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Ozonation and UV radiation are both being used for disinfection in community water

L

25 systems. Ozone is currently being used to treat indusirial wastewater and cooling towers.
Hyvdrogen peroxide 1s generally known to have antimicrobial properties and has

been used in aqueous solution for disinfection and microbial control. Attempts to use
hvdrogen peroxide in the gas phase, however, have previously heen hampered by technical
hurdles to the production of Punified Hydrogen Peroxide Gas (PHPG). Vaporized aqueous

30 solutions of hydrogen peroxide produce an aerosol of micradroplets composed of agueous
hydrogen peroxide solution. Various processes for “dryving” vaporized hydrogen peroxide
solutions produce, at best, a hydrated form of hydrogen peroxide. These hydrated hydrogen
peroxide molecules are surrounded by water molecules bonded by electrostatic atiraction and

London Forces. Thus, the ability of the hydrogen peroxide molecules to directly interact with
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photocatalytic plasma, and which inhibit the production of PHPG for release into the

environment as noted above.
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In summary, the production of PHPG for release into the environment is not
achieved in the prior art. Methods of vaporizing aqueous hydrogen peroxide solutions
produce, at best, hvdrated forms of hydrogen peroxide. Also, though photocatalviic systems
are capable of producing hydrogen peroxide, they have multiple limitations that severely
mtubit PHPG production for release into the environment.

SUMMARY OF THE INVENTION

In one aspect of the invention, a method of providing nucrobial control andior

disinfection/remediation of an environment is disclosed, The method generally comprises (a)

providing a photocatalytic cell that preferentially produces hydrogen peroxide gas; (b}
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The present invention relates generally to microbial control and/or
disinfection/remediation methods and devices related thereto. In certain embodiments,
photocatalyiic processes may be utitized in the methods and devices described herein.

The fundamental nature of & photocatalytic process is to create active
intermediates in a chemical reaction by absorption of light. This occurs when a photon of the
appropriate wavelength strikes the photocatalyst. The energy of the photon is imparted to a

valence band electron, promoting the electron to the conduction band, thus feaving a “hole”
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by PHPG once it is released into the environnment.
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Oxi dati on 2phot, 3 (&) shighh &+ 2e- 204

(r)H2®2 Reducti gﬂ& Hﬁg);gZ‘e-% A

20H* 2 H, 0

Reduction
HaOo+ 2H + 287 = 2H0

[ the context of the present mvention, Parified Hydrogen Peroxide Gas (PHPG)
may be produced using a photocatalytic process with a purpose-designed morphology that
enables the removal of hydrogen peroxide from the reactor before it is forced to undergo
subsequent reduction by the photocatalyst. Denied ready availability of adsorbed hydrogen
peroxide gas, the photocatalyst is then forced to preferentially reduce oxvgen, rather than
hydrogen peroxide. Hydrogen peroxide gas may then generally be produced simudtaneousty
by both the oxidation of water and the reduction of dioxygen in the photocatalytic process.
Without mtending to be limited, in operation the amount of hydrogen peroxide produced may
be doubled, then removed from the system before the vast majority of it can be reduced -
thereby resulting i an output of PHPG that is up to150 times greater than the incidental
output of unpusified hydrogen peroxide from standard photocatalytic reactors under the same

conditions. In the purpose~designed morphology the dominant reactions become:
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Once hydrogen peroxi de has been produced, however, the

phot ocat al yst preferentially reduces hydrogen peroxide
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immediate removal of hydrogen peroxide gas before 1t can be reduced.

In one aspect of the mvention, a method of providing microbial control andfor
disinfection/remediation of an environment is disclosed. The method generally comprises (a)
generating a gas compnsed of Purified Hydrogen Peroxide Gas (PHPG) that is substantially

free of, e.g., hyvdration, ozone, plasma species, and/or organic species; and (b) directing the
gas comprised of PHPG into the environment such that the PHPG acts to provide microbial
control andfor disinfection/remediation in the environment, preferably both on swrfaces and in
the aw.

In certamn embodiments, the method comprises (a) exposing a metal, or metal
oxide, catalyst to ultraviolet light in the presence of humid purified ambient air under
conditions so as to form Punfied Hydrogen Peroxide Gas (PHPG) that i1s substantally free of,
e.g., hydration, ozone, plasma species, and/or organic species; and (b} directing the PHPG

into the environment such that the PHPG acts to provide infection control and/or
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Usi ng nor phol ogy that permts imredi ate renoval of
hydr ogen peroxi de gas before it can be reduced, PHPG
woregposoziigener ated i n any suitabl e manner knownPCTIUS1068/072454
art, including but not limted to, any suitable
ocess known ip the art that. s Itaneou |y oxj di
disi “*‘gﬁ’tﬁé‘r‘“ﬁﬁ“ﬁd‘@‘é‘é‘? ’FUP%F%H?“PEBE @é“é%b%é T ghs %bﬁ%i“lf{fﬁ‘ﬁ air,
u-..moxgl@%t £ SroRD Ok ARl R L ¥ SId refiofal of YRHMY t?en‘irﬁkazlmbiem air.
catal yst such as titani um di oxide, zirconium oxi de,
tit amiammedibogtinget, dbcp@i@ awioten | lgbtqabakcycsa@eé% eohwaselength in a

range Og RIS ‘ib&] [g)lb 18%1%%?{\{%{2 iér‘s)nglh S}f% &4 X Sl/gﬂ’?é‘ien‘t\ %ﬁé@eﬁ%&mt 182 nm
and al®h$05H Smpﬁéld@@@%dw 18Y 8&ahala¥bdiC SPHOC BSER%N UBHMNA 8] nm and

anodes and cat hodes nade from any suitable netal, or
about@dR sty g6t ed from netal oxi de ceranics using nor phol ogy

t hat I Al ¢ I g ¢

gas ’%Q&E&]d%?%u Wﬁi@ﬁ%&?}%g&@é@l iAﬁuh%g\t ngyeflai% éﬁgé&ﬁmm

Purifibe Hpdague Raokide g hPHPEQ e Oysubxahit At d})‘fe Q&Bﬁﬁm&m OZOnE,
wat er and oxygen nol ecules on a suitable su orti ngr
plasmg §pegigsg i’ (&ISQI ﬁ@‘“i‘rﬁ?‘ﬁh@l &jyl ’t“f‘féf*mﬁé? Higures | ;arp% ditfuser
appa:étﬁ('pé/r@r inwlﬂﬁ :90¢! aos%ﬁ | FO1AR%IN8].01 & & Jiaﬁ‘?e'fkh 1R¢ me{al oxide
ne as t he 1 nvents on, thod o
cataly m@ﬂastmm giruanoe Shaal ( c¢ mmtulr diqtminﬂh/oo miechanism 5, 6, and!or 7.
di si. ectl on/renedi ati on of f%_n onrren [
dl scC Hdi%ﬁ-ﬁff@ﬂ%{l‘!ﬁ 311@\6!}.]3"1'&&')[39 fbﬁ,ﬁi, fifé ig{ ‘l%i ‘)Ul—’(ﬁ fe mechanism

for m&ﬁﬁ&ﬁ@fd‘ BY . @r?ﬁr?mﬁs‘?;@é HigRder Qb pRYfiisf !h?‘i’u c'Eﬁr’d%h&Q@ﬁh certain aspects
Peroxi dé Gas is substantially free of,

of iheengnh ohytbe saleatiop, dyzmte$umgagw§a3mmi@h @8 theamudisiribot @amp@‘mm sm

shoutd ﬁ(t %u{‘;ﬁs%gat% = ﬂl&i gnrne ?& %{%IS’F T‘?%éﬁ(éﬂﬁéﬁg\%gg‘ of c,mﬁy as rapid

as is p@ﬁx@?\ékﬁd eV th& oMk Aling bd ©hitdheY Heory, it is believed that opumai fevels of
di si nfectiaon/renediation in the environnent

?HPipwéﬁ»éﬁ%\@qegi fyorkingihe difserepamesivrdeapid tuid lawsepdidions.
J(ERL Sm d psnﬁs%xfaoq o, ”Rﬂ'm%ﬂ% 5,( fﬁ’%ﬂ%& z%ﬁ F&ngh of

travi O

wav eileﬁk*{hhﬁl’fﬁt’t@ﬁﬁﬂ&eliﬁﬁe pma;mum tfﬁtlﬁd'mamiﬁti&ﬂmnﬁﬁ mnhmdem\ but
condltlons so as to formPurified Hydrogen Peroxide

miho@a;gm( HF‘@‘} OFRRP spgs %’Bgf ié(h e éepqni,mpp é}é oéqnt én Qne Lmb{)dlmen’r the
ultraviXEn R Bmtiu%‘%?%ang n@SRRREEL § 5RRA6 QT 29;09@[% Cam, above about

species irecting the PHPG into
185 nenvhoverdro ! ‘@s""umh thmtahemﬁlae@naamtammt @?é‘omndiezmem about 187

nm antdhagg\gt:#vl rIB)i]T?Pé}%] eenﬁ? gg'in; Y} n(%fe\‘lc tulz)g Slr}ll%frr‘gd eg}”‘%‘a 2y %en aths will
generbl hepl@»tiiﬁae m@mv@ ucﬁﬁg w&aeenfﬁe@&la@& tﬁ@buiﬁ;&tmi@l' dbserRREF ozone.
renoval of VOCs fromthe anbient air. In one

enbodiavesidancehdthithe lpaiiﬁ@llé‘tﬁﬂlﬂwgﬁbﬁ mu@d delsangin! dhsarse of ozone”

velen hn a gv sabout é n%La?

¥ Y Y
scna,rqg Oﬁignu oaik% Zone be fgvgt%bﬁ 3) ﬁ)pn\b gf“ it hH' 15 %901‘8510 LOD
{\kvvcif@ﬁ?kiat@dn @D ot oz3bd Hmh ibeliveenhcRRolt cdSfanm@asgieadliott for human

50 nm between about 188 nm and, ‘ ) )
health. In this regard, the Food and Drug Administration (FDA) requires ozone output of
mdoor medical devices to be no more than 0.05 ppm of ozone. The Occupational Safety and
Health Admimstration {OSHA) requires that workers not be exposed 10 an average
concentration of more than 0.10 ppm of ozone for 8 hours. The National Institute of
Occupational Safety and Health (NIOSH) recommends an upper limit of 0.10 ppm of ozone,
not {0 be exceeded at any time. EPA’s National Ambient Air Quality Standard for ozoneisa

maxumwm 8 hour average outdoor concentration of 0.08 ppm.
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about 249 nm etc Another aspect of the invention

relates to a diffuser apparatus for producing Purified
woRapozEam Per oxi de Gas (PHPG) that is substantPEl/U§2008/072454

free of, e.g., hydration, ozone, plasma species,

and/ or or.gani.c s eC| thr ferenc res
and '3 coftR OGS ‘ﬁé’éﬁy& ey Mﬂﬁ & P ueﬁ@ﬁ? ﬁgeégmﬂtaé)m
Gzeneqr&ﬁ WLEOEn Wt ayh &8l hd9bbr de t&imwiﬂo ??Lﬁbn or netal

oxi de catalyst substrate structure 3; (c) an air
di stribution nechaniem8;0:67 tfliF 80:7. The a| r

S'U,SE b gkﬁgg}pnﬁﬁlgﬁﬁ} @xﬁ Pﬁ%ﬂ W@"gf d?ig %}38{3 0 c:f %IOC*S from

the dt}‘iﬂl(l@%ﬁhﬁ&hﬁuﬁ b, k@88 oP@RAE akidStod & BOC Oﬂgat'ﬁ@ @‘I WG h
certain aspects of the invention, the sel’ection,

desi kgreertaingnthgdimagids. disef AP orydte uske faimpicaibstl cppineli ipaluding
but nv#ﬁ’ %H@q ig T‘QSSHQ{;U (9»:, kf’(. T, tﬁéil&n a&rhi%m%&? I ;.H zgl’d Ei%ﬂ%\" itfHU{As ehiminator,

asa bﬁ(&@hzde ftﬁmbﬁn RnECk Iacazh eiu\ﬁ’nfahﬁ) af wlrmeend he GE {POJ ;bahbﬁ Mak geloduce
y theory, it js believed that (ftl mal. | evel s of PHPG
by d"“&%‘é?*@ @Hé% St e R PRt rRT R gV h@“ﬂ? PP abBEPRENunder

muﬁff@ﬂhqe&le&ﬁ'aig?ﬁ x%‘%&or\d uﬁﬁ&@% amk :ﬁt H'Jeﬂ@rgﬂ SLlwl b‘ghﬁaﬁ skilled in

I"east one ra
the ax't/\mmehengm“h siegsm‘dfn.mxmhe Sstslod athdvan: esphbdt poafial ;yltdl the nature of a

reag ns of humi d anbi ent air, but without
particilap, 61‘&@21“??5 r?ﬁ? #%0 as to initiate the formation of

0Z0NG.cehRnQRM AMRAMN TR refk iR e Wh faYiRIbeH Lbzhtg‘ﬂtand for
produces at |east one wavel ength in a range above

dist nia@tmtmxsailmm Glé?bm@ whtagt eny samnmm Sbovdingodtces grreim. the
bet ween

aiﬂOiititgl)f\?ﬁ%}:é ﬁ'l&\’ a’g fii‘ Cll? Slgl)i%g{j{}i% e}%% 1é0 it a)blgm 310 fg%”i ﬂ"ﬁﬁ}]ﬂ, 'HYO(,LI (ll ﬁ (2513

abnut@ igmz A0 ¢.68 Fépm&iﬂha wauelenat Rsbodibihfegeaeatl ¥mounts have
uce PHPG i ncl udi ng hgdr oglen peroxide in the
a

been I@Qb@t effciing agpadiice. OF FeBonealigivingden Ry Anmpraved iutrpgste for
\mm%u%ﬁe\ﬁ'bth cm{;‘? '&{;{,L ¢ §t§@nti&rur&t" S&I&}?& a&tlkéz%gia\b &?ﬁa‘?{l Resistant

one oW ab
Enter@oddis iplﬁmh %d W }1 OlokeMalrs lhﬁicdwut‘ hEfh @xcbhaliet of

det ect | r ozone Such vel s are_bel ow t
Stear ‘ﬁ%ﬂé‘rﬂgﬁ‘ﬁ%ﬁ Q‘Hgébf%‘é%l‘ HF ges mﬁ, HUPHETS we%ﬁ‘?% arg w?‘i%’i%* in
occup| ROREL {uﬂnﬁhr{: 084, l?cﬁ‘i}xngeiﬂge gﬁ%{@i $hE 0@%&'190 Bri{EDAbmes, ¢ 'mg other

requi res ozoné out put of i'ndoor devices to
comnma anes b disirepctGuOBeeppmaafi m;xz@mmudma it eupate puabgens, and

th .Adm ni requi res that
providg e SpiEte b SaRE D h Al it SE oot FhL et e
nosochRER itBan, 4Q LRmaf the mﬁ@mf«aan 8 H%Ezﬁﬂ il HagseNat i onal
Institute of Cccupational Safety and Heal th (N OSH)

r ecobrerals aapectipébe lnvationpthedunrdiiped bf apkonesir ratrefepbly
abov c@g}; é?‘%%'w tqﬁ?‘ﬁ%})& HJ gﬁgpﬁgbagt Hatéﬁ %D»A"E%zﬁrib 'ﬁ!{ﬁ gte. In

certain embodiments, the humidity of the ambient air may be between about 10% and about
99% RH. In one embodiment, the method of the invention includes regulating the humidity
of the ambient air within the range of about 5% to about 99%% RH, or about 10 to about 99%
RH.

The metal, or metal oxide, catalyst may be selected from titanium dioxide, copper,
copper oxide, zine, zinc oxide, ron, and iron oxide or mixtures thereof, and more preferably,
the catalyst is titaniom dioxade. More particularly, ttantom dioxide 15 a semiconductor,

absorbing light in the near ultraviolet portion of the electromagnetic spectrum. Tilanium
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maxi mum 8 hour average outdoor concentration of 0.08
ppmIn certain enbodi nents the PHPG nay, however, be

W@ g@dotans t he renoval of ozone from the anbi eneCT/US2008/072454
envi ronment by neans of the follow ng reaction: O3+

H2O + 202 .In certain enbodi ments the PHPG
dum%%% agé%e%fﬁﬁ It P Fouy ATABYE MO E F ST AfBFRARTY: dferent
planee?&*’th!} Qz{h‘?@ ﬁ{t e PBA ri%u&{xred' TiRGhr R XAt é’ﬁ;n@!ﬁon\/ ¢ B¥paration
I'n certain enbodi ments, the G may be use
mdhq‘dcxm n’ﬂ@ﬁ@mmgh‘mﬁ@nﬁ pedd, Amcdse @,bﬂgbb}uwimotm Mardlteghy less than 380

i_ndoor |r tr as a nold
@ﬁﬁﬂaf“ﬂ?hﬁhgagbsa%mﬂ 3 S e EEeIEH g AR i nator
and/ Qia@$ oﬁﬂa@ uk‘;ﬂ@xﬂ@fﬁ}@ ap@boxihdtéls 8sim Thek RHiPSsars mﬂo of
o pr oduce Y rogen peroxide gas sufficient to carry
mmdqag{m@wg‘ggﬁm@@ ightc ri@t@m@m dorde & knpy tgrhave approximately 9-14 x 10

sctv B0 SEELONLSTRALAhLON B 96ERSA-PYISLTeE0 ATBNOL

un»ah\&@feﬂ %de pe ﬁdﬂ Sefalw hlhB 16@1;}9&8 0|f quti:ﬁkg with hgdsni-bicheor other basic
purified and the nature of a particul ar
specidti SishBOEHANTF Sridiap 1 EHeDEH Bart SHURER R Hery i oisprace
I, ¢

area, é?g (ﬁ(;tfggtﬁaﬁ %}ﬂihﬁv ?rigtlﬁcgér}]@&u g?% cghx&yqr%@ﬁ O a its surface. Anatase i3
genergdhwvianeniemdtis a Gigre hmmer}gmmmfaase&an heailei h)s kddven *@ersmh
di of PHPG may, f{ Z om about 0, 005 Pr m.t o about, ?
10XY ﬁﬁwm%srném S Tusata zp&gi rmpp;éxﬁ]pg%tga?i Ve l{f)}ﬁ“ ¥ %Iehg%u\tumdmum
than 05185 ABRMke biH ARG BRYIERNIRM netQePEr A 8hdt 8GR on $H§§7(e\’

anounts have been proven effective against, e.g., th
respedfizkivne Cal i civirus (an EPA approved surrogat e for

Nor oy Resi.stant Staphyl o US g

ur e Stk b ORGSRy sis. such
agentREE Bk k8ddVRHe refdiRBldni ﬂhxﬁ&ﬂ@:@l‘uﬁ frifGlch& t(}@pﬁlﬁﬁiﬁ)&di} sis pﬁ)(.e'-ss As

Geobaci | | us St ear ot her mophi | us, and Aspergillus N ge
recoggaphbaivsnsid ot inphpet semeggpns pohazset 1en*r@@é% pitelg oalirfé&ée”rade
it. St lI (gt%ryg&r?ﬁ eni pdl&x_ 819& f‘t_d{ E&n \?ﬁﬁlﬁ, 19h1h‘?‘tﬁh hOSp' tals,

of fi1ces, common “"di si nf ect

sur f@oms fﬁ:@:hbﬂmmahl\ng whey lﬁlsb:eSQmidl thht iﬁhﬂtb@érﬂ@mz@ bond at the

pat hogens, and rovide mcrohial control, e.g., for

activ tp‘}lié\pétg}tuf ﬁ&a ¥He V lgyézéguag :p‘étﬁs iteeagy. d‘e(.?%‘btﬂ? A %f*‘r“!‘% Wb]ch adsorb on
the calRPGRRL Bkodulf 66h UBRIcPRty LAAHEADS hDEIFANRTLSSE Onall

of " ‘conmon 1 [M"nesses. "Tn certain aspects of
moleduhveretiics, Tltﬁﬂéb,hﬂd‘ﬁ(ﬂ]bﬂ?ﬂ\ ofil B}m rtibi @pebibivr Inghese cases, the

pref.erabl y aho 10/ ve hum
impaf g8 st el B R 4 e B Beariomomn o b MF tept agepps
clectrOMNRALIB Soxihg ah@’ﬁl&’&*@tré’n ?éroi;ﬁ@. anbi ent air may be

bet ween about” "10% and about 99% RH. | n one enbodi nent,

t he Frsnhahlivie aghetsiiancdriiadiwal wetigtessideagattams ngitthe formation
of iesp %Q}.g;!et%dicais incapable of performing the desired reaction. Yet others physically

i

alter the photocatalyst, changing its performance. In accordance with the present invention,
additive agents may be selected to optimize the formation of PHPG {optionally while
roinimizing of eliminating the formation of ozone, plasma species, or Organic species).

In one aspect, as mentioned above, additive agents may include co~catalysts. Co-
catalysts may be metals or coatings deposited on the surface of a catalyst to improve the
efficiency of selected PHPG reactions. Cocatalysts may alter the physical characteristics of
catalyst in two ways. First, they may provide new energy levels for conduction band

electrons to occupy. Second, co-catalysts may possess different absorption characteristics

0
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of the anbient air within the range of about 5%to
about 99% RH, or about 10 to about 99% RH. The netal,
w@eoogeeab8 oxi de, catal yst may be sel ected fronP€T/US2008/0M2454
di oxi de, copper, copper oxide, zinc, zinc oxide, iron,
iron oxide o m'){tures t hereof , and m'[)
than tgt? §ﬁ@pgﬁk>‘;}l}u{%@ta[§é} é 3yqst{3ay Causs Wﬁrﬁ“ﬂﬁ’n”&li“é‘f& }d.é\;np%pgéxeawom

take p@zﬁ‘:%toh Gh &y Eéﬁah Et' th 8B UHIB A Rt hal Sn AeIRMSORAHE L@ cataly lysts are

bsorbing light 1n the near ultraviol et portlon of
gener él%mbﬂ&ﬁhgmre:t at csu@psmos enrpesTHt ensithrndl oogiegiant. s
synt il and ile .-, whjc .
o o, A saPitl ot S BrdRBuRER. T ok SbElfpm. and
many GFES hrddkal Sbhp6kse PHFAR A6 haked desh@skatbe tdamafc dabsbitities.
preparatl on method and the starting material used.

Anat Agigt tas@éW@gﬂw@ﬁ@wd@tcemmhé ﬁg«ehem gy be papn3BEable
shapcQmw\(\ﬂggﬁgﬁwﬁﬁﬁ lr’iﬁl ﬂQf?lqe F apxp.;. 1%{: iy\{%gt§hlg{]lg¥ttl§dn\*5§i§ eic.
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light. Titanium dioxide is _known to have, approxi nately
bank sgmj,_)glk LA o e b g STy g}tpab@p rga\ﬂgﬁ gomprised of an

ultrav QY] OWL(%(EF Aﬂm@ﬁﬁ ﬁ\‘f@leﬁ%}ft@?ﬁé h&ﬁa\ R }@)sﬁﬁ'%dj@ﬂgé %e%ﬁ?é\}’m‘
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hotocatal ytic tivity is. infl cedb its structure
sprar i atG08 SRR Pees Fey el o apbal Sis Y arete EgaerEHY
embmﬁ’tﬂfe‘?@s‘ W¥ih réReEbnbDR Pensd i)‘(h@txlt@y@)[&)é&lucgﬁ OéJQSmQO bk bfbular in
surface. Anatase is generally considered to a nore

shapeaeay heecophrotadoatin yi eioplaind migtigd-ghappd, dr gu}kmbwfzc&fbﬁmer sheli 2.
In CLFB%%%%‘?&HI&‘S‘ 5%4? égtfg ogé?xtug?s{lgtr yf]g)lf%(l,ﬁ wr iéld% £ uigﬁ d{ ggiﬁl} within
the infebibl ba thH@I@&@qzﬂfL@ thutd dpecibaviespeand gap energi es of

3.2 and 3.0 electron volts (eV), respectively

Nu nelrleﬁfélea@eﬁﬁ]@,e $EVET 5eRH a@h sy bedomaridran aﬂhﬁﬂuw@frﬁ:@bwme
matenrag, a: 9{185 9‘; %E:@l} %&eﬁﬂf ggcsﬂ z.’?tc ng)( ‘%S Q%‘EQ% f. BS& Mer may

I on“envi rd Uence £ ata
be a pproe @s sentéd pds}em@grmmz;edbobylaadh@Sﬁhs:KﬂnﬂI;eﬂqam 1 Hewr asﬂzttl,on by

s F PSRN 535105 Bty e Haam Foh e
wavel eﬁzt}h?{th%ﬁf}%J%eﬁm ok o 1@%‘ o BRs @n utlﬁmﬁﬁ')?l)@;th' ’{t ‘vh%ﬁpq that

been found t basi ¢ agent’s may bond he active
only gbdieedight llznehfc aﬁlgwmm hidll thep ate fesi blﬂgi IA :hihsdr it e dreymolded

. redu h adsorb on,t

into oy ety e AR e e e eple dfas % fataf Bubodiments.

plmspﬁ@ﬁé@«f&a@ﬁv«ate%ﬁﬁﬂnlm H@hﬁ:@wg@ﬂt&hﬁ‘m fRlsBell ARERLBso ANE ehPNSsible light
have all shown this capability. In these cases, the

upon am@awmmh LF\olighit i on of PHPG are dictated by t he

effi l%'o%@%&bodmmenm P}t ﬂ:v? <3§ac@tat% CC?lH USer shell may generally be used
as the substrate by coating it with photocatalyst, which may include titantum dioxtde doped
with one or more other metals in certain embodiments. By way of example, the photocatalyst
roay be applied to the intertor of the diffuser substrate as a paint. The application should
generally be applied so as to prevent clogging of the pores within the diffuser substrate. In
one embodiment, air may be applied to the substrate, and forced through the pores of the
substrate after application of the photocatalyst paint, both causing the coating to dry and

keeping the pores clear by means of forced air. It may be preferred for the combination of
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el ectrons relative to dioxygen and hydrogen peroxi de.
Sone additive agents involve radical species in side
WO @020 or in the formation of | ess reacti VRCT/US2008/072454
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pro O@ﬁﬂﬁ‘éﬁo‘ﬂﬁ:‘ﬁ the Uivelaly sperae sBY piegayolhiskaorphelery.(AH G vytput
um}pig{l &mm'}gg&%ra% {)CHR Lﬁp{?ﬁ? g{l fl{&ﬁg h;g\%jgar atus may be

t source. The

uI tr R&\.ﬂiéﬂeﬁ*&d émgdam ROl Bieii-‘*@ dasayenbanpm&nm bened-raguldth): due to the
cenfer, or interi e diffuser a[i)par atus, ,may be

electrgylatitgly r%cdmp DERYREP %}IP&B@M;%@, HHoh fegradele \’b;ffutdﬁlg oxygen upon
xeautn?‘%?@tﬁgtlé%@mﬁ&d drhes ?@plt oot 1(‘39 Rt WABAER I c'oﬁcemzalmn of PHPG

, By way of exanple, [n certain enbodinments,
resultwirnt thtereblecdncaatios Frag uy @oder | irt fietante haw ihel dtcoaat muaa, tion

e.q., y be tubular in. shape be .cont ai ned w

range 31 i, et o Aol N PG T gt 0. B

degra8h@lch other hBt;lCtﬁé %&tc@n@«gmnl BUFRLIrNSH B thefthe ﬁit&fmlew spacing is
serve to focus light in a specific direction with

greatey Henithe éﬁuaﬁt@rﬁu AR 0’@ sast tedliiitesndsrujass By ﬁé@unﬂ wq PHPG
mnu:{gp %P%a aﬁ, S ng rlled 125}?» ggl wc !ﬁc‘béxf\ ete QS%&S&%@%& ?‘ﬁévﬁig}ﬁx% 8f 1.0

parts §&@Tmafla@, por ceI ain, polymer, etc. By way of exanple,
the pol ymer may ,

t should be noted that this PHPG optimizing morphology also minimizes the
residence time for any organic contarnnants that may enter and pass through the system,
dramatically reducing the probability that they will be oxidized. Effectively, photocatalytic
systems optimized for PHPG production, are, by design, less likely to oxidize organic
contaminants as they pass through the catalyst structure; and photocatalytic systems
optimized for the oxidation of organic contamnants will, by design, inhibit hydrogen

peroxide gas production,
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be a porous or vented polynmer that is both hydrophobic
and resistant to degradation by ultraviolet light in
W@ b@IAZUosm t o 182 nm range. Pol yners that ar ePCT/US2008/072454
resistant to some wavel engths wthin this range, but
not be used in conjunction th. UV | anp
onl y &r%ﬁae% IPPYRIES PO BRREPIRNGELdPHR mﬁﬁdéh“&‘h‘w‘”af‘f‘%h&m‘““
The TERESE ;@u&@n ﬁcgiafnfs'ﬁ?@émﬁﬂ%l sLn@ve Revdmlidedich A Qir bbugh the
esired size and shape, and fornmed as any col or
diffusdegipredss. Morertiaumranthedinmbsitibytia phdspyor wdlcamerally direct

Ruid QEC} tig Idﬁjgquxﬁ%{pgwtéh B«%b& ¥ @Hﬁuh%g'tﬁg&a«%% 6&9%@;{?%%&2%%‘1 iaz!tbstrate In
one ulnbgd'ihmni RvidnefeedRedl TR ¢ 21He Nt LB SULESGR:8f wiiN@rect
fuser shell may generally be used as the substrate,

fluid @gpng avinighe yeniy th e smet! daraitnal e WareH widyn bk epanges: S in the
dxmzs&l 'Ep@q}al{{m dflh%)g‘lng Szaﬁglﬁgglfz WB{‘/ p{’\}\%{}gﬂo@ ¢ E)’(( 6{:{\1% i\ggbf g‘ %[%e{{ﬁ& @ dﬁai filter 6

tarn
on fheﬂhﬁtleﬂﬂt@ﬂﬂekﬁs p;amyt dawﬁpgdsbeahct & dubefrbmtearaniar tof ditieer
di ffuser substrate as a int. The. application, shoul d

appa:&éhélﬂ% GOGUTHR %}ﬁxpt 1w BHPEHr Lﬁ@llts@llb}i@v@}ﬁ n@F@é gfgﬁﬁi Copepe Based
on ne@PL S8k { B 15‘&%1“%1}1@' it § Lﬁ% &k d]@:i PASH Ty ﬁh ¢ 10 QRGibution maer(igmmm t0

rrbdrrent 10 the substrate
be of ﬂxarimeekt@hweughe:t:ha tp@r@me mgerttihe)vsmb&tmmtmﬂmﬁ tlmd;f‘fusex in other

_af Iiwcat‘i on.of th t ocat st, paint, both causing

enbod o ARG PoPER NG REBHIR SR por es ol ear by
meang Qb 1A drair 4 JSP@A/ oDBe RLRHERL, eﬂﬂf@rmg B€ produced in the
conbi nation of photocatalytic coating a ffuser

substatibstbsence of oz, plaanga ep@m&u@hf Q@r@m&/m@sew ¢.ighthef r om

phoiofER AR 1% FERGRRE Sa bolRELos SARFRE B o FRPHDRn

range$ SRS Rerdhe 118 eRaE ARl SORP R MY Sser Witshalk h@a&&zﬂhﬁ"fﬂ{ @I‘i&upam yst
| ayer situated just inside, and very close to,

on its inferer (6F digiuserabell Bred pethgipetaers pain saifhke aiurﬂmwble
phutogﬁal\s%ml?pﬁlhﬂ" f\g\,sb? g’lp S%tk &Qg Yed Ju%ﬂm?%e%@t@ﬁ@gﬂkﬂ Pl‘)i;h ?\Vn:\ﬂrﬂegmg in

IC reactor surfac
the di Fi‘ax@ @1:8ren: etah atfranse np&r weinhiteul 8itigho's abted doowe andtshadtural
by .conpacti ng |noavoluneot|m2|

MW%WJH&} 8’@&‘/%%%?’&%@ t“od*ﬁiawmpf@%é?«aelﬁefé"t“. ﬁgw‘\mw. @) the
fluid & Qﬁi}[&@&%?@&xan@’n &%@ zgyﬁllng]gzetdh%&e?ﬁ%lgﬁl MQ{]QJ; ‘)(n 3§d dust

sal | ke airperneable struct ture, | U
fikter, lt,hmldsl{ ﬁ!ﬁ U‘Sﬁﬂ‘pf’{’ ssmr nbesi oovehalt lof thehkiteser t}n piat ”hthL eng's kpr vents in

r O%] nol ecul es .produce 1 t.he
the supSfaur YV ORERREPIL IS BRoTre RIS e aatitants hee
plmtn&!&t&i@ktn{d} REich eRGhHPhea! z'hlé@t\u [i8ht FodiRAW6E thd 19mP af:ﬁ@eﬁéd el
a second, preventing the vast gﬁrorlty of hydrogen

{Jhmp@@imsm @rewwglitef@m\e@fef Foaibied iwager snd selyge pddogbed s prde groducing
I’HI’ngng I(t’e} ﬁié% %‘%{‘%fi d 1% 4 %ﬁ ?r@;%? é( fllf@%erl< g%igém tt@é} Roves
rapidiy RGE6H e dlfﬂlsu through its pores or vents into the surrounding environment.

In some embodiments, PHPG may be generated by a Medium Pressure Mercary
Arc (MPMA) Lamp. MPMA lamps emit not only ultraviolet hight, but also visible hght, and
wavelengths in the infrared spectrum. It 1s important that when selecting a lanp, output in
the ultraviolet spectrum should be closely examined. The ultraviolet spectral cutput is
sometimes expressed graphically, showing the proportional output at the important ultraviotet

wavelengths. The broad spectrum of the MPMA lamp 15 selected for its functionality.
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surface of the diffuser shell, not only is reactor
surface area nmaxi m zed, but the PHPG produced al so

w@amemesiierit of the diffuser al nost i mmedi at el yPERTtS1008/672454
avoi ds photol ysis from prol onged exposure to the W

concBrSErGRdT POt e bo g i v £ Wbasiebichdvan
Dmde‘x LUW Leéﬁrs‘i egerpadi :ﬁ?ﬁtto?e ¢ ﬂfﬁ@t SRNCHRL bALNONSHNBYRS e arraved

f-regulating due to th ectrostatic attraction
mav t;atiméw@tdﬁ@ \mbsmublag, thmr(tdwmi@"gmaﬁtaﬂ?tco nmt epggmidysiems.
oXy pon..react i ( T
Ot PR A bAoA Bl R N b uple B vl
mana@HPGFesWitdy 107 ih BRpITERGWaToSRICHAG hNakulh& HbASBH by: (a)
Yn distance than the electrostatic attraction range of

tuningifevirpiP® sl fEdbessuiphag i sgteeﬁémr@*mmenﬁl {srmpbaigoring
ambm%{ SH@U £§L§£ Stgt.otttg’bvapmnggg 5&9*%{1{2‘3 LOH}?{I}Q%I H&tx €S, éxh Sitomated

Dr aealeﬂ hﬂrdﬁﬁk‘e Ot ragans pﬁﬂhm aipSrigiteatof PHPMaactiilated in an aqueous trap,
“electrostatic. attraction range of the PHPG nol ecul es.
by meggurig t8e fuige TPHPEUEY B o BIPFENG SHPE Vit hrdipsripespride

accun fﬁ%tﬁig ot\’\f?sl th&ﬁﬂ 91‘(\%851@ %z%{fﬁ;%%:ﬁgkt%ggh%ﬂaﬁ Yehéwﬂt mf%fieactmn

noted t
betwe@h-lPEP(_ﬁbztndm E&Mg rerotaphol wigyh hlisﬂem{rmtmzibsattihmed ::md { d}

monitgive st PADE A Eha Gyt BT bl 1y

reduci ng the probability that they wi |l be oxidized.
Ef fectively, photocatal’ terrs optim zed for PHPG

Pr O0YEhh N nte & bck?%ttgt‘?isdygﬁe fétﬁﬁ‘ﬁ He %)ﬁ'%r}im b ﬁétln & %ne

organi ¢ contam nants as pass” atal y
emboditirenc tilthe ;mandmphat agatradtyd acto@y&ss efm thqadievmezmi o‘oostmtted n

the oxidatio ontam S Wl y. .d sig

e ship P Qs truelr SRt eia TR Ted S B vhios DR
quart@d Qf?ﬁt'i(ﬁli USe @ Lﬁ Qxl&ﬁa & Aleh Yhe Q'thhéf"ge.%smalef fobth i Shab iyt t'n @&h a

mechani sm The fluid distribution mechani sm general |

mimsewieéuttmm mﬂw mrm kidestiding fiush ogghst tivewall fifdiseling, and
rticular r distributi

the Ltiﬁxep‘iﬂg érhlw\r rndégﬁt&nu quy 3%4 ?%\8% Q]?(I) ﬁ}t JOVHRt %} ttshxe;e\%ti from below,

the right bhdi 5ethe JRPASral UBderWhpsdtetial dariibleRpelidf i S$@haUhaximum output
thr ou&g the di ffuser substrate. In one enbodi nent,

of 24Qthe fest p erieater wdR ok sliienchdnraebig atrilsdicheroal intake
filter; '[‘E}Ctﬂg ﬂettst%]]dvt‘#flﬂlte cg{ ar?%xhl nd@& an&agftgtyt%e p?ﬁrletn @%}%K%ﬁ o\ézﬁt}%%téte gan, and

a tou;tte’&nhlktét Medinsitessappeieatins ArciineP ey 1oy, ;ﬂisﬁﬂnhﬁ\tﬁth&t the lamp

re Iaceable hydr gphobi ¢ gas and/or dust filter
was Lt%@“ﬁé pe L aae §fﬂ&88 1. BE LR ﬂfc}?@ apArErgydReeT Ry @tfﬂ%ﬂb@@tal

reflec tttrr Q‘Ht‘s ?E&@& bggn& L, \%(f@ﬁ@ﬂé} t%@@@&:?f iRy t@& htl(‘lstPt.E REMH A rface of the
remai ns substanti al free of organic
cury eé pﬁelﬂéﬁte Bagedeylinder; and () the curved f’t()& of the cylinder was vented to
allow air, but not light, to flow out of the device,

A curved sail-like photocatalyst structure was placed just tnside, and parallel to,
the interior surface of the curved face of the quarter-cylinder; (a) the catalyst substrate was
etghteen inches long, eleven inches high, framed, and bad a corvature from top to bottom
with a radins of 8.25 inches; (b) was formed of fiberglass, and was coated with crystalline

ttamum dioxide powder; and (¢} the titantum dioxide was applied to the fiberglass in five

f—y
Lud
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on need, in certain enbodinents, it nay be desirable
for the fluid distribution nechanismto be of the

WO omMesL1IpoOWer necessary to create a gentl e oveP@EF/ESHN08/@72454
within the diffuser in other enbodinents, a rapid fan

) _ﬁegeed e nmor e deﬁ{ le. .In acco dance W th
coals [ERTeFo ‘E%%‘ spieerhal ihyBntieg At ey B&° pot theed
photobRall DG AUS LA IPRSRRE 6ot RO rBLBRR SPeci es,

or ‘organi c species, e.g., by the photocatalytic
oxi dawimgnopiatads both dlo: Saated ﬁtm“ﬂ@bm senwivere taweil vat &g intake air

h d
was dbmlgﬁr\%ﬁ dg\ lf“‘ﬁlg’r}%f%‘#fetbfs @n‘%%fg,fgie'fﬂgt g nFr l}ﬁng aw\t{a#% 81&1 reoal intake

filter RARk Q@l@é@kﬁ’{ﬁtdc@& phib§ Viohdies O8Fan(cOy d%(f drogerveRek) wihagd
on the interior with a thin sail-like air-permeable

remoghp totEralipst thetriges Ur.dp) ﬁlﬁﬂ}lﬂlb?e&?pﬁa% gppheeto halack of the
devicd rx\ﬁ#épe ﬁzt{ Q%n tlé(lj ST{L@N Ir& {E‘IQY t?%dcéri]t c?xp ﬁ{” mg it dtnt#" g%\}ocam yst

strug timegﬁﬂd {ﬁe ﬁlﬁ&hﬁ:ﬁ (ﬁ @W ‘&Qte@ﬁﬁL@MhHé? kgl mSMﬁI&@ rie) ol sturk bikd oxygen
Wien assenbl ed, the diffuser apparatus may function as

from g ipakEait pEpraedontq G ghetossiply kfui’*ihk&ﬁ ‘hﬁc*hﬁ?ﬁ‘%‘h‘?‘d Erbepdight
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Gas (ﬁ@@%&&rétéd wal pahedarelynart by @btirRdyged tiQthHb%ﬂtah st,

anp” activates the photocatal yst, causing it to

ﬁHOUéd)(ﬁhd light-mepsonbede veitiet fandl the daviee. add onbisth bR y@@n

L 0 U b R SRR B s

free oOHnRl W@ MLLifsbsalastiREQREN b Lo aROE @Fa0f raViRN Hifunl 1Yt 1Be
t he surroundi ng environment. In some enbodi nents, PHPG

vaporayobel YiRersaoliony(ba e ms suliizeiale figa of opme because the
Mi?}»il(xl'\fg%“?dugﬁ@g VEMAaL AR mgﬁl%@%% @gﬂ\%\% *r‘m S‘{(Jv% ?hthh PHPG

§& V'S
was sziﬁrsimmméﬂhsp efplasna spekick HedIPoOtheamnds pbdﬂaﬁ» a\hﬁa phebeativag
ut put |n t e uItraV| ol.et spec rum shaoul d_be

permiiee, Qe P QXA RSt Ao E | SPRTE OO AT <
subse %ff@t 'b@‘?&iu%édpgﬁﬁé@ﬁlﬁgﬁ @tﬂbl &@Iﬁ{eyi*i Ils(lj vaéﬂs'%gotéagd tmm Ultraviolet

roportional output at the inportant ultraviol et
(UV) phutelvendehmise Wipasder @&dih&p&btthmmmﬁ m[phm1 WPMA\ ¢raepiacs of the

quart I i P B0 D bbb T 4 SR Db SHPG was

@ubgt@ﬁ@ﬂ\?%&é biVora Bl SheciddVebdele S/RT G WIRE £1CATRAG Hhandh RATK Sy,
UV LED s ‘can be arrayed in a variety of "sizes and

h‘dmwa‘?}g“ aghetitd elpreckbingrkedieti on of snaller, nore rugged
syst.g thodi nents, | g
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labord@bridsNo g () URSisurSHigho Nl PLiris ¥ S HR R giR PeroR B (s € PHPG), (b)
confi r?npt%a? tth!e %Stptt);%/wa&( g?bstamti ally free of ozone, (¢} confirm that the cutput was
substantially free of VOC s, {d) measure the efficacy of PHPG against the Feline Calicivirus
{an EPA-approved substitute for noroviruses), Methicillin Resistant Staphylococcus Aareous
{MRSA), Vancomyacin Resistant Enterococcus Faccalis (VRE), Clostridivm Ditficile (C~

Dif}, Geobacillus Stearothermophilus, {a stable bacteria used by the insurance industry to

verity successful microbial remediation), and Aspergiius Niger (a common fungus), and (e)
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intensity and/or fan speed,
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Microbial reduction
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The PHPG measurement data indicated that the concentration of PHPG produced

is highly dependent on the relative humidity. This is predictable, because the production of

PHPG 15 directly dependent on the avatlability of water molecules in the air. It should be

o,
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During operation, both the fan and the MPMA | anp were
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( PHRG)V DO usstipp odugedywaste afd)ers ubistcambtial of)7 foreef Dipropanol

s ARG, YRLEL Docatte,! L6 prodcat b SSLALE \oc vl

throuSRLUIH@Ram (D) the PHPG was substantially free of ozone
%ecause the MPMA [anp did not use any wavel engt hs
capabl e of photol yzi ng d| oxygen; (c) the PHPG vvas

substant i atyeg of prasm spAGi o8 bagause the o oo
< JEOT OITHOT Uy W Ll L PIotolatalry ot VA=l ||| [ 8 C U aptTu
S8l L of - Hydiogen - pakoxi-de-from i ts-surface before
DISICe 6129 .;ut?iequy*.t ;i‘:'\e rBHuEed phet-ecat-abytieatby;
Zerq HmCy pBEpLRG was S Br.ot SEtedA.r bm Ut £- V-0 @t b
phot.ol-ysi-s--becausdilistghanddan dygh) P 98 h . t-he
3 Pyithht -?’!‘:}par rdabl 2® _vehbed ¥4 rtericylinder
10whedi dte )14-i:§lp(1n3'2)( t?-%g t-h&._phot.ocat.al yst..sucface;
1398 (ef.0t hed PHRG has. hbstahtial ly. free of. organi.c
Jgwaci edhechdse VOCs_hbre hlsorbed by the high
60gifj i Bdcy, OCRydrbBhobi¢, a6l valdd apieameenitr | nt ake
_S0faubt @r 0.1Thel devi ¢ _wa$3subjected to tests designédfangst
,,,,,,,,,,,, i mpl emented by two accredited | aboratories toj (a)
Idrbasur 8.0t heb.out ptit of 0. Puri ¢ ed Biptinogen: £ErDXE de GAS all St

135 (PHPG ; (b) confirmthat the output was substantially

free of ©Qzane; . confirmthat the outp
subsivEi RIS MG af@%‘%&w&y@c@hmz gpcufaigd o e ‘5?@%@% cacy
\teanﬁfmf’ g@h@&@é&i'f%t@ﬁl ek Mﬁnﬁin'l Gl M Ei“iﬁtﬁ:@@r‘and in all ¢ cpies s showed

proved stitute for noroviruses), hicif
gmﬂ%esn rstanion S dpthpkpeecotsn Aurmgeust hours.

In quantitative microbial testing at ATS labs in Eagan, Minuesota the following
20 data was collected. It should be noted that these timpressive kil rates were achieved with a

PHPG concentration of just § 005 ppm to 0.01 ppm, produced at a relative humidity of 35%

10 40%.
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At higher humidities, higher concentrations of PHPG are produced, and microbial
reduction rates will increase. The data collected above at 56% to 39% relative humidity
idicates that a PHPG concentration at least eight times higher than used i this quantitative
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test can be achieved.
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The PHPG neasurement data al so renmai ned constant over
time and indicated an upper equilibriumlimt of

wappeoxitptat ely 0.08 ppm This is al so predict abtBUSI8/072454
to the electrostatic attraction of PHPG nol ecules to

each, ot her whenever their internplecul ar spacing .. .
becoes: I BWRA g tes}f@ﬂ%ﬁ%ﬁ&%ﬁwg*?%@@ i e feprodikes a PHPG
equiliBhibh RNt xﬁ{‘tgg?]% 1 3dndRLs JiBlis: @Atk Qe @N CRER: BHRGurified
reacts wth itself to produce oxygen and water
hydroget poukids frofthi staufpé phdtbertalviad el 08 ppmis al so wel |
bel ow t he, OSHA workplace safety lLim¢t of 1.0 ppmand,
Cusisf B Bep BRRR A o Bt e Rt Bpse y BREHE Mg gome
degreD et safigliyiend i comkhRIOYSLY tiis 8ds HicAFEHPhRDeal 8a% uvflylby way
. testggg al so indicated a conplete absence of ozone in
of exanpde ged/theenungaepihengssin Vecida sl ngpstaktiap frluidatias and use,

N e

spirit hoed scapé of her@duden VOC | evel s throughout the room In
gualitative mcrobial testing, chips inoculated wth
Geobaci | l us St earot hernophil us were placed in the
environment in several tests, and in all cases showed
significant reduction of the bacteria within a matter
of hours. In quantitative mcrobial testing at ATS
| abs in Eagan, M nnesota the followi ng data was
collected. It should be noted that these inpressive
kill rates were achieved with a PHPG concentration of
just 0.005 ppmto 0.01 ppm produced at a relative
hum dity of 35%to 40% At hi gher hum dities, higher
concentrations of PHPG are produced, and m crobia
reduction rates will increase. The data coll ected
above at 56%to 59% relative humdity indicates that a
PHPG concentration at |east eight times higher than
used in this quantitative test can be achi eved. Also, a
conparison test indicated that the PHPG test device
produces a PHPG equilibrium concentration up to 150
times greater than the incidental output of unpurified
hydr ogen peroxi de froma standard photocatal ytic cell
Generally, the invention has been described in
specific enbodi nents with sone degree of
particularity, it is to be understood that this
descri ption has been given only by way of exanple and
that nunmerous changes in the details of construction,
fabrication and use, including the conbination and
arrangenent of parts, may be nade wi thout departing
fromthe spirit and scope of the invention.\Wat is
cl ai med:

Fomm,
%



1. A nethod for mcrobial control and/or
di si nfection/renedi ati on of an environnent, the nethod
W@ vpoeadsg: (a) generating a gas conprising PRET/UB08/072454
Hydrogen Peroxide Gas (PHPG that is substantially
of _hydration, ozone, plasma species, and/or
3-1-7-13-‘3-1-'-@?-- %t‘ﬁ L. species; (b) directing the PHPGinto the
envi ronrrent such that the hydrogen peroxi de gas acts
Lt & pred de micerodicartdomeiosidisgreyion/ remediation of an environment,

the Il”l%k]?(# g&%éltl‘!l t?ﬂp/ fi g} a@'ﬁ rkd%@mﬁ.ﬁ”l 51 @ Iﬁlrf?f%rﬁg\f I'P%LIQIOILC%Q“@QQ Gas

{i’Hi’@hﬂ{aeimuﬁﬂﬁn@Hﬁ ésreatoeax EhiRa, osoel, pebmespaddscald/'dr organic species;
ract ed to positively and negatively charged
(b) i %T’F’r‘ d UEthardW Gk By v reEnei be?léﬁég hy %@iégbvr?‘aﬁs Efgpets to
prewclgttiﬁlc %tf;&%ﬁ% 'ﬁdmé Qif%%‘eakoncx@&teﬁﬁ i)i?g‘ldélg [émncﬁzmem both on
i SInfection/renediation Aas conpar e
surfadey dmditngtle hiydr ogen per oxi de or ozone. 3. The nethod of
claim1, mherein t he PHPG produced i s between O. 005

2. ppfg]f m(ixtxc é Eﬁ? m éxgllag:?qr# 12%%%‘&'&2’5“’4@ ¢ cli]céﬂbaftapmﬁih attracted to

pumlﬁu‘ﬁ i 86dati OBk I8 RRER i QB e Pfinddr SRY b AREBRLs thAChHHESny its
i ndoor air treatnent, water purifier, mold elim nat or ,

eﬁlcag\am 1@@@;@|qomrﬁlatndro; disrdesti qudrsmetlinfphag grmpaged Tgher hy drated

%nm 1, wherein the percent humdity of the

't he range of 5-99% or regul ated
ther ein. 6. A nethod for mcrobial control and/or

3. ditsk nfedatd dridiene dibatdio thedfH HH paRvtadR renteen DESRthod §.10
.conprising: (a) exposing a netal, or netal oxide,

ppm ‘Eéit'“éqﬁ%f‘“?‘b ultraviolet light in the presence of humid
purified anmbient air under conditions so as to form

4. Patk hlathd A 006N WJRerex A8 nfashkPERE hied: 1S
substantially free of hydration, ozone, plasma

di Sints@emrtesluizam{dl oﬂ.r(gami‘% cmsﬁperc.in m@ udf(bbyukdir rEdteringent heatRHPG fier,

idiimo ﬁheh gnrrent sucg e hydrogen peroxide

Mot FRYEY " e"‘ﬁr VIR AY b&“ﬂ "’%‘8?1 Fol and/or
di sinfection/renediation in the environnent, both on

5. sUhtac@sodairdldn It Beesdis the hercEREhIBUNO AL O A0 i@kwithés the range of
wherein said mcrobial control and/or

5-99%qicg iregudted dgyeienedi ati on of an environnent incl udes
i ndoor air treatnent, water purifier, nold elimnator,

6. b@?\ﬁ@{hb@ %&] T)?I}d}ﬂ % ANG A Ei S8 omr@ﬂiﬁati oijhetmuo ment,
nmet hod o alm b6 er ein e percent hum dit R

the meathod bempiltng: fat mﬂmag gencodl, xﬁ-xﬁ&% oxade, rc@tgmsmwexﬂtmvmlet light in

hydr GUt::I per gu%e de PpoeC

the ‘p;'gsré?}ég of Fumid purified ambient air under conditions $o as to form Purified Hyvdrogen
Peroxide Gas (PHPG) that i3 substantially free of hydration, ozone, plasma species, and
arganic species; (b) directing the PHPG into the environment such that the hydrogen peroxide
gas acts to provide mfection control anddor disinfection/remediation in the environment, both

on surfaces and wn the air.

7. The method of clanm 6, wherein said microbial control and/or
disinfectionfremediation of an environment includes indoor air tregtment, water purifier,

mold eliminator, bacteria eliminator, and virus eliminator,
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9. The nethod of claim6, wherein said metal or netal
oxi de catalyst is titaniumdioxide. 10. The nethod of
w@k@p2898 wher ei n sai d PHPG producti on al so r eBCH/US20081072454
t he renmoval of both ozone and VOCs fromthe anbi ent
of direct chem cal

8. sﬂé@ é}éh%q @ﬁ%\»i@ﬁl;ﬂt}eéﬁwy hl,g%; }pg{?}ﬁém(%}mun the range of
5-999f QRGLJ e MHkRipzone to produce oxygen and water, and
) reacting wth VOCs to produce carbon di oxi de and
, water. 11. A diffuser apparatus for produci ng PHPG
9. cahpricthsidng clqa)o. ahsour sed ofctallor metdl okide chtalyiit is tigajuna dioxide,
netal or netal oxide, catalyst substrate structure;
16. a"iﬂg éxge%tho%n)fa"laﬁ ndﬁ %& he*?;%&%f? Fﬂm%cl%\ﬁ&xé{&x a%s% ;e;[ht%‘ & thteﬁgm@va‘l of

both (ﬁﬁﬁsahI}(St ans frbs iBé‘J l@z&bfeﬁt &rbg n&fuﬁmfmn cﬁﬁtﬂmhw&i ecaction of these
perneabl e structure,  situated gendi cular to air

*Pec“f'r'*l“dw YR Guttd el ?W”e‘ﬁméa‘ﬁb éﬁﬁa“t“%%“ 1R REORAHE PEFCE grigien and
wam”}?ﬂilﬁtp%‘%&%u&kitﬂ? R L“?o r%ﬂ d&%(ﬁﬂgb{u%z&m&f t he
st such that it uces rogen peroxide from
bot h the oxi dati on of vvater and from t he reduction of
11, dirodiyfgean;appardtus &indbroduphptidBy coulpssiapt faak kgurpe efrdrgolet hight;

) B S B S BSP D PEs Rab B RITEh gri

and away fromthe catal yst before it can be reduced.
12.  13he Epsurappar @bias | Diwichah theldorppbRieion thedathl\at bn its substrate is a
di stribution nechanismis a fan. 17, The appar atus of
thin, sitdikpearpenypehie predge oo ypied @VTWF‘@PUII“T b}ﬂn Qo tlweugh the diffuser
zg[}gq‘“ges at | east one range of wavel ength. 15. The
paratus of claim 11, wherein said ultraviolet |ight
pmﬂm:esauﬁrmwp Holheuy Ones thangetiof copdiviehemgf the catalyst such that it

produces bydrogen peroxide from both the oxadation of water and from the reduction of

appar

dioxvgen; and said morphology substantially prevents the reduction of hydrogen peroxide on
the catalyst by causing the hydrogen peroxide to rapidly flow off of and away from the

catalvst before it can be reduced.

13, The apparatus of claim 11, wherein said air distribution mechanism is a fan.
14, The apparatus of claim 11, wherein said ultraviolet light source produces at least one

range of wavelength,

15, The apparatus of clarm 11, wheretn said ultraviolet light produces more than one

range of wavelength.
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