PHOTOCATALYST PROTECTI ON BACKGROUND OF THE | NVENTI ON

[0001] This invention relates to air treatnent nodul es
woano/0aserie particularly, to protecting a phot ecarEd2yesto42708

in the air treatnent nodul e using a corona discharge

device to renove contam nants fromthe air handling

air stream [0002] Air treatnent nodul es are comonly

used i n aut onoti VIBHOTOGAFALYEST RROTECTHNL | al

heating, ventilating, and air conditioning (HVAC

systens to nove and purify air. Typically, an air

stream fl owi ng through the air treatnent nodul e

i ncl udes trace SBRUKGROINDOF IHFENVENFIQN as

bi ospeci es, dust, particles, odors, carbon nonoxide,

0z0ngQo0dgm vOhiginvestionrglates to gio Mpanactsm{dbiée@agd,, more particularly, to

vol atil e organi c conpounds (VOCs) such as

Proestigte pydlecatatice irathd ey tearmém Inueln i, ughigopadroha dischiagfeedevice to

and silicon-containing VOCs. [0003] Typically, a

Binbieedonandnaatyrioh seatrabydingairetrebsed to purify the air

stream by renovi ng and/ or destroying the contam nants.

A tynomr fiAit @6atinBi@|ntidigRes arefdohin®lyn®ed & dubfotive, commercial and
physically separates contam nants fromthe air stream

r@m&éﬁlﬁhlclﬁlatn%‘I Qb ATAIE] 28 tairl cBRdiGHRS: @IVACSYEtem: & XV purify air.
coated nonolith, such as a honeyconb, and an

Tptidafly, 2l £ stlehid mowfi’n%lt'hfb%gh et thdaBnY ModhI XhllRles trace amounts of
operates as a photocatal yst to destroy contam nants

Wﬁﬁﬂuﬁa!n umcﬂaiseaomaeg @Y ip@ites,! b, - cafoRt BBxRe, bhGhe, semi-

travi ol et |ght are absorbed by the titani um

&&a?ﬁ%ﬁ%on duct %a@@@s& gagtrﬂg " Gl ﬁlbeco\ﬁﬂJoﬁHcfse (b@eg) such as

Ing a hole in

fé%%ag&%%@a& gcéeg?ofﬂﬁkeﬂg e aﬁ&eﬁ&t&gnaﬂd%ﬁknﬁ c&%ﬁugwém

ectr n react

the E&do?l) nglgygcltf?t\?{é Qﬁy A ox@ﬁ%ﬁilﬂ{a{l}g &ﬂ%b@mw tthg air stream by

wat e adl ca
rgrgg\tngén arrllc% gestroyl %eaco%ta%nrla% S. 1ca B{t ﬁauaes a filter media that

physically separates contaminants from the air stream. A typical photocatalyst includes a
titanium dioxide coated monolith, such as a honeycomb, and an ultraviolet light source. The
titanium dioxide operates as a photocatalyst to destroy contaminants when illuminated by
ultraviolet light. Photons of the ultraviolet light are absorbed by the titanium dioxide,
promoting an electron from the valence band to the conduction band, thus producing a hole in
the valence band and adding an electron in the conduction band. The promoted electron
reacts with oxygen, and the hole remaining in the valence band reacts with water, forming
reactive hydroxyl radicals. When contaminants in the air stream flow through the

honeycomb and are adsorbed onto the titanium dioxide coating, the hydroxyl radicals attack



honeyconb and are adsorbed onto the titani um di oxi de
coating, the hydroxyl radicals attackand oxidi ze the
waDoé/edsuiant s to water, carbon di oxi de, and otHENUS2005/042708
substances. The ultraviolet light also kills the

bi ospecies in the airflow that are irradi ated. [0004]

D sadvant ageously, typical air treatmnment nodul e )
ap{l pridizg theaspatagingngs to avatesrragien digridecandather yubstaness. {lle ultraviolet
contam nant capacity is reached, the filter does not
lightadsackills the bioppecies &n thelgiclqvothal arg biediateidnant s from t he

air stream Contamnants in the air streammay then

f | owlQ08#bugWisadeantdgeousty, dppicd) ediv mgatmentlinxgdlepilterh ghave a finite
photocatal yst. This is particularly troubl esonmre when
cbhremptaot @pattsl Qude thxdodianasans¢dpadions waeltedi the filferdoSsnay physically
SVQOCs to forma silicon-based glass on the

sprandte additibnas torgamiate frofhthe siirl stean - Cagedinghta 3is thegair stream may
insulate the titanium di oxide fromthe passing air

thdnr aimthrolphr thb filtpassl beedme gxidired by ttlanphomcdiatyxi. déis ik particularly
severe instances, nuch of the catalytic activity of
tiolBlefinel What the phdtotusatydo exildizsd silionkdontatriivg IOEk 9 8VOCs to form a
reachi ng the contam nant capacity of the filter. To
sRiceY-Bided M3t @6 ahd bl @bcapd®s siv@dce.OThe $ilicnfiabddeglagybiayphsulate the
repl aced before reaching the contam nant capacity or

tRdilinh id@le frérh iR Pasemy alrestidhrh) iheRBy passphayisd @@l titynium dioxide. In
separate a greater anmount of the contam nants,

sBRYE UBfances NBudTPMthe€ BANGRc KRR bE thetphotoBRhI@G Ay Be loktSWithin two
in short time intervals or continually nonitor a

Weekd & RIS tRXREAGMIRANAREabRF VTVERI Bdr. TOQRREnt photocatalyst
Accordingly, an air treatnment nodul e that nore

palshvanbh, ! Mt %?%G_trénlic@@b&mtr%ﬁ&g|tﬁésctonfaﬁl@rmnt capacity or additional
passi vating contam nants i s needed. SUWARY OF TH

i lgrjghﬁngﬁ& op&'l'}f%]g&?ﬁrrb@ﬁﬂte b Sf IRy aliBin} of & BhRAhah, Bowever,

syste protecting a photocatalyst I n an

i &aﬁl[eggﬁcgqg&ull%a %4 I?eﬁlat:é Qrﬁltgpﬁlséh%ﬁgttfn%nin&%%e& &)}{tinually monitor a

oxl dati1on of certa contam nants.

filter may be expensive and inconvenient.
[0005] Accordingly, an air treatment module that more effectively protects the

photocatalyst from passivating contaminants is needed.

SUMMARY OF THE INVENTION
[0006] In general terms, this invention is a system and method for protecting a
photocatalyst in an air treatment system from passivation caused by oxidation of certain
contaminants.
[0007] = In one example, the air treatment module includes a filter and heating

element, a plasma device, and a photocatalyst and UV light that cooperate to purify an air
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[0007] In one exanple, the air treatnent nodul e
includes a filter and heating el enent, a plasna

woewd/me491and a phot ocat al yst and UV | i ght thatPCT/US2005/042708
cooperate to purify an airstream flow ng through the
air treatment nodule. The air treatnment nodul e
operates in two different nodes. In the first node,

 stigem flowing tsqugh the sipHeAtEeaalc The air SRAMaNt mpduimpReRes in two
returns air to a space, and the heating el enent and
@ffagmamd@m bethg fsstanede, tfefair freatrmens f@%‘@%ﬁ@%dﬁé dragigeair from and
air treatnment nodul e regenerates the filter using the
eeatsi angfoal spacen and e heating elemei andalasamdeyies argsbut off. In the second
adsor bed contanmi nants. The plasnma device is
sedeg ditei aieirgatment meeflubenregengragdsghd Ghgrl usingrther béagingwlenteat to heat the
rel eased contam nants into solid contam nant products,
filkeir cilnd aeleasd eydosbddechnoamisants. d%e plasine aterioeles edfledtively turned on and
pl asma device. The UV light is turned off to ensure
dhbaicallh eapfiaie ek @lepsd dostamitapte @b lselidermitangndn @roducts, which are
rel ease and transformation of the contam nants. Once
dippneil bed biabdiel@aséndfithd plysmandepioe.| e ANdlight & thirmsd bifdo ensure that
contam nant products are unlikely to damage the
RO Qhe6etAYY 3¢ inob RIS ]dunivy ehéavRhe diatthacfoiiiol dfshe contaminants.
retaining the contamnants in the gas fl ow path when

bR depaites MedsyehtiallySininibbaAB afNin€® Bélidt dogAmira@l Hadichtaré Bidikely to
contam nants into the gas flow path when the

(ggg,@ggbg&%éﬁd% in an off condition, and chemcally
transform ng the contam nants into dlfferent

chemgaigl Y tARBSHYIIRLMLES EHcﬁmbﬁﬁbrﬂatlﬁm% [ROQMamiiits in the Eas flow

varlous #eatures and advantages of this invention w

g]c@ﬂ@n ﬂ@%ﬁ\%@ﬁtal&& it PR o 'ebhdifsh, kdledsiAg (RY Eorfta[rﬁﬁﬁlﬂt@ fhto the gas

'owm ng detailéd description of the Gurrently

%ﬁ%ﬁl \gﬁiegesc AbERbyst TG S il cBQc%n&J‘ ahd AREARPR Wadsifiming the

|pt|on can be briefly described ds

glal‘n?m ﬁ@dﬁﬁﬁ_@i@gﬂlg Tl Hansfor ug'ﬁo%\ﬁ&'}@s [ 0010]

|gure Ing an alr treatnent

rmdu'[&)w] The various features and advantages of this invention will become
apparent to those skilled in the art from the following detailed description of the currently
preferred embodiment. The drawings that accompany the detailed description can be briefly

described as follows.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Figure 1 is a HVAC system including an air treatment module.
[0011] Figure 2 is a perspective view of an example air treatment module.

[0012] Figure 3 is a schematic view of an example filter, plasma device, and

photocatalyst.



[0011] Figure 2 is a perspective view of an exanple

air treatnent nodule. [0012] Figure 3 is a schematic
wozoeeedolan exanple filter, plasma device, andPCT/US2005/042708

phot ocat al yst.[0013] Figure 4 is a schematic view

anot her exanple of the filter of Figure 3. [0014]

Figure 5 is a schematic view an exanple air treatnent

nmodul@18hat Figved 4ieschamae visw-adether expinplg ofrthediienef Figure 3.

[0015] Figure 6 is a schematic view of another air

t r eal(9dAl nbeauke Sciond isghanmmtic onew heat exampleu die streatsent onetlule  that

pl asma devi ce. DETAI LED DESCRI PTI ON OF THE PREFERRED

1k BIEDh VERThe {dedbGing maggumak 1 il | ustrates a residenti al

commerci al, vehicular, or other structure 10 incl uding

an i [oasj or FigpaceisbhXchesnntib viess af anatbenairdfehingeat module configuration

vehi cl e cabin. An HVAC system 14 heats or cools the

thatirehides a sdoaekpldstha ddivice.i N the interior space 12 is

drawn into the HVAC system 14 through an inlet path

16. The HVAC system 14 changes the tenperature and

purifies the air drawn using an air treatnment nodul e

18. ThERUWIED PESCREPPRONOF EHETRIJERRED EMBODAMENT
returned to the interior space 12 through an outl et

pat hde] [ O@iglle FilfidfiRes?a tekidbifial, 2bRferidSVehiRBRE, 0¥ Bther structure
view of an exanple air treatnment nodule 18. The air

108N RN n HREY! $adeB1 2, Bich 4 8 $odtn, GPIR R $810Ele 35bih.0OAn HVAC system
drawi ng and returning the air. Air drawn fromthe

14 HERE bPERPRE Sutckior R¥VS21 RirdR 1R ihteSbF §3EB B2is IRl Bto the HVAC
ilter cabinet 34, which forns an air flow path

fil
%r{i{)n‘? yg I'{hltongh 3h lrinlétr ﬁﬁﬂ rlr@nltTthA@ s}§em-rlqechfaflléeg QEeB tempgrﬁaure and

cabi net 34 encloses a filter 36, plasma device 38,

pE{?f?ésqgé‘%g l.dyzt_l%{{l Lfgglgt H3ir €ARRGE HoBuik qgpP Yl Ipﬁnﬁ&ig Ig]e?l.tﬁ;{(]ﬂéature-changed

eam e alr stream 32 conti nues rou

i RS B as T2 Pt o

ear s esired

i nt e[d.o‘fs] S p?‘Fg%relgilﬁlgtrrg?e%raageysrpgctiv@uew oftgi%ieggnple air treatment module

18. The air treatment module 18 includes a compressor 30 for drawing and returning the air.
Air drawn from the interior space 12 flows in an air stream 32 into a filter cabinet 34, which
forms an air flow path through the air treatment module 18. The filter cabinet 34 encloses a
filter 36, plasma device 38, and photocatalyst 40 that cooperate to purify the air stream 32.
The air stream 32 continues through the filter cabinet to the coils 42. The coils 42 heat or
cool the air stream 32, depending on the desired interior space 12 temperature. After being
heated or cooled, the compressor 30 returns the air stream 32 to the interior space 12 through
the outlet path 20. It is to be understood that the air treatment module 18 shown is only one

example and that the invention is not limited to such a configuration.



heated or cool ed, the conpressor 30 returns the air

stream 32 to the interior space 12 through the outl et
worandi6d®1 It is to be understood that the air POTAzE20S042708

nodul e 18 shown is only one exanple and that the

invention is not limted to such a

configuration. OOlSL Figure 3 illustrates a schenatic

vi ew[8818hn  digHip|Seiliupiratesy a Jehenplia iy @éwhcxamgle @lry 36, plasma

phot ocat al yst 40. The filter 36 receives the air

device at, 30d aphgtogeiglysthd). cBhet Altdrn¥nreseivesthet #ie sipam SPr aendadsorbs

32. The filter 36 includes a known activated carbon

dontatremantsefgéra theedidisttpatmide The &lter 36 wfludesfd kiropmsachreaiéd datbon filter

In one exanple, the known activated carbon is

muti hélétetwieerplapgn aff 2fihrowsy mepbrid - mamt exdnipdel theAgoivg activated carbon

known, a nodifier such as potassi um per nanganate or

i tnielt fiedp dhinpre gratadpyr pereicopradigdafeds kmowrhe modifisratuebl as potassium

carbon to nodify the adsorptive properties of the

Rehingahfé of athbomodifitlempobe inatghaeddh thehetiagetd vab@dio modify the

carbon nmay al so be controlled wthin a desired range

ddGorpvll prgpdrii® AABOAHVAtYE cabOD Tht ipei%. voleSE the adtivaesd carbon may

may provi de the advantage of designing the filter 36

A1 Ry Dheseatwiglih ¥ dageo kdnge & madify he ntammtivapidertblClhegSteatures

for mal dehyde, acet al dehyde, tol uene, propanol, butene,

rfidy IpFoVieO e dVaM@geV O Sesi Siin® the HilVIOGS - to| ﬂ@ﬂe%ntlhllﬂy adsorb certain
anot her exanple, the filter 36 nmay additionally

dehialdiffis sG8Plab t BridI@h9de, OdcbRIdehyHRE tMlierle] |pr&fandTE Bune, silicon-
mxed with the activated carbon between the | ayers of

ohBlsvaeshr dthet voeht ai n preferential adsorption of
certain contam nants. Alternatively, the activated

car b%mby t qh aﬂaﬁéraexwle bge ifttLY Ahdadidand nﬁhia PLRUR and/or

y coating the activated carbon onto fibers

ottll;@g)iﬂg‘%l’f%lt J‘rﬁe&é B’i)@ﬂ %vdmﬁeh%cﬁéat?({ ?dglg(gl] l\ﬂeleﬂ%tl%s of fi r(ajs mesh

e activated car ter a |I's provi

1P Qo e Lo LR s
clar i ﬁlter me% a hl | lﬂgtlﬁt@érgtgd IvﬂthFi!hg lﬂ’b?ou% ‘mesh 44 by coating the activated
carbon onto fibers that make the fibrous mesh 44.

[0020] In another example, the activated carbon filter media is provided in a first
layer 46 and the zeolite media and/or other filter media may be provided in an adjacent
second layer 48, as illustrated in Figure 4.

[0021] A heating element 50, which is discussed in more detail below, surrounds
the filter 36 and is selectively operable between and on and an off condition.

[0022] In one exaﬁple, the plasma device 40 is located generally downstream

from the filter 36 and is selectively operable between an on and an off condition. Preferably

the plasma device 38 is a corona discharge device that generates a plasma glow discharge.
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[0021] A heating el enent 50, which is discussed in

nore detail below, surrounds the filter 36 and is
woenlheoetsuyel y oper abl e bet ween and on and an ofFCT/US2005/042708

condition. [0022] In one exanple, the plasma device 40

is located generally downstreamfromthe filter 36 and

is selectively operable between an on and an off

Eyemdior¢ preferdiipfths plasmye devicep)Baigeiudageahiassd ipciradesd4s syahrpg a wire

di scharge device that generates a plasma gl ow

cdthgdshar ge. Even nore preferably, the plasma device 38

i ncludes a biased el ectrode 54, such as a wire

cat h9a3] [ 0028 phTlecatgiyrttdfciat ml grst exdatples locpted glownstream from the

exanpl e, | ocated downstream fromthe plasma device 38.

pRsmh devibd 38. Phderphip tleghbmbatalyst 40 is stitanitintdaoxidemodied xiiodelith, such

coated nonolith, such as a honeyconb, that operates as

a8 a[Hoa¢yeomb alhyisdpetatesds it photoc atalpitaridaaroly Somhmimants when illuminated

illTumnated with an ultraviolet (UV) light 56. It is

with dreultdeles((00dlighnds. phitto datuabststbodriiaephaadcatabishmaterials other

than titani um di oxi de and configurations other than

tiRON@niGOdioLida MRl @onfightR@habiheg tHah &shpRAt(AL adkathpie] inddprating the

with the filter 36 in a single unitary fibrous or

B&G&Mzﬂgﬁmo ShithUES Hlf 36 Y sib@le Uhitdry ziBus diHddlcohiB&tribfure) may be

I'i ght is selectively operabl e between an on

uGBAdi tion in which the photocatal yst 40 operates to

destroy contam nants, and an off condition in which

the B@thcatmé YAt ngﬂa 5b % deReR@IPOIELabld FotROR MAMBhAtion in which
t he [Tght 56 ilTum nates the photocatal yst 40 with

plotS ARBRt w@\éséﬁfegtt@aean%Mﬁﬁma% hgid Woﬁmﬁélﬁ&gﬁrh which the
ra ges may be utilized depending on the type of

pﬂgtgéa(?zﬁzstt abYsho u]?e?aq'/lé) n Qx'ler erMf)fef b By ﬁ@ﬁ ‘36 119fm1¥12ﬁ§s e E)hotocatalyst
nt e th

treat Qper ational |y,

t |
4§>‘§Egr g r% \I/z{v%% ﬂ ho?;g?ésxf1 gtﬁ%l‘g[el{/u\pﬁfgleg I rhﬁrhggm be utilized
depenlc'img on%he &Bec Sf p%%c?[!ﬂk/&%a/l)y aif Surﬂly-}lyng needs of the air treatment module

18.

[0025] Operationally, the exemplary air treatment module 18 functions in two
different modes. In the first mode, the air treatment module 18 functions primarily to move
air from and return air to the interior space 12 and to purify the air. In the first mode, the
heating element 50 is selectively turned off, the plasma device 38 is selectively turned off,
and the UV light 56 is selectively turned on. Thus, the filter 36 captures, traps, and adsorbs
certain contaminants from the air stream 32, such as VOCs and SVOCs, and the photocatalyst
40 operates to destroy other contaminants that pass through the filter 36. The heating element

50 and plasma device 38 do not function in the first mode, however, in other examples it may



air fromand return air to the interior space 12 and
to purify the air. In the first node, the heating

woedoed®s49150 i s sel ectively turned off, the pl @0TaIS2005/042708

device 38 is selectively turned off, and the UV |ight

56 is selectively turned on. Thus, the filter 36

captures, traps, and adsorbs certain contam nants from
hetpdvaritrzeais i siuEneoysly Rpeiate edsatdrt ovors0 andilasyglevice 38 with
phot ocat al yst 40 operates to destroy other
thofinaidns gh tikieringand pwsingtherabugh the filter 36. The

heating el enent 50 and pl asma device 38 do not

f unctlP@6] i n Intthe fdcoud medeldhe hivvsetarent medde HErfurstignppemarily to
it maybe advantageous to sinultaneously operate the
ragakiateg thel Bltee 6. Jhataisd thel asimated gabor 08 Dther takdsarbeat filter media is
functions of filtering and noving the air. [0026] In
dohéitismgiotndienmblghe privdowiy adspbed nemdmimadsi| Ehd 8ir fuenot BDmrsshut off
primarily to regenerate the filter 36. That is, the

sacl thaatherd is assbtiallp izerotaivefiovanhstbe fitert cabinkt Bk Thetleating slement 50 is
conditioned to desorb the previously adsorbed

seRBfiaIg fMiditdson ahl dests theSiltee aontBZppreximinely 100TC, aithdugh lodier heating
there is essentially zero air flowin the filter
tedpériites 24 heating padads Mgy Abeventilizod Tie fHel 66 dbséedsyand releases the
turned on and heats the filter 36 to approximately

cbRAREnand bREWGIY Glibebednemki flgntaC BPEEABEINE SeREtiRBAIrfd@ on and
profiles may also be utilized. The filter 36 desorbs

g%ﬂ&a{eﬁh 28388, Anleh<CONIRA SR prefBtBlY inabed ff afsievdthe phbBcatalyst
pl asma device 38 is sel ectively turned on and

NG 8Li8si th RRARA caftsininBas UV light 56 is preferably
turned off to prevent the photocatal yst 40 from

oxi diy 6’02'724t PG\ NileEattbt @@ RbRIHRAR eRsed [cglggl%]naﬂ-tg @nd hitd fsentially

cabi net hol ds the rel eased contam nants and acts

ggasfe%ﬁlofalrvlé el%for er ﬁgﬁﬁaoaech%sﬁelThfe qgleﬁs@@ cghtgﬁfﬁantg ek %s VOCs,

ease cont am nant's, such as SVCCs,

ﬂ&f@é o ﬂfe?‘%rﬂzﬁﬁh&é hat tl Bef ?d Les dc%%n\é\@ﬁ) 9c§§ﬂbﬂ@l€&§e,t cQ)ntact the

ease, contact the pl asma gener ate

a%"%]e&?at aﬁ%lyﬁﬁ yagmp'&% shem e qalklsxlgh @?egﬁéa%g”ﬁaas%ns the

COﬂ nan S am nant "pro
con Prﬁnatnfc's mE) so‘?lglcontagl‘i)nahpprog&vs all 86%8? {sSthe solid contaminant products

onto a receiving portion, the biased electrode 54. Once deposited, the essentially immobile
and inert solid contaminant products are unlikely to damage the photocatalyst 40. In one
example, the plasma deposits the solid contaminant products onto a wire cathode. After a
predetermined number of deposit cycles, the wire cathode is removed from the plasma device
38 and discarded or cleaned.

[0028] While in the second mode, the heating element 50 and plasma device 38
operate for a selected predetermined amount of time. Preferably, the time is adequate to 1)

release most of the contaminants from the filter 36, and thus regenerate the filter 36 and i1)
7



onto a receiving portion, the biased el ectrode 54.

Once deposited, the essentially imopbile and inert
WwWosm6/0bseant am nant products are unlikely to darayes2008042708
phot ocat al yst 40. In one exanple, the plasnma deposits

the solid contam nant products onto a w re cathode.

After a predeterm ned nunber of deposit cycles, the

tansferng gerropeminantsdpsolkioqmiagtinanh Broges e dievs reguingg vl rary with
di scarded or cleaned. [0028] Wile in the second node,
terierafurgt ipryand] tepreoti filso medid, Hircaafithe Gliwricebingdppnsk the size and type
for a selected predeterm ned anount of tine.
OPpbﬁe$é@Wv§8ﬂh€ftine is adequate to i) rel ease nost of

the contamnants fromthe filter 36, and thus

regef®28l e tPreferiblyy the UG light $6irethaina nEfvdremswitehing from the second
contam nants to solid contam nant products. The tine

niicgle uo thedirwi thddevtapyotent thie phetopralyst 4P dronsimyaemmiding wp@aminants that
filter nmedia, size of the filter cabinet 34, and the

havezieot bexh trappiormadd tp lselgihmntiennaoeprd@uctss &bk aif §228)32 flows through the
Preferably, the W light 56 remains off when sw tching
flileoeabinee 34 &t anrdecrdpredaeriredfaimosiit ofvide tb puige dieaemaining released
phot ocat al yst 40 from any remai ni ng contam nants that
chaRinants bbeentuinigngfthe UFdighD565t0 lopetate alnd shivtaasaltyst 40.

products. The air stream 32 flows through the filter

cabi 304 Tranathackeaiph] the edthamahinpdan®d iludef orami® silicon
to purge the remaining rel eased contam nants before

cbMp&indg @Bh bHeilitda-¢dn@idind §OR MP.INRbE cértténing SVOCs. The filter 36
phot ocat al yst 40. [0030] In another exanple, the

rOORESEKE Bafhic RIRENESrSpduRds dpeR hedtida BhE the iplase Benerated by the plasma
conpounds, such as silicon-contalning VOCs and

delikd 69 @h&gwl@'ﬁh%ﬁW%fgaﬂ;B @111@611 tShpodRds iBloeARSH didAfle or other
organi c silicon conpounds upon heating and the plasma

3O O& 1Y Tthlg %lﬁh@%sﬁ?\ﬂe%@hc@ﬁ JFREM (fral:lt}lle\f silicon-based glass on

trans the organic silicon conpounds into silicon

%ﬁgékggkg&(ggﬁer silicon-based gl ass. The plasma
eposits {he si | i con dioxide or other silicon-based

gl as f()Ogi]] t h?n Qh(ﬁﬁ&dex%lﬁg,t {hgqﬁte5 46 includes a single pleated layer with a

pleating factor of about 8 and about 100g of activated carbon filter media. The filter 36
adsorbs approximately 90% of the organic silicon compounds iq the incoming air stream 32
and takes approximately twelve hours to feach full capacity in first mode operation. Near the
twelve hour time, the air treatment module 18 utilizes, for example, a controller to
automatically switch into the second mode and regenerate the filter 36. Alternatively or in
addition to the controller, an operator may control the switching between modes.

[0032] In another example shown in Figure 5, an ozone-destroying material 58,
such as a known metal oxide catalyst, is included between the plasma device 38 and the

photocatalyst 40. The ozone-destroying material 58 may be disposed on a honeycomb
8



[0031] In another exanple, the filter 36 includes a

single pleated layer with a pleating factor of about 8
waoaxvde/@dseaat | OOg of activated carbon filter nedica/usEhes/042708

filter 36 adsorbs approximately 90% of the organic

silicon conpounds in the incomng air stream 32 and

takes approxi mately twelve hours to reach full o

srugsaiei 60y Tor axample; angrisgevesaens fram thedagma dpwice Ifebafere Riighing the

tine, the air treatnment nodule 18 utilizes, for

&Y% diabt 86 an. dbatezend-destroxing gragarial 18 sAdsyrbs wranghonitqthy surface and

second node and regenerate the filter 36.

datarepasest the ezope oFhig fgatyredinayi movidothe hdvantage pbéxpesing tha photocatalyst

operator may control the sw tching between nodes.

4000 B2} ozome.aviutthmey eordnipitetophotaratalyst BD gasseyation. &iris to be understood

ozone-destroying material 58, such as a known netal

thmt ittdbepzoad-ddsireying materialcI8unkyychitbmbivednbd prsitiphakimmtidelocg®ns in the

38 and the photocatal yst 40. The ozone-destroying

fihat eabiret 35Bamshowine di sposed on a honeyconbstructure

60, for exanple, and receives ozone fromthe plasna

devi ¢a®33B b&iguret Shustraths agcHehatiéVielwi efhinothér oin treathent module 18

ozone-destroying material 58 adsorbs ozone onto the

cshfifvagnandudieg anpane pldshe dezion @38 Iirrdindi@atiuy f1td¥m6. The second

provi de the advantage of exposing the photocatal yst 40

pleBmh €&S/iRZ 038 incMile€ h  BRYedCOIBEtFddbULSE Ll PBPEhtOE AlndilayISt to and in

40 passivation. It is to be understood that the

cBFARRE 8SitH MY I p@mABle@ict 38 t&8hdilYalB! thREMRah irMEds¥d Béhtaminants into
positioned in other locations in the filter cabinet 34

sbRBForsiaeht pldAS3] Uiti s tBe Socbhd MESHAERTeA 38 GRYPREVIde the benefit

vi ew of another air treatnment nodule 18 configuration

of @&ldéijh&% & HfF a{e%m@&fzasf&%vthe QodBRinghts Eé?éb@éii 6 bRSFilter 36 or
filter 36. The second pl asna device 138 includes a

oPlaits S GRS 0 qgns%u‘%n the ORRAQIC SordiniThd ! Imkévasearhd nlultitude of
conjunction with pl asma device 38 to chemcally

ah&ﬂg&ﬁ?ﬁgh%§g§|2|nﬁggﬁ&gn1nants into solid contan nant

pr o e second pl asma device 138 may

pr omk(ﬁ)?ﬂ he k?t%@lgh %%f H‘éﬁl %ﬁ%?&m&:ﬁtr@ﬁhl& ?n\fei‘h!léry laas been dlsclosed a

che cal ran contam nants releas
oo ol de Guafl"s
worker of ordina ifl'in this art would recognize that certain modifications would come

within the scope of this invention. For that reason, the following claims should be studied to

determine the true scope and content of this invention.



greater efficiency in transform ng the rel eased

contam nants. Likew se, a nmultitude of additi onal
wptmengs4gievi ces may be used. [0034] Alt hough aPCT/US2005/042708

preferred enbodi nent of this invention has been

di scl osed, a worker of ordinary skill in this art

woul d recogni ze that certain nodifications would cone

within the scope of thi £LAMMti on. For that reason,

the follow ng clainms should be studied to determ ne

Wodamr.ue scope and content of this invention. CLAIMS W

claim 1. A gas treatnent systemfor treating a gas

1St r eArpas oedt@entispgers dortt@atingangas steeampronimgg coatafrivhangsrcomprising:

di sposed in a gas flow path; a photocatalyst in fluid

c ommu filteradispokedvih b Igasidovdpdth;l t er; and a pl asnma device in

fluid conmuni cation with said photocatal yst, said

pl asaghdtevatatyat ahiid Eanmedhitation withtaid fitttramachant s in the

gas flow path. 2. The systemas recited in claiml,

wher giphis@aidevipd asfiEid demmagicationpaith saidpiedocapsist, eathplas@mdevice -

sai d photocatal yst. 3. The systemas recited in claim

positidfRe i&iréht S@iténiphs ithd@x iflo® path. posi ti oned downstream

fromsaid filter. 4. The systemas recited in claiml,

wherein said filter retains at |least a portion of the

contam nants in the gas stream when sai d photocat al yst

21 S I hAlysRbh £0R6kdI iRRIaANd, WhirEh 81l g \deViYe [s9)0BRSRN upstream

t he contam nants when sai d photocatalyst is in an off

f&gpsqggﬁ}gfbca@@gl said plasnma device is positioned

adj acent to Said filter to chemcally transformthe

contam nants that said filter rel eases.

3. The system as recited in claim 1, wherein said plasma device is positioned

downstream from said filter.

4. The system as recited in claim 1, wherein said filter retains at least a portion of the
contaminants in the gas stream when said photocatalyst is in an on condition and later
selectively releases the contaminants when said photocatalyst is in an off condition, and said
plasma device is positioned adjacent to said filter to chemically transform the contaminants

that said filter releases.

5. The system as recited in claim 4, wherein said filter includes a heater, and said heater

heats said filter to selectively release the contaminants.

10



5. The systemas recited in claim4, wherein said

filter includes a heater, and said heater heats said
woflobd/@s4d1io sel ectively rel ease the cont am nantPETAIS20U542708
systemas recited in claim4, including an

ozone-destroying material in fluid comunication with

said pl asma device, said ozone-destroying material = '
G- eceil\ie riystem i eregiied| is sedaimf 4, dasladingl ap [ogeneedegisepiigge matprial in fluid
The systemas recited in claim1, wherein said filter
camniumeestion with weid lasoa| desice daidaezopmndaeshiaying igtpripkreceiving ozone at
contam nants fromthe gas streamto retain the

leshframismid plasmakexice he gas stream contacts the

activated carbon. 8. The systemas recited in claim1,
wherein said plasnma device is one of a plurality of

pl asma devices in fluid comunication with said

Phot dhatsydtens tis reBitedAn glasm tl y ebdreme méid $ijtet @ deakionclbdesattivaged carbon
a gas stream contai ning contam nants conprising: first
thntddseieasodtagamntsrienat tiie ghs steab ér staimthe kontgninants when the gas stream
communi cation with each other and each of the first

RAflct RoRtvagalscatiorat ment nenbers i s sel ectively
control | abl e between an on and an off condition; a

third gas treatnent nenber in fluid comunication with

the first and second gas treatnent nenbers, and the

g.hi r drhg@gstérh @atedRat inMRIMEN, wheleRCdaidvithamar &lvitk iSorrof a plurality of
rel eases the contam nants based upon the on or off

pﬂ&%' delie8s igffluat cohPamicaftewi sdidghotdch@lysOr second gas
treatnment nmenbers. 10. The systemas recited in claim

9, wherein the third gas treatnment nmenber rel eases the
contam nants when at | east one of the first or second

gas 4 LAlRRenBIRAISr treatihdla %zﬁ%tr@cfnﬁ cfdifthg b@Rardihants Bnprising:
systentas recitéd in claim10, wherein the first or

Seco rfﬁlst Sda .séc"oﬁ&ljggg‘e@éan'gﬁﬂ)%ﬁ:%exts h@tﬂuidscoinﬂmfnlﬂﬁti&{ tvith each other and

condition inc es a otocatal yst and a |ight source.
each of the first and second gas treatment members is selectively controllable between an on

and an off condition;

a third gas treatment member in fluid communication with the first and second gas
treatment members, and the third gas treatment member selectively retains or releases the
contaminants based upon the on or off condition of at least one of the first or second gas

treatment members.

10.  The system as recited in claim 9, wherein the third gas treatment member releases the
contaminants when at least one of the first or second gas treatment members is in the off

condition.

11



12. The systemas recited in claim11l, wherein the

other of the first or second gas treatnent nenbers

wa ta6/065391 n t he of f condition includes a pl asmCTdes20e#042708
that is in the on condition and generates a plasna

when the third gas treatnent nenber rel eases the

contam nants. 13. The systemas recited in claim 12,

WMher dhesystean asepitpddm glaim dQwherein the d1se or pasend gps dreatment members
adsorptive filter and a heater, and the adsorptive

that fist in ther off eomdision ansdena photacetalyiicand mfightsentcer provi des

heat and retains contam nants when the heater does not
provi de heat. 14. A nethod of preventing a gas

treatment nmenber fromreceiving selected contam nants

12n aTgasydtérows patited cionglaiins i hgvhenen sheptheopf thealirst or second gas
retaining the contamnants in the gas fl ow path when
ttehtenegamembeaattivent inméebdf corglition iaclfidesst pleomad devigenthat(#s)in the on
rel easing the contam nants into the gas flow path when
cohdtigaand rgeadraenta piasherwhes tha thirdli daf ercantbens egontr releases the
condition; and (c) chemcally transform ng the

coftamaahwant s into different chemcally transforned

contam nants. 15. The nethod as recited in claim 14,
wherein the gas treatnent nenber includes a

phot ocat al yst and an associ ated |ight source for

13eSPaat kyeIny adktitabainicN@mar, HResini th@thindas treatment member includes
t hephot ocat al yst when the associated |ight source is
aBMdSWrp el filteRREld tahiafel, I8 1R Bdbbiphio filtBCIcwdes doh@mirdagRtwhen the
source being on and the second condition includes the

he o ro @44 He S aRE ki fohtambfints Wikn ARIHEr d@ses hGIGHdvadb ticht.

claim 14, wherein the step (b) includes releasing the
contam nants when a gas flowin the gas flow path is

about zero and the step (c) includes chemcally

14 an?{ %Jﬁl&ig otfh 1% i:rJl ”gn?‘gét SredfiRh: andRterf koW ir&etv'ﬂ% selected

gas ow path is abo e

contaminants in a gas flow path comprising the steps of:

(a) retaining the contaminants in the gas flow path when the gas treatment member is

in a first condition;

(b) releasing the contaminants into the gas flow path when the gas treatment member

is in a different second condition; and

(c) chemically transforming the contaminants into different chemically transformed

contaminants.

15.  The method as recited in claim 14, wherein the gas treatment member includes a

photocatalyst and an associated light source for respectively activating or deactivating the

12



17. The nmethod as recited in claim 14, wherein the

step (a) includes adsorbing the contam nants onto an
wazwaengudve nedia. 18. The nmethod as recited iRCTRUS005/042708

17, wherein the step (b) includes heating the

adsorptive nmedia. 19. The nmethod as recited in claim

14, wherein the step &;% i ncl udes generating a plasm

phetdcasad o sihag the lagsoeiated dghtrawes istop of P, 39 Akenfirstcongifieniingkudes the

the chem cally transformed contam nants. 20. The

lightt sonrge heing el pndethe pagord eondition inclydes the heht seureg bopng off.

i ncl udes depositing the chemcally transforned

contami nants on a receiving portion of a plasnma

devi ce.

16. The method as recited in claim 14, wherein the step (b) includes releasing the

contaminants when a gas flow in the gas flow path is about zero and the step (c) includes

chemically transforming the contaminants when a gas flow in the gas flow path is about zero.

17. The method as recited in claim 14, wherein the step (a) includes adsorbing the

contaminants onto an adsorptive media.

18. The method as recited in claim 17, wherein the step (b) includes heating the

adsorptive media.

19. The method as recited in claim 14, wherein the step (c) includes generating a plasma
and exposing the contaminants to the plasma to produce the chemically transformed

contaminants.

20. The method as recited in claim 19, wherein the step (c) includes depositing the

chemically transformed contaminants on a receiving portion of a plasma device.
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