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Di scharge Fluid Renediation Technical Field This invention relates to

remedi ati Qi pfpfidddi ds in a finite space by 5 neans of ul tpewiyQdspihizgradi ation
fromelectro e‘l‘ ess ultraviolet discharge devices, including the excitation

of photocatal ytic surfaces to pronote cheqncal reactions. Background Art 10
Typical air purifiers use electrode discharge ultraviolet lanps; in sone
cases, the ultraviolet light is relied upon to wholly or partially destroy
m croorgani sns; in other cases, the ultraviolet |ight activates a

phot ocat al yst on the surface of a packed bed of pellets or of a structure

which is perneable by the air flow ng. therethrough., Siml apparatus 15 may
be used in chenical prdegsEedeless WF&P'%%@@SE%@S%W‘%WP?@@98n of air or
water streans is perfornmed either to renediate (i.e., sterilize) or

ot herw se condi ttéﬂgﬁchag‘__stlr eam Because of the short lanp life, air-purifier
desi gns nust be gbl e for lanmp changeover. Such designs are
unnecessarily | arge i nThig(hveoliomeelatesdoiremediationgé fluidsin @ fotiteuspacabyol et
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ultraviolet |anps (such as nercury |anps) 1s [ess than % at 'is, less
than 30% of the deviees inaduding Hirexgitation ) ehptagatalytia surtages|teproraelicat i on.
Lanps of this soghemirbfraaktidngzed in U S. Patent 6,280,686 and patents
referred to therein. 25 Consider, as an exanple, current, standard practice
enpl oyed in comrercial photocatal ytic treatnent of process streans, such as
air- purificati oBackgroomd Ani nated air in occupi ed space of buildings. An
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stream (e.g., th8omeMases taeulraviclehiightis religdupende whellyioripgtialisn exanpl e) .
destroy microorganisms, in other cases, the uitraviolet light activates a
photocatalyst on the surface of a packed bed of pellets or of a structure
which is permeable by the air flowing therethrough. Similar apparatus

15 may be used in chemical processes in which photocatalytic oxidation of
air or water streams is performed either to remediate (i.e., sterilize) or
otherwise condition the stream.

Because of the short lamp life, air-purifier designs must be made
suitable for lamp changeover. Such designs are unnecessarily large in

20 volume, require a iarge number of ultraviolet famps and photocatalyst
elements (when used). The efficiency of electrode ultraviolet lamps
(such as mercury lamps) is less than 30%, that is, less than 30% of the
electrical input is converted to ultraviolet radiation. Lamps of this sort
are utilized in U.S. Patent 6,280,686 and patents referred to therein.

25 Consider, as an example, current, standard practice employed in
commercial photocatalytic treatment of process streams, such as air-
purification of contaminated air in occupied space of buildings. An
effective design requires the bringing together, in space and time, of the
ultraviolet photon, the photocatalyst surface element, and the process

30 stream (e.g., the contaminants in the air in the air-purification exampie).
Present design practice fixes the photocatalyst in space and places the
ultraviolet irradiating source externally to the photocatalyst.
Consequently, photocatalyst surface elements are rendered non-



Present design practice fixes the photocatal yst in space angeNGEEIBER2006
ultraviolet irradiating source externally to the photocatal yst.

Consequent |y, photocatal yst surface el enents are rendered non 06 NOVEMBER
2006 WO Og/Q8495%, PCT/ US03/ 11352 2 wuniformy irradiated, ﬂ&ﬁbmuhﬁﬁgdiated,
and non-irradiated. This practice necessarily inposes alimt on the
degrees of freedom available to the design. As an illustrative application
exanpl e, present commercial 5 photocatalytic air purifiers all use el ectrode
di scharge ultraviolet |lanps and a photocatal yst elenent that is configured
as a packed bed of photocatalyst pellets or as a porous nonolith support
(i.e., honeyconb, reticulate foam screen, woven or unwoven fiber, etc.)
having a photocatal yst coating. The primary deficiencies of this design are
10 twof ol d: Fi r stunifoesalyursadiates, sivoly deaditted, eandvioptsadiatent. af hisrprastiaext er nal

to the phot 0cat gleksbestilpfibdsedslirtitehdnaBbls SHidaiof aldiibid b righe Sour ce

of wultraviolet radiation and the photocatalyst surtface are necessarily
separate in spacéj,est%‘e illumnation is inherently non-uniform which

results i tnl dimy irr a?iﬁ@_taﬂiﬂ?étdrétﬁﬁét 'a'p"ptﬁ_@diiﬁ exaraplef pﬁ}ﬁefih _@@iﬁﬁiéri]‘ciaﬁn? 15
consequen oor n nant destruction. Because o IS . en
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el ectron en ssi ophatatatalpstrseippor, and\phdtocatalgst siefave, tHatig) the source of
ultraviolet radiation and the photocatalyst surface are necessarily
separate in space, the illumination is inherently non-uniform, which
results in dimly irradiated or non-irradiated surface elements, and
15 consequently poor contaminant destruction. Because of this inherent
deficiency, the design objective of delivery of the ultraviolet photons to
the photocatalyst, while simultaneously achieving delivery of the
contaminant (process stream) to a suitably activated photocatalyst,
creates a difficult design problem. Second, fluid processing apparatus
20 has heretofore been limited by the use of ultraviolet lamps which rely on
an electric discharge between electrodes in order to sustain the creation
of ultraviolet radiation. These devices suffer from the deposit of
impurities resulting from heat concentration at the electrodes, which in
turn inhibits electron emission and, therefore, UV photo emission. Lamp
25 irradiation diminishes with time as the lamp ages and resuits in a useful
lamp life that is less than about 8,000 hours; an inherent characteristic of
electrode hased ultraviolet lamps. These deficiencies resuit in air-purifier
designs that are large in volume, require a large number of ultraviolet
lamps and photocatalyst elements, and consume a large amount of
30 electrical power. Although the air-purification example is used to
ilustrate shortcomings of external irradiation, those same deficiencies
- are inherent in all applications that have the ultraviolet radiation sources
external to the photocatalyst.



25 irradiation dimnishes with time as the |anp ages and r [ fu
lanmp life that is | ess than about 8,000 hours; an inherent ﬁ§ aé‘zl% %??%W@ of
el ectrod traviol et |anps. These deficiencies resul LL-purifier
desi gns t‘i}@@?@%‘g% arge in volune, require a | arge nunber of &’Emi‘iﬁl&%

| anps and phot ocat al yst el enents, and consune a | arge anount of 30

el ectrical power. Although the air-puripfd cation exanple is used to

illustrate shortconm ngs of external irradiation, those same deficiencies
are inherent in all applications that have the ultraviol et radiation sources
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2a There is described in - 0109924 an ultraviolet lig sour ce“conpri si ng
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"remedi akhclb8urenconpasses photocatal ytic and photochemni cal processes, and
includes ( ) "decontam nation" which neans (a) (i) to wholly or (ii)
partially (b) (i) destroy, (ii) kill or (iii) vaporize 5 any m croorgani sm
and (2) "deconposition”, which nmeans oxidation or reduction of conpounds.
Obj ects of the invention include: fluid renediation utilizing ultraviolet
radi ation having lanp |ife exceeding ten years; ultraviolet fluid

remedi ation having highly efficient utilization of electrical input energy,



10 such as on the order of 80%efficiency; fluid renediati & NPYEWBERZ00G
performed in relatively conpact space; highly efficient photocatalytic fluid

remedi at i QB :R @ pcatalytic fluid renediation which is eag élry JosklRpent ed
in an energy eftici ent manner; and inproved ultraviolet an lgtot ocatal ytic

fluid renediation. 15 According to the pregsent invention, el ectrodel ess
ultraviolet lanps are used in a fluid renediation zone. The ultraviol et

| anps may be used alone or in conjunction with ultraviol et-activated

phot ocat al yst surfaces in the space. The | anps nmay be activated by

m crowaves provided by a magnetron, in groups, or individually. The |anps
may be 20 activated by inductively coupled radio frequency power.

Phot ocat al yti c [Biscloauessofiayemtionon t he | anps, or on parti cl es of

phot ocat al yst or non- pgtggétpﬁé@”ys n‘i‘écﬁﬁ%ﬁ"%ncﬁﬁ%?s@%% otﬁ es or

cylinders. The fl ui e treat e Y alr ter ui ds.
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horti cul tural -commodi thctd G irifenfibn RicSd iR AREHatth Siidndgnd vater,

and generally for any tam nat or water_stream or chem cal
synt hesis, and fwtramotﬁtéwatw%hewng 1arap fithexcredinglentyearsi ultrayiolet fivid aspect
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in an energy efficient manner; and improved ultraviolet and
photocatalytic fluid remediation.

15 According to the present invention, electrodeless ultraviolet
lamps are used in a fluid remediation zone. The ultraviolet lamps may
be used alone or in conjunction with ultraviolet-activated photocatalyst
surfaces in the space. The lamps may be activated by microwaves
provided by a magnetron, in groups, or individually. The lamps may be

20 activated by inductively coupled radio frequency power. Photocatalytic
surfaces may be on the lamps, or on particles of photocatalyst or non-
photocatalyst elements. The lamps may be spheres or cylinders. The
fluid being treated may be air, water or other fluids.

Furthermore, this invention relates to photocatalytic and

25 photochemical processing for processing oxidation or reduction
reactions. Possible applications for this invention are varied, for
example, air-purification of occupied spaces (e.g., residential and
commercial buildings, transportation vehicles, etc.), ethylene control in
transportation of horticultural commodities, remediation of contaminated

30 soil and water, and generally for any contaminated air or water stream,
for chemical synthesis, and for microbial sterilization. The key feature of
this aspect of the invention is the intimate integration of UV light and
photocatalyst surfaces, which allows increased freedom to independently



purification and other applications. The present invention @ NoyEMBER 2006

ul travi ol et source and the photocatal yst surface into intimate proximty,

t hereby achieving nearly uniformirradiation of all photocatal ytic surface
el ement s. WIi03/094981 nat e i ntegrati on of ultraviolet irradi atigguseuize and
photocatal ytic surface greatly inproves the freedomto independently

control ultraviolet intensity and transpors processes, that is, transport of
10 chem cal reactants in the process streamto the photocatal yst surface.
The invention provides fluid renmediation having ultraviolet lanmps wth

| ives exceeding ten years, thereby sinplifying the apparatus and reducing
the cost of maintenance significantly. The invention provides ultraviolet
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advant ages of t heresentienentionverovides a lonpHived somecafigtrapiet emission &se | i ght
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Drawi ngs Fig. 1 Pyificaipmandiother appligationsd Ehelprasentimention/brngsoihea duct
having spheres i nghvidldt%oth@cdiOma! fHotosttbly sy s@Fade ih@TREmbte SroXRailgt ron-
activated mcrowave cavity. 25 Fig. é?l S. a rti ag I%qbroker\ ﬁwab/ sinplified
schematic persp ?%awéwweesh?vﬂ m&g[acgqatg} PlRlnatecaialy Fa SHdReR | anps
di sposed in a nelgnEntsNThistintirdtedniEgeatiomofeultravioley irddidting soutoeandFig. 3 i's
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excited by radio fr eqﬁgﬁg ?r%eﬁtci)c\yl\rlxe {)r'ovides fluid remediation having uitraviolet lamps
with lives exceeding ten years, thereby simplifying the apparatus and
reducing the cost of maintenance significantly. The invention provides
ultraviolet efficiency on the order of 80%, inciuding power transfer losses
15 by the radio or microwave generators and cavities.
Other objects, features and advantages of the present invention
will become more apparent in the light of the following detailed
description of exemplary embodiments thereof, as illustrated in the
accompanying drawings.
20
Brief Description of the Drawings
Fig. 1 is a simplified, stylized side schematic view of a duct
having spheres including electrodeless ultraviolet lamps in a magnetron-
activated microwave cavity. ‘
25 Fig. 2 is a partially broken away, simplified schematic
perspective view of cylindrical electrodeless ultraviolet lamps disposed in
a magnetron-activated microwave cavity within a duct.
Fig. 3 is a partially broken away, stylized schematic perspective
view of cylindrical electrodeless ultraviolet lamps disposed between
30 photocatalytic-coated fluid-permeable substrates.
Fig. 4 is a simplified, schematic perspective view of a cylindrical
electrodeless ultraviolet tamp being inductively excited by radio
frequency power.
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schemati c perspective view of a tubular etectrodeless ultraviolet |anmp

di sposed ywthide& Magnetron-energi zed mcrowave cavity. lI:’.tQIUS?S/iIIé%f
sinmplified, schematic side elevation view of a tubular 5 electrodel ess

ultraviolet |lanp having starter el ectrodes and power supply. Mde(s) for
Carrying Qut the Invention In Fig. 1, a fluid renmediation zone 13 is forned
within a duct 14 10 which conprises nmicrowave reflecting material. At each
end of a finite space 17, mcrowave reflectors 18, 19, which are perneable
to the fluid in the duct 14, forma resonant mcrowave cavity. A nmagnetron
22 provides mcrowave el ectromagnetic radiation into the cavity. Wthin the
cavity are spheres 23fFi@4.is Baimplifias, schematie perspective viewngfrd kibuls spheri cal
el ectrodel ess m WRsvioll | §Bo&asE ' i a5 i pn zone of
Fig. 1 operat egh%&\\%géﬁs% or ;‘)%?{‘melégglestrg&Mﬁrﬁng?gg?té%ﬁigg%éﬁneans of
ul travi ol et radiMiFiWRVEIGEYEY. On the other hand, in accordance with the

invention, the spher esé% igRYsigPRed, Sehefafie sideodl e PhtRsH viewalf @ssbulal r avi ol et

| d the sph b 0 I n
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remedi ation zonsupplyFig. 1 utilizes photocatalyst reaction with the fluid
to renediate the fluid in some fashion, such as to oxidize or reduce

organi ¢ conmpounds within the fluid. The spheres 23, 24 may instead conprise
spherical el ect Nerg(esr Qarying Quethel laMpRtAdRYVi ng 25 a phot ocatal ytic coati ng

thereon, the coating Ierpg 1sHfficicnmsdidtionzond 03 ReforPBBSHIRM baJoy 14
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ul traviol et radispacen7wmicrbwace refiatorst e 1phehivhadralpestneanlettb ¢he fluid

in the duct 14, form a resonant microwave cavity. A magnetron 22
provides microwave electromagnetic radiation into the cavity. Within the
cavity are spheres 23, 24. The spheres 23, 24 may all comprise

15 spherical electrodeless microwave lamps, in which case the fluid
remediation zone of Fig. 1 operates to wholly or partiaily destroy
microorganisms by means of ulitraviolet radiation alone. On the other
hand, in accordance with the invention, the spheres 23 may comprise
spherical electrodeless ultraviolet lamps and the spheres 24 may be non-

20 lamp spheres having an ultraviolet-activated photocatalyst surfaces, in
which case the fluid remediation zone of Fig. 1 utilizes photocatalyst
reaction with the fluid to remediate the fluid in some fashion, such as to
oxidize or reduce organic compounds within the fiuid. The spheres 23,
24 may instead comprise spherical electrodeless uitraviolet lamps having

25 a photocatalytic coating thereon, the coating being sufficiently thin to be
substantially transparent to microwave electromagnetic radiation, so the
radiation can penetrate to the substance within the sphere thereby to
maintain the ultraviolet radiation which activates the photocatalyst on the
surface of the spheres 23, 24. The thickness of the coating can be

30 determined from U.S. Patent 5,865,959. In this case, thereis a
photocatalytic reaction with material in the fluid. In Fig. 1, instead of
spheres 24, the spherical electrodeless ultraviolet lamps 23 may have
particles interspersed therewith, the particles either being of a



surface of the spheres 23, 24. The thickness of the coati ndéNovBMBER 2006
determned fromU. S. Patent 5,865,959. In this case, there is a
photocatal ytic reaction with material in the fluid. In Fig. 1, instead of
spheres 2A¥00He48§heri cal el ectrodel ess ultraviol et | anps 2P8TSY3/IMBFR
particles interspersed therewth, the particles either being of a 06
NOVEMBER 2006 WD 03/094982 PCT/ US03/ 11352 8 photocatal yst material, or
bei ng of a non-photocatal yst material but having a photocatal yst coating
thereon. In Fig. 1, if desired, the mcrowave reflectors 18, 19 may be
coated with a photocatal yst so as to enhance the interaction with the
fluid. 51n Fig. 2, a fluid renediation zone 26 includes the duct 14, the

m crowave refl ecty ; t i npstead of

apher o, it cont ot SRRieldl, of befitors o BpRcavst frallla 007 20,

lanps 27 are di spE¥EW dphatocatalyst spating thesgarely Kigpar ideeired.ghehe | ong
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surf ace appropriately thin layer of ultraviolet-activated photocatalyst. In Fig. 2,
the cylindrical electrodeless ultraviolet lamps 27 may have particles (e.g.,
spheres, cylinders, or any geometry) interspersed therewith, the particles
15 either being of a photocatalyst material, or being of a non-photocatalyst
material but having a photocatalyst coating thereon.
In Fig. 3, a remediation zone 30 comprises the duct 14 and
magnetron 22, with a plurality of permeable substrates 31-33 with
cylindrical electrodeless ultraviolet lamps disposed therebetween. At
20 least the end substrates 33 (the other not shown) must be microwave-
reflecting material so as to form a microwave cavity within the duct 14.
Al of the substrates 31-33 are provided with a photocatalytic surface
which, when activated by radiation from the lamps 36, will cause
chemical reactions with material (typically hydrocarbons) in the fiuid, to
25 oxidize or reduce such materials in order to affect them in a desired way,
such as to render them harmiess.
Instead of being energized through cavity resonance as in Figs.
1-3, the tubes 36 may be activated as in Fig. 4 by radio frequency (RF)
electromagnetic radiation inductively coupled from an RF power supply
30 39 by coils 40. The power supply 39 may have coils 40 for each of the
tubes, or each tube may have its own power supply, as suits any
implementation of the present invention. On the other hand, each of the
tubes 36 may be disposed as in Fig. 5 within its own microwave cavity



whi ch, when activated by radiation fromthe | anps 36, wil 06NQMMBENZMCal
reactions with material (typically hydrocarbons) in the fI uid, to 25 oxidize
or reduc¥Odd®tBhterials in order to affect themin a desPFENSRII3S2such as
to render them harm ess. Instead of being energized through cavity resonance
as in Figs. 1-3, the tubes 36 may be actidated as in Fig. 4 by radio
frequency (RF) electronagnetic radiation inductively coupled froman RF
power supply 30 39 by coils 40. The power supply 39 may have coils 40 for
each of the tubes, or each tube may have its own power supply, as suits any
i npl ementation of the present invention. On the other hand, each of the
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cylinder is irradfi t?"\/\'fPt He&ﬁﬁgﬂgﬂ‘%ﬁ% tu&%fﬁ gigg e!eﬁroalegam bed
extending from each base into the cylinder 46. During ignition, a start-up
power supply 48 temporarily provides electric power to the electrodes 47
15 so as to enhance the ultraviolet discharge within the cylinder 48, as the
cylinder is irradiated with electromagnetic radiation, as described
hereinbefore. However, electric power to the electrodes is shut off once
ultraviolet radiation has been obtained, and the ultraviolet radiation is
sustained solely by the electromagnetic radiation. In this way, the long-
20 term heat effects, including generating deposits in the lamp, are avoided.
Emission of ultraviolet radiation is described in Boulos, M.I. et al,
Thermal Plasma: Fundamentals and Applications, Vol. 1, Plenum Press,
N.Y., 1844. Microwave driven electrodeless ultraviolet iamps are
available from Fusion UV Systems, Inc. Inductively driven electrodeless
25 ultraviolet lamps are available from Sylvania and from Phillips.
The aforementioned patents are incorporated herein by
reference.
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ultraviolet radiati on has been obtained, and the ultraviolet radiation is
sust ai ned solely by the electromagnetic radiation. In this way, the |Iong 20
term heat effects, including generating deposits in the |anp, are avoi ded.
Em ssion of ultraviolet radiation is described in Boulos, MI. at at,
Thermal P . danental s and Applications. Vol. 1, Ple N Y.,
1944. M clrvgémﬁsle ?l?ven el ectrodel ess ultraviolet |anps ar epg@{ﬁrog/gﬁeszf rom
Fusion WV Systens, Inc. Inductively driven electrodel ess 25 ultraviolet

| anps are avail able from Syl vania and f8om Phillips. The aforenentioned
patents are incorporated herein by reference. 06 NOVEMBER 2006 WO

03/ 094982 PCT/US03/11352 8 dains 1. A fluid renediation zone, conpri sing:
a pluralitGlainis el ectrodel ess ultraviolet |anps (23, 27, 36) disposed in a
finite space (17) through which a fluid nmay pass to be renedi ed; neans (22,
39, 40) for exciting said electrodeless ultraviolet lanps with

el ectromagneti ¢, r adadluidrenfeaidtibazoadi ddniprigipg: em t ul travi ol et
el ectromagnetic radiation wthin said space;_and a plurali

; t f
ul travi ol et - ac@iPlaliy oppigeiredalegsydiravigietlaras (23, @7\/\%(?‘)0%3&%8"%%?%%%5 are a

coating, %b@céjﬁ?gﬁﬁc%bﬂ\Dhiéﬁh(?lu%‘é?’p%)stbrtiétreﬁ'iéidﬂadl?ho'[ ocatal yst surfaces,
when activated by said ultraviolet electromagnetic radiation react with

matter in sai dneans €22 39, #0dPeexcitingrfif eleetraggressiultiavipletampemiinsai d sur faces
are exter @@ctréiﬁrap yﬁ:sraeifatiér"f‘bg tHa@ggi%’larﬁé% ImA At VitfletRfid ddmanblié FoRatohy thin

to be substantia transparent to mcrowave el ectromagnetic radiation. 2.
A fluid ravtbinsaid spacgodrd according to claim 1 wherein: said space (17) is

confined by a H‘ﬁ&&p@%ﬂu‘f&dﬂ&@-&&%féﬁt o%@dataﬁ%;@ suftdges, iMWHRY thel élfrﬁél:@& a
m crowave cavity, at |east one portion of sald cavity being perneable to
sai d are a coating, are disposed in said space so that said photocatalyst surfaces, when
activated by said ultraviolet electromagnetic radiation react with matter in said fluid to
thereby remediate said fluid;
wherein said surfaces are external surfaces of said lamps, said coating being

sufficiently thin to be substantially transparent to microwave electromagnetic radiation.

2. A fluid remediation zone according to claim 1 wherein:

said space (17) is confined by a microwave-reflecting material (18, 19), thereby
forming a microwave cavity, at least one portion of said cavity being permeable to said
fluid; and

said means comprises a magnetron (22) disposed to emit microwave

electromagnetic radiation into said cavity.

3. A fluid remediation zone according to claim 1 wherein said means
comprises:

a plurality of magnetrons (22), one for each of said lamps;

a plurality of cavities, one for each of said lamps, each formed with a
corresponding one of said magnetrons (22) and with microwave reflecting porous
material (18, 19) which is permeable by said fluid.



fluid;, and said nmeans conprises a magnetron (22) di sposed 0®@NeVEMBER20H6aVe
el ectromagnetic radiation into said cavity. 3. Afluid renediati on zone
according to claiml1 wherein said neans conprises: a plurality of
magnetrons (22), one for each of said lanps; a plurality of cavities, one
for each of said | anps, each fornmed with a correspondi ng one of said

nmagnet r ongy, a%?&dbvm th mcrowave reflecting porous %gg}gggg@ns}%

which is perrre y said fluid. 06 NOVEMBER 2006 WO 03/

PCT/ US03/ 11352 9 4. A fluid remediation zone according to claim1 wherein
said neans conprises: one or nore indu&tive couplers (40) disposed to
excite said |lanps; and at |east one radio frequency power supply (39) for
driving said inductive couplers (40). 5. Afluid renediation zone according
to claim1 whedei n:Adflaiddesediatior gore acaordiag td caist 1 ehergiosaidsneansst r at e
pernmeable by said fluid. 6. A fluid renediation zone according to claim1
wherei n: S¥PB"E5r f aces are on spheres (24) formng a bed having interstices
t hrough whi ch ofsbidmblelindudtivg cpagiers (40) dispdseddo ertiediaid iapipszané according to

claim6, wherein said particles are |cI s.of sajd catal A fluid
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of matter other than said catalyst, coated wnth said catalyst. 9. Afluid
renmedi ati on zone according to claim1 wherein: said el ectrodel ess

ul traviol et |afps cAMP rg@ea'aﬁpwam ageording frelpigs 1 Whsteiy  cyl i nders (27,

36) arranged 'gh.&@bﬁaée%a&sohcatréra@thepérawg@ééu@@péma%%w@ﬁ@ﬂeuar ough
whi ch said stream nay pass, said | anps having a coating of

ultraviolet-activated photocatalyst so that said photocatal yst when
activated by sgid UAf{RAVEReRlation zone according to claim 1 wherein:

said surfaces are on spheres (24) forming a bed having interstices through which
said fluid may pass.

7. A fluid remediation zone according to claim 6, wherein said particles are

particles of said catalyst.

8. A fluid remediation zone according to claim 6 wherein said particles are

particles of matter other than said catalyst, coated with said catalyst.

9. A fluid remediation zone according to claim 1 wherein:

said electrodeless ultraviolet lamps comprise a plurality of spheres (23) or
cylinders (27, 36) arranged in said space to provide interstices therebetween through
which said stream may pass, said lamps having a coating of ultraviolet-activated
photocatalyst so that said photocatalyst when activated by said ultraviolet
electromagnetic radiation, reacts with matter in said fluid to thereby remediate said fluid,
said coating being sufficiently thin to be transparent to said microwave electromagnetic
radiation.



el ectromagnetic radiation, reacts with matter in said fl ui@ NovENBERR2006
renmediate said fluid, said coating being sufficiently thin to be
transparent to said mcrowave el ectromagnetic radiation. 06 NOVEMBER 2006
WO 03/094982 PCT/US03/11352 10 10. A fluid renediation zone according to
claim9 wherein: said space (17) is confined by mcrowave reflecting
mat eri al ,&,308 3/(?9?38 | ncluding mcrowave reflecting nateri alPé’F/ﬁ@Fﬁﬁ' ) by said
uid, there ormng a mcrowave cavity, and said nmeans cConprises a
magnet r on (22) di sposed to emt mcrowave electromagnetic radiation into
said cavity. 11. A fluid renediation zdfe according to claim1l wherein: said
space (17) is within a duct (14) within which said fluid may flow. 12. A
fluid renediati on zone, conprising: a plurality of electrodel ess ultraviolet
| anps (23, 27 1(136) Altlsip osraddiatiorazdrienadcerdirgpactaihnld wheteirough which a fluid
may pass to be nedi e ect rodel ess
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ul traviol mtcr@m@trfeﬂmgeﬁaténélqﬁméam by 8hidfiuid, Sfdrebysoaniig fmidrowald ty of
ultravi ol et-activated photocatal yst surfaces disposed in said space so that

said phot‘Eﬁi’gYaﬁ'Vst surfaces, when activated by said ultraviol et

el ect romagnet i &g ﬁﬁghébbrﬂﬁré&a&haphét%rf?ﬁ @iépéébdscé'e%lf migrélvave t her eby
renedi ate said fluid; lurality of perneabl e substrates disposed

bet ween sélpefrgnagnetic radiafion iplossaid edMyess ul traviol et |ights, wherein said
plurality of perneable substrates are coated with a coating that is

sufficiently thin to be substantially transparent to m crowave
el ect r omagnet i tl. r ad) ftif ¢emediation zone according to claim 1 wherein:

said space (17) is within a duct (14) within which said fluid may flow.

12. A fluid remediation zone, comprising:

a plurality of electrodeless ultraviolet lamps (23, 27, 36) disposed in a finite
space (17) through which a fluid may pass to be remedied;

means (22, 39, 40) for exciting said electrodeless ultraviolet lamps with
electromagnetic radiation so that said lamps emit ultraviolet electromagnetic radiation
within said space;

a plurality of ultraviolet-activated photocatalyst surfaces disposed in said space
so that said photocatalyst surfaces, when activated by said ultraviolet electromagnetic
radiation react with matter in said fluid to thereby remediate said fluid; and

a plurality of permeable substrates disposed between said plurality of
electrodeless ultraviolet lights, wherein said plurality of permeable substrates are
coated with a coating that is sufficiently thin to be substantially transparent to
microwave electromagnetic radiation.





