog%n\{\ﬁaaﬁp 38,ht%nds to favor retaining that particular type of
contaminant 36 over releasing the contaminant 36 under a normal gas stream 34 condition
(i.e. generally constant flow and generally constant non-elevated contaminant
concentrations). An adsorbent media 54 having a low adsorptive affinity for a particular type
of contaminant tends not to retain a significant amount of that type of contaminant and tends
to easily release amounts that are retained under the normal gas stream 34 condition.

[0029] Different types of adsorbent media 54 have different adsorptive affinities
for different types of contaminants 36. In one example, a zeolite media has a high affinity for
adsorbing water and a lower affinity for adsorbing hydrocarbons. An activated carbon media
has a high affinity for adsorbing hydrocarbons and a lower affinity for adsorbing water. A
mixture of different types of adsorbent media 54, for example, a zeolite media and an

activated carbon media, produces a composite adsorbent media 54 having an adsorptive
7



contam nant 36 concentration and the equilibrium
concentration. The processes of adsorpti onand
waelewonpi4son by adsorbent nedia 54 varies contiPCDUS1096/000981
in magnitude as a function of the difference between
t he contam nant 36 concentration and the equilibrium
concentration. The rate of absorption (or desorption)
affmity thejrRosissneadt topthe gatiq ph thet ¢ilfersnis yperent adsedint Badia 54 in the
depends, anong other things such as tenperature, on '
miKErendyh Pragple Arldrafie | maixiuge of izemity and pctivatedf cattipm adsorbent media
di fference between the contam nant 36 concentration in
coRposiely haha siedipm| affinityefor lydrdverbenmndivintéruwhich is one example desired
concentration of the contam nant 36 on the surface 60
agsorpttive affimdty af tha adfo0®aBhed|SN. anot her exanpl e, the
adsorbent nedia 54 includes at |east two different
t ypeH030] adSérebermmpisdiay.indnie qiles sipet ef diembérittmedia 54, a different
associated with utilizing at least two different types
rapip, atb@rhemtthanedioadiffereptr typhscifragsabahe sicdadssa@dsehietd ¥@er desired
affinity of the adsorbent nedia bed 50. The term
adsadsioe pfinites,aiifli avi 4 deSireds@isbrptivetaffisitydBa s deficie@Tor BpeEiSic type of
to the tendency of the adsorbent nedia 54 to retain or
cortdreiase 36aThd pabific tipsRESohmBOmntnYl ANl fdxahPR! a hdrocarbon,
an adsor bent nedia 54 having a high adsorptive
watef, ialvohyl, b1041dedhy @ ITthisCidypprol e eheWen &I F 6 RAMe (BO cordbitthtion of
as an al cohol based contam nant 36, tends to favor

the@p&difld Ehtdniiadnt PBAA i WadkirdaP® RherCOBELANLOANM:itiSE aRYEY different
rel easing the contam nant 36 under a nornmal gas stream

tyBds EOhtalnliRdts 36, nchEBRpeha lshabificaddatadlitant BOWoARDive catalyst sites in
general |y constant non-el evated cont am nant
the PRSBEHAIA sons) . An adsorbent nedia 54 having a | ow
adsorptive affinity for a particular type of
cont @p3iant intAHEsr QfnpfeCthb g3l 95 fehG -
of tlﬁat rjt ypé1 ‘of "cont am hant&%%%nﬁgﬁdd%% {)eltaglgs;hltt Ile%m%tﬂmn of the
dnBinfiAsfs RN B (ARintdf; Lpgd hndels e nopnal L gas
¢ élt ream 34 conoh ?% og%n %@&%ﬁ%ﬂ% [ er@%?qe%%y%ghse lgcf‘o%‘nng p%on 38 of

thi%?? Et?é%ﬂ{ 35r‘?sd£cﬂla15fb aaélrgatgj 1fh]:11§ 'Eh%nthreglgo‘cfc? L rgcier\llt?ation. Later, when the

Inities

concentration is less than the threshold concentration, the adsorbent media gradually releases

the retained contaminants either into the outgoing portion 40 of the gas stream 34 (when the
adsorbent media bed 50 is arranged downstream from the photocatalyst 52) or to the
photocatalyst 52 for chemical conversion (when the adsorbent media bed 50 is arranged
upstream from the photocatalyst 52). That is, above the threshold concentration the adsorbent
media 54 predominantly adsorbs contaminants 36 and below the threshold concentration the
adsorbent media 54 predominantly desorbs contaminants 36.

[0032] This feature may beneficially allow the adsorbent media bed 50 and

photocatalyst 52 to cooperatively control the concentration of contaminants 36 in the
8



for different types of contam nants 36. In one

exanple, a zeolite nedia has a high affinity for
wa@dmenhisey water and a lower affinity for adsorP@i/n§006/000981

hydr ocar bons. An activated carbon nedia has a high

affinity for adsorbing hydrocarbons and a | ower

affinity for adsorbing water. A m xture of different

otitgping pofticadorfiengasrsireire 3% 4vheh dire @xeamphiion ia thewlomimg portion is

medi a and an activated carbon nedi a, produces a

eqoilposi greata dsarthethteshmddlcacddratiavi ng an

adsorptiveaffinity that corresponds to the ratio of

t he @ioBSler efii ahotine exafpladdeniresibldedicanthdon axdebd a gas-purifying

m xture. An exanple 1:1 ratio m xture of zeolite and

catity af e phatobaiiyads oTiegis-piEfing @paqi9Ss b ebicehigdion above which

medium affinity for hydrocarbons and water, which is

tiRnghofcarBseisdesibilaes ohclseatigily \onwktiigndonyantifiantd®. Alternatively, the

adsorbent bed 50. [0030] O her exanples may include

gd-Palfyiny r&ﬁa@%’ Aeks O bRfciRdivanh 9 gapdifyihe efdiencdl Which is the

and/or nore than two different types of adsorbent

pBREkAeeSdt ddRtRARINGY s BLNG allESinE @n@RERIRII6VBat are received by the

affinities, such as a desired adsorptive affinity that

phStoSR]15% 58 hat He BmPRES fefmida¥i GoRlertEP R RABuP AR LdPbent B dia bed

specific type of contam nant may include, for exanple,

58 Ly d5QeabpeBntaVBhAS ,36aﬂhgt0£}e'aibm9er ! %glﬁélgﬁgneglt@%péci%a%ould pass

provi de the benefit of controllingt tion

t%%%ﬁ]ﬂ{?%gk?ﬁ&afaiﬁt §2? ﬂﬁ@me %%Bi#g %&é :grle%l?gfo%ﬁ bﬁélf S ﬂiterior space

e Is’conpetitionTa erent types o

1 % g{?ﬁ@g@}ﬁ}é‘{ﬁe \gsc%emicg cl:jCQJVQLgedt ﬁgwg%?,ﬁlg falﬁ %uér gl%g}%gﬂ \8@? {hg f.dsorb ent

active catal’yst sites In
o 35 DL, B L SRR B 2 S g gpion o
e N T R
p%&g%%eﬁjﬁséeﬁ %Q%‘\Q/ ﬁlg egats!%)qlg hl?gl gap%girt]yc %%rr g]tei glyr'atiolﬁato? rtime that the
concentration exceeds the threshold concentration. The adsorbent media bed 50 then
gradually releases the retained contaminants 36 to the photocatalyst 52 for chemical
conversion when the concentration of contaminants 36 in the gas stream 34 is less than the
threshold concentration.

[0034] Figure 4 is a schematic cross-sectional view of another example air
treatment module 18 of the HVAC system 14 of Figure 1. The air treatment module 18
includes an integrated first and second gas purifier 74. That is, the first gas purifier 30 and the
second gas purifier 32 of Figure 2 are integrated into a single unitary structure.

[0035] In one example integrated first and second gas purifier 74 illustrated in

Figure 5, an adsorbent media 84 and a catalyst material 86 are deposited onto a honeycomb
9



concentration is |less than the threshold
concentration, the adsorbent nedia gradually rel eases

W b@edi4ai ned cont ami nants either into the outPOI/I§006/000981
portion 40 of the gas stream 34 (when the adsorbent
medi a bed 50 is arranged downstream fromthe
phot ocat al yst 52) or to the photocatal yst 52 for

siersire S8 suelo Ak the i 2at strapmett ¢cllone Sueusdribe hengiyeoneepeBngs 90 and
is arranged upstream fromthe photocatal yst 52). That

confact dhowdsorbrat miedias$ohetl & sabEt materieh8¢.ha aldgionifertther benefits
nmedi a 54 predom nantly adsorbs contam nants 36 and -

nizetiowdt dbevd, lhe sitagradedc st andt seaendogrstpvefiad %b nag ralsoreoliide a more
54 predom nantly desorbs contam nants 36. [0032] This
chepdctly sizedyir reatmtntonaduleyl8al | ow t he adsor bent medi a bed
50 and photocatal yst 52 to cooperatively control the
conc@oselat i Ghe afr teatuteatnmoduits 1 86f e firbeatlé:gaipieg therefore provide
portion 40 of the gas stream 34 when the concentration
coiitrd! ger the @bhdegtryidhtdf @bnthiRineale 36 ih GheOsutgPiQApar stiel@ni0 when the
the threshold concentration. [0033] In another

céncfipdton dfike tdhtashaldlCnge MdomlingOghs 8¥EALAS ténporarily exceeds a
gas-purifying capacity of the photocatal yst 52. The
tigeshoRWohdentrigbncapaci ty i s a concentrati on above which
the photocatal yst is incapable of chem cally

convgiosyNg AMALAN dpetetred BmbéifnehAtF thi¥ @h¥ntidd s been disclosed, a
gas-purifying capacity nmay be associated with a

WAt RE bidiydr gklﬁ fif iuGk &R %uldv‘féb S%Pnée ShdtRertAR WERIEAEEhs Cu/ould come
contam nant’s 36 out of al he contam nants 36 t

wathfn tﬁ@g Mgﬁth%yln‘tlé?ﬁmp hp&rQHzﬁ“rc%k&? ﬁ:hqull&pﬂé ﬁ{n% should be studied to

conpl ete chemcal [y converted. t hout "t sor bent
dbEGhiRe @ctiruégoo @anf“ %Eﬁtsot(%ﬂlsﬁgfgﬁtﬁm nants 36 that are
above the gas- purl ying capacity woul d pass through

t he photocatal yst 52, into the outgoing gas stream 40,
and back into the interior space 12 without first

bei ng chem cally converted. However, in an arrangenent
wi th the adsorbent

10



medi a bed 50, the adsorbent nedia bed 50 acts as a
buffer by retaining at |east a portion of the
w@oobani4eant s 36 and mai ntai ni ng the concent r a¢DOSWH6/000981
contam nants 36 received into the photocatal yst 52
bel ow t he gas-purifying capacity over the duration of
time that the concentration exceeds the threshold
concentration. The adsorded™$edi a bed 50 then
radual |y rel eases the retained contam nants 36 to the
Vgﬁ@PHEatalyst 52 for chemi cal conversion when the
concentration of contam nants 36 in the gas stream 34
i s | &ss tHa&as Eepementmodnlecorptisingent r at i on. [ 0034]
Figure 4 is a schematic cross-sectional view of
anot A&t ardearpidegasi nurifiews armeged indlid eontBuridativh eviti\éach other, and
system 14 of Figure 1. The air treatnent nodule 18
thenfgsiughsspuaifiier terpgraailyerbtdinss atleaana peetioornd cgasmpiants fih @rgas stream
74. That is, the first gas purifier 30 and the second
wieisa pencetitiagion 8Pthe Lorfarginaes B gavater inhege@iab a thieShokd concentration
single unitary structure. [0035] In one exanple
anchiateg relbases hii leat agrodiomedtahd regasedpioniabii@ts 48 the second gas purifier
illustrated in Figure 5, an adsorbent nedia 84 and a
whet tb getcentdtion isless@BanahetheteR0s céRentefibe. a
honeyconbstructure 88 such that the gas stream 34 can
fl ow t hrough the honeyconb openings 90 and contact the
adsorbent nedia 84 and a catalyst material 86. In
addiZ.i on THa R6dMeS asOREIRI ih S1MBNT WABREHh BB I¥E anll REcond gas purifiers
integrated first and second gas purifier 74 may al so

mphe € cand¥BliAiol ONPGfithMarkd AR Qlifoihd SAHIEN DAY Em withi
18. [0036] The air treatnent nndu%gsgqgﬁof thggpregg%wﬁmna

st RARbEE i AING e RuBhOY ki vARRA HcUon@¥NRAtidi ] the contaminants in the
concentration of contam nants 36 in the outgoing gas

in8érhBR FbHon WA oh NQrebRNGE LY .é)%geﬁfthet tlﬂl%sﬁo(?@ LSILDANES
36 in the incomng gas stream tenporarily exceeds a
3. The module as recited in claim 2, wherein each of the first and second gas
purifiers alone is unable to maintain the concentration of contaminants in the outgoing

portion of the gas stream within the selected concentration range.

4, The module as recited in claim 2, wherein the first gas purifier temporarily
maintains the concentration of contaminants in the gas stream below a gas-purifying capacity
of the second gas purifier when the threshold concentration temporarily is greater than the

gas-purifying capacity to control the concentration in the outgoing portion of the gas stream.
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t hreshol d concentration. [0037] Although a preferred

enbodi nent of this invention has been disclosed, a
woandemreadi ordinary skill in this art woul d r eeOgmISZ®6/000981
that certain nodifications would cone within the scope

of this invention. For that reason, the follow ng

clains should be studied to determ ne the true scope

and &ont ebhe wpdulpias regited it ictaim Ol AVieRsi\dhe Figst gps puriffer gradually

gas treatnment nodule conprising: first and second gas
rgdeased ither setaingdamgetaminantt | wheh Swnpentematiponis Wesshtbeacthe threshold

other, and the first gas purifier tenporarily retains
catcehted®h. a portion of contaminants in a gas stream

when a concentration of the contam nants is greater

than or equal to a threshold concentration and | ater

rel eases at |east a portion of the retained

cont & nafieSmbéulé be red@ed fdclgas 1 pwkidréih @lie fifye Bad fiifier includes an

concentration is less than the threshold

26DAEANMEdD bthe Zecordd GasPadbibEin@lfdds @6 okRativeiesthdd] 4Rdkaid adsorbent

wherein the first and second gas purifiers maintain

nidAR LIBG6E MHelBhiaRihads 16 @4ia Mhd@taSnihdhtd 48 RYSBOIB ontaminants to
portion of the gas streamw thin a selected

rS1ORE 8 bt HaAnts 3NGER &H&dﬁ@&m@ctbﬂ me when the
concentration of the contamnants in the incom ng

portion of the gas streamtenporarily exceeds the
threshol d concentration. 3. The nodule as recited in

claim 2, whengie %9?&1‘:9& it Bind 117 $he@P0inS %ﬁ?ﬁn&s $Rsifier includes a

purlflers alone 1s unable to maintain th

c&?@&%ﬂh bt ée&ﬂld%fa%ﬁg‘meﬁ :ﬁ}gzﬂit%l ste ghséqgoﬁygrﬁ ag Qﬁc{]sglcp&lialys? Rdsorbs at

he gas strea el ected concentrati

leraétnag&)rtlon of the contaminants on a surface of the catalyst and chemically converts the

adsorbed portion of the contaminants into other chemical compounds.

8. A gas treatment module comprising:

an adsorbent media that temporarily retains at least a portion of contaminants in a gas
stream when a concentration of the contaminants is greater than or equal to a threshold
concentration, and the adsorbent media later releases at least a portion of the retained
contaminants when the concentration is less than the threshold concentration;

a reactor in fluid communication with said adsorbent media, said adsorbent media
cooperating with said reactor to control the concentration of contaminants in an outgoing

portion of the gas stream.

12



4. The nodule as recited in claim2, wherein the first
gas purifier tenporarily maintains the concentration
woRownéam nants in the gas stream bel ow a PCT/US2006/000981
gas-purifying capacity of the second gas purifier when
the threshold concentration tenporarily is greater
than the gas-purifying capacity to control the
concent r dfheomodule i eecitert gotlnign powhdrein safd dds@begmasnedia includes a
stream 5. The nodule as recited in claiml1l, wherein
plhaity bf &ffergasty s iof hdsetbetrmaatiical | y rel eases the retained
contam nants when the concentration is |less than the
threshol d concentration. 6. The nodule as recited in
claim1, wherein the first gas purifier includes an
adsofpent THEREbdlaASreb iRl 8 REAAD, ghSreaid pltfality s didk@snt types of
an oxi dative reactor, and said adsorbent nedi a adsorbs

all§¥Bb 50 R @MiRNeS af Radt @hdbha L&RitE ABEAMANRME, Anium-based, silica
desorbs the contam nants to rel ease the contam nants

gEPa&%Qd \A%Qﬁ“ah‘dﬁnﬁﬁﬁ‘x%%%d adsorblREndmgdul e as recited in
claim1, erein the first gas purifier includes a

catal yst and the second gas purifier includes an
adsor bent nedia and said catal yst adsorbs at |east a

port 'lfm ofh 1919 Qlts 6}%{%&% 184 86‘ \§l é(n"i‘ O:{l)os%'ﬂ&t media and said
S or

cat al y'st and c em cally converts t portion

cuﬁgﬁlﬁ;g% Iﬂ?ﬁ%%%kgh' gh@&ﬁechen1cal compounds. 8.

onprising: an adsorbent nedi a
that tenporarily retains at |east a portion of
contanmi nants in a gas strean1mhen a concentration of

th t

th?eiﬁol d nangﬁl Ir;tl rﬁ 8fa%rﬁre}3 g Se(rﬁ% a%d Rt oL nﬂrc‘lﬂl%dgs a gas-
f th

P ey end iR e csﬂ%eﬁﬁ%}%er%%ﬁﬁ &5 B59urifying st

t hreshol d concentrati on;

13.  The module as recited in claim &, wherein said reactor includes a catalyst that
receives the released contaminants and chemically converts at least a portion of the released

contaminants.
14.  The module as recited in claim 8, wherein said adsorbent media is arranged

downstream from said reactor, and said retained contaminants that said adsorbent media

retains are received from said reactor.
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a reactor in fluid communication with said adsorbent
nmedi a, said adsorbent nedia cooperating with said

WO e@6ehoi3t 0 control the concentration of cont aPGCTES1086/000981
in an outgoing portion of the gas stream 9. The nodul e
as recited in claim8, wherein said adsorbent nedi a
includes a plurality of different types of adsorbent
medi &5. 10TheTmedweds lrerited in elaim &g whareyd sditnadsoreine reidia gradually
said plurality of different types of adsorbent nedia
rélesbudies ratinéd asttamimentsf whenz ¢el coreenteatibn viat less danbiba, threshold
a titaniumbased, silica gel, activated clay, or an
cahdghniration based adsorbent nedia. 11. The nodul e as
recited in claim38, wherein said absorbent nedia and
said reactor are integrated in a single unitary
structure. 12. The nodule as recited in claimS8,
wher 5N sAintbticdagigey trdafiidny 8@Sprasigaspuri fyi ng capacity
and the threshold concentrati on exceeds said
gas- puri f ¥infeliag Recintehtradch of BtdiMdHLinad 6188dihEHortiBn of a gas
claim8, wherein said reactor includes a catalyst that

str&mE WHES e RBndeth AR tELAMRIRARLS a@%oﬁh@?o@@drﬂ of the gas stream
converts at |east a portion of the rel ease

GRS AT BRRE S a thibsholdEortDfdlien. @S recited in claim s,

wherein said adsorbent nedia is arranged downstream
fromsaid reactor, and said retai ned contam nants that
sai d adsorbent nedia retains are received fromsaid

reacor. Loy, FH&M&)%' Cecited Iy | ')c/:faﬁﬁi ﬁ(ﬂ %{cﬁidli]ﬂg ’ter%@grﬁ. N retaining

sai d adsorbent nedia gradua rel eases t retalne

@ﬁ%@ﬁ}gg gﬁ%% ahﬁ‘éﬁl%eé??qgﬁ?ﬁ‘ 68 Mol Porich Jr88Seak Mhnt Bfporarily is
greater than or equal to the threshold concentration, releasing the retained contaminants when

the concentration is less than the threshold concentration, and maintaining the concentration

of contaminants in the outgoing portion within a selected concentration range.

18. The method as recited in claim 17, including gradually releasing the retained
contaminants and chemically converting the released contaminants before the released

contaminants pass into the outgoing portion of the gas stream.

19.  The method as recited in claim 16, including chemically converting a portion
of the concentration of contaminants, temporarily retaining a remaining portion of the
concentration of contaminants, and later releasing the remaining portion when the
concentration does not exceed the threshold concentration to maintain the concentration of

contaminants in the outgoing portion within a selected concentration range.
14



16. A nethod of gas treatnent conprising: controlling
a concentration of contam nants in an outgoi ng portion
wW@B00a/0ga31 st r eam when t he concentrati on of thePCT/US2006/000981
contami nants in an incomng portion of the gas stream
tenporarily exceeds a threshold concentration. 17. The

met hod as recited in claim16, including tenporarily
retai ni ng contam nants when the concentration in the

i ncom ng portion of the gas streamtenporarily is

gr eat®r t I’Eﬁth@q P4l cleigl t e mpding orentioBinge tier abiwmntration of
rel easing the retai ned contam nants when the

CUFRBARE AR fthenoytgoing partion o thengast fiieers Holied the threshold concentration
concentration, and maintaining the concentration of

ex SRR g capAcityd ablgesy onengps porifidr amthaigesitiam. sel ect ed
concentration range. 18. The nethod as recited in
claim 17, including gradually releasing the retained
contami nants and chem cally converting the rel eased
contam nants before the rel eased contan nants pass
into the outgoing portion of the gas stream 19. The
nmet hod as recited in claim 16, including chemcally
converting a portion of the concentration of

contam nants, tenporarily retaining a remaining
portion of the concentration of contam nants, and

| ater releasing the renmining portion when the
concentration does not exceed the threshold
concentration to nmaintain the concentration of

contam nants in the outgoing portion within a sel ected
concentration range. 20. The nmethod of claim 16,
including controlling the concentration of

contam nants in the outgoing portion of the gas stream
when the threshold concentration exceeds a purifying
capacity of at |east one gas purifier in the gas
stream
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