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TECHNE FIELD
10 The present invention relates to methods for air

disinfection by photocatalytic oxidation, and, in particular, to methods

in which the air to be disinfected is provided at a relative humidity

greater than about 40%, and then contacted with a photocatalyst in the

presence of ultraviolet (UV) light so that at least a portion of any

15 microorganisms in the air are destroyed by photocatalytic oxidation.

The present invention also relates to air disinfection devices having a

photocatalyst-coated surface illuminated by a UV light source and

having means for contacting air with the photocatalyst-coated surface

and ;neans for maintaining the relative humidity of the air above about

20 40%, so that microorganisms in the air are destroyed by photocatalytic

oxidation when the photocatalyst-coated surface is illuminated with UV
light.

Americans spend 90% of their time indoors, and while

indoors, are exposed to a variety of airborne contaminants such as

25  volatile organic compounds (VOC's), radon and biological organisms.

In a 1980 study, the Environmental Protective Agency (EPA)

concluded that indoor air pollution posed a greater health risk than

outdoor air pollution. Indoor air contamination is estimated to cause
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signi ficant increases ?rr?d‘rxr%tg’il%yél costs and a decline in work
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pol lutant |evels from I ndi vi dual sources may not pose a
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Known as the “sick buld,dhi8rssP Pofiifon. HifesS& REHIRE from such indoor poltutants
are sometimes known as the "sick building syndrome.” The causes of
indoor air pollution are unwanted particulate matter, unwanted
chemical substances and microbial contaminants. In the first two

10 cases, conventional technology can oftentimes provide a solution by
filtration and adeqguate ventilation. The problem of volatile organic
compounds (VOCs) and microbiological contamination creates a more
serious obstacle.

Because so many Americans spend a great deal of time in

15 offices and buildings with mechanical heating, cooling, and ventilating
systems, such systems pose a risk of biological contamination. In
recent years, biological problems in indoor environments have received
considerable attention. = The Legionnaires' disease outbreak in
P}ﬁiadelphia in 1976 is probably the most publicized case of iliness

20 caused by indoor pollutants.

Biological contamination includes bacteria, molds, and
viruses. A contaminated central air system can become a breeding
ground for biological contaminants and the forced air can distribute the
contaminants throughout the building.

25 " During the past three to four decades, significant changes
have occurred in the construction and operation of buildings. The
building envelope has become tighter, thus less outside air is being
used in heating, ventilation and air conditioning (HVAC) systems.
Microbial agents are not so readily diluted by mixing with fresh air,
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10  (including mechanical and electrostatic filters) that may be used as part
of the building's forced air heating/cooling system to reduce indoor
concentrations of respirable particles. Microbiological filters have
been used for disinfection of air and other gases because of their low
cost and ease of handling. These filters can be constructed to remove

15 not only microorganisms but submicron particles as well. For efficient
and economic operation of these filters, the aerosol content of the air to
be filtered must be low. (Microorganisms, particles, or droplets of
liquid dispersed in air are referred to as aerosols.) A disadvantage of
sucl; filters is that they do not permanently remove the contaminants,

20 but just transfer them to another medium; that is, the filter. Clogging
will cause high pressure drops in the duct.

One viable solution is to permanently remove the
contaminant and produce nontoxic residue. UV disinfection has been
widely used in the past to destroy biological contaminants and toxic

. 25 chemicals. ’

Such UV treatment has worked well for disinfection but
the indoor environment may also be contaminated with low level toxic
chemicals such as formaldehyde, styrene, and toluene. Ultraviolet
energy alone has proven ineffective in degrading these chemicals. For
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20 but just transfer themto another nedium that is, the filter, C ogging
wi || cause high pressTiQy tor bp sapable of killing Serratia marcescens after irradiation for
10 60-120 minutes in water. Saito et al., J. Photochem, Photobiol.
B:Biogl,, 14, 369-79 (1992); Matsunaga, Anti ifungic
Agents, 13,211-20 (1985); Nagane et al., J. Dent. Res., 68, 1696-7
(1989) and Moriaka et al., Caries. Res., 22, 230-1 (1988), report TiO,
to be capable of killing E. coli and Lactobacillus acidophilus after
15  aeration for 60-120 minntes in water. Wang et al., Proceedings of the
First International Conference on TiO, Photocatalytic Purification and
Treatment of Water and Air (London, Ontario, Canada, November
8-13, 1992) pp. 733-9; Wang et al., Proc. AWWA Conf, (San
Ant;)nio, TX, 1993); Savat et al., J. Catalysis, 127, 167-77 (1991) and
20 Anderson et al., Further Catalytic Purification of Water and Air, 1,
405-20 (1993) report the gas phase detoxification of trichloroethylene
(TCE) and other organic contaminants. There remains a need for a
method by which microorganisms may be removed from the air.
SUMMARY OF THE INVENTION
25 This need is met by the present invention.
It has now been discovered that air may be disinfected of
microorganisms by the photocatalytic oxidation stimulated by the action
of UV light on a photocatalyst under controfled humidity conditions.
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the duct system of a troubled building. The reactor units can be
disposed within one or several trunk ducts of the air distribution system
or a reactor can be disposed in each duct leading to a room register.

A further objective of the invention is to provide a
10  detoxification reactor unit which can be readily disposed in new

circulation systems or as a modification to troubled circulation systems,
or as a stand-alone air filtration unit, or as an exit ventilation system or
it can be used as an exit chamber for a vacoum cleaning system.
A still further objective of the invention is to provide a
15 means by which the airflow rate through the reactor and the humidity
of that airflow can be regulated so as to produce the maximum
destruction efficiency of a UV light acting on a catalyst such as TiO,.
Another important objective of the invention is to provide
a 'photocatalytic oxidation system that not only destroys
20 microorganisms but also decontaminates the organic chemicals, as well
as odors resulting from microorganisms and volatile organic
contaminants which are often times found in indoor air,
Another objective of this invention is to provide a duct
coated with the catalyst that will remain free of microorganisms if a
25 light of appropriate wavelength range is incident on the catalyst coated
duct surface.
A further objective of this invention is to provide stand-
alone embodiments for purifying contaminated air departing from
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Therefore, in accordance with one embodiment of the
10 present invention, a method for disinfecting an air stream containing
microorganisms includes the steps of providing an air stream
containing microorganisms having a relative bumidity greater than
about 40%; and contacting the air stream with a photocatalyst having a
predetermined band gap energy in the presence of a source of photons
15 having a wavelength corresponding to the band gap energy of the
photocatalyst, so that at least a portion of the microorganisms in the air
stream are destroyed by photocatalytic oxidation. Preferred methods in
accordance with the present invention also control the flow rate of the
air‘stream so that at least a portion of the microorganisms in the air

20 stream are destroyed. |
The present invention also includes devices embodying
the inventive method. Thus, in accordance with another embodiment
of the present invention, a device for disinfecting a quantity of air
containing microorganisms is provided having a. surface coated with a
25 photocatalyst having a predetermined band gap energy; means for
illuminating the photocatalyst-coated surface with a source of photons
having a wavelength corresponding to the band gap energy of the
photocatalyst; means for contacting the air with the photocatalyst-
coated surface, and means for maintaining the relative humidity of the
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Another obj ective of phépchta¥Rf hhdifig!aSpledefttidedbandisip energy disposed in the
duct; a lamp disposed in sufficient proximity to the photocatalyst to

illuminate the photocatalyst with a source of photons having a
wavelength corresponding to the band gap energy of the photocatalyst;

15 and a humidity controller adapted to maintain the relative humidity of
the air in the duct above about 40%, so that at least a portion of the
microorganisms in the air are destroyed by photocatalytic oxidation
upon contact with the photocatalyst when the photocatalyst is
iuux;linated with the UV light from the lamp.

20 According to yet another aspect of this embodiment of the
invention, a stand-alone device for disinfecting air containing
microorganisms is provided having a chamber through which the air is
moved; a blower connected to the chamber to move the air
therethrough; a photocatalyst having a predetermined band gap energy

25 disposed in the ‘chamber; a lamp positioned to illuminate the
photocatalyst with a source of photons having a wavelength
corresponding to the band gap energy of the photocatalyst; and a
humidity controller adapted to maintain the relative humidity of the air
in the chamber above about 40%, so that at least a portion of the
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encl osures in which certain del eterious
processes take place; for exanpl e, ™Pai nti ng encl osures.

The st and- al one enbodi rent ed
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is critical, doctor NConfRP Mwith’ §Ré pROWEatalydt | Whet heie | photddatiigst is
where recircul ation :A@ easi bl e and odor?reductlon and a hi gh degree of
purification are necelantiyattdwithdUVdightonfort to those using these
facilities. Therefore, in accordanc th one
enbodi ment of the 10 praﬁrernresmmsﬁn OHEFWPSTW'?’GV&¥WE&M§; an
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providing an air Str
microorganisms may be extended by coating the filter media with a

photocatalyst having a predetermined band gap energy. When the filter
media is illuminated with a source of photons having a wavelength
corresponding to the band gap energy of the photocatalyst under
10 conditions of relative humidity effective to initiate the aforementioned
photocatalytic oxidation, at least a partion of the microorganisms
entrapped by the filter media are destroyed, thereby purging the filter
media of the entrapped bioaerosols, so that continued entrapment of
bioaerosols by the filter media is possible, increasing the time period
15 Dbetween the filter changes.

According to this embodiment of the present invention, a
filter medium is provided capable of trapping bioacrosols having an
upstream surface to be contacted with an air stream containing
mic;oorganisms, wherein the upstream surface of the filter medium is

20 coated with a photocatalyst. Preferably, the filter medium is contained
within 2 HEPA filter or a microporous filter.

The above and other objects, features and advantages of
the present invention will become clear from the following description
of the preferred embodiments considered in conjunction with the

25 accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagrammatic-schematic of a typical
heating/cooling duct system for a building with a reactor system of this

invention incorporated therein;



contai ning mcroorgani sns having a relative humdity greater than
about 40% and contacting the air streamw th a photocatal yst having a
predet em ned band gap energy in the presence of a source of photons

15 having a wavel ength corresponding to the band gap energy of the

phot ocat al ystywo9%ndghstt at least a portlon of the m croorgammggm.{zbe aisr
stream are destroyed by photocatal ytic oxidatign. Preferred nethods in

accordance with the present invention aI so comProl the flow rate of the

air streamso that at | east a J’tIO ,he mcroogganls.ms in t air
20 stream are destroyed. . agrammatqen TSPRELVRViPW nt FW%H S0

i ncl udes devi ces e"bogﬁ’ﬁtrefﬁtog%f,mses ofmug@&dgﬂmgr&%g,%g%egﬁm%} qtf[gi“'?ie

accordance with anoth resent 1 nvention, a

device for disinfecting a quantFigir®fB & hn exploded dxagﬁﬁﬂhé’tid“vi@;v 111ustranng
m cr eorgani sns i s provided having a surface coate wth a

phot ocat al yst havi ng aseyeraldsf principat ¢obpodents of threcregptor mains f or
illum nating the photocatal yst-coated surface with a s@a}rce of phot ons

havi hg a wavel engt® cor respondi Figures e AMd 6gare ¢nqgs-sections of
Coat ed surf ace, and muares GRongrRaL o AE eadot ep%ta?v%“ﬁas i '8 Figpoe 2
VO 97709073 showing the arrangement of UV lamps with respect to ESattd niiived s 04
Figure 7 is a longitudinal cross-sectional view of a stand-
alone embodiment;
10 Figure 8 is a vertical variation of the stand-alone unit of
Figure 7;
Figure 9 is a cross-section along the line 9-9 showing the
UV lamps disposed about the perimeter of a duct;
Figure 10 is a diagrammatic perspective view illustrating
15 the positioning of the UV lamps with respect to a catalytic insert;
Figure 11 is a longitudinal cross-sectional view of another
stand-alone embodiment in accordance with the present invention;
Figure 12 is a longitudinal cross-sectional view of another
suu;d-alone embodiment in accordance with the present invention;
20 Figure 13 is a longitudinal cross-sectional view of a
catalytic insert in accordance with the present invention;
Figure 14 is diagrammatic perspective view of another
embodiment of a reactor unit in accordance with the present invention;
Figure 15 is a diagrammatic perspective view of a
25 catalytic insert in accordance with the present invention;
Figure 16 is a diagrammatic perspective view of a UV
lamp assembly in accordance with the present invention;
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15 and a humidity controller adapted to maintain the relative humdity of
the air in the ducf amesmatehUy:lampgssemblyiat at | east a portion of the
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upon contact w th the photocat ?Wﬁéﬂgmmsm@qu of & reactor
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According to yet another as evi“{i %f this e oc}?drrent O?m{)h%ssem y depicted in
i nvention, a stand-al Bigurdd8;ce for disinfecting air containing

m croorgani snms is provided having a chanmber through which the air is
noved; a bl ower connected to thEiguresndfband 21 ase diagrammatic perspective views of
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phot ocatal yst with a %ggn;of phot ons havi ng a wavel ength

Figures 22 and 23 are diagrammatic perspective views of
reactor embodiments of the present invention mounted in the air supply
registers of HVAC systems§

15 Figure 24 depicts the destruction of Serratia marcescens
by photolysis and photocatalysis at 30% RH;

Figure 25 depicts the destruction of Serratia marcescens
by Photolysis and photocatalysis at 50% RH;

Figure 26 depicts the destruction of Serratia marcescens

20 by photolysis and phobocamiisis at 85% RH;

Figure 27 depicts the effect of different humidities on
destruction of Serratia marcescens;

Figure 28 depicts the destruction of Serratia marcescens
by photolysis and by photocatalysis with two different reactor

.25  configurations at 50% RH and a UV intensity of 100 W/m?; and

Figure 29 depicts the destruction of Serratia marcescens
at different UV intensities.

It should be noted that the drawings are not nccessax:ily to

scale, but that certain elements have been expanded to show more
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phot ocat al yst having a predeterm ned band gap ener gy. V\hen the filter

media is illumnated B DH ARR 1) INVAR
corresponding to the band gap ener gy of the &pOt ocat al yst under
conditions of relative hum di tyRm oW oo rﬂfﬁm ‘t’hﬁ!’ﬁ%ilf]ék%ﬁkmqnéhé@

phot ocat al ytic oxi L S rt L on_of ani

ntrapped by he 141t iriens by 8 miells, o Aofarablip o Pk Be presemt

medi a of the entrappeﬁpg AHl%in t t?]\?e?ﬁ%

bi oaerosols by the fi hﬁaﬁ&l al 2‘ 53@&‘%?&“’8%?’2;{%%%@? e ti mels%‘g‘rowg ?
Figure 1 in which the numeral 10 depicts the system of this invention.

In most buildings, a blower/fan causes the air from the various zones
of an air conditioned space to be drawn into a duct system via inlet

10  openings and particle/aerosol filters 12. The air then can pass over the
heating coil of the furnace or the heating/cooling coil of an air
conditioner/heat pump of the air conditioning unit 14. The cooling coil
will act as a dehumidifier since it condenses moisture from air as it
cools the air.

15 The fan 65 of the air handling unit 14 will force the air
passing over the coils 13 and 15, into a duct system 18. In Figure 1
there is a master reactor 21 along the duct 18. In many installations
this will be sufficient. However, in the embodiment of Figure 1, there
is a'.‘lso shown a series of reactor units 22 disposed in branch lines of

20  duct system 18. '

Figure 2 diagrammatically illustrates the major
components within reactor 21. These components will also be found in
reactors 22. These major components are a catalyst-coated liner 29, a
bank of UV lamps 24 and a catalyst-coated mesh or matrix of surfaces

25 28. In some instances only a coated liner or a coated mesh is used.
Here both are used. For purposes of the present invention, the
catalyst-coated liner and mesh are referred to collectively as catalytic
inserts. The lamps preferably deliver low energy photons of the UV-A



15 between the filter changes. According to this

enbodi nrent of the present invention, a filter mediumis provided
capable of trapping bioaerosols having an upstream surface to be
contacted with an air stream containi ng m cr oor gani sns, wherein
t he upstreamyegiofevees of the filter mediumis 20 coat edTAE4614204 .
phot ocatal yst. Preferably, the filter nedium i-fzcont ai ned W thin

a HEPA filter or a mcroporous filter. g The above

and ot her objects, featuyr v.alits th

I nvention w || becom%#éﬁe??‘g?#gt@}hgﬁf%w&%ﬂé%mm’n & W%v%%len%tp
the preferred embodi MpgiseehabobeS0C:and Shal@00T@ iprofiridd, L he 25
acconpanyi ng draw ngs. BRI EF DESCRI PTI OF THE DRAW NGS
Figure 1 is a di agrammati c- scheWatious interiors pfireawtor 22 can be seen in Figures 4, 5
heati ng/ cool i ng duct systemfor a building wth a reactor systemof this
i nventi on i ncor por at e@nd fer 4 bank of UV lamps 34, compegted to an electrical source by

Fioure 2 i a diaghaniai o gericisaklonds 25 ang 36 are mvailgbly to each reactor.  Fhe
for purposes of il usidyghB%nds e showitin Figies afd B%ut ¥irfiitfr leads will be
present in all embodiments. The UV rays from lamps 24, in these
embodiments, strike a coated liner 29 (Figure 4) or one side of 2 mesh
and a coated liner 29 (Figure 6) either or both of which may be coated
10 with the photocatalyst. The UV rays may alternatively be directed to
both sides of coated mesh 28 and coated liner sections 29 and 29' on

each side thereof. See Figure 5.
Essentially any material capable of catalyzing
photocatalytic oxidation when illuminated with a source of photons in
15 the presence of air having a relative humidity greater than about 40% is
suitable for use as a photocatalyst in the present invention. Such
materials are readily identified by those of ordinary skill in the art
without undue experimentation. Examples of suitable photocatalysts
are' semiconductor materials such as ZnO,, TiO,, and the like;
20 however, essentially any semiconductor material or a semiconductor in
combination with a noble metal or other metal such as silver may be
employed. Preferably, the photocatalyst is used in combination with a
source of photons including wavelengths corresponding to the band gap
energy of the photocatalyst. A preferred source of photons is UV
25 light. The preferred photocatalyst is TiO,, which has a2 band gap
energy falling within the energy range of UV photons of wavelengths

300-400 nm.

The mesh 28 may be made out of any material to which a

photocatalyst will adhere by conventional methods. The duct liners 29



Figure 3 is an expl oded diagrammatic view illustrating sever al
of principal conponents of the reactor unit; 5

Figures 4, 5 and 6 are |ongitudinal cross-sections of vari ous
enbodi nents of the reactor unit along the line 4-4 of Figure 2

show ng the a¢emg@erent of UV lanps with respect to coated mreTUSIEI4204 .
Figure 7 is a |l ongitudi naI cross-sectional viey,of a stand-

al one enbodi nent ; Fi g 38 is a vertical variation
of the stand-al one unit o re.7

Figure 9 is a cross-s&& Eyﬁ madri oof ey 'Fr%gergalgﬂ)gﬁomgﬂpwethe deposition g5d

| anps di sposed about Ghf.REEd te
Figure 10 is a di agratr!rlnat I C pgfé?h tive €§ﬂew | us??ra%l}rfn%cc 31 by cfgverﬁ%xal

p03|t|on| ng of the Wnhethgds. Wi th respect to a catalytic insert;
Figufe 11 is a longitudinal cross-sectional view of another °
st and- al one enbodi nent in accormg@xmlpmfesqshéiimn and materials for the mesh

Figure 12 is a longitudinal cross;sectional vjew ther
stand- al one enbodi freninGipde; }’5’5 Gpttoy, m}’é‘rﬂlﬁ%a“d synthetig,

noert in accordance HPRF G B 1 ﬁ?tﬂﬁaﬁvéﬁw&ﬁmmﬂkﬂm ol ©

Figure 14 is di agr ampddiéridlesadleas fume/telivtait fbF6as iaterials and carbonsiaadi QiEnt
of a reactor unit in accordance with the present invention;

Figure 15 is a di agranﬁmwf@ngmmbéﬁrouemamﬂaf Fhe mesh 28 is constryated in a
insert in accordance th t resent i nventi.on
Jonsei w6 \Arckpiied copfiguration, or a qogpjnation

Figure 16 is a diagra

assenbly in accorggncg, i g&ﬂ %&Sﬁnknbwefélmé free flow of air without an

excessive pressure drop.

After passing through the reactors 22 and departing the
branch conduits 30, 32, 34 and 36, the air is directed to room registers.
Obviously, in a large building there may be several dozen conduits of

15 the 30-36 type branching from a plurality of main ducts. Each room
normally has an air return opening. The air is returned from each
room and recirculated through the system via a series of ducts depicted
by ‘the numerals 37, 38, 39 and 40. These ducts contain the filters 12
and merge into a collector duct 42 which returns the air to the intake

20 side of he air conditioning unit 14 where it may be re-cooled or re-
heated and returned to the duct system 18.

The retention time of the circulating air in the reactor 21
over the catalyst-coated mesh 28 or the coated duct liner 29 is
important. The speed of the air within the duct system is measured by

25 way of a detector 44.

In Figure 1 a conventional flow or speed detector 44 (a
Mamac Anubar flow detector) is located in the main duct system 18.
Speed detectors are oftentimes placed within each reactor 22 an-d it is
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Figure 17 is a diagrammatic perspective view of anot her

enbodi nent of a catalytic insert in accordance with the present

invention;  we 9709073 Figure 18 is a | ongitudi pelrussendzoes .
cross-sectional view of a wall- 5 nount.ed WV | anp assenbly;

Figure 19 is a di agrammat | C perspective view 014'a react or

I h [l - UV.l a
Tar Y1 ng the wall oy Sne e e Sht s dzzc@teeé‘w%grpms%hepésagigﬁ%
vi ews of 10 al hﬁft@ﬂ&d&‘ﬁe&'ﬁgﬂh ts of reactor units in apcordance

with the present I nventi on; Fi gures 22
and 23 are di agrammatic per spedrhyeasterahsa&fspeed the less tith€ adt will betkedinegnt s

of the present invention nounted in the air esgpﬁ regi sters of
HVAC syst ens; 16ver the catalytxc surfwesguf an or dnscanteet deith rthe tdoated of

Serratia nmarcescens phot aAS and_ phot ocat al yS| s .at 30% RH;

Figure 25 depicts §hes‘é§%‘fe§u%1 ny $ SPRed (s valymetric mplaccmq;y is
D0 oY) 2 PO oAl Sl RO s, As sad previouay, it F Bty
desirable to maintain air movement throughout the building at all times.
Here, air speed is adjusted for a maximum destruction of the
deleterious matter by controlling the retention time over the catalytic
10 surface.

This retention time will vary depending on the air flow
rate, the size of the ducts, the area of the catalytic surface and other
physical characteristics. In any event, the air speed or volume flow
rate is entered into a microprocessor 62 from the detector 44. The

15  microprocessor 62 in turn will control the speed of fan motor 64 and
thus the air displacement of fan 65. The blower speed is always
adjusted fo provide the required residence time. For example, an air
speed of approximately 70 ft/min over 2 inches thick catalytic mesh
pro‘;rided good disinfection and destruction rates in the experiments

20  conducted.

Figure 14 shows a catalytic insert with a honeycomb
structure having square air passages. Figure 15 shows a catalytic insert
construction with circular or oval inner passages. Other geometric
shapes may be substituted for the ones shown in Figures 14 and 15.

25 The photocatalyst-coated surface area within a catalytic insert may be
increased through the addition of photocatalyst-coated fins 226, as
shown in Figure 17. A pleated surface may also be employed. The
catalytic insert structures may be made of plastic, fiber, metal and
other materials. The surface area of the mesh or the liner will dt;,pend



20 by photolysis and photocatal ysis at 85 % RH, _
Figure 27 depicts the effect of different humdities on

destruction of Serratia marcescens; Figure 28

depicts the destruction of Serrtia nmarcescens by photol ysis and
by phot ocat akyusémoswtst h two di fferent reactor 25 confi gorasssmasesat 50%
RH and a W intensity of 100 Wnferr]; and : Fi gure 29
depicts the destruction of Serratia mar cescensld- at different W/

intensities. [t should b oted i hat the dyraw ngs
are not necessarily tg® the m%c%@“‘%ﬁ‘fﬂ{sh&? r COPRIIp h%?e%ﬁeen
expanded to show nore : Ofct : ian 3 .

PCT! US96/ 14204 determined &Qpﬁﬂaﬁ? the installation mvolwfe{ll ‘without undue
clearly the various aggsgimemitidthe present invention and their '

advant ages. BEST MODE OF CARRYI NG QUT THE | NVENTION
Referring now to the drawi ngs whe aielativek bumiditsenefs the ecirculating mir  isdialsat ed

vt fon enbody . HEPSTERoTHF TEHEVE BEBALY Ievehf o A S swHcelyfor the
Figure 1 in which thequnRfiah df niERIEEmidmE UShitst Pe be''a®1dvaY $Hechle to
| enhance the destruction of at least a portion of the microorganisms by
photocatalytic oxidation upon contact of the microorganisms with the
photocatalyst when the photocatalyst is illuminated with UV light, that
10 is, a relative humidity greater than about 40%. A relative humidity
within the range between about 40% and about 70% is preferred, with
a relative humidity between about 50% and about 60% being more

preferred. A relative humidity of about 50% is most preferred.
Referring to Figure 1, disposed along the length of
15 duct 18 is a humidifier/dehumidifier unit 50 (sold by Sun Chemical as
Model SUN 13) controlled by a detector probe of the type sold by
Mamac as Model HV-2222, If detector 52 detects that the relative
humidity in the air is less than 50%, a water spray or atomizer unit 54
is c;used to spray enough moisture into the air stream as a fine mist to
20 raise the relative humidity to approximately 50%. If the relative
humidity is over 70%, moisture is removed by dehumidifier system
here represented by cooling coil 56. Coil 56 can be a separate unit but
in many instances, the coils of unit 14 can be utilized. A separate
back-up coil 58 can also be provided. Dehumidification of air may be
25 achieved by condensation of water using a cooling coil as shown in
Figure 1, or by other conventional techniques such as desiccant

dehumidification.

The relative humidity and flow rate are preferably

selected so that complete destruction of the microorganisms in the air



In nbst buildings, a blower/fan causes the air fromthe various zones
of an air conditioned space to be drawn into a duct systemvia inlet
10 openings and particle/aerosol filters 12. The air then can pass over

t he heating coil of the furnace or the heating/cooling coil of
an air wo 9ooaNdi tioner/ heat punp of the air conditi op¢ngssénudosls. .
The cooling coil wll act as a dehumidifier since it condenses
noi sture fromair as it cool s the @ér. 15

The fan 65 of the air handli ngll.unéc* 4 wll force.the

passi ng over the coi | ¥@m A4 nt'8 FPIGTERCTRAN S 3 I%I.a{iﬁ1h}*f”§m of 50%

there is a naster re I i '
this will be suffici eﬁtd.“dl—%lvv%@e’ﬂ,@% 88nittigh of ﬁe‘ﬂ’f@;‘?gﬁ‘%ﬁ% ?“J’l“%t N an
i s al so shown a seri egir@pesdoofdpproxiniataly 70 feintin @vesl2 inchbthidkCeatdlvie snedh in

20 duct system 18. . . . Figure 2 diagranmatically
illustrates the majora recirculating aiongetentBorwputpases exfc ther pRdsenfHevention,

conponents will also Se foupd |n
a

. reactors 22. These mmj or
conponents are a cat Woyg@mocpr!gﬁ@,smgggreadegned as nucrgggﬁmgmsdhat dhepe 24
and, 2 catel yot - coat e iRl g UL RS oyl ribocsishd e
both are used. For pupf@s@eredy stunfied) shoekdd o ¥@RiwP indcfi®ated that are capable
catal yst-coated liner and nesh are referred to collectively as catalytic
inserts. The | anps prefbeinprgvived.i ver | ow energy photons of the Uv-A
Figure 1 discloses a master reactor 21 and branch
10 reactors 22. In relatively small installations, only reactor 21 will be
used. In relatively large installations only reactors 22 will be used.
They are combined in Figure 1 to show that the combination can also
be employed.
The reactors may be provided with their own independent
15 relative humidity and flow rate controls, so that each reactor functions
as an independent photocatalytic device. Alternatively, each reactor
may be adapted to the relative humidity and flow rate controls of the
HVAC system in which it is installed, thereby converting the HVAC
systc:,m into an apparatus in accordance with the present invention.
20 Under such circumstances, the reactor will consist essentially of a
catalytic insert and a UV light source for illuminating the surface.
Such devices preferably have a photocatalyst coating surface area
adapted to provide sufficient contact with the circulating air at the
relaﬁvé humidity and air flow rate of the HVAC system to destroy at
25 least a portion of the microorganisms contained in the air.
Figures 4, 5 and 6 disclose various embodiments of lamp
and catalyst location within an individual reactor 22, The UV lamps 24

are shown diagrammatically. The lamps are supported in any
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and | ower energy portion of the UV-B spectrum A UV wavel ength

bet ween about 300 and about 400 nmis preferred.

Vari ous i nt erw@p®073 r eact or 22 can be seen in Figures 4, 5 PCT/US96/14204 gnd
6. A bank of UV | anps 24, connected to an el ec.Zr’l cal source by 5
way of electrical |leads 25 and 26 are avail abl €°to each reactor The

| eads 25 and 26 are s Atld Sdrg‘#n% %]éﬁl
present in all enbodi %ﬁ?es nEIe w raysﬁ?gom I ai[¥p ese &sﬂ%@uve

embodi ments, strike acadytiosurfages. 29 (Figure 4) or one S|de of a nesh
and a coated |iner 29 (Figure 6% elther or both of which may be coated
10 with the photocatal yst. TheFigure 48 maarqaétonalz vewndermtamlailmgr

bot h 'si des of coated rre 28 a cat.ed |i sect,i ons a 9'
each side thereof. Se S%'gzg 15 disposed Within a duct secuonE g‘éﬂ?‘i‘qlq“yfa%gﬁ

mat eri al capabl e o edPtFEP gm@% oxi dati on when
7‘#@9? smldxcat h@ Xfpr esence of air

illumnated with a source 0

having a relative humdity greaF@hré diseisies #984actsr 22 m which tB!icaBiytic

for use as a photocatalyst in the present invention. Such
materials are readi|y ibstetstareicoated inen 28 anid 20'diwkicly ask iwfithin the dectarand a

wi t hout undue experl tat I O Exa ui t abl e phot ocat al ysts

are sem conduct or PI&I"! g%‘g‘ﬁ M&%‘%?‘l rﬁﬁ)’lﬂ‘ﬁ@(’f on

20 however, essenti al or. tqr i

conbination with a nogk’éo%zg or OF %ﬁ;ﬂfgft@:mm g?l @@Ps%£d”§§ shown’

enpl oyed. Preferalpy, chdgwieifaradaétyst is used in conbination with a

source of photons including wavel engt hs corresponding to the band gap
Where appropriate, the filter/mesh 28 of reactor 22 may

be a filter medium capable of trapping bioaerosols. Such a filter

medium is preferably employed in any system in which it will allow a
sufficient flow of air without an excessive pressure drop. Filters
15 capable of trapping bioaerosols include HEPA filters, electrostatic
filters and microporous filters. By coating the surface of the fiiter
medium upstream of the air flow with a photocatatyst, illumination of
the photocatalyst with UV light under conditions of relative humidity
effective to produce photocatalytic oxidation will destroy at least a
20 portion of the microorganisms in the bioaerosols trapped in the filter.
This purges the filter medium of entrapped materials, thereby
extending the useful light of the filter.
Figure 6 discloses a reactor 22 in which a series of
elongated UV lamps 24 are positioned crosswise of the duct and
25 adjacent to a filter medium catalytic insert 28.
Figure 9 is a reactor cross-section showing perimeter
disposed UV lamps 24 within the liner 29 of the catalytic insert and
adjacent to the filter 28.



energy of the photocatalyst. A preferred source of photons is W 25
| {ght. The preferred photocatalyst is TiQerr], which has a band gap
energy. falling within the energy range of UV photons of wavel engt hs

300-400 nm The nesh 28 may be nade out of any
material to WoheWosrs phot ocat al yst wi |l adhere by pconsesispenal -

net hods. The duct |liners 29 WO 97/ 09073
PCT/ US96/ 14204 -18- -13-
may be made of any material that . wll allow the deposition.and

adherence of a photocatal yst on InesPTEsER, iyention ¢ alxq, copteuplatss a methed, in

met hods. : F:QHEI F@%a{ e ) rd,al s
for the nesh SWIluﬁlélﬂllj%gh%tao ur ISP [ ergérsf%};(‘::h1§ S cgﬁ)%ﬁan \?\/oo ﬁﬁya
nman- made and synt heti Gainting the intefio dast %l ish rthe Photoeplalyesicetting,. UV
pol ypropyl ene and Tefl'on, and ot her materials such as flane
resistant fibrous nat dampb sarerthen dnstaibed amdhelduct to illuminate dhégphotacatalystnal
fibrous materials. The nesh 28 is constructed in a | oose woven,
non-woven or knitt&d ceatedgatesior duct walls conbi nati on 10 thereof,

such that it allows relative fr%efﬁg\%&% a%gémﬂﬁcts%ytﬂlﬁﬂ' ing catalyfic insexts

excessi ve pressure drop.
may be mounted on duct walls. Figure 18 depicts a wall mounted lamp

assembly 128 with aluminized reflectors 122 reflecting UV light from
lamps 124. Figure 19 depicts the relationship between the wall-
10 mounted assembly 120 and photocatalyst-coated inserts 126.

The reactors may also be installed in air supply registers
of HVAC systems. Figures 22 and 23 show details of units adapted for
such installation. As the air comes out of the HVAC duct, instead of
going directly into the room, it is first treated by the photocatalytic

15 disinfection method of the present invention by flowing through
register 210. The unit essentially consists of a catalytic insert 212, UV
light source 224 and air outlet 220. Single or multiple air outlets may

be employed, depending upon the residence time required. The inside
surface of the catalytic insert 212 is coated with a photocatalyst. UV
20 lamps 224 are operated by battery or electrical power (not shown). -
The UV lamps 224 and catalytic insert 212 of the register
are removable. Any of the catalytic inserts depicted in the reactors of
Figures 4-6 are suitable for use with the register 210.
The essentials of this invention can be utilized
25 independently of a duct system. Such a stand-alone unit-80 is shown in
Figure 7. The unit 80 includes a housing 82 having an inlet 84 and an
outlet 86. Intermediate the inlet and outlet is a chamber 88 that
includes a control fan 90, a humidifier 92, a dehumidifier 93, a fan
motor 64 for driving fan 48, and catalytic insert 96 upon which UV



After passing through the reactors 22 and departing the branch
conduits 30, 32, 34 and 36, the air is directed to roomregisters.
Qobviously, in a large building there may be several dozen conduits of

15 the 30-36 type branching froma plurality of main ducts. Each room
normal |y has wo0p078et urn opening. The air is returned fronPEerUS96/14204 .
room and recircul ated through the systemvia a,@eri es of ducts depicted
by the nunerals 37, 38, 39 and 40. These ducts contain the filters 12

_ 39 anc ese duc the filters 12
20 Srde of he air conl nikbold HHE"s SEHUE U tP s S50 an B eed

heated and returned t oddtbofl99t detésmBits 18he air flow disglacemcnt. A T8&ond
retention tinme of the circulating air in the reactor 2 over the

catal yst-coated nesh Xhamber180cdat quovided |omethe2Ohouwsing 82 to enclose a

i nportant. The speed of.the air wjhin_ the duct systemis neasured by
2r5rp way of a det gct or Woprocesso}lwlbﬁ "Ine lectric povrerforithg pait B0-s provided to

conventional flow d.de T mac ,Anyb fl
detector) is |ocat g{i ?tﬁgt & main g%hc?ﬁes%%% ]ixgces.sor..lkﬁ via 1°§§e€@4 &B&gcoﬁor s
are oftentimes pl aced Thd P80 3dy beapérated it ifs'ovP humidity cont¥l S74ERAF
PCT/ US96/ 14204 -14-

the proper humidity can be insured by an air conditioning system
external to the unit 80. Alternatively, the stand-alone unit may be
operated in tandem with a humidifier or dehumidifier without departing

10 from the method or devices of the present invention. The stand-alone
unit 80 may also be operated without the airspeed detector 99, if the
unit 80 is designed and constructed with a constant air flow rate fan 48
matched with the cross sectional area of the housing 82 to provide the
required residence time for the air flow over the catalyst.

15 The stand-alone unit 80 can be supported by wheels 108
so that it can be easily moved to a position within the room where it is
most likely to encourage air flow circulation throughout the entire
room. Also, the stand-alone unit can be utilized as an exhaust unit
from a room in which undesirable fumes are present which one does

20 not wish to exhaust into the atmosphere without treating them first.
For instance, paint shops or in other industrial plants, the stand-alone
unit 80 can be built into a roof or any exterior wall or it can be adapted
for window support in the same fashion as a room air conditioner. In
any event, contaminated air is cleansed before reaching the

25  atmosphere.

Control and operation for the stand-alone unit is the same
as that previously described. When power is supplied, the fan 48 will
draw air into the inlet 84. A particulate prefilter 85 is provided to
maintain 'the interior of the stand-alone unit free of dirt that -might



that type of reactor which is described with respect to the stand-al one

units descri bed hereinafter. The faster the air
speed, . the less tinme air will be retained over the catalytic
surfaces of nmesh 28 or in contact with the coated 5 surfaces 31 of
i ner 29. Aswppeesh7dr vol unetric displacenent is PATAISO6/04204 .

retention tine increases. As stated previously,,t is usually
desirable to maintain air nmovenment throughout € building at all tines.

Here, air speed is adj i liq HP{?

del eterious matter by Wcﬁ% E%g re eg‘?& 1Ilérlr'\s‘q?c‘))\%rlg F%g %na?ox}:bxpanon

10 surface.  with a mesh. The paftitutaté teiran (e HEPA| iyp&aéléc&ostat:c

depending on the air flow rate, the size of the ducts, the area
of the catalytic surf aypeaorany bemmercially avaﬂah&ymt.cd]lnld&wnmtstmstaﬂedan thd n
any event, the air speed or volune flow e is entered intg a

) r at
m croprocessor 62 f rorﬂmoﬁ&\ééwysms,wmﬂm Prﬁgﬁcliﬁ féﬁb[heo%@B@UPd oath n
turn will control ':?h g n .ot or 64 and usthe ai,r

di spl acement of fa GBS%E“Fﬁ °B? s begaisg ings M-alone units e RIPSFOre 4rom
provi de the required r§§6r§&9§%{ﬂ ﬂdﬁ&i’l@ﬁé’éﬁ%&ﬁh a ﬂieraltern%ttve, the preBfier

of approximately 70 ft/ mn over es t catal ytic nes

provi ded good di si nf eaha;arbeamdmédszfrthmhnom reasommblynfred ef partivulatent sThe UV 20
conduct ed. gure 14 shows a catalytic insert with a

honeycomb Jights 98 eee ﬂblmmgteéqaﬁweesammpaélw@wegmsggrreta% shows
Daseages. Qher geometric  Deteciotchd S Hhesbuis € il g Y St 'nnﬁenbfnes
h in Fi h

oiChin 8 catalvei 20 aqu crggro%éssofﬂlﬁzp %Qmeﬁga{:eﬁroug ttﬁe ag@% ion

within a catal ytic |nsert e ncreas

of photocatal yst - coat agnd bﬂﬂ:e?ﬁ@ toaé‘nsm'e the propeSFstitiined tilne e il is subjected
pl eat ed surface nay al So be erﬁl oyed
: to the UV light while traversmg the TiO,-coated surfaces, whether a

liner or a mesh.

‘While this is occurring, the humidity of the incoming air

15 is monitored by unit 101 and that data is sent to the microprocessor. If
the air has a humidity of below 40%, the wetting unit or humidifier 92
is actuated until 2 50% relative humidity is obtained. If the air has a
relative humidity of above 70%, the dehumidifier 93, here utilizing a
heating coil 93, is actuated until the relative humidity is lowered to

200 50%.

Figure 8 is a vertical embodiment of a stand-alone unit.
Here a particulate/aerosol filter 118 pre-screens the air. A series of
UV lamps 98 are disposed opposite a catalyst-coated liner or
surface 100.

25 Again, the fan speed is controlled by the microprocessor
via motor 64 which receives the input from detector 44, Humidity is
adjusted in the same manner as described in Figure 7.

As shown in Figures 11 and 12, the stand-alone units of

the present invention may be adapted to receive the reactors of



catal'ytic insert structures may be made of plastic, fiber, netal and

other materials. The surface area of the nesh or the liner will depend

WD 97/ 09073 PCT/ US96/ 14204
- 15- on the expected concentrations of the contam nants and can
be woler/e%eTd ned enpirically for the installation i RCENUSSEI4I4 hout
undue experi nment ati on. 2 The relative

hum dity of the circulating air is also '%' i mportant. The relative

hurmi dity level of the mifrel 36" 'T}(&ave};sé ?f?n&rﬁfone vnit 180 of %;ﬁaénce %he

mcroorganl snms and nust e at a ective to

destruction of at | eagbusin®d82ilaNiny at heet184 and 0atletsSI8E. DIntermediate the inlet
phot ocat al yti ¢ oxi dation upon contact of the m croorganisnms with th

phot ocat al yst when t hangtostlet is aichambex 188 |thati includes wqmtwl/fan 390, andhalfan
10 i's, arelative humdltﬁégteaz&r‘thaéﬂai)&x % ati ehumd,lty
within the range betwiRHoBE5H 1o @FERY 70845 stapdralqge; puts are
a relative humdit % %

preferred. A relat #ve% %ﬁt g@ ‘&?ggf?@b 9 wéf%}ﬁ%% designed and

Referring to Figure 1coﬂdtﬁi&l§ie%ﬁi QN gofsient! mgﬁbwofate fan adhpted’ 6 [thd SerbSs @

hum di fier/dehum difier unit 50 (sold by Sun Chem cal as
sectional area of the stand unit housing to provide the required

residence time for the air flow over the photocatalyst. Figure 12
depicts a stand-alone unit also containing a humidifier 192 and a
10 dehumidifier 194 with a flow bypass/diverter 204 controlled by
microprocessor 202. The microprocessor 202 controls the flow
bypass/diverter to direct the inlet air to either the humidifier,
dehumidifier or directly into chamber 188, depending wpon the
humidity of the inlet air as measured by the microprocessor. UV lamp
15 assembly 228 illuminates catalytic insert 212 within chamber 188.
Figure 6 shows the UV lamp assembly 228 of Figures 11, 12 and 14,
in which a horizontal array of UV lamps 224 are arranged in frame 228
for insertion in the honeycomb structure of Figure 14.
‘ Figure 15 depicts a catalytic insert 212 for a reactor in
20  which the insert is illuminated by UV lamp assembly located exterior to
the insert. Figure 14 depicts a reactor 222 in which the UV lamp
assembly 228 is located within the catalytic insert 212.
As noted above, the stand-alone units of Figures 11 and
12 are adapted to receive the reactors of Figures 4-6. Figure 13
25 depicts a reactor specially adapted for use with stand-alone units by
containing a prefilter 238 that would otherwise not be suitable for use
with most HVAC systems because of the pressure drop that it would
produce. The reactor also includes catalytic insert 212 and a
photocatalyst-coated after-filter 230. The after-filter may altcmzitivcly



Model " SUN 13) controlled by a detector probe of the type sold by

Mamac as Model HV-2222. |If detector 52 detects that the relative

hum dity in the air is less than 50% a water spray or atom zer unit 54
is caused to spray enough noisture into the air streamas a fine mst to
20 raise thewpakhpbdrye humdity to approxi mately 50% If theporabsdén4204 N
humdity is over 70% noisture is renoved by giaum' difier system

here represented by cooling coil 56. Coil 56 ~be a separate unit but
in many instances, the coils.of .unit 14 can, be ut.ili.zed. .A separate
back-up coil 58 can al oc%aéédppﬁ\’?‘gé?fmﬁghﬂﬁ?cﬂ'mﬁftb%%aﬁtfvaé‘?‘f%?f&?nb%" other
25 achi eved by condengibbRin@bridfEf abiorbitle VOS], I036rs ahHl tRS1iREOWN i N
Figure 1, or by other conventional techniqués such as desiccant

dehuni di fi cati on. A catalytic insre212 having @ homeyoomp strudtire avith
rate are preferably . selected so that conplete destruction of the
i croorgani sms i n the square air passages323¥ apd a7built-in lamp assembly 228 is shown in

PCT/ US96/ 14204 . . . . ey 5 16- .
streamis achi evedd | Figuse 1., Suehandusert,is suitable, for ysgwish; the standeglpne units

b ov ded o ot deolqpsiit 6 phd o0 AEBGEHRIE A il T o
alone unit of Figures 11 and 12 is shown in Figure 17, Catalytic insert '
212 has finned wall passages 226, which serve to increase the catalytic
surface area, thus increasing residence time at the same air flow rate
10 and overall space availability. Fins 226 shown in Figure 17 are
rectangular; however, they may be modified in any configuration to
control the residence time per unit catalytic area.

Other catalytic inserts for the stand-alone units of
Figures 11 and 12 are shown in Figures 20 and 21, which depict

15 circular catalytic inserts 212. In Figure 20, catalytic insert 212 has a
pleated surface 251 illuminated from the interior by UV lamp 224.
Additional lamps may be fitted at the periphery, or other locations, if
required, provided the UV light from the lamps is incident on the
cata;lyst. Figure 21 depicts a catalytic insert 212 having a flat

20 surface 252 of plastic strips 253 coated with catalyst 231.

Figure 15 depicts a catalytic insert 212 with a tubular
construction having circular or oval air passages 232. The insert
contains no UV lamps and is for use with the stand-alone unit of
Figure 11 or 12 in which UV lamp assembly 228 is located in

25  chamber 188 exterior to the photocatalyst-coated insert 212,

The following examples further illustrate the present
invention, and are not to be construed as limiting the scope thereof.
All parts and percentages are by weight unless expressly indicated to be
otherwise, and all temperatures are in degrees Celsius, .



a recirculating air duct. For purposes of the present invention, 5
destroyed m croorgani sns are defined as m croorgani sns that have

been conpletely killed, and does not include m croorgani sns that have

been merely stunned, shocked or otherw se inactivated that are capable

of being reviwe®7/09073 Fi gure 1 di scl osesPCr/usesi1€204 s
reactor 21 and branch 10 reactors 22. Il%rel atively small
installations, only reactor 21 will be ™= used. In relatively large
installations only reactors 22 will be usech 1LES They are conbi ned
in Figure 1 to show that the conbination CaTIX%_L be enpl oyed.

The reactors may be prm'mgsmnbg%@m% ndependent 15 relative
hum dity and flow rate controls, so that each reactor functions

as an i ndependent phot ocat al yt i ®hdtolytic and\phetonatalytie lexperbmentsvearetconducted
may be adapted to the relative hum di and flow rate controls of the

HVAC system in which it dsterpane, the o eifpeie ofp watalyzed r {Vhgradiation/qn  airborne

systeminto an apparatus. | ccordange widh the present invent.ion. .20
Under such circuns anc’éﬁc,rb&lggmfﬁléct %’Jﬁ# aE%r&’F‘E’F 4, LOmeet g&“b%fﬁam

catalytic insert and %#@éﬂiﬂ& Oftun iéévU 'P?,@G'

Such devi ces preferabl’y have at“p’)%ot ocgtgﬁ;}s’t coarg ngﬂ%%@ﬁ;ﬁ%%ﬁ& plates.

adapted to provi de suf30 miliiliters coft @t dilutdd Sberatia reuldusd ivigs &ansfeiredhento a
relative humdity and air_flow rate of the HVAC systemto destroy at

25 least a portion ofnebplzer whishwasoperated byt99.99R% ipure hempressed nitrogen at
Figures 4, 5 and 6 di ose. various enbodi ments of |anp and
catal yst |ocation wit °a‘ﬁ) PHdi vi dual reactor 22. The W | anps 24

are shown diagramygtically.  ThephamRg M SAURRAAES dodsfY of a reactor test

section, recirculation duct and a blower. The first four feet of the duct

was rectangular in cross-section. This section was attached to
nebulizers, one of which contained the diluted Serratia culture, and the
other, pure deionized water.

15 Appropriate air flow through the nebulizer was
determined, so that aerosols did not fall to the surface of the duct.
Thermocouples and pressure taps were attached to this section to
measure the temperature of the air stream before the reactor and the
pressure drop across the reactor, respectively.

20 The second section of the apparatus consisted of the
reactor area which housed 24 UV lamps and a Fiberglass filter coated
with titanium dioxide and arranged perpendicular to the air flow. This
section was 32 inches long, with a cross-sectional area of 400 in?.

The UV lamps used were low pressure mercury lamps

25 (Southern New England RPR-3500A) with an input energy of 14 W.
Each lamp emitted approximately 1.5W of UV-radiation,
predominately at 350 nm. The UV light was measured by placing an
Eppley radiometer (Model TUVR) perpendicular to the UV lamp at

different distances.
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conventional fashion so that UV rays are directed on their respective

catal ytic surfaces. Figure 4 shows a reactor 22 in
whi ch rect anggbaspdgrner catal ytic insert 29 is dirgyaseshsaes hin a
duct section. Its inner surface is 5 coated with TiJerr] as

i ndi cated by the nuneral 31. -24- Figure 5 discloses a

reactor 22 in which the catal ytig . i nserts.are coated |iners.2
and 29', which are within the ddif sampling was cbndicted 3 OBiansERL oge

lights 24 are di Sposed%b}g]tlﬁgilggﬁé} Y Fdb?'cafhrdPlates sef%relycpla%g@%?ti 5‘%?,@&;[ ﬁ%?e of

a filter/mesh 28. The hts 24 are shown crosswi se o

duct . used to capidbe viabM BEGMIIMS Overt H80fdebéret irtBsal. 2 Hefmo-
reactor 22 may be a filter nedium capabl e of trapping

bi oaerosol s. Such a fic¢auples were attached todhisisecion tor measusbthe temperapers. i n any
systemin which it will allow a . .suffigcien | o of air, wiit hout
an excessive pressdre drop. Fil d@fgrecirculating sﬁ“&’é’&bl"g &F \gl’gpﬁpﬁﬂsmd of a

bi oaer osol s i ncl ude Hg;’ééﬁdrl ag&sﬂtﬁlgcﬁéﬂwg&?ﬁ% foot, A thﬁildi@rﬁro%Q?T\g%sl um

m croporous filters. oatrng e surrace . . .
upstream of the air flmauckéd o ahidhictieont @ ydasure! theehaiveORuidity of the air

t he photocatal yst with UV |light under conditions of relative humdit
effective to produce pitwsancat Bhe tfinal partiofithe apparatasswasog bloweraghich was
connected to both the circular cross-section duct and the rectangular
10 cross-section duct. The total length of the recirculating test apparatus
was 29.5 feet.

The culture plates were prepared using plate count agar,
which was selected because it contained seaweed extract with the
addition of some nutrients that fulfilled the nutritional requirements for

15 the growth of Serratia bacteria.

Culture plates were prepared by weighing sufficient agar
powder on an electronic scale to make a half-liter solution. Agar
po?vder (11.75 grams) was poured into a 500 mL flask of deionized
water. The solution was mixed and heated for 10 fo 15 minutes with a

20 magnetic stirrer and heater. After the agar powder had completely
dissolved, the flask was covered with aluminum foil to prevent air-
borne contamination, and put into an Autoclave steam sterilizer for
30 minutes for sterilization. '

After sterilization, the agar was allowed to cool for ten

25 minutes in a water bath at a temperature of 50°C. The agar was
poured into petri dishes using an aseptic technique in a laminar flow
hood which was cleaned with isopropyl alcohol prior to use. 500 mL
of agar was poured into the petri dishes, completely covering the
bottom of the dish. The dishes were set to gel on the aseptic h06d for



20 portion of te mcroorganisnms in the bioaerosols trapped in the filter.
This purges the filter nedium of entrapped materials, thereby

extending the useful light of the filter. Figure 6
di scl oses a reactor 22 in which a series of el ongated WV | anps
24 are posit vwmemeersosswi se of the duct and 25 ad] acectr/osss/m264 | t er
medi um catal ytic insert 28. Figure 9 is a reactor
cross-section showi ng peri neter di s'%%'sed W lanps 24 within the

|iner 29 of the catal yhitfud) 35 thaN Sored upside-dow Hh e Rrigatd? fo Hrbvest

PCT/ US96/ 14204 condensate from contacting the agar. The agar plates Ware used within
The present invention also contenpl ates ga mat%d I n Ear P \M‘;” cW‘%“he

phot ocat al yst - coat ed 48 hicarstoi prepeatdowdedvel contathinatiect i on by
painting the interior duct walls with the photocatal yst_coating. W

| anps are then installed in t heTgictitangum) | dioxidgreoatede Bibsreglass alfijter - was
S coated e 0 $USheitdiry poning e Ti0s e sanderd 160534 s
L o ol eSS oL R TIOP Orpey 25) o it
anatase, with a BET surface area of 50 m%/g and an average particle
size of 21 nm.
A thick slurry of TiO; was made by mixing 50 grams of
10 TiO, powder and deionized water. The TiO, solution was mixed well
by placing the flask with the thick TiO, slurry on a magnetic stirrer.
Using a foam brush, TiO, was coated on both sides of the filter. The
filter was allowed to dry for six hours, then ancther coat of TiO, was
applied on the filter. After the filter was completely dry and the TiO,
15 was sufficiently affixed, it was placed in the recirculating duct.
Operation of the reactor with the TiO,-coated filter in place is denoted
as Configuration A.
‘ Several experiments were performed utilizing a coated
surface reactor configuration (Configuration B) instead of the
20 Fiberglass filter configuration (Configuration A). The coated surface
reactor was used to increase the area for the reaction. The area which
was coated with TiO, was approximately 720 in®. The duct was coated
by preparing the TiO, slurry described above and using a foam brush
to coat the surface of the duct with the TiO, slurry. A heat gun was
25 used to dry the surface. After 8 hours, the surface was coated again,
and dried with a heat gun.
Relative humidity and UV intensity parameters were

investigated to determine the optimum conditions for the destruction of



| anps” 124. Figure 19 depicts the relationship between the wall - 10
nmpunt ed assenbly 120 and photocatal yst-coated inserts 126.

The reactors may also be installed in air supply registers of
HVAC systens. Figures 22 and 23 show details of units adapted for

such install gfheneefs the air cones out of the HVAC duct, | pet@asknatos
going directly into the room it is first treated by the photocatal ytic
15 disinfection nmethod of the present i nvent r&fr by flow ng t hr ough

regi ster 210. The unit essen .conS|sts of @ 212, W
| i ght source 224 and &F?teﬁﬁtl dtgl‘ﬁﬁﬁ‘éaréﬁdﬁ’ﬁﬂa:% 8%35@»5% e
be enpl oyed, dependin {I}ew | he inside
surface of the catal ymﬁlﬁ'tse 'S co ed vﬁh elhgm)l%cat al yst. W

20 | anps 224 are operated by bagg &erhﬁmldﬂyeéiﬁdrﬁﬁé nts) o8 'aik Rds Fiifiifitied b
The WV | anps 224 and catalytic insert 212 of "t he reg| ster g
renovabl e. Any of t heatomizingtdetonizeth waterdofo tl‘teedhat.n Titaeameﬂmﬂonsde)the duct

Figures 4-6 are sujtable r use With regi st

The essentials of {hi Wn%@ﬁt?%‘a(?&r? bt)?(fﬂm’z 2&%.1@%@@%@ of

a duct system Such ag al

The unit 80 includes a étou}si!llng N é\’/‘lhﬁg W&Hﬁﬁg’ \gﬁnsor) was aEach%d

outlet 86. Internedi ai@tﬁd"ﬁubﬁ‘f&hcﬁﬂﬁr%é'r@h&b& lﬁuﬁhﬁytmnﬁ%fttﬂ@tm stream

includes a control fan 90, a humdifier 92, a dehumdifier 93, a fan

motor 64 for driving insidesde dantd Aamhtzybaszd desmcantgﬁatemdrwmplabedlﬂszde the
duct to lower the humidity when needed.

10 The blower was turned on and allowed to stabilize for 10
to 20 minutes before the culture was atomized. All of the liquid
bacterial culture in the nebulizer was allowed to completely atomize
and stabilize before the initial sample was taken. After the initial

sample was taken, the UV lamps were turned on'and initial temperature

»*

15  and humidity data were recorded. Four samples were collected on agar
plates at predetermined time intervals. The agar plates were exposed
to the contaminated air stream for 30 seconds for collection of bacteria.
Samples collected during the time intervals were kept in a relatively
stentle environment to avoid contamination for the duration of the

20 experiment. After the completion of the experiments, samples were
placed upside-down in an incubator at a temperature of 30°C for
24 hours of incubation. After 24 hours of incubation, the bacterial
colonies were quantified on a colony counter having a magnified lens
and grid lines which facilitated an accurate count of bacterial colonies.

25 After the experiment was completed, the duct was cleaned
to avoid contamination. Formaldehyde solution was atomized by the
nebulizer into the system to decontaminate the duct. The blower was
allowed to run in an air-tight duct for two hours. After this process,



WO 97/ 09073

PCT/ US96/ 14204 -19-

light is directed froma series of W/ |lanps 98. An air speed

detector 99 determ nes the air flow displacenent. A second

chanber 100 ivwgoprewerxded on the housing 82 to enclose a PCT/US96/14204 .

m cr oprocessor 102. The electric power for the.unit 80 is provided to
5 the systemthrough the control processor 1027vi a | eads 104 and 106.

The unit 80 may be operated wifhout its o hum dity, control systemif
the proper humdity ci‘i‘f’ P Pﬁnst{ﬁ‘? %%mdeﬁ?mmppémﬁg ﬁgyslt?éhvurs before

external to the unit . r ' and-al one unit may be
operated in tandem w ?%r%ﬁ%f}%%?:? Féeifdf%)érxpéﬁﬁ’&%&di fier without departing
10 fromthe nethod oEXKMAGS]of the present invention. The stand-al one
unit 80 may al so be operated W thout the airspeed detector 99, if the
unit 80 is designed akfFHE{IE RER A i ddRFTENt air flow rate fan 48
mat ched with the cross sectional area of the housing 82 to provide the
requi red residencedtine for th&%?hrpll‘?‘ews@v@"t prlye 0231, and photpgatalysis

The stand-al one unit r y. . wheel s (108 .. . th
it can be easily noveggqegﬁgﬂg‘gsv?#?%ﬁﬁanat %rVSC}PHWé of 30%, St ' and
nost |ikely to encour 8%, aiFighte W4C26 depiet i deSHHRYIBAC : ' :
room Also, the stand-alone unit can bgﬁuti ' zed as an&te%%g%?q#nfﬂt%omyﬂs
froma roomin which amehbtoehtalysisuatc30%r RHyr 56:%nREMnd 85 % ® M0 esspectivel0

not wi sh to exhaust into the_ atnosphere without treating themfirst. .
For instance, paint sA$p8% RH,masignificanidificrence wascohservedibetweemphatolysis

ani 50 can be DUl St and oS oS o et et e
not achieved. This may be attributable to insufficient H,O to transfer
the necessary hydroxyl radicals or superoxides to the bacterium. At
30% RH, it can be inferred that most of the bacterial destruction was
attributable to the UV photons attacking the bacteria (photolysis). At

15 50% RH, the destruction rate for the first three hours was the same for
both photolysis and photocatalysis; but after three hours, the
destruction rate for photocatalysis was much greater as a result of
which 100% inactivation of bacteria was achieved in about 13 hours.

RH was further increased to 85% to determine if a further

20 increase in water vapor would increase the destruction rate. However,
higher RH did not increase the destruction of the bacteria. One
possible explanation is that the high humidity may induce reactivation

of organisms. A comparison of photocatalysis effectiveness for 30%,
50% and 85% RH is shown in Figure 27. The numerical values for
25  bacteria destruction are set forth in the Table below:
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at.nosphere.
st and- al one un
power is suppl

particul ate pgRfds
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damage coated nesh 96 or a coated |iner
with a mesh. The particul ate préfmategk

any commer ci

type, or

it

ie_d,

contanm nated air

is the sane
the fan 48 will

Contr ol

85 is provided to

i f_one

I's cl eansed before reaching the
and operation for the
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i's

25

used in conbination
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S acce _.

associated with a prellter

prefilter
parti cul at es.

the fan begins to roth

pr

The

air speed and the inf
m cr opr ocessor w | |

proper

10

15

20

t

resi dence tine

S 1660,

fed to

ative

the_

oprocgssor T02. Thg

thﬂ i

The
i B sub}‘gcq ed

I pﬂbgﬁol e

m o ernsure 1

atans on

1900

5010

PHOTOCATALYSIS EXPERIMENTS
WITH CONFIGURATION A

30% 3310
50% 1210 2178 6092
85% 1107 1660 —

PHOTOCATALYSIS EXPERIMENTS

‘ WITH CONFIGURATION B
30% 2215 5530 -
50% 870 1190 876
Notes:
1. Dose = UV Intensity » Time
2. Dashed line signifies that destruction did not occur.

draw air into the inlet 84. A
mai nt ai Nt PerivsRidep’ Of
WO 97/ 09073
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to the UV light while traversing the Ti(Jerr]-coated surfaces, whether a
l.Liner or a nesh. While this is occurring, the

hum dity of the incomng air 15 is nonitored by unit 101 and t hat
data is sent to the mcroprocessor. If the air has a humdity of

bel ow 40% t@ﬁ)%joj,pg unit or humdifier 92 | S PehuRbOdoantil. a
um

50%rel ative Ity is obtained. If the air has a relative
humidity of above 70% the dehumidifier 93, he2® utilizing a

heating coil 93, is actuated until fhe relative humdity is |owered to
20 50% As reflegted sn ﬁse gbaye tableq thechumidity-gmperimests

st and-al one unit. re. iculatg/ agrosol filter 11 .
pre-screens the air. R’%ﬁ’%eg%fwnﬂ @%gurﬁjn@# a %%a&rga%rgég@aggtﬂyﬁs
opposite a catal yst - coglmd Lfeﬁefzasoi)rwen%én %ﬁgrcggfi Bnl90wer dosageg%\figv

Again, the fan speed is controlled by t cessor

nmot or 64 whi ch recei veserglyavére metddd tonatthid dret indiodted febsls of dysthution.
adjusted in the sane manner as described in Figure 7. . .
As shown in Figure§ 11 and 12, 0% sthaatsrial slestruefions was not obtainedt nising

present i nvention my pe adaplied to refil G hIRETARICS S Cortmrationa
and Configuration B, 100% bacteria destruction was only obtained at
an RH level of 50%. 100% destruction was not obtained at 30% or
85% RH for Configuration A or for 30% RH for Configuration B. A
10 comparison of Configuration A to Configuration B and photolysis (UV
only) at 50% RH is shown in Figure 28. |
EXAMPLE 2
EFEFECT OF UV INTENSITY
Photocatalysis experiments were performed at the
15 aforementioned intensity levels. The RH was kept at 50% and air flow
rate at 74 ft/min. The results are depicted in Figure 29.

It is evident from these results that higher UV intensity
results in higher destruction rates. After 8 hours of radiation, the
photocatalytic destruction rates for 100 W/m? started to level off. For

20 lower intensities, the destruction was actually increasing after 6 hours
of exposure. This probably indicated that the bacteria weakened after
irradiation and became vulnerable to photons and hydroxyl radical
attack after 6 hours even at lower radiation levels.

Titanium dioxide in the presence of UV radiation thus

25 enhances the destruction rate of microorganisms, with complete
destruction occurring at 50% RH. At low RH (30%), titanium dioxide
did not accelerate the bacterial destruction. At higher RH (85%), 10%

of the organisms were still viable.



-21- Figures 4-6. The base stand-alone unit 180 of Figure 11

includes a housing 182 having an inlet 184 and outl et 186.
Intermedi ate the inlet and outlet is a chanber 188 that includes
a control fan 190 and a fan notor 164 for driving fan 148. The
depi cted st amolomb%T®R units are 5 operated w thout EETASY/HPded -
detector, and are instead desi gned and constructed with a
constant air flowrate fan adapted to the cr63s% sectional area

of the stand unit housing to %@Hﬂﬂé [ £Si gtine
for the air flow over the phot ocag&l%&pg I gdre %?descnptton of tgégqg{&%
stand-al one unit al sgmbediniédishould Beltakeh hé Hluskr@8ngtlier than as Lehiting, the
dehumidifier 194 with a flow bypass/diverter 204 controlled by

m croprocessor 202. piésentriinventioncas dlefined 2by dther claims.he Ad ovill be readily
bypass/diverter to direct,the inlet air tp eit er the hum tjhfle
dehuni difier or di reéPlP‘?cﬁa TRMERORS Vargationy eatures set

15" assenly 226 71 | ek apd® & %ﬂﬁsﬁ%@bﬁfﬁéﬁéﬂ%%ﬁﬁﬁmﬁwﬁ%ﬁm

Figure 6 shows the Uyslsanfbrﬁﬁﬁﬁm ¥lafd® OAll Rubh mesdifidatiohs a&eCinﬂaﬁded tobe

in which a horizontal array of UV | anps 224 are arranged in frame

for insertion in theitvhwedoweithinthe scdpercf thé follawing claims.

Figure 15 depicts a catal ytic insert 212 for a reactor in 20 whi ch
the insert is illunm B RIAL/ APPLICABRILILY Y | ocated exterior to

the insert. Figure 14 dep| cts r.eactor 222 in whi the U la
assenmbly 228 is |located withi nﬁ?wgescé{‘ ‘H’ﬁ @E eat Hivention are

As not ed above, e sidud ik tfH d éalns"i‘x‘i‘
adapted to recei \K/é(; tE‘L’e regg]tglrgs 0 Flé%urnegfll gur e(il% inated béulaﬁl picts
a reactor- specially aﬂhbﬁﬁdingmenuhaowsyhemk.and al one units by

containing a prefilter 238 that would ot herwi se not be suitable for use




with nost HVAC systens becau I drop that it would .
produce. The reactor also qalﬂ GH ilﬂlﬂigﬂmf' nsert 212 and a
i ¢ - may alternatively

phot ocat al yst-coated after-f er-filter

WD 97/ 09073

PCT/ US96/ 14280 97/09073 - PCT/US96/14204 .
be coated or inpregnated with material |ike agﬁ"_vat ed carbon or other
suitable materials for absorbing VOC's, odors, ‘and the like.

A catalytic insert 212 having a honeym%is %tgmwﬁh square
air passages 231 and a built-in |anp asseé y 'S own in 5
Figure 14. Such an insert is sul.tablf methodifer disinfedting sl £ dtrehdncntdihing
of Figures 11 and 12. Another suitable catalytic insert for the stand-

al one unit of Fi gur eshicrogrgamsms, sharastemized byt gure 17. Catal ytic insert

212 has finned wall passages 226, which.serve to increase the catalytjc
surface area, thus increasing resi d®ReWdingAan air streamconiaining miczoprganisms

10 and overall spac | b » bol Y ':! i.qure 17 are
rectangul ar; home\r/ggr, gh%h%gtfhgéenmwgrﬁ@tg% co ?P?m ion to
control the residence time per unit coffasling | i8R stream with a photocatalyst
O her catalytic inserts for the stand-al one units of Fi gureg

and 12 are shown in Fhayimgsa JGedaterngined vibrndh gdp pérergy coated on the upstream
surface of a filter medium (28) capable of trapping bioaerosols, in the

11

presence of a source of photons (24) having a wavelength
10 corresponding to said band gap enmergy of said photocatalyst,
characterized in that at least 2 portion of said microorganisms in said
air stream are destroyed by photocatalytic oxidation.
2. The method of claim 1, further characterized by
the step of controlling the flow rate of said air stream so that said
15  microorganisms are completely destroyed.
3. The method of claim 1, characterized in that said
relative humidity is between about 40 and about 70%.
4. The method of claim 3, characterized in that said
rela;ive humidity is about 50%.
20 5. The method of claim 1, characterized in that said
photocatalyst is a semiconductor.
6. The method of claim 5, characterized in that said
semiconductor is TiO,.
7. The method of claim 1, characterized in that said
25 source’ of photons (24) comprises UV light having a wavelength
between about 300 and about 400 nm.
8. The method of claim 1, characterized in that said
filter medium (28} is disposed transverse to the flow of said air stream.



15 <circular catalytic inserts 212. In Figure 20, catalytic insert 212 has

a pl eated surface 251 il |l interior by W | anmp
224. . Addi ti onal | anps nayT[mm""ﬂim"BNHHﬂ peri phery, or other
| ocations, if required, prdvifed-the BV I*ight fromthe lanps is
I nci dent on t k@ 9709073 catal yst. Figure 21 depicts a catetwypussenizosert.
212 having a flat 20 surface 252 of pl z;g&i c strips 253 coated with
catal yst 231. Fi gure Uepicts a catal ytic insert

212 with a tubul ar cgnstryction haying.citcular or oval aig .
passages 232. The insert 9. gon s %5 %*f‘ aftd Fuanity, ‘{f;ém
wi th the stand-al one Yyrtai@he microorganism§! charsoterize@byt2 i N Which UV | anp
assenbly 228 is |ocate |£ar11 & 25 & cﬁgg’ber 188 extérior to the

phot ocat al yst-coated insert 212. a photocatalyst having a predéterthinkd dnindogap
exanples further illustrate the present I nvention, and are not

to be construed as |i renergyycoaiesl o dhe upsteaagy surface of a filter mudium A28); capable
O hor vi 0. and al | 5 erfSaraRPUEIB0RTS¢1A PAEiiPEE ke & stact with sad gis 07/ 09073
Excl\wfgg/ 14204 MATERI ALS AND NExﬁmfor illuminating said'ﬁl}étocatalyst-coated
filter medium with a source of photons (24) having a wavelength
corresponding to said band gap energy of said photocatalyst;
means (65) for contacting said air with said
10  photocatalyst-coated filter medium; and
means (50) for maintaining the relative humidity of
said air above about 40%, characterized in that at least a portion of said
microorganisms in said air are destroyed by photocatalytic oxidation
upon contact with said photocatalyst when said photocatalyst-coated
15 filter medium (28) is illuminated with said source of photons (24).

10. The device of claim 9, further characterized by
means for controlling the flow rate of said air (62), so that the
residence time of said air with said photocatalyst is effective for
con;plete destruction of said microorganisms in said air.

20 11. The device of claim 9, characterized in that said
photocatalyst is a semiconductor.

12. The device of claim 11, characterized in that said
semiconductor is Ti0O,.

13. The device of claim 9, characterized by a HEPA

25 filter containing said photocatalyst-coated filter medium (28).

14. The device of claim 9, characterized by a

microporous filter containing said filter medium (28).



Phot ol yti ¢ and photocatal ytic experi ments were conducted to

determ ne the effect of catalyzed i at i i rbor ne 5
m croofrganisnms. By trial and error “!B ﬁmﬂlﬁ‘ﬂtﬁ” on of Serratia
mar cescens was found whi ch gave app € 0N agar pl ates.

20 mlliliterngo®fedole diluted Serratia culture was transf er rrert/uses/nszed .
nebul i zer whi ch was operated by 99. 999% pure cgﬁressed nitrogen at
30 to 40 psi. 10 The exper nt al appar atus consi sted

of a reactor test segiio ndabJo r. .Jhe
first four feet of the duct f§ %é%gt&%%gaéﬁ%b 6?2?&9 E‘e@%‘@ﬁ“p
This section was atta {%Hls@ d

8 pho nsh‘gM) ¢5 ot hegﬁ}t kghﬂle

the diluted Serratia cuture pure delonlz

wat er . 15 between aboﬁpm(bmd abaut 480mm.) ow through the

nebul’i zer was determ ned, so that aerosols did not fall to the
surface of the duct. heréfocda'ﬁipes ford gdisiefecting t gl weontaining
attached to this segctign to h rreaﬂsurethetenperature of the air
stream before the 7 eaBPEFOOLEANisME, characte: Ypressure dr op across the

reactor, respectively. 20 ﬂ,';g‘% ﬁﬁlﬁﬁ} 1 he
appar atus consi sted of the adlrmeta((l:§)or area ousegmgéd’uv | anps

and a Fiberglass filter coated ablowervﬁﬁhcbnﬂeﬁwdblﬁl stidducietoaidve said
arranged perpendicular to the air flow This section was 32

inches long, with a caudberctivonghial area of 400 in[err]
The UV | anps used were | ow pressure nmeg cur (Squ rn,New
Engl and RPR-3500A) with an input enét Ms%avmg a predet He‘P(ziﬁBd

e WPl e g, eterdy diShoetll $h P UuB (18) on the upstiaff OPEIA B ¥ ﬁfter350

nm The WV |ight was e g an pl'ey ra |orreter

(Model TUVR) per pendi ghedaim i(R8) ¢upablé dftiappitg bioaerosols poditibﬁed &' be G SbARACES .

with said air;

a lamp (24) disposed in sufficient proximity to said

photocatalyst to illuminate said photocatalyst with a source of photons

15 having a wavelength corresponding to said band gap energy of said
photocatalyst; and

a humidity controller (50) adapted to regulate the

relative humidity of said air in said duct (18) above about 40%,

characterized in that at least a portion of said microorganisms in said

20 air are destroyed by photocatalytic oxidation upon contact with said

photocatalyst when said photocatalyst is illuminated with said source of
photons from said lamp (24).

17. The device of claim 16, characterized in that said

humidity controller (50) is adapted to regulate the relative humidity of

25 said air in said duct (18) within a range effective to completely destroy

said microorganisms.



WO 97/ 09073

iﬁl—/ gg?rgll }ﬁsoalas conducted at amm‘w““"umll)u\m‘f oot o fromthe
cy P

reactor. Four culture plates secwe acec om a rack were

used to capt uweovasiit e organi sns over a 30 second interval . POTAISS®14204 .
couples were attached to this section to neas the tenperature. 5
The recirculating section of the duct consistetrof a circul ar

duct with a dianeter of one fo A s dis I S . . gchled
to this section to neasure theofrsél atﬁ&e%%}luégaftc@ﬂoﬁf&hcgagﬁcimmed 1 &%
stream The final parpypidifContRRE 50)Sis Wdaptdd b Mihitait e relilive humidity of
connected to both the circdlar CI‘OSS-SeCtiOII?l duct and the rectangul arty

10 cross-section ducsaid aircintsaiddudt detyrdencibouh 40 %earidrabob VO %y t est
appar at us was 29.5 feet. The culture

pl ates were prepared using pl at¥.codhe @ﬁ}'&‘?ﬁ of claim 16, chageterized s that said ed
because it contai ned segwe extract .with fhe addi tion of sone
nutrients that ful iIPﬁ&ﬁgyFﬁfﬁﬁﬁ%ﬁ%ﬂ(ﬂFé’ﬁui rements for 15 the
growth of Serratia bacteria. 20, The device of claim 19, ClatdtictiBaTh Wil GiE
prepared by wei ghing sufficient agar povw?ér on an electronic
scal e to nake a hal f - jdrhiebndiRkattis A0, Agar
21. The device of claim 16, characterized by a HEPA
filter containing said photocatalyst-coated filter medium (28).
10 22, The device of claim 16, characterized by a
microporous filter containing said photocatalyst-coated filter
medium (28).
23. The device of claim 16, characterized in that said
photocatalyst is additionally coated on at least one interior wall of said

15 duct (18).

24. The device of claim 16, characterized in that said
photocatalyst is additionally coated on at least one interior wall (31) of
a liner (29) inserted in said duct (18).
‘ 25. The device of claim 24, characterized in that at
20 least one inside wall (31) of said duct liner (18) has fins (226) affixed
to the surface thereof coated with said photocatalyst, thereby increasing
the photocatalyst-coated surface area of said duct liner (29).
26. The device of claim 16, characterized in that said
source of photons (24) comprises UV light having a wavelength
25 between about 300 and about 400 nm.
27. The device of claim 16, further characterized by a
humidity detector (52) disposed in said duct (18).



powder (11.75 grans) was poured into a 500 nL flask of deionized

wat er. The sol ution was m xed and 15 mnutes with a

20 magnetic stirrer and heater. mmﬂll muaﬁjﬂ)m;der had conpl etely

di ssol ved, the flask was covered w t*h al um nums o+l to prevent air-

bor ne cont anm wat9@9873 and put i nto an Autocl ave steam steril i PEVU$G14204 .
30 mnutes for sterilization. 3 After sterilization,
the agar was allowed to cool for ten 25 ?nnutes in a water bath at a

tenperature of 50[err]C.  The a r [ S
[err] am Phie d?Yceofclmmpﬁ’ Eﬁiﬁx %ﬂgﬁ%‘é&d'ze@ 543

using an aseptic technique in a ch was

cl eaned w th isopropylmigtdjRbedssdi’ (62) ddaptsdeto eBRtrol said humidity cdifh‘omiir(SWS

poured into the petri dishes, conpletely covering the bot t om of

the dish. The di shes hesed ewminformafion eeived frore saidhumidity dotector (52). WO

97/ 09073 PCT/ U 14204

- 25- 24 hours, and then Thedevics g claim 28, fusther, tweag?

to prevent the . t

plates were used V\Pt hi2lf SM%W& X%Q)hgﬁgﬁ’g’g%%ﬁ éé;gnw‘ﬁoww‘gﬁﬁn?%d

contam nati on. microprocessor (62) is fulliRr!ad: 6 CoRtrblehe @ of said

Fi berglass filter was prepared by coaling the Ti Qerr

standard 16 x 25 x 2 btm#erFl(ﬁﬁ) dlased on information received from said axr speed
detector (44).

30. The device of claim 16, further characterized by an
10  air speed detector (44) disposed in said duct (18).
31. The device of claim 30, further characterized by a
microprocessor (62) adapted to control the speed of said blower (65)
based on information received from said air speed detector (44).
32. The device of claim 31, further characterized by a
15 humidity probe (52) disposed in said duct (18), wherein said
microprocessor (62) is further adapted to control said humidity
controller (50) based on information received from said humidity
probe (52).
' 33. The device of claim 16, further characterized by a
20 microprocessor (62) adapted to control said humidity controller (50).
34. The device of claim 16, further characterized by a
microprocessor (62) adapted to control the speed of said blower (65).
35. The device of claim 16, characterized in that said
duct (18) is part of a heating, ventilation and air conditioning system.
25 36. The device of claim 35, characterized in that said
blower (65) is part of a heating, ventilation and air conditioning
system.



air conditioning filter. The Tierr] (Degussa P 25) was prinmarily

anatase, wth a BET surf f err]/g and an average particle
size of 21 nm ﬁ“ﬁlﬂmilﬂlﬂ J thick slurry of TiJerr] was made
by m xi ng 50 grans of x cdUy powder and dei oni zed water. The

TiJ err] sol wyoonoyexs m xed wel | by pl aci ng the facafisogmdaby t he.
thick Tigerr] slurry on a magnetic stirrer. Usi ng a foam brush,
TiJerr] was coated on both sides of the filtetb The filter was

allowed to dry for six hours, tgen of her. coat, of Jid.err] was . .
applied on the filter. After thééﬁfil raﬁv\ége 8@%%’%%%@? &gid,
L5 vas sufficient|y Bunidifdcobirol8e (OPGEpart dfs hEings Weildithe Uik o
Qperation of the reactor V\ngf[jh t he Tiéle)?r]ckg:oated&flfl tef’inp acédi%‘g‘El ar
denot ed as cadifioming aystem. A. ' Sever al

experinments were perforned utilizing a coated surface reactor
configuration (Configuration B)38 nst ayice: pfeclaim 16, fiurthari dharagterizedfby aer

configuration (Confi ation.A) ., The coated surface . reactor was
used ?o i ncr eage t eg %%W%?“’%WWO?ES#&@%RWF €230) in contact wighs
coated with Tigerr | 7 [ [k @ e S;.coat ed
by prep\z,amri ng !tge Ti a%]@%%m%béﬁdg@ggéignﬁsﬁaﬁgﬁé &3% hend

to coat the surface omatefal dseléectyd t frobhethél g-@flf]coik;gﬁﬁg'.oﬁ Vslatiled 2 s
25 wused to dry the surface. After 8 hours, the surface was coated agal n,

and dried with a heatcopigminants and odors. Rel ative hum dity and WV
I ntensity paraneters were I nyestigated t,0 determ ne the optinum
conditions for the destruction3gf 4 device aft"r smgectmg air  containing

10 microorganisms characterized by:

a photocatalyst having a predetermined band gap
energy coated on the upstream surface of a filter medium (28) capable
of trapping bioaerosols and disposed in the air supply register (210) of
a heating, ventilating and air conditioning system to be contacted with

15  air moving therethrough; and

a lamp (24) positioned in sufficient proximity to
said photocatalyst to illuminate said photocatalyst with a source of
photons having a wavelength corresponding to said band gap energy of
said ‘photocatalyst;

20 characterized in that said heating, ventilating and
air conditioning system has a blower (65) to move air through said air
supply register (210) and a humidity controller (50) adapted to maintain
the relative humidity of said air in said heating, ventilating and air
conditioning system above about 40%, so that at least a portion of said

25  microorganisms in said air are destroyed by photocatalytic oxidation
upon contact with said photocatalyst when said photocatalyst is
illuminated with said source of photons (24).

40. The device of claim 39, characterized in that said
humidity controller (50) is adapted to maintain the relative humidit& of



WD 97/ 09073
e 0 v (MR o [ty 2 o v

100 Wnierr]. I n t he—tomrdirty - expertnents, the air
was hum di fi eb ®yo9073 at om zi ng dei oni zed wat er i nt optinessbaatos The
air flow inside the duct 5 was kept c%rstant at 74 ft/mn, and the
W was kept constant at 100 Wni er A hum dity probe (Mamac

Humi dity Sensor) was attached .moni t or

relative hundity (RS fif i said, l?eagpgegmthaung  ind 8 cpf PR gmghsgsglfbﬁebﬂ,gen
silica based desi ccargboﬁlhg? ﬂld mﬁngb%ed i nsi de the duct to
e

| ower the hum dity when nee The bl ower was

turned on and allowed to stabilfize The de¥ice of claim 39, tcharRtetized tiasthhessd e
the culture was atomi zed. Al of the liquid bacterial culture in

t he nebulizer was al |phné@t:aszdystc;srplsgm0p eloni ze and stabilize

before the initial_ sanple was ken

After the jnitj anpl,
was taken, the W9 anps were t& ned TBf ?ﬁegﬂﬂ‘ leﬁbéwd n tﬁa{?‘ﬁ
and hum di ty data verg E&%’g&q qu@r sarrpl es were coll ected on agar
plates at predeternmi neg{l Ime 1 nterva The agar plates were exposed
to the contam nated air stream4Bor mmm@d&ammggl thfraterized byar HEPA.

Sanpl es collected during the time intervals were kept in arelatively

sterile environment tﬂtfa\mnmmmgtsaxﬁﬁhenmndmat(zﬂ)e duration of the 20
experinment. After the conpl etign of experi l.es were
P P 4. X'pce o?e Qltmm gsnpcharactenzed by a

10  microporous filter containing said filter medium (28).

45. The device of claim 39, characterized in that said
photocatalyst is additionally coated on at least one interior surface (31)
of a liner (29) inserted in said register (210).

46. The device of claim 45, characterized in that said

15 at least one inside surface (31) of said liner (29) has fins (226) affixed
to the surface thereof coated with said photocatalyst, thereby increasing
the photocatalyst-coated surface area of said liner (29).
‘ 47. The device of claim 39, characterized in that said
source of photons (24) comprises UV light having a wavelength
20 between about 300 and about 400 nm.

48. The device of claim 39, further characterized by a
filter medium downstream of said photocatalyst (230) in contact with
said air moving through said duct (18) and capable of absorbing a
material selected from the group consisting of volatile organic

25 contaminants and odors.

49. A filter medium (28) capable of trapping
bioaerosols characterized by an upstream surface to be contacted with
an air stream containing microorganisms, wherein said upstream
surface of said filter medium (28) is coated with a photocatalyst. .
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pl aced upsi dedm ‘E m tor at a tenperature of 30[err]C for
24 hours of 4 hours of act eri al
col oni es were Blt” rlw/»! ol ony coun gﬁﬁggéigﬂﬁs g ied | ens

and grid lines which facilitated an accurfie c LAGKD bact dri al col oni es.

25 wo oeddser the experinent was conpleted, the d%m@g,l@b@ane.d
to avoi d contam nation. Formal dehyde sol ution was atom zed by the

nebul i zer into the systemto decontani nate the38uct. The bl ower was

allowed to run in an air-tight duct for wo hoyrs. After this process,
WO 97/ 09073 g ﬁt.l ter medium (28) of claim 49, ¢

PCT/ US96/ 14204 : . -27-
the top of the duct %{nqxatfs% o%om?m#ttlgf’ gm(;jﬁondgfxctpr 12 hours before

starting the next set of eXpe“ﬂPntS’Iheﬁltermedmm@g\/BkElaim 50, characterized
EFFECT OF RELATI VE HUM DI TY photol’ysis (UV

only, no TiJerr]) andnimstsaidseatigoriductor is TiO,.  experi nents were perforned
at relative humdities of 30% 50% and 85% Fi gures 24-26 depict
the destruction of SSerratia by Phot oAysHEPA filter Chaf@mql@dotbbatsaﬂysﬁbcrat

g?ogﬁ)nﬂ-ll ngt% (?Pf ?2?e§§m§@£§£$€%é¥men phot ol ysAt SO% R, o
53. A microporous filter characterized by said filter
medium (28) of claim 49.
54. A stand-alone device (80) for disinfecting air
10  containing microorganisms characterized by:
a chamber (88) through which said air is moved;
a blower (90) connected to said chamber (88) to
move said air therethrough;
i a photocatalyst having a predetermined band gap
15 energy coated on the upstream surface of a filter medium (28) capable
of trapping bioaerosols and disposed in said chamber (88) to be

contacted with said air moving therethrough;
a lamp (24) positioned to illuminate said
photoaatalyst with a source of photons having a wavelength
| 20 corresponding to said band gap energy of said photocatalyst; and

a humidity controller (92) adapted to maintain the

relative humidity of said air in said chamber (88) above about 40%,

characterized in that at least a portion of said microorganisms in said

air are destroyed.by photocatalytic oxidation upon contact with said

25 photocatalyst when said photocatalyst is illuminated with said source of
photons (24).
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10 and phot ocat al ygi I destruction of the m croorgani snms was
not achi eved. Thi s[m”w]lﬂﬂﬂ—glﬂmgbl e to insufficient H20 to transfer
t he necessary hydr ¢ superoxi des to the bacterium At

30% RH, it can be inferred that nost of the bacterial destruction was

attri but abl e wostdp73V photons attacking the bacteria (phot doxaisosnazdd
15 50% RH, the destruction rate for the first three hours was the sane for

bot h photol ysis and photocatal ysis; but after-3%ree hours, the

destruction rate for photocatal i s s,mych r a result, of

whi ch 100 % i nactivation of bacéllirl Q“"&%(ﬁ)gﬁﬁ‘ u@@@%’@&ﬁé in that
RH was further increasg 0 e us t.her fease
in water vapor woul d PHCreaoe fﬁt um Prugpﬂgn %W B e

hi gher RH did not i ”%@Aﬁiiﬁtf&ﬁﬁ@ﬁﬁ'ﬁﬂ%ﬁid%ﬁib&@)%%@ﬁb@ﬂtme

possi'bl e explanation is that the high humdity may I nduce reactivation

of organisns. A conparison of ot O(ﬂtﬂaﬂq&aces(m)fafcd:lameﬁésehmcteﬁﬂ% in that
50% and 85% RH is shown_ in Figure 27. The numerical val ues for 25
bacteria destructidn $#d phatocaighyshis 4 semico -bel ow: WO 97/ 09073

PCT/ US96/ 14204 423 . .
Esti mat ed Let hal Doses At Vari cﬁ?s HJFR"dﬁ’?‘?%%(so) of claim 56, characterized in that

I]

said semiconductor is TiO,.

58. The device (80) of claim 54, characterized by a
HEPA filter containing said filter medium (28).

10 59. The device (80) of claim 54, characterized by a
microporous filter containing said filter medium (28).

60. The device (80) of claim 54, characterized in that
said photocatalyst is additionally coated on at least one interior surface
of said chamber (88).

15 61. The device (80) of claim 54, characterized in that
said photocatalyst is additionally coated on at least one interior surface
of a liner (212) inserted in said chamber (88).
‘ 62. The device (80) of claim 61, characterized in that
said at least one inside surface of said liner (212) has fins (226) affixed
20 to the surface thereof coated with said photocatalyst, thereby increasing
the photocatalyst-coated surface area of said Liner (212).

63. The device (80) of claim 54, characterized in that
said source of photons (24) comprises UV light having a wavelength
between about 300 and about 400 nm.

25 64. The device (80) of claim 54, further characterized
by an air speed detector (99) disposed in said chamber (88).

65. The device (80) of claim 54, further characterized

by a microprocessor (102) adapted to control the speed of said
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PHOTOCATALYSI S EXPERI MENTS W TH CONFI GURATI ON B

20 blower (90) based on information received from said air speed
detector (99).

66. The device (80) of claim 65, further characterized
by a humidity probe (101) disposed in said chamber (88), characterized
5 in that said microprocessor (102) is further adapted to control said
humidity controller (92) based on information received from said
humidity probe (101).
67. The device of claim 54, further characterized by a
humidity probe (101) disposed in said chamber (88).

10 68. The device of claim 67, further characterized by a
microprocessor (102) adapted to control said humidity controller (92)
based on information received from said humidity probe (101).

69. The device of claim 54, further characterized by a
microprocessor {102) adapted to control said humidity controller (92).

15 70. The device of claim 54, further characterized by a

microprocessor (102) adapted to control the speed of said blower (90).
71.  The device of claim 54, further characterized by a

filter medium downstream of said photocatalyst (230) in contact with

said air moving through said chamber (88) and capable of absorbing a

20 material selected from the group conmsisting of volafile organic
contaminants and odors.
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30%° 2215 5530 -- 50% 870

1190 876 25 Not es: 1. Dose = W

I ntensity [err] Tine 2. Dashed |ine signifies that
destruction did not occur. WD 97/ 09073

PCT/ US96/ 142D 97/09073 - POT/US96/14204 .
As reflected in the above table, the humdity experinents wer e

repeated with Configuration B. Because asgyeater photocatal ysis
surface area was present in this configuration, |ower dosage

energy were needed to attain the indi categ% evel s oPOdest r ucki ofté 22 ¢
100% bacteria destruction was18 obt ain I ng ' 3
al one, regardless of the RH I eve?\ n bot ' QN A Rd

Configuration B, 100% bact &8 ajfdestructiD :
an RH |l evel of 50% 100% dest?‘rcbi)gn was| pot obtai ned atf 30% or
85% RH f or ConfigﬂgationAor og 0% RH 4 or Confi guragfijon B. A
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10 conparison of Configuration A to Configuration B and photolysis (W

only) at 50% RH is shown in Figure 28. EXAVPLE 2

EFFECT.OF UV | NTENSI TY Phot ocat al ysi s experinents
were perforned at the 15 aforenentioned intensity |evels. The RH was
kept at 50% avei9E#9%07X | ow rate at 74 ft/mn. The PEIMISIGI4204c .
depicted in Figure 29. It is evident fromthese
results that higher UV intensity resuist s in higher destruction
rates. After 8 hours of radiation, Eﬁ? phot ocat al ytic
destruction rates for 100 VVn{err] S t veI of 20

| ower intensities, the destruction was é?ﬁ*all( I ncregasing after 6 hours

of exposure. This probably ing Bo--hac ol af t er
irradi ati on and becane vul nerablje t O oS - tytroxytr adf c g

attack after 6 hours eve r radrat nle is . .
Titani um di oxi de in the presefce of UV radlatio Hg% 25} dnhances the
destruction rate of mecr SIB, Wi np?gte Hegt ruct i on
occurring at 50 RH. At |ow R (3@2@ tit |un1d1ox . did not
accel erate the bacterial destjgucftion. At &jgher F@iéﬁS ;;109(__ of
the organisns were still viable.
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The foregoi ng exanpl es and description of the preferred
enbodi nent shoul d be taken as illustrating, rather than as limting, the

present invegig®ne@s defined by the clains. As will be readPGL/US96/14204 .
appreci ated, nunerous variations and conbgnati ons of the features set

5 forth above can be utilized wi thout departing fromthe present invention
as set forth in the clainms. Al such nodifications are intended to be

i ncl uded wi t hi cope~ofifhe fghl oviOly clif2ns. 104 | NDUSTRI AL
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contacting said air streamw th a photocatal yst havi ng a

predeter m ned band gap energy coated on the upstream surface of
a-filter medium (28) capable of trapping bioaerosols, in the
presence of a source of photons (24) having a wavel ength 10

corr espondi ngwiow7eeg7d band gap energy of said photocat al yst,pcruseenszos s
characterized in that at least a portion of said mcroorganisns in said
air stream are destroyed by photocatal ytic oxidation.

2. The nethod of claim1, further characterized by the step of
controlling the flowrate of said air stregmso that said 15
m croorgani sns are conpl etely destroyed. 3. The
met hod of claim 1, characterized in that said relative humdity
I s between about 40 and about 70% 4, The net hod
of cl'aim 3, characterized i n t hat Salmf Lg; 1] IC relative humdity is about
50% 20 . The h o] |l aim 1, characterized in
that said phot ocat alyst is a semco ctor.
6. The met hod of cl ai m B0cha terized in t said

&% 148 IBO The petfbd of claim

1, characterized in that s ( 2‘{5/

| i ght having a wavel eldfh et w
8. The method of clajm 1, §haractfri
medi um (28) is disposefl {transyerseftq

e
7
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9.. A. device for disinfecting a quantity of air cont ai ni ng

m croor gani sns, characterized by: a

phot ocat al ystwanesisez a pr edet ermi ned band gap enecyyswnared on,
the upstream surface of a filter nmedium (28) capable 5 of trapping
bi oaerosol s positioned to be in contact with said air;

means for illumnating said photocatalystsgﬁ ted filter medium
wi th a source of photons (24) having a wa ngt h correspondi ng

to said band gap energy of said photocatal yst;

means (65) for contacting said air with said 10 photocat al yst - coat ed
filter medium and means (50) for maintaining
the relative humdity of said air above about 40% characterized
inthat at |least a portion of said L oorganisns in said air
are destroyed by photocatal ytic oxidatioﬁrlcs_r%f upon contact with said
phot ocat al yst when sai d phot ocat al yst - coat ed 15 gyd ter nedium (28)
is illumnated wth said source of photons (24).
10. The device of claim9, further characterized by nmeans for
controlling the flow rate of sai (062Z), SO that /T
residence tine of said air with I ctive for
conpl ete destruction of said mcr anisns in saifl 4 20
11. The device of claim9, chara ized in that sai
phot ocat al yst is a semi conductor. 230
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12. ‘The device of claim1l, characterized in that said

sem conductor is TiJerr]. 13. The device of claim
9, characterized by a HEPA 25 filter containing said

phot ocat al yst-coated filter nedium (28). 14. The
devi ce of cl avte7eo7sharacteri zed by a m cr opor ouscTidokes204 R
containing said filter nmedium (28). WO 97/ 09073

PCT/ US96/ 14204 - 33-

15. The device of claim9, characterized in that said sour ce of
photons (24) conprises W |light having asﬁﬁVelength bet ween
about 300 and about 400 nm 16. A device for
disinfecting air containing 5 mcroorgani snms characterized by:

a duct (18) through which said air is noved;

a bl ower (65) connected to said duct to nove said air

t her et hr ough; a photocatal yst having a

pr edet er mi ned band gap 10 ener di sposed in said duct (18) on the
upstream surface of a filter ﬁ¥|6§g¢€§(28) capabl e of trapping

bi oaerosol s positioned to be in contact
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wWth'said air; a lanp (24) disposed in

sufficient proximty to said phot ocatalyst to illum nate said
phot ocat al yst with a source of photons 15 having a wavel ength
corresponding to said band gap energy of said phot ocat al yst; and
a humdity cowomak$ess (50) adapted to regulate the PCTIN98i 4206 R

humdity of said air in said duct (18) above about 40%

characterized in that at |east a portion of said mcroorganisns in said
20 air are destroyed by photocatal ytic oxidation upon contact with said
phot ocat al yst when sai d phot ocat al yst i-s {45 uminated with said source of

photons fromsaid | anp (24). 17. The device of
claim 16, characterized in that said hum dity controller (50) is
adapted to regulate the relative humdity of 25 said air in said
duct (18) within a range effective to conpletely destroy : sai d

m cr oor gani sns. WO 97/ 09073

PCT/ US96/ 14204 - 34-

18. The device of claim 16, characterized in that said
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humidity controller (50) is adapted to maintain the relative hunidity of
said air in said duct between about 40% and about 70%

19. The device of claim 16, characterized in that said 5

phot ocat al yst is a sem conduct or. 20. The device of
claim 19, chaweor@®’¥ed in that said sem conduct orPGTEUSPE/I284 1 | . .
21. The device of claim 16, characterized by a HEPA filter
cont ai ni ng sai d photocatal yst-coated filter medium (28). 10

22. The device of claim 16, characterigg%;by a m cr opor ous
filter containing said photocatal yst-coated filter medi um (28).

23. The device of claim 16, characterized in that said
phot ocatal yst is additionally coated on at |east one interior wall of said

15 duct (18). - 24. Th eyi ce of claim 16,
characterized in that said phot ocaéf;é. } dditionally coated
on at least one interior wall (31) of aliner (29) inserted in
sai d duct (18). 25. The device of claim 24,
characterized in that at 20 Ig@g‘ one inside wall 1) of said duct
liner (18) has fins (226) affixed to theurtace the%ﬁ%f coat ed
with said photocatal yst, thereby incheasi e

phot ocat al yst - coated surface area of

26. The device of claim 16, charact dinth sai d sour ce of
photons (24) conprises W |ight haviin ween about
300 and about 400 nm 2y . e devjic claim 16,
further characterized by a ~ietlotiect or ¢ df gposed in

sai d duct (18).
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28. The device of claim?27, further characterized by a

m croprocessor (62) adapted to control said humdity controller (50)

based on i nf V@AW r ecei ved from said humidity detector (FERUSI614204 .
29. The device of claim28, further characterized by an 5 air speed
detector (44) disposed in said duct (18) ]\émerei n said

m croprocessor (62) is further adapted t8/ ontrol the speed of said

bl ower (65) based on information received fromsaid air speed

detector (44). 0. The device of claim16, further
characterized by an 10 air speFjj(@ ea (44) disposed in said duct
(18). 31. The device of claim30, further
characterized by a m croprocessor (62) adapted to control the
speed of said blower (65) 220 based on i @fjgy mation received from
said air speed detector (44). 32. The device of
claim31l, further charactgrized by a 15f hum dity probe (52) disposed
in said duct (18), wherei o r,' croprocessor (62) is. further
adapted to control said huNjdty .. .. .. coptroller (50) based on
i nformation received from s huﬁ‘ijx_di(‘{fy by probe (52).
33. The device of claim 16, thep, char agieri 2gd by a

"x..:.,... %5..:‘-._‘ .'-....'-&.. 224

KR Y

% .".-"-. q.‘-.."-.%
>, . s,
3 ..l"'-. Y

2i2

FIG.23

224

210

>
P 212

220



20 microprocessor (62) adapted to control said humidity controller (50).
34. The device of claim 16, further characterized by a
m.cropr.ocessor (62) adapted to control the speed of said bl ower (65).

35. The device of claim 16, characterized in that said duct
(18) is part WRPIHIMEBAting, ventilation and air conditi oni ng PEYAISM4204 25
36. The device of claim35, characterized in that said bl ower
(65) is part of a heating, ventilation and air conditioning

system WO 97/ 09073

PCT/ US96/ 14204 _ 10/15 - 36-

37. The device of claim35, characterized in that said hum dity
controller (50) is part of a heating, ventilating and air

condi tioni ng system 38. The device of claiml16,
further characterized by a 5 filter nmedium downstream of said

phot ocat al yst (230) in contact with said air noving through said
duct ,(18) and capabl e of absorbing a mat eri al selected fromthe
group consisting of volatile organic cont am nants and odors.

39. A device for disinfecting air Fi’@?@‘@g
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10 mi'croorgani sns characterized by: a

phot ocat al yst having a predeterm ned band gap energy coated on
the upstream surface of a filter medium (28) capable of trapping
bi oaerosol s and disposed in the air supply register (210) of a
heati ng, ventwoarienysand air conditioning systemto be cont aateckoeisdns .
15 air noving therethrough; and a lanp (24)
positioned in sufficient proximty to sai d photocatal yst to
illum nate said photocatal yst with a source of phot ons having a
wavel engt h corresponding to said band ggpignergy of sai d
phot ocat al yst ; 20 characterized in that said
heati ng, ventilating and air conditioning system has a bl ower (65)
to nmove air through said air supply register (210) and a humdity
controller (50) adapted to maintain the relative humdity of said
air in said heating, ventilating and air condi ti oni ng system above
about, 40% so that at |east a portion ?i [ 25 mcroorganisns in
said air are destroyed by photocat al yt Iig; on upon cont act
wi th said photocatal yst when said photocatal yst is illum nated
with said source of photons (24). 40. The device of
cl ai m 39, charactertﬁﬁc in that said hum dity cqontroller (50) is
adapted to naintaiA thg relative hum ditly of I o ) 4
PCT/ US96/ 14204 o - 37-
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said air in said heating, ventilating and air conditioning system between
about 40% and about 70% 41. The device of claim 39,
characterized in that said phot ocatal yst is a sem conductor. 5

42. The device of claim4l, characterized in that said sem conduct or
is Tigerr]. wo97/09073 . 43. The device of claim 39, scharse@isais zed.
by a HEPA filter containing said filter nmedium (28).

44, The device of claim 39, characterized by a 10 mcroporous filter
containing said filter nedium (28). 45. The devi ce of
claim 39, characterized in that said j3739hotocatal yst is additionally
coated on at |east one interior surface (31) of aliner (29) inserted
in said register (210). 46. The devi ce of claim 45,
characterized in that said 15 at |east one inside surface (31) of said
l'iner (29) has fins (226) affixed to the surface thereof coated with
sai phot ocat al yst, thereby increasing t he phot ocat al yst-coated surface
area ,of said |iner (29). Y/ Jhe device of claim 39,
characterized in that said source od (24) conprises WV |ight
havi ng a wavel ength 20 between about 300 and about 400 nm

48. The device of claim39, further characterized by a filter medi um
downst ream of said photocatal yst (230) in contact with said air noving
t hrough said duct (18) and capabl e of absorbing a mat eri al sel ected
from the group consisting of volatile organic 25 contam nants and odors.
49. A filter unit char i Yt cpated filter
mesh (28) capable of trapping bioaerosols for contact with
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an ai'r stream contai ni ng m croorgani Sns.

PCT/ US96/ 14204 50. The filter unit of claimA49,
charact.eri zed in that sai d photocatal yst is a sem conductor

51. The filter unit of claim50, characterized in that sai d

seni conduct or wioe7dp@Berr]. 5 52. The filter pewtsssfi4zohai m
49, characterized in that said nesh (28) conrises a HEPA filter

medi um 53. The filter unit of claim49, characterized
in that said nmesh (28) conprises f3ﬁ$croporous filter medium

54. A stand-al one device (80) for disinfecting air 10 containing

m cr oor gani sns characteri zed by: a chanber (88)

t hrough which said air is noved; a bl ower (90)
connected to said chanber (88) to nove said air therethrough

a phdtocat al yst having a predeterm ned band gap 15 energy coated on the
upstream surface of a filter medium ( apabl e of trapping

bi oaer osol s and di sposed in said chadﬁgi(§8%z7fo be contacted with
said air noving therethrough; *
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a lanmp (24) positioned to illumnate said photocatal yst with a
source of photons having a wavelength 20 corresponding to said band gap

ener gy -of said photocatal yst; and a humdity
controller (92) adapted to naintain the relative humdity of said air
in sai d chanh¥o g798973above about 40% characterized i n PCEUSHI420¢aSt » 2
portion of said m croorganisns in said air are destroyed by
phot ocat al yti c oxi dation upon contact with said 25 photocatal yst when said
photocatal yst is illum nated with SQYFGe of photons (24).

WD 97/ 09073

PCT/ US96/ 14204 - 39-

55. The device (80) of claimb54, characterized in that sai d

hum dity controller (92) is adapted to maintain the relative

humidity of said air in said chanber (88) above about 40 %

56. The device (80) of claimb54, characterized in that 5 said
phot ocat al yst is a sem conduct or. 57. The device

(80) of claim5b6, characterized int sai d sem conductor is
Tigerr]. FafG~28 :
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58. *The device (80) of claimb54, characterized by a HEPA filter

containing said filter nmedium (28). 10 59. The device
(80) of. claimb4, characterized by a m croporous filter
containing said filter medium (28). 60. The device
(80) of cl ai wepebmoeaar acterized in that sai d phoporresseingzi i s .
additionally coated on at |east one interior surface of said
chanmber (88). 15 61. The device (80) of claim54,
characterized in that sai d photocatal yst is additionally coated
on at least one interior surface 15/15 of aliner (212) inserted in
sai d chanber (88). 62. The device (80) of claim
61, characterized in that said at | east one inside surface of
said liner (212) has fins (226) affixed " 20 to the surface thereof
coatéd with said photocatal yst, thereby increasing t he
phot ocat al yst -coated surface area of said liner (212).
63. .The device (80) of claim 54, chach[Gi zal n t hat said
source of photons (24) conprises UV |ilght \ha a wavel ength
bet ween about 300 and about 400 nm 25 64. The device
(80) of claimb54, further characterized by an air speed detector
(99) disposed in said chanber (88). 65. The device
(80) of claimb4, further characterized by a m croprocessor
(102) adapted to Comlb@ t he speed of said
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bl ower (
det ector

characteri zed

AoHO-B
f[lm;gher
nber

90) based on information received fromsaid air speed
(99). 66. The device (80) of claim
by a hum dity probe (101) disposed in said ch

(88), characterized 5 in that said mcroprocessor (102) is fug
adapted to-control said hum dity controller (92) based orggpvpiger nat i.on
received fromsaiJPCT  huni GORIP ISTEBETUAL TROEERTY ORGANIZATION &. The
devi ce of claim.b54 rt i
G posed o DAERNE Tl AR LAY BORIAS UnbirCreg pareif B fbﬁéﬁdfijﬁé&ﬁ.&gﬂ
further |astpimmmbtions Pasit Gassteation 6: 11 cr opr o QEpRterngtibiiR Publireiiop Nabet: 0 cONWY Q19709073
sai d humi di pgrxcgmgrol l er (92) basad |on information received fro
humi di ty probe (101). A4 oot pliiscs B ;. i Mg 09 L33
further [characteri zed by a m cro oce sor 102 adapt ed tro oy &’?hﬁi BY,
hum df t y| Gibktemaionab ppplicyop Nuspber: X‘%* %ﬁp gﬁ%’g@ Al
further %%@Q;&Hmm& a SW DI 096 sor a(dam,gﬂ ltz,)ucu.nllrsot? LhAv,
speed off 'sai d bl ower (90). wthgf N@Jlﬁ,mgn%%ku
furtRer lchar acter] zed by a filter medifum d Trug?’mtﬁsxmpa‘{ennt
phot ocat (541,995) vsdi d al(,(M rﬁm) patent
chanber {(88) oas abI e GfMaf spg) a 20Us terlcmBEMDu$r%rﬁ&ﬁm
consi stijng of vblatile organit cont an nant ! cﬁg@%g‘&ﬁ%‘“ BJ, CF,
72,00 G PaR ki i ofipRiony 36d by 2 Surrace BB of
trappi ng 0qBs7053,ak Bowlifpin2AlP
07849 (US). Pub ed
With international search report.
(72) Inventar: GOSWAMI, D., Yogi; Northwest 13th Place, Before the expiration of the time limit for amending the
Gainesville, FL 32605 (US). claims and 1o be republished in the event of the receipt of
amendments.
(74) Agents: BUTCH, Peter, J., IIl et al.; Lemer, David, Littenberg,
Krumholz & Mentlik, 600 South Avenne West, Westfield,
NJ 07090 (US). '
(54) Title: PHOTOCATALmCAmmS}ré:mN
(57) Abstract 0 2 #‘22
A method for disinfecting an air stream 18 21 |¥| MY a0
containing microorganisms including the steps \ HH L
of providing an air stream containing microor- 58 N
ganisms having a relative humidity greater than —
about 40 %; and contacting the air stream with a 10 ? 1t -1
photocatalyst having a2 predetermined band gap \ — 54 i R ll 1
enerchoawdonﬂ:eupsuaamsurfaceofaﬁlter “ }--{-66 60 34 '* 22 36
medium (28) capable of trapping bioserosols in N - ]
the presence of a source of photons (24) hav- e 22
ing a wavelength corresponding to the band gap f————I—L——
energy of the photocatalyst, so that at least a 52~ 1650 —
of the microorganisms in the air stream
m:!;n'oyed ;nylcyrhom:l‘;tsicmoxi;atilon. De- L _r—_—_]
vices embodying the method of the invention N
are disclosed, such as stand-alone devices (80) 14 5 . B2
and devices incorporated into the HVJIAC systems n
of buildings, including the air supply registers ,—~.§
(210).l Phogtocatalyst-coated filter media (28) ca- 5
- pable of trapping bioaerosols are also disclosed.
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said air in said heating, ventilating and air conditioning system between
abdyt 40% and about 70%.

41. The device of claim 39, characterized in that said

yst is a semiconductor.
42. The device of claim 41, characterized in that said

The device of claim 39, characterized by a HEPA
filter containing sai{ filter medium (28).

microporous filter contaiping said filter medium (28).
45. The dgvice of claim 39, characterized in that said

at least one inside surface (31) of skid liner (29) has fins (226) affixed
to the surface thereof coated with said\photocatalyst, thereby increasing
the photocatalyst-coated surface area of seid liner (29).

47. The device of claim 3%, characterized in that said
source of photons (24) comprises UV light having a wavelength
between about 300 and about 400 nm.

48. The device of claim 39, characterized by a
filter medium downstream of said photocatalyst (230) in contact with
said air moving through said duct (18) and capablé of absorbing a
material selected from the group consisting of volatile organic
contaminants and odors. '

49. A filter unit characterized by a photocatalyst-
coated filter mesh (28) capable of trapping bioaerosols for contact with

an air stream containing microorganisms.
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50. The filter unit of claim 49, characterized in that
said photocatalyst is a semiconductor.
51. The filter unit of claim 50, characterized in that
said semiconductor is TiO,.
5 52. The filter unit of claim 49, characterized in that
said mesh (28) comrises a HEPA filter medium.
53. The filter unit of claim 49, charac?erized in that
said mesh (28) comprises a microporous filter medium.
| §4. A stand-alone device (80) for disinfecting air
10 containing mic>qprganisms characterized by:
", a chamber (88) through which said air is moved;
blower (90) connected to said chamber (88) to

move said air therethro

yst having a predetermined band gap
15 energy coated on the upstream surface of a filter medium (28) capable

photocaialyst with a source of photons having a wavelength

20 corresponding to said band gap energy of said photocatalyst; and

a humidity controller (92) wdapted to maintain the
above about 40%,
characterized in that at least a portion of said microsrganisms in said

relative humidity of said air in said chamber (8

air are destroyed by photocatalytic oxidation upon contact with said

id source of

25 photocatalyst when said photocatalyst is illuminated with
photons (24).
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