ENHANCED PHOTOOXIDATION REACTOR AND PROCESS 5 10 BACKGROUND 15Many
undesirable airborne contaminants may be oxidized by exposure to actinic radiation, for example,
ultraviolet (UV) light. Reactors for oxidizing airborne contaminants with ultraviolet light may be
constructed by providing a chamber including a source of ultraviolet light through which air including
contaminants to be oxidized may pass. 20 SUMMARY In accordance with an aspect of the present
disclosure there is provided an odor control system. The odor control system comprises a source of air
contaminated with a sulfur-containing compound and a UV oxidation reactor having an inlet in fluid 25
communication witfFNERHES el @mmbied K NTREAE R MIBdRERice of UV radiation
disposed within the reactor and a reflective coating disposed on internal surfaces of the reactor. In
accordance with some embodiments the source of air comprises a wastewater treatment plant. 30In
accordance with some embodiments the reflective coating comprises porous PTFE. - 2 - In
accordance with some embodiments the reflective coating has a reflectivity of greater than about 97%
for U\gradiation. In accordance with some embodiments the system further comprises a source of
moisture in fluid communication with the inlet. 5In accordance with some embodiments the source of
UV radiation is a source

10
BACKGROUND

15 Many undesirable airborne contaminants may be oxidized by exposure to
actinic radiation, for example, ultraviolet (UV) light. Reactors for oxidizing airborne
contaminants with ultraviolet light may be constructed by providing a chamber
including a source of ultraviolet light through which air including contaminants to be
oxidized may pass.

20

SUMMARY
In accordance with an aspect of the present disclosure there is provided an
odor control system. The odor control system comprises a source of air contaminated
with a sulfur-containing compound and a UV oxidation reactor having an inlet in fluid
25 communication with the source of contaminated air. The reactor includes a source of
UV radiation disposed within the reactor and a reflective coating disposed on internal
surfaces of the reactor.
In accordance with some embodiments the source of air comprises a
wastewater treatment plant.
30 In accordance with some embodiments the reflective coating comprises porous
PTFE.



of UV-C radiation. In accordance with some embodiments the sulfur-containing compound
comprises H2S. In accordance with some embodiments the source of UV-C radiation provides
10sufficient UV-C radiation to oxidize sufficiently all H2S in air having a concentration of H2S of
between about 60 ppm and about 70 ppm within about two seconds. In accordance with some
embodiments the reactor further comprises a baffle which is substantially transparent to UV radiation.
In accordance with some embodiments the baffle is at least partially coated 15with a layer of

photocatalyst which is substantially transparent to UV radiation. In accordance with another aspect
of the present disE1GSGPEIRNSR YA BOTIGIMRRSNARNES thecRftamity o dingdtrs e 6¥ftestivily-containing

contaminapf iRcaier Thih BIRINCS, 6O TP UARSRIANIFHNG a photooxidation reactor including a source of
actinic radiation disposed within the reactor and a reflective coating}g\cluding porous PT1-it, 20

disposed on interHaAGAHERICS Biithe1B8ABROABNSHRISSYSIRAL FUBIRFRIBRIFRMAGRAY f8structions to
direct air cgnisrunaiad witly thensslivt-asHainngheqprigminant from a source of the contaminated air

into the photooxidation reactor. In accordance with some embodiments providing the instructions
compfises providlAGFRREAREENEHH G L RORHMERE dE SPUTEMPBUNA SREIAHERSY 1 820HESS plant 25into
the photogyidalian reastien.  In accordance with some embodiments the method further comprises
providing instructions to control the humidity of the contaminated air directed into the photooxidation

reactor to be withkf 3FPREEBES IHERP P gBDodiments & sel BisBaiRtIAE BRI EHEtermined range is
between aggHhg8% 1yl 30about 95% relative humidity. - 3 - In accordance with some
embodiments providing the photO0OOxidation reactor including the source of actinic radiation disposed

within the reactor' BGRHIFEECH ILERE BrRIMNRGIDRNSdEE SAYEE Qb MctuthRGHEPBRIRYAISE UV-C radiation
dispoged wiHieishe IRAEQEdiation to oxidize sufficiently all H,S in air having a concentration

of H,S of between about 60 ppm and about 70 ppm within about two seconds.

In accordance with some embodiments the reactor further comprises a baffle
which is substantially transparent to UV radiation.

In accordance with some embodiments the baffle is at least partially coated

15  with a layer of photocatalyst which is substantially transparent to UV radiation.

In accordance with another aspect of the present disclosure there is provided
method of facilitating the oxidation of a sulfur-containing contaminant in air. The
method comprises providing a photooxidation reactor including a source of actinic
radiation disposed within the reactor and a reflective coating including porous PTFE

20  disposed on internal surfaces of the reactor. The method further comprises providing
instructions to direct air contaminated with the sulfur-containing contaminant from a
source of the contaminated air into the photooxidation reactor.

In accordance with some embodiments providing the instructions comprises
providing instructions to direct contaminated air from a wastewater treatment plant

25  into the photooxidation reactor.

In accordance with some embodiments the method further comprises
providing instructions to control the humidity of the contaminated air directed into the
photooxidation reactor to be within a predetermined range.

In some embodiments the predetermined range is between about 30% and

30  about 95% relative humidity.



5In accordance with some embodiments the method further comprises providing instructions to
monitor a concentration of the sulfur-containing contaminant in air output from the photooxidation
reactor and to adjust an operating parameter of the photooxidation reactor responsive to the
concentration of the sulfur-containing contaminant being above a predetermined set point. 10In some
embodiments the predetermined set point is betwgen about 5 ppm and 100 ppm of H2S. In
accordance with another aspect of the present disclosure there is provided reactor for the oxidation of
sulfur-containing contaminants in air with actinic radiation. The reactor comprises an inlet and an

outlet, a source oNARAHRIERBERINBR IosARHBBEEIMAMMRIRY Kaathle BhotRpexidAtABIERF®INn fluid
communicaiigmiribednies AR ihieahtve FaRHbE N AHAIRREAER Fiifpfigrosed on internal

surfaces of the reactor. In accordance with some embodiments the reactor further comprises a
baffle whidHa¥igi/KstAnRAKCAANSBHRSTERSION TElMRINER SRRseRELMMncadiviie s difrosHbodiments the
baffle is at|g@gh R tigdbtgoated with a layer of photocatalyst which is substantially transparent to UV

radiation. In accordance with another aspect there is provided a method of facilitating a reduction

in power to a photd8RFEIRSIE UM LRI REAETRedNRIRO S e hehRARRIRISEXidation. The method

compriseseafifiggiMsitalisHEr AR ARG cORRAMARKGAIRD JaRRRbMEh A GREivinaaating, the
photooxidation reactor including the internal surfaces coated with the reflective coating exhibiting an

equivalentiPal BEBKGHABNRE BRIAPIBHOR TGRS RATINANE ARETAUNORAMERSEHGEd by between

about 30%nshakest RitithaeLRIP RAIRMIR A BHREQDFER IR FRaTt BRI EATAAAIPN but not
including the reflective coating. 30In some embodiments the method further comprises reducing a

number ofOVIEHIFELRSING BROYE SRMRAR TiBBtTebP BBtween about 30% and about 50%, the - 4 -
photagxidation regeiemineiHEiEMBRseRbIPRAAEMTRSPid NolmpSavRbitin @S esmivalant rate of

oxidation of one or more airborne contaminants as compared to a reactor of a similar design but not
including the0rBRBLATEDating and not having a reduced number of UV lamps. 5 BRIEF

DESCRIPTION Qfr 2B YMMNGAAth another aspect of the present disclosure there is provided
reactor for the oxidation of sulfur-containing contaminants in air with actinic
radiation. The reactor comprises an inlet and an outlet, a source of actinic radiation

15  disposed within the reactor. a source of moisture in fluid communication with the
inlet, and a reflective coating including porous PTFE disposed on internal surfaces of
the reactor.

In accordance with some embodiments the reactor further comprises a baffle
which is substantially transparent to UV radiation.

20 In accordance with some embodiments the baffle is at least partially coated
with a layer of photocatalyst which is substantially transparent to UV radiation.

In accordance with another aspect there is provided a method of facilitating a
reduction in power to a photooxidation reactor to achieve a desired rate of
contaminant oxidation. The method comprises coating internal surfaces of the

25  photooxidation reactor with a reflective coating, the photooxidation reactor including
the internal surfaces coated with the reflective coating exhibiting an equivalent rate of
oxidation of one or more airborne contaminants with UV power reduced by between
about 30% and about 50% as compared to a photooxidation reactor of a similar design
but not including the reflective coating.

30 In some embodiments the method further comprises reducing a number of UV

lamps in the photooxidation reactor by between about 30% and about 50%, the



The accompanying drawings are not intended to be drawn to scale. In the drawings, each identical or
nearly identical component that is illustrated in various figures is represented by a like numeral. For
purposes of clarity, not every component 10may be labeled in every drawing. In the drawings: FIG.
|A is an exploded view of a reactor in accordance with an embodiment of the present disclosure; FIG.
1B is a cross sectional view of another reactor in accordance with an 15embodiment of the present
disclosure; FIG. 2A is an illustration of a baffle which may be utilized in a reactor in accordance with an

embodiment of the present disclosure; FIG. 2B is an illustration of another baffle which may be utilized
in a reacto?hptaexGielinceaciar Hieloripe digEstuse e preaseaft s daoarrexiBitiag 2T is an illustration of

another baghe st eBRSABER oA SRFHRFIABERICBAIRGHIErRD AARGIRANL & the present

disclosure; FIG. 2D is an illustration of another baffle which may be utilized in a reactor in accordance
with an entBdfheht é\‘rﬂ'\'ér&%%%lbéﬂs'@éﬂﬁ@fjﬂ@tr@ﬁﬂ%HV@@@H%@W BAfOMREINB¥le which may be
utilized in BERREEARARHRAHCONAEBsVith an embodiment of the present disclosure; FIG. 2F is an
illustration of another baffle which may be utilized in a reactor in accordance with an embodiment of
the présent disclosure; FIG. 3 is a flowchart of a method in accordance with an embodiment of the

present disclosure; BRIEF DESCRIPTION OF DRAWINGS
The accompanying drawings are not intended to be drawn to scale. In the
drawings, each identical or nearly identical component that is illustrated in various
figures is represented by a like numeral. For purposes of clarity, not every component

10  may be labeled in every drawing. In the drawings:

FIG. 1A is an exploded view of a reactor in accordance with an embodiment
of the present disclosure;
FIG. 1B is a cross sectional view of another reactor in accordance with an
15  embodiment of the present disclosure;
FIG. 2A is an illustration of a baffle which may be utilized in a reactor in
accordance with an embodiment of the present disclosure;
FIG. 2B is an illustration of another baffle which may be utilized in a reactor
in accordance with an embodiment of the present disclosure;
20 FIG. 2C is an illustration of another baffle which may be utilized in a reactor
in accordance with an embodiment of the present disclosure;
FIG. 2D is an illustration of another baffle which may be utilized in a reactor
in accordance with an embodiment of the present disclosure;
FIG. 2E is an illustration of another baffle which may be utilized in a reactor
25 inaccordance with an embodiment of the present disclosure;
FIG. 2F is an illustration of another baffle which may be utilized in a reactor
in accordance with an embodiment of the present disclosure;
FIG. 3 is a flowchart of a method in accordance with an embodiment of the
present disclosure;
30 FIG. 4 is a flowchart of another method in accordance with an embodiment of

the present disclosure;



30FIG. 4 is a flowchart of another method in accordance with an embodiment of the present
disclosure; -5 - FIG. 5 is an illustration of another baffle which may be utilized in a reactor in
accordance with an embodiment of the present disclosure; FIG. 6 is a graph illustrating the
change in the effectiveness of a catalyst for the oxidation of H2S over time in a reactor in accordance
with an embodiment of the Spresent disclosure;- 5 - FIG. 7A is a graph illustrating the change in the
H2S oxidation efficiency of a reactor in accordance with an embodiment of the present disclosure
including various numbers of baffles when supplied with air having a concentration of H2S of between

about 60 ppm anbil%o ppnanitusisation of angaphbntiitratiid thaychaHEHaedtHeaHieastekidation efficiency

of a reactof it ARFREARTAEANER Y PRRRPEIMRNIBéREIRQssiNedisclosure including various numbers of
baffles when supplied with air having a concentration of H2S of between about 30 ppm and 35 ppm;

FIG. 7C is a graphlfiuétiadisipaie budrRid it shanae dritieRifretivarssey b saialishiebr in accordance
with an emRedimpRLATHNE Y 856Nt S HOSHEECTBF fpalRUrREl RREEHBRBATiRiEM dhemEeactor; FIG. 8 is

a graph illustrating the effect of humidity upon the oxidation efficiency of H2S in a reactor in
accor§and ¢SRALHETHEEENt disclosure; and FIG. 9 illustrates a system in accordance with an

embodiment of the grege 2geiss ARIERIAF TR bR k&R S 168 ation efficiency of a

reactor in accordance with an embodiment of the present disclosure including various
numbers of baffles when supplied with air having a concentration of H,S of between
about 60 ppm and 70 ppm;

10 FIG. 7B is a graph illustrating the change in the H,S oxidation efficiency of a
reactor in accordance with an embodiment of the present disclosure including various
numbers of baffles when supplied with air having a concentration of H,S of between
about 30 ppm and 35 ppm;

FIG. 7C is a graph illustrating the change in the H,S oxidation efficiency of a

15  reactor in accordance with an embodiment of the present disclosure for various
residence times of air in the reactor;

FIG. 8 is a graph illustrating the effect of humidity upon the oxidation
efficiency of H,S in a reactor in accordance with the present disclosure; and
FIG. 9 illustrates a system in accordance with an embodiment of the present

20 disclosure.

DETAILED DESCRIPTION

This disclosure is not limited in its application to the details of construction

and the arrangement of components set forth in the following description or illustrated
25 inthe drawings. The disclosure is capable of other embodiments and of being
practiced or of being carried out in various ways.

Aspects and embodiments of the present disclosure are directed to reactors for
the treatment of gas, for example, air to oxidize undesirable airborne contaminants by
exposure to actinic radiation or to convert the contaminants to less undesirable

30 substances. The actinic radiation may include UV light, however, aspects of the

present disclosure are not limited to utilizing UV light. Both longer or shorter



This disclosure is not limited in its application to the details of construction and the arrangement of
components set forth in the following description or illustrated 25in the drawings. The disclosure is
capable of other embodiments and of being practiced or of being carried out in various ways.

Aspects and embodiments of the present disclosure are directed to reactors for the treatment of gas,
for example, air to oxidize undesirable airborne cgntaminants by exposure to actinic radiation or to
convert the contaminants to less undesirable 30substances. The actinic radiation may include UV light,
however, aspects of the present disclosure are not limited to utilizing UV light. Both longer or shorter -

6 - waveleWguedeppdieefrlerEeadneaigi A AION theRs FREMSt FhEREFOIO MiBgYRHdHEmaIlY or
alternatively SR ARPEEE P ASREST ASEIaReshessin. 1orBpn-ITHBRGALGRTIGMINants which

may be oxidized in aspects of the reactors disclosed herein includes volatile organic compounds,
nitrogen dRSOESNIRGAIYEICERRYIRE PYidizRbH BSpRstR0EpTERIEMPFESHaner RJRtRININg compounds
such as orgRnigRNHRIAEBIGANR eBRIEAMIDIAIE-RE NIRSIIR! hyAERHERRIRNIg AT example,

bacteria, viruses, molds, funil, and spores. Gas including one or more of these contaminants which is

treated in SvhiidRii FREREASH IS 2 B1e0 BBLRTS O MBRLACESUF HaSHHERRIE P FrRRI IR @xample, biological
wastewatehgieasaRe Ak BIRBe(REBialRgiRR) sbigas Hs RV alarIeS vakaa, altheegh gas

containing contaminants from any of a number of different sources may be treated in embodiments of

the reactofedsdpBE MEERPr&uIfaATHISHHNGLCES ALBRIST iBpSCARISRI AR SYaRMsSIfide, organic or

inorganic meiEARRBMbEHMTRE HHARIRGIGIRAYCbE BERSRIEIR SIS BICARFaRsfolRtBRS In
contaminated air from biological wastewater treatment systems and/or biological 15sludge dewatering

systems. exapgediologicalNsshwRIpEdrertragRSYSINe AR AR iR kAR ¥R sent disclosure may
inclugg catpiyaisHas)sRMRARRR NGRS tenalMrrasinaaharRiABIR AR ARDMERSE to actinic

radiation. Various aspects and embodiments of the reactors disclosed herein may additionally or

alternativel FEEN SAUSEIHBAEReIVRATOD U} BikiRAiBe e OftRsFRACALE ARSHTIRaBEEIfor example, water.
The oxidatgfknelitsifhg ehaRe@ys exinirNNeash sifddesadiontiveRiayst density and

the radiation intensity in a reactor chamber. In general, the maore catalyst surface area available and

the more rA§EABR Mo FUQL I AGETaIZRLDERICERR! R SIBHIFRN T AERBIaHARB N and the greater the
rate of the @xidatianted 2P FasABOIGEIE NasanieierarRessaadRMbanimRe s Iehiba present disclosure

a 15  sludge dewatering systems.

Aspects and embodiments of reactors in accordance with the present
disclosure may include catalysts which enhance the kinetics of oxidation of
contaminants when exposed to actinic radiation. Various aspects and embodiments of
the reactors disclosed herein may additionally or alternatively be used for the removal

20  or oxidation of contaminants from a liquid, for example, water.

The oxidation kinetics of a photocatalytic oxidation process may depend on
the catalyst density and the radiation intensity in a reactor chamber. In general, the
more catalyst surface area available and the more radiation (for example, light)
distributed, the greater the rate of oxidation and the greater the rate of the oxidation of

25  contaminants. In various aspects and embodiments of the present disclosure a
reflective coating technology is applied to internal surfaces of a photocatalytic reactor.
The reflective coating may enhance gas-phase oxidation of contaminants in the
reactor. In some embodiments the reflective coating is able to reflect about 99% of
UV light energy used as actinic radiation in the reactor. Thus, almost all the UV light

30 energy emitted from UV lamps of the reactor can be maintained to perform oxidation

reactions. In water-based applications, it was determined that the contaminant



reflective coating technology is applied to internal surfaces of a photocatalytic reactor. The reflective
coating may enhance gas-phase oxidation of contaminants in the reactor. In some embodiments the
reflective coating is able to reflect about 99% of UV light energy used as actinic radiation in the
reactor. Thus, almost all the UV light 30 energy emitted from UV lamps of the reactor can be
maintained to perform oxidation reactions. In water-based applications, it was determined that the
contaminant - 7 - oxidation rate using a reactor including reflective internal surfaces can be two to

three times greater than observed in a similar reactor without a reflective coating. Since UV light
transmits AR YeitiBdegreEOnaANY Aefderiivie MEsBMiciERRGES ARNDAUEh I IREIEthan that of

water), it isi SRR IR NAL EYBR A/ERIRRITIPIRYGBAEH SR RaTe iy PRoJARYIdsHRa reactors used for

gaseous phase contaminant removal. Reflective coatings utilized in various embodiments
disclosed hBfdifMthBGHBIRIE, FoPSaRpAEr A10ayRe BrAbIJRERARIGHEHSPRINEIBBTIRE)T #he MTh layer
may have &R RiFePit v BTvRRe)CRNs Ui RIS RANGAEP RO dhEAIAEral as compared

to a non-porous or non-fibrous layer of P If E. The P IFE layer may 10provide diffuse reflectivity of UV

radiatfon. B PlENoeIRIENLBaCOS HRge FRARAsaPHIIIARE FePBRUARDITEmEMtM DRPO PTFE
Diffuse Reflectorgffieckiveasat IRARBMRI\AR LR R @sswhed RepdHehagh Instruments

GmbH). The reflective P IFE layer may have a thickness of, for example, between about 0.25 mm and

about 3 mMAHE TSNP IR 13\JeNs ho TOREHRS B @rIAVSES ERALEE Jant T FSbkel %5 MBY¥ diments,
greater thaR\29%horoud bh & RES MGHRE I iRt wRRING IR AhsERsaa R PIRIARAXRAIION reactor with

a reflective coating, for example, porous P If E significantly enhances the ability of the reactor to

oxidize airBbFREESEAIAIRARTPARAAENRAEIBIOYe 8RS Of RIS Bed e IAYERBaNying the reactor to

includg intgrp@oeLfFaSS repRERR iy bf UK adivie FOremings BRYURFOMfleciRrthe prodified reactor to
achieve an equivalent contaminant oxidation %(\eer}ormance as a reactor of the same design but

unmodified@&HalIBe YA fenssamwicoSimg WittRE BWEF BN Reflsctnes OV 1&nfgerddf example a
power input RbEiaS aRROPHEAT PR (ERPEHE el IR SS SARGIHANANY anadiaynatikely, modifying the

reactor to include internal surfaces coated with a reflective coating may 25provide for the modified

reactor to HIRENCAT EGURMIEMAYIMURAARICKBSSE Qi R AETRIGREVERER 3024¢:8ro3r TR same design
but unmodifigdneunglrfie 4he reileriieCoRtinghvETiactRAtCetoTymieredtb ValaMRsofe example,

between about 30% and about 50% foewer UV lamps. In some reactor designs, coating internal
surfat®s of TROVUEERS. WETE B 3R% coating may provide for the number of lamps in the reactor to

30be reduced fromhiehexaronlel gixtieotitingintefarr suirlashieyigohadsaine reastsminant oxidation
performan\(l:vtietﬁsa ‘?‘er%@é‘tﬁ‘&é’%gﬁ%é??&t g;g&sigib%rrg&si nFE significantly enhances the ability
of the reactor to oxidize airborne contaminants. In some reactor designs it has been
found that modifying the reactor to include internal surfaces coated with a reflective
20  coating may provide for the modified reactor to achieve an equivalent contaminant
oxidation performance as a reactor of the same design but unmodified to include the
reflective coating with a lower power input to the UV lamps, for example a power
input of between about 30% and about 50% less. Additionally or alternatively,
modifying the reactor to include internal surfaces coated with a reflective coating may
25  provide for the modified reactor to achieve an equivalent contaminant oxidation
performance as a reactor of the same design but unmodified to include the reflective
coating with a reduced number of UV lamps, for example, between about 30% and
about 50% fewer UV lamps. In some reactor designs, coating internal surfaces of the
reactor with a reflective coating may provide for the number of lamps in the reactor to
30  be reduced from, for example, six to three or four, while achieving the same

contaminant oxidation performance as an unmodified reactor of similar design.



-8- In some embodiments, a photocatalytic reactor is provided with an increased catalyst surface
area by depositing the photocatalyst in the form of a square or line pattern in which millimeter or
micrometer scale features provide the additional surface area. Several photocatalyst pattering
configurations are presented that have 5shown a catalytic surface availability improvement of, for
example, from about 10% to about 60%. This catglytic surface availability improvement may result in
the oxidation rate of a photocatalytic reactor to be enhanced by, for example, from about 10% to about
60%. This increase in oxidation rate may result in a smaller required reactor design for a desired

amount of contarHirn8 EMBEtERRBRed PHAIOEHAL s reartiUs BEPYISItVER AD HaasR costs
associatedyyi %Ff‘a%@té}rea by HessuTR G P QHIRRAISHAtRA AHRABIANGICA SRRIRY ¢f pRevided with novel

advanced pho ocat%tic materials. These may be in the form of nano-fibers, nano-particles, and

others. ThBaUeFRAIAYSICA VA IReRier Sk hRIGFRBIRNENYGHIB Ve YER AFRMIdR thRSISEHERIC activity by from
about 50%ieratoi 0% A AYRRBEREh IS BphREARYRBHARAIRIBFE SR WHRek{caaRlyshyElowever, the use

of these catalysts for practical applications such as oxidation of odor causing compounds in gases has

previouslyhewm 8vatpbyite auriace aeailabitHy e pravemantiefnéorexempBe figh abaibbi4o take

advantageohHaarssntishRifates iy shese %%ﬁi&ﬁﬁt&ﬂiHﬁ?i?é%ﬁ&h%%wfirpwesses- Aspects and

embodiments of the reactor designs disclosed hereinfacilitate 20contact between a gas as the

reactant, (Niflgiiendaiads, Misirasiabaiakpecier deme saneneritn feussAbRISatidiébiftdcess. When

operating ¢gvaqdipeits eIt e Mo HerstatiaskIeafiA adisragsesLtareas i fberegirel of odor
causing contaminants from air, there will be a minimum amount of harmful by-products due to most of

the odor cEREHAG ehepdanasierbied:amepie, Hyrarsa@inalinde PR EATPHAN PEYHRES®% 0 504 2 ions and

water yapQeduceA RSP ACopEIRRSBSstEagidRnatacyidpiiersgastors described herein can be used
for a variety of applications. For example, they may be used for the oxidation of odor causing

compounds foundMANG£ERRRABRRS2 Wh%??ﬁ'ﬂ/ GEERIUde eided withARyslof organic

contaminagigapiéeh BsotnAeane iseipiarsTeiewnag Meantindi enmIdaianeabernddnoliquids. This
disclosure is not limited to any one type of reactor design or. to any particular use thereof. -9 - A

reactor forfHEJ8iaaR690FSb0IRS EotXRRHRMEeEN GERerEE Al BIERLY aNBAtdicated generally
at 100 in Fifotddudipecreaniay bYGioel 48est 309amahbasothas thefeaates ody is defined by and

enclosed by side walls 110, a to_? cover 115, a bottom cover (not visible in FIG. 1) which, in some
embddimethaventional process without catalyst. However, the use of these catalysts for

practical applications such as oxidation of odor causing compounds in gases has
previously been overlooked. As a result, there presently is no reactor design available
to take advantage of the potential offered by these catalysts to improve photocatalytic
processes. Aspects and embodiments of the reactor designs disclosed herein facilitate

20  contact between a gas as the reactant, UV light radiation, and the catalyst to achieve
an enhanced photocatalytic process. When operating embodiments of the
photooxidation reactors disclosed herein for the removal of odor causing
contaminants from air, there will be a minimum amount of harmful by-products due
to most of the odor causing compounds, for example, hydrogen sulfide, being fully

25  oxidized to SO42 ions and water vapor.

Aspects and embodiments of photooxidation reactors described herein can be
used for a variety of applications. For example, they may be used for the oxidation of
odor causing compounds found in a gaseous phase. They may also be used for the
oxidation of organic contaminants such as endocrine disruptors or low concentrations

30 of ureafound in liquids. This disclosure is not limited to any one type of reactor

design or to any particular use thereof.



5substantially similar to the top cover, an inlet cover 120, and an outlet cover 125. The reactor body
105 may be substantially rectangular in cross section in a plane normal to the direction of fluid flow
through the reactor. The reactor 100 also includes an inlet 130 in the inlet cover 120 for the
introduction of fluid, for example, air or another gas and an outlet 135 in the outlet cover 125 for the
fluid to exit the reactor. 10 Flow of fluid through the reactor may be facilitated by, for example, a fan or
blower positioned upstream of the inlet 130, downstream of the outlet 135, or both. The inlet cover 120
includes a distributor plate 140 having a plurality of air holes, which in use facilitates a uniform flow
distribution of air MiRFEIRISANHE eddrdionkef ahRRIGR ERBIAMBBANED ifBIRYIRtak Rédictor 100. The

componergs abdag ms%maxdo_geﬁérmﬁﬂai@m iorigei, fenexampie: ®URRde ar stainless steel, or
a plastic, for example, hé%h density polyethylene (HDPE). Aspects of the reactor are not limited to any

particular FAERINGf EBnstthederciniiBedeisrfined Py adanplesrddyipide wallfRdGenctor body 105

includes aglyalitr of baffipsddholbr hafflestid arrauanerribn Parsdiekienansianathes and to the
direction of fluid flow throu%hjthe reactor. 20The baffles 145 may be substantially identical to one

anothér. THdHamBY 4 HERIOM R VR EHA OB A8 8090 Siitetrren 18Pto dvide for fluid
to flow in g&isaigBbipa dbreughénekehtidly @Ei%%@br&@&f%t%%miwﬁl one or more of

the baffles may be curved, undulated, or pleated rather than in the form of flat plates. The baffles 145

may be folfhE® erﬁ?é'fﬁl(glgé@q ﬂ‘&‘é’tﬁbf%bm"cf@ﬂ??‘?fb&h%lr easihdPAseinrUSERABle for the support
of a reflectiyRcoRfingiRNARE salalYBi @foWMHLR e IRRLPIGY. fbhe gs difpimay have a

thickness of, for example, between about 0.05 cm and about 0.2 cm, an be spaced from another

ma
by a distarfBeBE BRSAHAPIBU BRIt I AR iEbeovRT Afel TahHR Buldlomyd! 188 Ee8FPH0 may include,
for exgmplalesrAaRahRLRARNE:RRIUKAPBDRIIRBIRIES, 30ThaMaItes A ieelude openings

through which sources of actinic radiation may pass, for example, the UV lamps included in the UV

lamp asseRMBIjeed URKEHRISF e dnistEid), dawnsieeeiy 9hMp ALIABR A5RPI iIITEEHIEY as including

seven tubesined (Vi laersdititaforpiste it uslirigd g jnex HPMoltSs ORAIakipnas@osition in the
body. The UV Jamps are oriented normal to the surfaces of the baffles 145. The flow of fluid through

the reactof48i|Hatee RUBIRIM Moyl siibydenpbainnkadysed e FRaskbBuRHeh Bifferent numbers,
for exampIiﬂléfQGDQﬁI%E@lﬁﬂ@%a&&rl@@quQﬁ]ﬁﬁ)ﬂl‘tﬂ? dftttheadattoplieippteremiadtarants, the UV

lamps may be shaped differently than illustrated, for example as_U-shaped or circular lamps. The

UV Idfhps MES AR v p i@l THA 5 REENES sioek el ilas e 8 SSBRIEL B8 thm to about 280 nm,

and in songerRimppéiyeeinatWarEeNat et b8 thereddoragéaio? ithied Barkxpanmalef a UV lamp
utilized in some_embodiments is a NIQ60/35 lamp gH_e_raeus Noblelight LLC). The UV lamps may

provide abBAEE YFLILCORFSUEURD HIIRSH SHRIFCHIN e\l 08¢ 18¥ VP light power at 254nm for a total
of about 30 W of £h¢ lightimooer aashindulesalityuigitgxamaiResid mpe e slized in

embOdimeé‘éﬁe?él’i)e/%%[r%‘ﬁeldtig%lﬁg %ﬁort]ﬁerre .iirrlugotg?htg : i}eLcJtYoR%\%v?lruie f.gai/(mrough the reactor.

20  The baffles 145 may be substantially identical to one another. The baffles 145 may be
flat plates which are parallel to the side walls 110 to provide for fluid to flow in a
straight line through the body 105 of the reactor. In alternate embodiments, one or
more of the baffles may be curved, undulated, or pleated rather than in the form of flat
plates. The baffles 145 may be formed of metal, glass, plastic, paper, cloth, fiber, or

25  other materials suitable for the support of a reflective coating and/or catalyst as will
be described below. The baffles 145 may have a thickness of, for example, between
about 0.05 cm and about 0.2 cm, and may be spaced from another by a distance of, for
example, between about 0.05 cm and about 5 cm. The reactor 100 may include, for
example, between about 20 and about 100 baffle plates.

30 The baffles 145 may include openings through which sources of actinic

radiation may pass, for example, the UV lamps included in the UV lamp assembly



15 of about 24 W and a UV power density of about 4 W per cubic meter of reactor volume. The source
of actinic radiation may additionally or alternatively include different forms of lamps or emitters, for
example, photodiodes, optical fibers, or waveguides coupled to an external source of radiation. In
some embodiments, a sensor assembly 155, for example, one or more UV 20light sensors may be
included in one of the walls of the reactor, for exagple, the top cover, or internal to the reactor, to
provide an indication of whether the source of actinic radiation is properly functioning. In an
alternate embodiment, a UV reactor maé be configured such that fluid (for example, air or another gas)

flow throudRQHBUEEReS s RiGhskantilng Wi iampiassenibntpliim dhastiated 83dnNoNdHEps. An example of

such a reagigin RICSHRHASUDANEAL SROB SRR auseRaRE FspeRecction in FIG. 18. The
reactor 100B may include a bi%c%/ 165 with an inlet 170 and an outlet 175. Distributor plates 180 may

be presenPBRHBAl siHS H70aPRAYr dhRdYY A8mprrmROTisARdNBERY! 8 Hresiiésss &fen distribution

of fluid flowhingarpRe/Rr=ouf IS Hisw BRAIAL thRSUERARCFAERY DAY X3 d8cslR A eidratibsef UV lamps
185. One or more baffles 190 may b(f-:-n&r)esent In the reactor body. The baffles 190 may force fluid to

flow tiroudrtheY ramer 1R diIfERE STROANRRRISAIRIEAt BN ISEr s &XABPESIHEATENSHR of fluid in the

reactor, preyige f0orbine Ighiheisichaniioedaqii@ieraafe erRRURN A radiafipmarosure throughout
the volume of the fluid. Embodiments of UV reactors as disclosed herein may include various features

5to enhanfeayHee SPARGIAIESPREl Y hAib LA phc@h OB RS HBRRSHOB I BP0 deactivate or

oxidize contaminmn@u@rawmyemrﬁmpmaam45% : opQvapRbagH RétR/ Edmore inner
surfaces of the reactor. The reflective coating 160 may be applied to one or more inner surfaces of a

reactor. FGPEREHIBIEM IR RAERR HBafil IS MSLHRNMMEHR 8t WayRleapthe 2bb8ov®r 115, the

bottogy covaty/sideavalts HdhriHR: GOy eNL PP Ui AL EOPVSEIRS eritd@iRRAtIpNg of the baffles 145 of
the reactor 100A of FIG. 1A. The reflective coating 160 may be in the of a flexible plastic, for example

polytetraflSEH3PIAmPH HeseUsNANE Bk deQDr E%HHOEH&P?HB%M@W@&&WHWOXMG, or a rigid
cold mirronfaEed/Pyf OVargNpHRvR Qlisisnghiha dienNgrFURRMOH SR FaastaInm @R Such surfaces

are formed of a metal. Different reflective ) )
total of about 30 W of UV light power each. A plurality, for example, six lamps may
be utilized in embodiments of reactors disclosed herein for a total UV power emission
15  of about 24 W and a UV power density of about 4 W per cubic meter of reactor
volume. The source of actinic radiation may additionally or alternatively include
different forms of lamps or emitters, for example, photodiodes, optical fibers, or
waveguides coupled to an external source of radiation.
In some embodiments, a sensor assembly 155, for example, one or more UV
20  light sensors may be included in one of the walls of the reactor, for example, the top
cover, or internal to the reactor, to provide an indication of whether the source of
actinic radiation is properly functioning.
In an alternate embodiment, a UV reactor may be configured such that fluid
(for example, air or another gas) flow through the reactor is substantially parallel to a
25  long dimension of the UV lamps. An example of such a reactor, indicated generally
at 100B, is illustrated in a schematic cross section in FIG. 1B. The reactor 100B may
include a body 165 with an inlet 170 and an outlet 175. Distributor plates 180 may be
present between the inlet 170 and/or outlet 175 and the reactor body to provide an
even distribution of fluid flow into and/or out of the reactor. The reactor body may
30 include a plurality of UV lamps 185. One or more baffles 190 may be present in the

reactor body. The baffles 190 may force fluid to flow through the reactor in a



15coatings may be utilized on different internal surface of the reactor 100. In accordance with
some aspects of the present disclosure, photooxidation of contaminants in a reactor may be enhanced
by the addition of a photocatalyst to the interior of the reactor. Suitable photocatalysts may include, for
example, any one or more of titanium dioxide (Ti02), zinc oxide (Zn0), calcium titanium oxide
(CaTiO3), 20tin oxide (5n02), molybdenum oxideg {Mn03), iron oxide (Fe203), tungsten oxide (W03),
niobium oxide (Nb205), silicon carbide (SiC), and titanium zirconium oxide (Tix(Zri x)02, where x has a
value between zero and one). The catalysts may be in the form of nano-fibers, for example, spun
titanium dieSRANIDHEMARS rwNIRR R ABCIERSS B meHdepertitRasofdlds imiprerepdglissa P25 titanium

dioxide (EyanaPRIUSHARPS RMILIGFRIRYRISIMAY beureslihao0ivnstaBeRagone or more

photocatalysts to enhance the kinetics of the oxidation of contaminants. Suitable cocatalysts may
include, foEX4@HPIE gy dwasehiegdleidiatinum (Pt), palladium (Pd), ruthenium (Ru), silver (Ag),

copper (Cu), tungstashiiesRAFHVY (BiDoralhderddE (Mein 90sg (A)dERNGES réddrEle oxides and

sulfides of these metals. Other known 30photocatalysts and/or cocatalysts may additionally or

alterndtivel) SRNaRTE e RPUHY U SEBOEHRIIAR Binpkerkiockn dnirseid sorineeiihRERY ehces to a
photocatalysfieadid/ateoF RANITES RS SAI I 0FBR LARRIRIOOR ASCAVE OMPRESIBG RIS BE More

photocatalysts and optionally one or more cocatalysts. In some embodiments, a photocatalyst may
be evenly eReHRsLR QRR/Rr RUBEHMBTAIEREHPBIOR RN ERRISFIestivg 6RaFRNCISP TODA. Alternatively,

a baffle 145 ma)fieheferReHfisidiarRPolPRRAIWIG Ratesial ForskampriftadRyiagiop even distribution
of photocatalyst is illustrated in both an isometric and a side view in FIG. 2A, generally indicated at

200. In a pARRWAPRAMISARRPAERCBGiISHRRTE ABYE ICRERYSK ddraltis RAERBICINE cFIEE WhAlshaffle of FIG.
2A may be enhangedy eslsliBateriglvel ieatursovpshicmwinaERTnd e Msiee ARART catalyst

available for contact with 10contaminants. . ) ) )
100A of FIG. 1A. The reflective coating 160 may be in the of a flexible plastic, for
example polytetrafluoroethylene (PTFE), titanium dioxide or a compound including
titanium dioxide, or a rigid cold mirror formed by, for example, polishing the interior
surfaces of the reactor when such surfaces are formed of a metal. Different reflective
15  coatings may be utilized on different internal surface of the reactor 100.

In accordance with some aspects of the present disclosure, photooxidation of
contaminants in a reactor may be enhanced by the addition of a photocatalyst to the
interior of the reactor. Suitable photocatalysts may include, for example, any one or
more of titanium dioxide (TiOy), zinc oxide (ZnO), calcium titanium oxide (CaTiO3),

20 tin oxide (SnO,), molybdenum oxide (MnQ3), iron oxide (Fe,O3), tungsten oxide
(WOg3), niobium oxide (Nb,Os), silicon carbide (SiC), and titanium zirconium oxide
(Tix(Zr1x)O2, where x has a value between zero and one). The catalysts may be in the
form of nano-fibers, for example, spun titanium dioxide (Ube Material Industries,
Ltd.) or nano-particles, for example, Degussa P25 titanium dioxide (Evonik-Degussa

25  GmbH). Cocatalysts may be used in conjunction with the one or more photocatalysts
to enhance the kinetics of the oxidation of contaminants. Suitable cocatalysts may
include, for example, any one or more of platinum (Pt), palladium (Pd), ruthenium
(Ru), silver (Ag), copper (Cu), tungsten (W), rhodium (Rh), molybdenum (Mo), gold
(Au), iron (Fe), and the oxides and sulfides of these metals. Other known

30 photocatalysts and/or cocatalysts may additionally or alternatively be utilized in

various embodiments of the reactors disclosed herein. References to a photocatalyst



In an enhancement to the baffle of FIG. 2A, a baffle 210 (FIG. 2B), having the same dimensions as the
baffle of Fig. 2A, but with additional catalyst provided in lines spanning the baffle and having
dimensions of 3 mm across x 3 mm high with a 3 mm gap between adjacent lines has a catalyst
surface area of 500 cm2, an increase of 1531% from the baffle of FIG. 2A. FIGS. 2C-2F illustrate
alternative methods of patterning catalyst to increase the total surface area of catalyst on a baffle
without increasing the size of the baffle. FIG. 2C illustrates a baffle 220 having additional catalyst
provided in lines spanning the baffle and having dimensions of 1.5 mm across x 1.5 mm high with a

1.5 mm gy BRANSERNeERHEahauIAdS tgidsTstanslas SRFRRRAGTES BROOBMPERPOMFAtINSESe of 64% from

the baffle ghfri$ptidhalfiEnebt Hharéradestakadfle 230 having additional catalyst provided in a checker
pattern of an array of squares having diménsions of 6 mm per side x 6 mm high with a 6 mm gap

between adjacentseRiBPTORH BEREy3PhGHESEME NGy AR veRD) distrieytassever a Datle from the baffle
of FIG. 2A4 It gBHBusitaiRRia eatisy 24emhaviescaiidivonal AptahehRIQVidsdR aaedyecker pattern

of an array of squares having dimensions of 3 mm on a side x 3 mm hlgh with a 3 mm gap between

adjacént sBtiREBS MemAaRlRicsairhdicnatedfls S ehpbaffieRaengapryeodishiRuHenaffle of FIG.
2A. FIG. 2rilustreigaaaifipidridiavinetaddiionaeriahesh Bravided iR riehegker pattern of an array

of squares having dimensions of 1.5 mm on a side x 1.5 mm high with a 1.5 mm gap between adjacent

30squareJRSe X IgsaiRdAIZOGrdA BP8YIFHeEmbrHaealsdht Bafils hasn Friabdfle of FIG. 2A. - 13

- Regaggifes afdheraterniy idebsmali HRAMR sReREHRIREEh ARG Ieass dhe available
catalyst surface area more than a Iar%er feature size and/or pitch. Micro- patterning deposition of

catalyst feSREHE8ONMChATRY Hiateasedhasudassipr el XehR BNy SPeREEWdxidation rate of a
reactgy inciydingiafies with micro- Spatterned catalyst features) significantly. For example, for a baffle
plate having dimensions of 190 mm x 200 mm, alﬁatternin of cubes havirigqﬁdimer_lsions of 100 gm on

a side will increadB #AEAAIReAE e PaffipeErR24s 2 BAIHa R {5 h Ak BRABEIES with a flat
layer of caﬁaﬁ&ﬂimmﬁ&%%&ﬁ#ﬂé@ﬁ,m nereaeeaatriRal At PhsrRRIvst surface area
ne

can be further enhanced by increasing eight of 10the patterned features. )

lines spanning the baffle and having dimensions of 3 mm across x 3 mm high with a 3
mm gap between adjacent lines has a catalyst surface area of 500 cm?, an increase of

15 31% from the baffle of FIG. 2A. FIGS. 2C-2F illustrate alternative methods of
patterning catalyst to increase the total surface area of catalyst on a baffle without
increasing the size of the baffle. FIG. 2C illustrates a baffle 220 having additional
catalyst provided in lines spanning the baffle and having dimensions of 1.5 mm across
x 1.5 mm high with a 1.5 mm gap between adjacent lines for a catalyst surface area of

20 624 cm?, an increase of 64% from the baffle of FIG. 2A. FIG. 2D illustrates a baffle
230 having additional catalyst provided in a checker pattern of an array of squares
having dimensions of 6 mm per side x 6 mm high with a 6 mm gap between adjacent
squares for a catalyst surface area of 427 cm?, an increase of 12.5% from the baffle of
FIG. 2A. FIG. 2E illustrates a baffle 240 having additional catalyst provided in a

25  checker pattern of an array of squares having dimensions of 3 mm on a side x 3 mm
high with a 3 mm gap between adjacent squares for a catalyst surface area of 484 cm?,
an increase of 27% from the baffle of FIG. 2A. FIG. 2F illustrates a baffle 250 having
additional catalyst provided in a checker pattern of an array of squares having
dimensions of 1.5 mm on a side x 1.5 mm high with a 1.5 mm gap between adjacent

30  squares for a catalyst surface area of 590 cm?, an increase of 55% from the baffle of
FIG. 2A.



The patterning configurations presented in FIGS. 2B-2F illustrate catalytic surface availability
increases of between about 10% and about 60% as compared to a similarly sized flat plate baffle with
a flat deposited layer of catalyst. The utilization of baffle plates having such enhanced catalyst
patterning may enhance the 15photooxidation rate of a reactor in which they are installed by an
amount commensurate with their increased catalyst surface area. A reactor utilizing baffle plates
having such enhanced catalyst patterning may be constructed with a smaller size than a reactor
having flat plate baffles with flat deposited layers of catalyst, for example, with up to about 60% smaller

volume and achiétRoardlgasetae pateIadMpandsEIM l6kigatitn HeaReVenBi AR ¢EA R ate baffles
with flat dgRegieHIALRR ) SaidRe arca MGPBRATR B R RIRI eaeraRibr Peie ARy of FIGS.

2A-2F may be deposited on a baffle utilizing a pre-fabricated mesh or screen as a printing tool. An

embodimehRtiSIiIg ARpeRstosrl-RalRketdeatieiepadabicinlata soaudbLmanRaneiiBRart 250f FIG. 3,
indicated ganayally f30rdf @l ShasiRIPraRRARIBRSR IIReUBMYdRFIRS ARG RABLoCatalytic material

and optionally cocatalytic material or precursors for these materials is dissolved in a fluid, for example,

water dr aRaJARCaRshieatdesbaidaifder by p&ith @smiphe, fRsediafifHMatRRafddit an hour to about
two hours gpnierdiohskrRlgocaial ki gt %%%ﬁﬁﬁ%%? &IBEI SRR NRRRHETYIS itRd by, for

30example, a brush, by air spra@g, or by a stencil blade, on a substrate for a baffle, for example, a

quartz gla$® 8rsidainidsiciease e ey catahestawdRBARy S tARared f0.aaffiRe substrate with the

first catalyfiegasi@dc R OASSI A ERIARALMN PIRAR SBOCA BYEN A nteraRghafbisedff iBbgxample,
between about 450C and about 800C for a time period of, for example, four hours. The calcination

temperatuf@HRd BRfeCAtalYSaHTTaen araiRgNISOH e cbapsed O MEERaRINIdN8 D6 W& the first

catalyyc layeriagsrabeesnemisined, a pre-fabricated mesh or screen is introduced on top of the first
catalytic layer and additional stable catalyst slurry is deposited into apertures in the mesh or screen,

for example, usingh BaHEEN MHERMIOHFURRS PrEsfR RIS RIfESseEbAb HhsiRAR a8l he second

catalytic laygfdechidaaipaitiegasisbfobavethasbareanshdinnenssurs &f tampRetyses in the
pre-fabricated mesh or screen. In act 325 the 10second catalytic layer undergoes a calcination

process. THBIEIIYisz6E 1RFlae SRFAS With:g {ifd depreitsH dayRfaieralamt ahpsitilisaliRature as the

calcinatiorppragRepfaeshryirg satpishdaved e patdheniesy ehrareetis lifted up and removed
from the calcined second layer of catalyst. The patterned substrate may then be installed and used in

a phdfocalipiRorddrion Rahod SISAR R MUY Ot sk ARg ISR aty@MAHSS illustrated in any of FIGS.

commensurate with their increased catalyst surface area. A reactor utilizing baffle
plates having such enhanced catalyst patterning may be constructed with a smaller
size than a reactor having flat plate baffles with flat deposited layers of catalyst, for
example, with up to about 60% smaller volume and achieve a same rate of

20  contaminant oxidation as the reactor having flat plate baffles with flat deposited layers
of catalyst.

The pattern of catalyst features illustrated in any of FIGS. 2A-2F may be
deposited on a baffle utilizing a pre-fabricated mesh or screen as a printing tool. An
embodiment of this method of catalyst feature deposition is illustrated in the flowchart

25  of FIG. 3, indicated generally at 300. In a first act 305, a nanocrystalline powder
including photocatalytic material and optionally cocatalytic material or precursors for
these materials is dissolved in a fluid, for example, water or an organic solvent, and
sonicated for period of time, for example, for about an hour to about two hours to
form a stable catalyst slurry. In act 310 the stable catalyst slurry is deposited by, for

30 example, a brush, by air spraying, or by a stencil blade, on a substrate for a baffle, for

example, a quartz glass or stainless steel plate to form a first catalytic layer. In act



2A-2F involving electrospraying deposition is illustrated in the flowchart of FIG. 4, indicated generally
at 400. In act 405, a nanocrystalline powder including photocatalytic material and optionally cocatalytic
material or precursors for these materials is dissolved in a fluid, for example, water or an organic
solvent, and 20sonicated for period of time, for example, for about an hour to about two hours to form
a stable catalyst slurry or solution. The concentragijon of the catalyst may be adjusted to avoid potential
agglomeration during electrospraying. In act 410 the catalyst solution is introduced to a syringe with a
needle which will act as a mm-scale nozzle during electrospraying. In act 415 the syringe is positioned
in a flow c§ﬂi@r@ﬂ%ﬁ%@fﬁ%@F@dﬂ@)%?h%ﬁi}j)&bﬁéwwmwwé@?ﬁlﬁéﬁ'@ﬁ RHQEERTHH e electrospraying

rate. The ngelst i$ eRIHReAIRE &7, 36 LGHORD HaNBhIRRBI AR SigalR ABOYEE Rgntial. In act 420 a

substrate for a baffle, for example, a stainless steel plate, is positioned under the nozzle and
connectedt®RSTIARE & SRESmpABr dQub OISl iRRtRsaleinatiaRdeTRPaFUERAC SRR A st layer is

formed ona SLEMRAGHY R 5HRRE Bieni3R{ WeiBowl (i WEERbaIMaSIhOfi RT@RAN Y RigGtHRgPraying. In act

430, the first catalyst layer undergoes a calcination process in an oven at a temperature of, for

example, DeeH cHeseA RISHaPHSHEIINesRIN6SEBODES IBFaduers 98rieR o theféXample, four hours.

The calcingdigr {RMRRraiadib SHaes Ry YaaAeRaRYiInddpesiHie natapshrelantad In act 435 the
second catalyst layer is formed on top of the first catalyst layer by electrospr%ng with the use of a

mesh or sEEThAOERRe fAMPARBII B UHB%R SSENRAPAINE R8PS InTAiS SHD8{BESEORE catalytic layer

undergoesaA3tiinayan mrcasonikisApeinajianveessetawd/rich R RBM e sRagiferent time
and/or temperature as the calcination process for the first catalyst layer. In act 445 the mesh or screen

is lifted up 3R ISR PHHSRBEFRIESH EYBR BePidRkea e BRiSHrRRpditéfiSd3tisstrate may then
be inggallegeanciuseyna P anaaytic earinribA proesse ermbkedivanrereRhanAgythe distribution

and minimize excessive energy being exposed to catalyst on surfaces of the baffles 145, the surface

of the baffl&21 M SEYERY AARES I MRGEHISEIBEEABIEN S 1S 52161BRTSNRIAGESHRINAI, as

first catalyst layer. In act 330 the mesh or screen is lifted up and removed from the
calcined second layer of catalyst. The patterned substrate may then be installed and
used in a photocatalytic reactor.

15 A second method of forming the catalyst features illustrated in any of FIGS.
2A-2F involving electrospraying deposition is illustrated in the flowchart of FIG. 4,
indicated generally at 400. In act 405, a nanocrystalline powder including
photocatalytic material and optionally cocatalytic material or precursors for these
materials is dissolved in a fluid, for example, water or an organic solvent, and

20  sonicated for period of time, for example, for about an hour to about two hours to
form a stable catalyst slurry or solution. The concentration of the catalyst may be
adjusted to avoid potential agglomeration during electrospraying. In act 410 the
catalyst solution is introduced to a syringe with a needle which will act as a mm-scale
nozzle during electrospraying. In act 415 the syringe is positioned in a flow controller

25  of an electrospraying apparatus which is configured to control the electrospraying
rate. The needle is connected to an electro-potential generator to create an over
potential. In act 420 a substrate for a baffle, for example, a stainless steel plate, is
positioned under the nozzle and connected to ground to create a zero potential in the
substrate. In act 425 a first catalyst layer is formed on a surface of the substrate

30  (without the use of a mesh or screen) by electrospraying. In act 430, the first catalyst

layer undergoes a calcination process in an oven at a temperature of, for example,



in the baffle indicated generally at 500 in FIG. 5, where the passages for the UV lamps have been
omitted for clarity. The presence of the discrete elements 510 of 15reflective material may even out the
distribution of UV light onto the catalyst layer 520 and also reduce the amount of catalyst exposed to
unnecessarily high amount of UV light, for example, in the central portion of the baffle. The number
and positioning of the reflective material elementgs510 may be adjusted accordingly to evenly
distribute UV light energy across the different regions of the layer of catalyst 20on the baffle. The
reflective material elements 510 may be in the shape of circles as illustrated in FIG. 5, or may be of

alternate SPRipEEN f0Ek AR 288 @8RS BWBthETFoliraeReier Mk haiampiay e BadRyht, curved,
ciscreet, of RIGSRARASISEmbBRRSUSION A 118 PUSCHR NG iRk ADeatA Qi Daffles 415

may reduce the amount of unutilized and/or excessive energp/ directed onto some portions of the

25catalyst!TGCE4ApriPRSaFOPEbeRIaSE Myfers FISH G sIRehthpdiielRaIAYSRIRKRS BY the availability of
catalytic suffagepaging withehBae B ohealstreaid vidaiieciyameaiofahdesditeed herein are only

examples. Many different pattern designs are possible. Aspects of this disclosure are not limited to any

speciffc pAiHHYdaYRurkitiBft HbIRe SR G RRHAS Y ¢4 BRIGRSSIFS e FRAHNR RIRE8%y st material, for

example, Tigig ARINARM PHAREYPRAPEOMENE RO LAATBRIR: M dlkiRlIGtechipdrtardadn an - 16 -
embodiment of a UV_photoca;Tleltlc oxidation reactor, a TiO2 catalﬁst exposed to air having a H2S

concentrafith et BRIHERreeesisHedl 3 sAaIE LRYS TeXRiIBRL 44 THe B8R ATEsHREMhant oxidation as

compared IiﬂéB%W%ﬁﬁe%ﬁdé@ﬁ@ﬂ%e%@l&%@ﬁ@é@%%ﬁé} BPEssIVYitheré BsiRenBgund to a particular
theory, it is believed that sulfate 5generated from the oxidation of H2S deposited on the catalyst

surface ove{ogHASE FERYEAP B Laksd a0 NaehiR BIRNROEHRINHE MBS QR ditional contaminant. Some

embagiments of ppesainehbVNiEAGIb BIMakts v alsem@iord-ef mrTintealkcsisraing and/or
regenerating surfaces of catalyst in the reactor. In some reactor designs, it has been observed that the

removal efISENCHEHTA B¥Bosed skl Siansufatie of s hetllentpndhssudas®AlSctor is higher when
the reactopgigRs 194 inalpse Malfifsd ko Imexanpliec R BusHa b0 bIGSH eofivitiRateHapled at a

concentration of between 60 ppm and 70 ppm in_air), 7B (H25 supplied at a concentration of between

30 ppm arld 8% Bptfeindisatadgeneraliy St Gt & dihrreBiaBEs s B R E¥ D ppm and 70 ppm
in air), in spMpsaMROBERIENH BERFSNCIARPNOORXiepR BREIeHIBEIH@ BRI fEHesHre internal

surfaces, the presence of o .
15  reflective material may even out the distribution of UV light onto the catalyst layer

520 and also reduce the amount of catalyst exposed to unnecessarily high amount of
UV light, for example, in the central portion of the baffle. The number and
positioning of the reflective material elements 510 may be adjusted accordingly to
evenly distribute UV light energy across the different regions of the layer of catalyst

20  onthe baffle. The reflective material elements 510 may be in the shape of circles as
illustrated in FIG. 5, or may be of alternate shapes, for example, squares or other
polygons, or lines which may be straight, curved, discreet, or interconnected. The
provision of the reflective material elements 510 on the baffles 415 may reduce the
amount of unutilized and/or excessive UV energy directed onto some portions of the

25  catalyst, for example, in processes where oxidation of contaminants is limited by the
availability of catalytic surface area.

The patterns of catalyst and of reflective material described herein are only
examples. Many different pattern designs are possible. Aspects of this disclosure are
not limited to any specific pattern configurations.

30 In some instances, it has been observed that a catalyst material, for example,

Ti0, may lose effectiveness over time. For example, as illustrated in FIG. 6, in an



baffles, even when coated with TiO2 catalyst, reduces the H25 oxidation efficiency by about 50%.
Without being bound to a particular theory it is believed that this reduction in contaminant oxidation
efficiency is due to the baffles "shadowing" portions of the reactor from UV light generated from the UV
lamps in the reactor. To 20at least partially alleviate the shadowing effect of the baffles, some
embodiments of a UV reactor may include bafflegguhich are substantially transparent to UV radiation,
for example, transmitting greater than about 90% or in some embodiments, greater than about 99% of
UV radiation. The UV transparent baffles may be formed of, for example, quartz glass and/or one or

more UV tPaMshresiitoihatidy, rbplesatiyic o9 Gginreasior nietiac Salyst PePesttbifcdilthe contaminant
removal effiqey Al e ieasiatdhetbliiasEaTaR R ley MRrhRCRAS M laver of catalyst

which is sufficiently thin to exhibit little, if any UV absorbance. The catalyst layer may have a thickness

of, for exalRBIEASEGANATHNREKAEBRE SRR UiePDG I Tedintionalonn aftehethod for
enhancingghg cantrmisanyeridrtiemefisiancy hariRPrheigordatanleastat kipdumidify air

including the contaminants prior to introduction into the reactor. For example, as illustrated in FIG. 8,

when $he 8RS from the axidabiRmpfd 1D derpsited ROdhe SRS BETRREIY BIMIES0 ppm and 50 ppm
was increasReefinf RS ARaUiIRKIdIaTeRieE AR GRYodhaiRs femayl efficiency at an

air flow rate of 3 L/min and a UV intensity of 15 W/m2 in_.an embodiment of a photooxidation reactor
was obser@HEiBISPFORIMREER BB AN [R5 iEaXAhpINCIHES a6 0f 88H MHerHY olume of 2,125

cm3, a'chlgam%%a/grwg%m@rmﬁ'{gcggﬁgagggﬁ(sgﬂ% [ﬁl% f@@mgrticles as a catalyst. In some
embodiments, a system for removing contaminants from air capltallzes on the effect of enhancement

of contaminant oXtRAIBA EATERE KISy gt thbae Reed HsaReE (hah ke 1BBEYALSRI I FHPh system is
schematicadytHiHptaAte Fon dimEe Irisdicaten/garessiicatifteat i RYSigHEr WRMgEdes a source of

contaminated air 910, for example, a refinery, a paper or pulp plant, or a wastewater or waste solids

treatment [FEFPHAERSAGLANGEE R HRz e RBLBAIRIG RS BIUSIGEEBhE FdAdilithe contaminated air
may be anqfijgrebkit & clireriatisRdyBerRéAA0 Dpcrasuite phihenamalyasef suppreaical analyzer

970A may be provided to a control system 960 15which may adjust operating parameters of the

system, fogté;(céqﬁﬁ@@’trﬁg%pﬁé@é\{vggrbﬁo ppm and 35 ppm in air), and 7C (H,S supplied at a

concentration of between 60 ppm and 70 ppm in air), in some embodiments of a UV

15  photooxidation reactor including UV reflective internal surfaces, the presence of
baffles, even when coated with TiO; catalyst, reduces the H,S oxidation efficiency by
about 50%. Without being bound to a particular theory it is believed that this
reduction in contaminant oxidation efficiency is due to the baffles “shadowing”
portions of the reactor from UV light generated from the UV lamps in the reactor. To

20  at least partially alleviate the shadowing effect of the baffles, some embodiments of a
UV reactor may include baffles which are substantially transparent to UV radiation,
for example, transmitting greater than about 90% or in some embodiments, greater
than about 99% of UV radiation. The UV transparent baffles may be formed of, for
example, quartz glass and/or one or more UV transparent plastics, for example,

25  poly(methyl methacrylate). To enhance the contaminant removal efficiency of the
reactor, the UV transparent baffles may be coated with a layer of catalyst which is
sufficiently thin to exhibit little, if any UV absorbance. The catalyst layer may have a
thickness of, for example, between a monolayer of catalyst material and about 10 pum.

A further method for enhancing the contaminant oxidation efficiency of a UV

30 photooxidation reactor is to humidify air including the contaminants prior to

introduction into the reactor. For example, as illustrated in FIG. 8, when the humidity



flow rate through the photooxidation reactor 930 responsive to the detected concentration of
contaminant. Contaminated air from the source of contaminated air 910 is directed through a
humidifier 920 and into the photooxidation reactor 930, which is in some embodiments a UV
photooxidation reactor. Humidity monitors 940 20may be present at various locations in the system, for
example, upstream or downstream of the humidifier 920. The humidity monitors may provide feedback
to the control system 960, which may be configured to adjust the amount of humidity provided by the
humidifier to achieve a desired humidity in air entering the reactor 930. For example, if air exiting the

source of GbAthMMBEDiD p0aSeNEAEGIoOFRIRVRRN REAYNESPER ARTHRS, HEViIMES relative humidity
of greater haRRARP HoRs isatihatRiR 5%%6\(@%@1@\% halresiss, taN-pEoeA0%p at 36.7C (about

0.16 kg moisture per kg of dry air), the humidifier may be deactivated. A squrce of humidity 950, for

example, WEteie0ay 8t ¥t alicHoy s efdikenaIgngreditd irig0eily & rdVit didihject water vapor or
steam into G P EIURIARSIABABH Ak IGNRASRIBR AAGIEN AR giting the

photooxidation reactor 930 may be analyzed for theg)resence of remaining contaminants by a

chemizal dRisigrampieothareaetor used Baf cerRHamsIPH? AR iMing EDARAWERIOT 3 \Wi#8kie an

acceptablgf@nasy heyeeRtmisysteMdnsaafiisterResatingpparameters of the system, for example,
increase or decrease a flow rate of contaminated air through the photooxidation reactor 930 or an

amount of power ‘ASABPSINRPLIB T A SV BleHm IO SARANRY eAERBNES 9 aHliation 5in the

phOt_OOXid%Hﬁﬂa'I%@_tQﬁ ?r?é%@e@f%ﬁeﬂ?ﬂrﬁ%ﬁéﬁ‘ﬂi@ﬁéﬁrﬁ@ﬁﬁﬁ%ﬁf@%hfﬁ)ﬁvgmﬂié’fﬁtﬁmﬂptable range. Air
leaving the photooxidation reactor and containing an unacceptable level of contaminants may be

redirected 1IpSREMHNAEL HOBRRRAIBILPEAERIF A SUTRT dh ek lieGaH SeIhallisiERaf R atment by the

manipylatipreobyHyrsR8GehbRIRraenbable kPRREIMISO A adaus sRRtamiraRisHinate@utput from the
10system 900 may be dictated by local ordinances of a region in which the system 900 is operated.

a )
Exemplanfligi&r thitXatiPle fd 68 R ArRaReh & SR RiRRE 80 aVREIBIAE hRIWASTEIIUIE: Examples of
upper limitgdghicati glm BHPAEPB BPBIRMNABHHARAERSAIBRBHe or more contaminants in the

contaminated air may be analyzed by a chemical analyzer 970A. The results of the
analysis of the chemical analyzer 970A may be provided to a control system 960

15  which may adjust operating parameters of the system, for example, power level or air
flow rate through the photooxidation reactor 930 responsive to the detected
concentration of contaminant. Contaminated air from the source of contaminated air
910 is directed through a humidifier 920 and into the photooxidation reactor 930,
which is in some embodiments a UV photooxidation reactor. Humidity monitors 940

20  may be present at various locations in the system, for example, upstream or
downstream of the humidifier 920. The humidity monitors may provide feedback to
the control system 960, which may be configured to adjust the amount of humidity
provided by the humidifier to achieve a desired humidity in air entering the reactor
930. For example, if air exiting the source of contaminated air 910 is already

25  sufficiently humid, for example, having a relative humidity of greater than about 85%
at 21°C or a relative humidity of greater than about 40% at 36.7°C (about 0.16 kg
moisture per kg of dry air), the humidifier may be deactivated. A source of humidity
950, for example, water vapor or steam may additionally or alternatively be provided
to inject water vapor or steam into a conduit through which contaminated air flows to

30 the reactor 930. Air exiting the photooxidation reactor 930 may be analyzed for the

presence of remaining contaminants by a chemical analyzer 970B. If the



Acceptable concentration in air H2S less than about 0.01 ppm Organic mercaptans and sulfides less
than about 0.01 ppm Ammonia less than about 5 ppm Amines less than about 0.01 ppm 15 Example
1: Comparison of different reflective coatings Simulations were performed to calculate the effective
average irradiance between baffle plates of a photooxidation reactor with different types of reflective
material on the walls of baffle plates spaced 100®m from each other and the internal 20walls of the
reactor. A baseline model with 0% reflectance (a black body) exhibited an average of 1,070 W/m2
irradiance produced from the UV lamps (6 UV lamps having a power rating of 30 W each) between the

baffle platé8NASHIAMIWABRNNG BRMRITHNNES (ROrEsidmatraeteriaRhe T 39Iss HeaICoRiPless steel with a
reflectanceyrt3R HhalhQIRME ERERLIFRTaREREF 8RERIS t@rﬁ?fbwmpm, epesiel yyhere the baffle

plates 25inCluded a Teflective coating reflecting 99% of the UV light, the average irradiation
decrease a flow rate of contaminated air through the photooxidation reactor 930 or an

amount of power delivered to a source of actinic radiation, for example, UV radiation
5 in the photooxidation reactor 930 to bring the contaminant concentration to within an

acceptable range. Air leaving the photooxidation reactor and containing an
unacceptable level of contaminants may be redirected upstream of the photooxidation
reactor through conduit 990 for additional treatment by the manipulation of valves
980. The acceptable upper limits for various contaminants in air output from the

10  system 900 may be dictated by local ordinances of a region in which the system 900 is
operated. Exemplary upper limits for various contaminants are indicated in Table 1

below:

Table 1: Examples of upper limits for various airborne contaminants

Contaminant Acceptable concentration in air
H,S less than about 0.01 ppm
Organic mercaptans and sulfides less than about 0.01 ppm
Ammonia less than about 5 ppm

Amines less than about 0.01 ppm

15
Example 1: Comparison of different reflective coatings
Simulations were performed to calculate the effective average irradiance
between baffle plates of a photooxidation reactor with different types of reflective
material on the walls of baffle plates spaced 100 mm from each other and the internal
20  walls of the reactor. A baseline model with 0% reflectance (a black body) exhibited
an average of 1,070 W/m? irradiance produced from the UV lamps (6 UV lamps
having a power rating of 30 W each) between the baffle plates. In a model where the
baffle plates were constructed from polished stainless steel with a reflectance of 30%,
the average irradiance increased to 1,320 W/m?. In a model where the baffle plates
25 included a reflective coating reflecting 99% of the UV light, the average irradiation

between the plates increased to 1,890 W/m?, an increase of 76% and 43%,



between the plates increased to 1,890 W/m2, an increase of 76% and 43%, - 19 - respectively, as
compared to that with the black body plates and the stainless steel plates. Example 2: Comparison of
different arrangements of reflective coatings 5Simulations were performed to calculate the effective
average irradiance between baffle plates of a reactor with reflective material added to different
surfaces of the reactor. The simulated reactor hagyan internal volume of 18,000 cm3, included 20
baffle plates equally spaced with a separation of 22.5 mm, and utilized seven UV lamps with a
combined power output of 210W. In a model where no reflective 10coating at all was applied to the

reactor, thEeSPOCiYAbs #rsambateatodifatygenitnaditaskded v piaigs/angl BrrdlabiepasiReblates. In a model

where a reflgglive coating was applied to the internal walls of the reactor, the average irradiance
between baffle plates increased to 241 W/m2, an increase of 10% from the case where no reflective
coating was used. In a model where the reflective coating was applied to the internal walls of 15the

reactor anghigraiie side sheabRaF G IR HRGadanssneeaidiigglates increased to 378

W/m2, an increase of 78% from the case where no reflective coating was used. Example 3: 20A UV

oxidatfon reactor SiRYURLRNSAMLTSHEIEr Med ks el [ptdhersFfpfivMR AXGragONTa G f H25. The reactor
had an intgegkyR IbifeqfI 4809 ¢RI Rt DAt a R At ARChINEN Ee difidr Y JarRsswith a total

combined power of 180 W. Internal surfaces of the reactor were coated with a,porous layer of

reflective PTINET6ARNRIN IS SHEYIAIRA LRURRAIRY anchiRrBAt IsMe PEDS 0 fdRvdBRlétEApm and 70
ppm, B196Rgirneries eAyisheesuliand Sepaistiasolons fraua readardepvide o

residence time of 1 secon en supplied with air having a concentration of H25 of between 60 ppm

and 70 pplAMPSaYHE GEnamsdpavskicited AhetPhe dif vaedRIw Rt ARgiRiRE!Nactor to provide a
residence EoaEref & 8B GRRIppIRRadIER réAeloYVRRNUV lamps produced an average irradiance

of 220 W/m? between baffle plates. In a model where a reflective coating was applied
to the internal walls of the reactor, the average irradiance between baffle plates
increased to 241 W/m?, an increase of 10% from the case where no reflective coating
was used. In a model where the reflective coating was applied to the internal walls of
15  the reactor and to one side of each baffle plate, the irradiance between baffle plates
increased to 378 W/m?, an increase of 78% from the case where no reflective coating

was used.

Example 3:

20 A UV oxidation reactor similar to that of FIG. 1A was evaluated for efficiency
of oxidation of H,S. The reactor had an internal volume of 18,000 cm?® with no baffle
plates and included six UV lamps with a total combined power of 180 W. Internal
surfaces of the reactor were coated with a porous layer of reflective PTFE. When
supplied with air having a concentration of H,S of between 60 ppm and 70 ppm, 81%

25  of the H,S was oxidized when the air was flown through the reactor to provide a
residence time of 1 second. When supplied with air having a concentration of H2S of
between 60 ppm and 70 ppm, 100% of the H2S was oxidized when the air was flown
through the reactor to provide a residence time of 2 seconds. (See FIG. 7A.) When
supplied with air having a concentration of H2S of between 30 ppm and 35 ppm,

30 100% of the H,S was oxidized when the air was flown through the reactor to provide

a residence time of 1 second. (See FIG. 7B.)



supplied with air having a concentration of H25 of between 30 ppm and 35 ppm, 30100% of the H25
was oxidized when the air was flown through the reactor to provide a residence time of 1 second. (See
FIG. 7B.) - 20 - Having thus described several aspects of at least one embodiment of this
disclosure, it is to be appreciated various alterations, modifications, and improvements will readily
occur to those skilled in the art. Such alterationspgodifications, and improvements are intended to be
part of this disclosure, and are 5intended to be within the spirit and scope of the disclosure. For
example, although aspects of the present disclosure are described as used to remove biological floc

from wastewater, HRBKW Huiedeschingp iseveral atpastphtableatd 9Ae sepRAUAIGT &hYSrm of suspended

solids, for gxamRlfe, IRFEI8BE BHRGRABY sabHS AtclaifoRl NV dIRAREE arRettling unit or vessel.
Aspects of the wastewater treatment systems described herein 10may also use non-biological

treatment HEYET AR YitheaadlyIBefeateEasn skt letiRdor 38 Plechralffbiandf wastewater.
AccordingboHfidi8ae RICRSHIRERR RO 4 AVIER] 3HE Y IMEYT AiSXAERIIRNN areT he phraseology

and terminology used herein is for the purpose of description and should not be regarded as limiting.

As uséd hEHeRdas EoaeMv ity HIRywP HaterdieraBeridhs dhrstesiiein £ 8r Ebdhetiiouthe terms
"comprisingypedfch ARt reEAtiBY osURRMIR BesGRINR I NGed 36 FerifpiRl iato givAiatiderrHhe written
description or the claims and the like, are open-ended terms, i.e., to mean "“including but not limited to."

Thus, the WEStBYVaIRENHERMASREFERAIRY Bett B AR igab ledm R Srsoird (fatr Fa i quivalents
thereof, asellRpassliienarsmapRNNIAassHenM PR RsE SR isiingafeand "consisting

essentially of,"” are closed or semi-closed transitional phrases, respectively, with respect to the claims.

Use of ordRBI R HELRIcrPEss HrifipecteebHE, WarRyalehieH D fRESHS HBSIBRTEIRS RRIBIR a claim

elemegt d%%@&ﬁ@%ﬁ%ﬁ@f@aﬁﬂ%%@ﬁfh&mfé@%ﬂ@?Ilﬁr%ﬁﬂéglfzélrt?eﬁfﬁfigh@emem over
another or the temporal order in which acts of a method are performed, but are used merely as

25labels tGTEEOg I¥HNSHECRIRIRN AL NaSIEWAIRh AL ERiing M alhR TRESFCIHLHSEF BRI having a same
name (butdrivirgsairtsyueingt temble shigfinguish the claim elements.

The phraseology and terminology used herein is for the purpose of description
and should not be regarded as limiting. As used herein, the term “plurality” refers to

99 ¢y

15  two or more items or components. The terms “comprising,” “including,

29 ¢¢

carrying,”

29 ¢¢

“having,” “containing,” and “involving,” whether in the written description or the
claims and the like, are open-ended terms, i.e., to mean “including but not limited to.”
Thus, the use of such terms is meant to encompass the items listed thereafter, and
equivalents thereof, as well as additional items. Only the transitional phrases

20  “consisting of” and “consisting essentially of,” are closed or semi-closed transitional
phrases, respectively, with respect to the claims. Use of ordinal terms such as “first,”
“second,” “third,” and the like in the claims to modify a claim element does not by
itself connote any priority, precedence, or order of one claim element over another or
the temporal order in which acts of a method are performed, but are used merely as

25 labels to distinguish one claim element having a certain name from another element
having a same name (but for use of the ordinal term) to distinguish the claim

elements.



-21 - CLAIMS 1.An odor control system comprising: a source of air contaminated with a
sulfur-containing compound; and 5a UV oxidation reactor having an inlet in fluid communication with
the source of contaminated air, the reactor including: a source of UV radiation disposed within the
reactor; and a reflective coating disposed on internal surfaces of the reactor. 102.The system of claim
1, wherein the source of air comprises a wastewaier treatment plant. 3.The system of claim 1, wherein
the reflective coating comprises porous PTFE. 154.The system of claim 3, wherein the reflective
coating has a reflectivity of greater than about 97% for UV radiation. 7.The system of claim 1, further
comprising a source of moisture in fluid comn$tad&on with the inlet. 20 8. The system of claim 1,
wherein the source of UV radiation is a source of UV-C radiation. 9. The system of claim 8, wherein

the sulfur-gontainkjg RMaSHAA %%’ﬂéﬁfi(?@l%prising:
a source of air contaminated with a sulfur-containing compound; and
5 a UV oxidation reactor having an inlet in fluid communication with the source
of contaminated air, the reactor including:
a source of UV radiation disposed within the reactor; and

a reflective coating disposed on internal surfaces of the reactor.

10 2. The system of claim 1, wherein the source of air comprises a wastewater

treatment plant.
3. The system of claim 1, wherein the reflective coating comprises porous PTFE.

15 4. The system of claim 3, wherein the reflective coating has a reflectivity of

greater than about 97% for UV radiation.

7. The system of claim 1, further comprising a source of moisture in fluid

communication with the inlet.

20
8. The system of claim 1, wherein the source of UV radiation is a source of UV-
C radiation.
9. The system of claim 8, wherein the sulfur-containing compound comprises
25 H,S.

10.  The system of claim 9, wherein the source of UV-C radiation provides
sufficient UV-C radiation to oxidize sufficiently all H,S in air having a concentration
of H,S of between about 60 ppm and about 70 ppm within about two seconds.

30



25H25. 10. The system of claim 9, wherein the source of UV-C radiation provides sufficient UV-C
radiation to oxidize sufficiently all H25 in air having a concentration of H2S of between about 60 ppm
and about 70 ppm within about two seconds. - 22 - 11. The system of claim 1, wherein the reactor
further comprises a baffle which is substantially transparent to UV radiation. 12. The system of claim
11, wherein the baffle is at least partially coated with a 5layer of photocatalyst which is substantially
transparent to UV radiation. 13. A method of facilitating the oxidation of a sulfur-containing
contaminant in air, the method comprising: providing a photooxidation reactor including: 10a source of
actinic radidtion di$gsyemphidiahe lewkwieinmee reagtpefadhicecennits srichadileg iuebus PTFE

disposed qdgiginaly WiRGRe Pk BeUGaeRAiiBAD  providing instructions to direct air contaminated

with the sulfur-containing contaminant from a source of the contaminated air into the photooxidation
reactor. 15 14. The method of claim 13, wherein providing the instructions comprises providing

instructiong;to dirggk Qe AN TR RN AREVURIBN{TAARS HaRiaNY/ Béatkas RitpiooxXidation

reactor. 2015.The method of claim 14, further comprising providing instructions to control the humidity
of the TontansinatEAURCAIAIEWINED theuppiaRliv AinanEaRtse t8\bediRHa predetermined range of
between about 30% and about 95% relative humidity. 16. The method of claim 13, wherein providing

the phot00Oxidation reactor 25including the source of actinic radiation disposed within the reactor
comprises!3.- A method of facilitating the oxidation of a sulfur-containing contaminant in

air, the method comprising:
providing a photooxidation reactor including:
10 a source of actinic radiation disposed within the reactor; and
a reflective coating including porous PTFE disposed on internal
surfaces of the reactor; and
providing instructions to direct air contaminated with the sulfur-containing
contaminant from a source of the contaminated air into the photooxidation reactor.
15
14.  The method of claim 13, wherein providing the instructions comprises
providing instructions to direct contaminated air from a wastewater treatment plant

into the photooxidation reactor.

20 15.  The method of claim 14, further comprising providing instructions to control
the humidity of the contaminated air directed into the photooxidation reactor to be
within a predetermined range of between about 30% and about 95% relative humidity.

16.  The method of claim 13, wherein providing the photoooxidation reactor
25 including the source of actinic radiation disposed within the reactor comprises
providing the photoooxidation reactor including a source of UV-C radiation disposed

within the reactor.

17.  The method of claim 13, further comprising providing instructions to monitor
30 aconcentration of the sulfur-containing contaminant in air output from the

photooxidation reactor and to adjust an operating parameter of the photooxidation



providing the photO0OOxidation reactor including a source of UV-C radiation disposed within the reactor.
17. The method of claim 13, further comprising providing instructions to monitor 30a concentration of
the sulfur-containing contaminant in air output from the photooxidation reactor and to adjust an
operating parameter of the photooxidation - 23 - reactor responsive to the concentration of the
sulfur-containing contaminant being above a pregdgtermined set point. 18. A reactor for the oxidation
of sulfur-containing contaminants in air with 5actinic radiation, the reactor comprising: an inlet and an
outlet; a source of actinic radiation disposed within the reactor; a source of moisture in fluid
communicea6HWigaPeisivade Biscroncentratign&die thBHneP NS §3nsrBURAPREN Glisposed on
internal susiares Ol d@REHRREIEL JeintT he reactor of claim 18, further comprising a baffle which is
substantially transparent to UV radiation. 1520.The reactor of claim 19, wherein the baffle is at least
partially coated with a layer of photocatalyst which is substantially transparent to UV radiation. 21. A

method of fgcilitajing /& HoeFiRe dRi BRTHRT JPsAIRNAERMIRMIP BoifARTRIRsARNIR G desired rate of
contaminant oxidation, the method comprising coating
5 actinic radiation, the reactor comprising:
an inlet and an outlet;
a source of actinic radiation disposed within the reactor;
a source of moisture in fluid communication with the inlet; and
a reflective coating including porous PTFE disposed on internal surfaces of

10  the reactor.

19.  The reactor of claim 18, further comprising a baffle which is substantially

transparent to UV radiation.

15 20.  The reactor of claim 19, wherein the baffle is at least partially coated with a

layer of photocatalyst which is substantially transparent to UV radiation.

21. A method of facilitating a reduction in power to a photooxidation reactor to
achieve a desired rate of contaminant oxidation, the method comprising coating

20 internal surfaces of the photooxidation reactor with a reflective coating, the
photooxidation reactor including the internal surfaces coated with the reflective
coating exhibiting an equivalent rate of oxidation of one or more airborne
contaminants with UV power reduced by between about 30% and about 50% as
compared to a photooxidation reactor of a similar design but not including the

25  reflective coating.

22.  The method of claim 21, further comprising reducing a number of UV lamps
in the photooxidation reactor by between about 30% and about 50%, the
photooxidation reactor including the reduced number of UV lamps exhibiting an

30 equivalent rate of oxidation of one or more airborne contaminants as compared to a



20internal surfaces of the photooxidation reactor with a reflective coating, the photooxidation reactor
including the internal surfaces coated with the reflective coating exhibiting an equivalent rate of
oxidation of one or more airborne contaminants with UV power reduced by between about 30% and
about 50% as compared to a photooxidation reactor of a similar design but not including the
25reflective coating. 22. The method of claim 2z4urther comprising reducing a number of UV lamps
in the photooxidation reactor by between about 30% and about 50%, the photooxidation reactor

including the reduced number of UV lamps exhibiting an 30 equivalent rate of oxidation of one or more
airborne cHgRiiRhAE R giePardy el indlydipgdbredeatvipfiratiaenga Mithaviteduding the

reflective Gealing ANFBAL faVIpgamfrduced number of UV lamps.



