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*300002* A FILTER AND DEVI CE FOR TREATI NG Al '
Invention 5 This present ‘invention relates to a filter and (HWMMI‘“B‘" Hmmml
treating air. In nore particular, the present invention relates 1o a
photocatal ytic filter and device for treating air. Bac % —

I nvention 10 An energing air treatnment technol ogy is based on a

phot ocat al yti c oxidation that converts fine particles and tﬁwmﬂlmﬂwwmlﬂlmt 0
saf er conpounds. Basically, a photocatal ytic air treatnent

the use of broad spectrumultraviolet Iight which reacts w th a*Goooo2*

phot ocat al yst to creat I cal Wm | de ions for
oxidizing volatile orﬁﬁwmﬁﬁﬁﬁﬁf‘%ﬁu croorgani sns
adsorbed on 15 the catal yst surface. One comon phot ocat al yst bei ng used
for an air _purifier i s titaniumdioxide. By bonbarding the titani um di oxide
with |ight g‘[‘)"é‘l‘ otInvention wavel engt hs, electrons in the material's val ence
band are excited into the conduction band. As a result, the electrons 20

are free to nove and their energy can be utilized to split up nearby water
and oxyden Thisinsesghtaaventipnretarei tosayfilter anl device fanueating eir-loxiate partindar, Hydr oxy!|

radi cal s artl?eﬁg@@gnﬁé&ﬁoﬂpeﬂtesqg\éﬁygm{)t%lc%tﬁétiic?g %E?gﬁlggvg?ezftO{/g%] er than chlorine,

ozone and peroxi consequ y 8A%rt 1ived. The
oxi di zers

Background of The Invention

10 An emerging air treatment technology is based on a photocatalytic oxidation that
converts fine particles and toxic gases into safer compounds. Basically, a
photocatalytic air treatment shall include the use of broad spectrum ultraviolet light
which reacts with a photocatalyst to create hydroxyl radicals and super-oxide ions for
oxidizing volatile organic compounds and eliminating microorganisms adsorbed on

15 the catalyst surface.

One common photocatalyst being used for an air purifier is titanium dioxide. By
bombarding the titanium dioxide with lights of certain wavelengths, electrons in the
material's valence band are excited into the conduction band. As a result, the electrons
20 are free to move and their energy can be utilized to split up nearby water and oxygen

molecules into hydroxyl radicals and super-oxide ions.

Hydroxyl radicals are among the most powerful oxidizers and stronger'than chlorine, -
ozone and peroxide but consequently the radicals are very short lived. The oxidizers
25 can break the bonds of organic substances such as germs and volatile organic

molecules into smaller compounds until only carbon dioxide and water vapor are left.

There is some prior arts relating to several photocatalytic filters which can be installed
in a device for treating air.
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25 can break the bonds of organic substances such as gerns and vol atile
organic nolecules into smaller conpounds until only carbon di oxi de and

wat er vapor are left: There is sone prior arts relating to several
photocatalytic filters which can be installed in a device for treating air.
2 A Japanese Patent No. 2006017360 describes an air filter of a formng

pl eat which sticks to at | east one of dust, an odor nolecule, a virus and
bacilli presented in the air. In the prior art, it also discloses an air
conditioner provided with an air purifying unit containing the air filter.
5 Anot her Japanese Patent No. 2006280428 di scl oses an adsorption filter

| ayer, provigded in_an inspi i.r flow path, has preath-abjility and a

li ght bl ockY ﬂa& ansps Barnt g“a%@gg‘oﬂﬁgﬁﬁ?“&geﬁ%Ib alg éﬂ‘ﬁ'oﬂg%%?m.ﬂ-%& PIs¥HRIFe, the
prior art elicksn® atdbastshd¢f dustlisbdvr @dlécale, 88Ris indMNavidl prlebdnte@rin BeQiyd ded wi th
a photocatz%ﬁ%t filter layer which has 10 breath-ability being | am nated by
exhaust si W”Pﬁ@”d&%%ﬂé@gﬁﬁsﬁpPFéPmPQVE?PFH“H@@@#&§§§T&WﬁBG&PmEonponent

i N responsgoitfinitbithaMt it radiation from an exhaust side. A Japanese -

Pat ent No. 2009028473 describes a filter which is coated with nano silver
15 installed together with a germicidal lanp into a wi nd-speed control type

ul travi ol ety L.rr.adiAatl i eridnl B on th rior.art. the air
sterilizer Af“?f"tegﬁég"{r‘ﬁegé:(ﬁeg%%s r%sdogl%c 42%5&%3%?% rﬁna?&?ﬁ?tﬁg gﬁ?{ {alyge fungi
whi ch f | oaprdvidetifie aniinspidéd dir flowpathy; hagbraath-ability andelightBlodkiagRfbct @6
photocatalz iqﬂ xi d iion technoloqy 'ncludeaﬁaddition of other 20 el enments
with titani ilgﬂ'ﬁ' 84S FIRPOREty Hpetpermergpthe  BAS| 88 Jpimshel gsiggemt s are

vanadi um  dipdedtion 2d6E renfovaldi R pr&videdewitid 8 hhbiocdAlyst et dyeAlvhRAtHan has
been focused on using nano-silver particles in a filter for treating air.

It has Hbefreathaghiliydbeing damaintod byc srhapstosiflelof rihe iadaqrption: ifiltomdayer ital
anti - viral gafghpRSe abiisd Whaﬁq&%gg@settmgﬁma AERRGS bl ABhld Cl es come

into contact with a bacteria or vir suppress the ce S nutrient
transport, sidetack the cell menbrane and interfere with cell division to
hi nder the reproduction of the gerns.

A Japanese Patent No. 2009028473 describes a filter which is coated with nano silver
15 installed together with a germicidal lamp into a wind-speed control type ultraviolet
irradiation air sterilizer. Based on the prior art, the air sterilizer filters microorganisms

such as bacteria, virus and true fungi which float in the air of a room or in a car.

One improvement on photocatalytic oxidation technology includes addition of other
20 elements with titanium dioxide as the catalyst. Some examples of the elements are

vanadium, copper, zinc, rhodium, silver and nickel.

Great attention has been focused on using nano-silver particles in a filter for treating
air. It has been examined that silver can provide natural anti-bacterial, anti-viral and
25 anti-fungal benefits. When the nano-silver particles come into contact with a bacteria
or virus, they suppress the cell's nutrient transport, attack the cell membrane and

interfere with cell division to hinder the reproduction of the germs.

It is desirable to invent a filter comprising nano-silver particles which can be easily

30 installed into a device for treating air effectively via removing a variety of



3 contam nants. Sunmary of The Invention 5 The primary object of the
present invention is to invent a filter conprising nano-silver particles or
a conbination with other 'photocatalytic elenents for treating air
effectively via renoving a variety of contam nants. Anot her obj ect of
the present invention is to invent a device installed with a filter 10
conpri sing nano-silver particles or a conbination with other photocatal ytic
el enents for treating air effectively via renoving a variety of

contam nants. At |east one of the preceding objects is net, in whole or in
part, by the present invention, in which the enbodi nent of the present
invention descrihes a filter (100) 15 conprising at |east one antibacteri al
| ayer (101) consisting of nano-silver particles and at |east one
ultraviol et photocatalytic layer (102). In the present invention, the
filter conR{ises of..at | east one antibacterial |ayer and at |east one

ul t ravi ol et "B%?Wcﬁt@e}ﬁ?qo&yer while further conprising at |east one 20
el ectrostatic |ayer. The antibacterial |ayer contains nano-silver particles
which are effective in renoving mcroorgani sns and odors. Brief Description
of the D avitN@siasy ehiest of the pesgent inventianis 9 Wvent ailisncamristedeso-sidver i on of
several prehffd&dor lal b&hBindthAOwithObthbf $BboBHaIHE -elements for treating air

effectively via removing a variety of contaminants.

Another object of the present invention is to invent a device installed with a filter
10  comprising nano-silver particles or a combination with other photocatalytic elements

for treating air effectively via removing a variety of contaminants.

At least one of the preceding objects is met, in whole or in part, by the present
invention, in which the embodiment of the present invention describes a filter (100)
15 comprising at least one antibacterial layer (101) consisting of nano-silver particles and

at least one ultraviolet photocatalytic layer (102).

In the present invention, the filter comprises of at least one antibacterial layer and at
least one ultraviolet photocatalytic layer while further comprising at least one
20 electrostatic layer. The antibacterial layer contains nano-silver particles which are

effective in removing microorganisms and odors.
Brief Description of the Drawings

25 FIG. 1 shows a schematic view on the cross-section of several preferred filters (100)

for treating air.

FIG. 2 shows a schematic view of a ceiling suspended unit as a preferred device (106)
for treating air.
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FIG 2 shows a schematic view of a ceiling suspended unit as a preferred
device (106) for treating air. 4 FIG 3 shows a schematic view of anot her
ceiling suspended unit as a preferred device (106) for treating air.

FIG 4 shows a schematic view of a floor standing unit as a preferred
device (106) for 5 treating air. FIG 5 shows a schematic view of another
floor standing unit as a preferred device (106) for treating air. 10 FIG 6
shows a schematic view of an air handling unit as a preferred device (106)
for treating air. Detailed Descriptiond4of The Invention 15 One skilled in
the art will readily appreciate that the present invention is well adapted

to carry o I §GLS .and o tal t he ends advant ag nti oned, as
wel | as thgise |%§‘évr8§n SREE WOW OT TR gﬁﬁ@ﬂ?ﬁ@ﬁ?&%&?@?%@?“ ”“gggwfes not

i nt ended agld6) fortmbtingwr. on t he scope of the invention. 20 The present
invention discloses a filter (100) conprising at |east one antibacteri al

| ayer (101) consisting of nano-silver particles and at |east one

ul travi ol eFI®hPiHEGA LAt aic hRWASE a(ldde btandk urm Jlstaeﬁzrefeilrgﬁ))ie\%&?(llw ) igf t her
conprise at |east one electrostatic |ayer 5 1n the present

i nvent i on, TEMEEHH i bacterial |ayer (101) has a | oadi ng of nano-sil ver
particles ranging fromO.1%to 5% by wei ght. The nano-silver particles are
ranging fromlOnmto 25nmin size. It is inportant that silver particles
are utiliz&W. hshmewsos schezmatic wiegeoftanothenfloatestdndimgamitsasr4 pefened davies conpar ed
to comon gfr?%;g % zted silver particles. 5 Bigger surface area can provide
a | arger T USSR which elimnates ni croorgani sns nore effectively.
In an exanple, 1 gramof 20nm silver particles equals to surface area of
50n2.

10 FIG. 6 shows a schematic view of an air handling unit as a preferred device (106) for

treating air.
Detailed Description of The Invention

15 One skilled in the art will readily appreciate that the present invention is well adapted
to carry out the objects and obtain the ends and advantages mentioned, as well as
those inherent therein. The embodiment described herein is not intended as limitations

on the scope of the invention.

20 The present invention discloses a filter (100) comprising at least one antibacterial
layer (101) consisting of nano-silver particles and at least one ultraviolet
photocatalytic layer (102). The filter (100) shall further comprise at least one
electrostatic layer (103).

25 In the present invention, the antibacterial layer (101) has a loading. of nano-silver
particles ranging from 0.1% to 5% by weight. The nano-silver particles are ranging
from 10nm to 25nm in size. It is important that silver particles are utilized in nano-
sized range to provide bigger surface area as compared to common micro-sized silver
particles.
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5 The nano-silver particles which cone in contact with the bacterium and
fungus can adversely affect the cellular netabolismand inhibit the cel
growt h such as suppression on respiration, basal netabolismof electron
transfer system and transport of substrate in the m crobial cell nmenbrane.
As a result, the nano-silver particles are able to inhibit nultiplication
and growt h of those bacteria and fungi which may cause 10 infection, odor,
itchiness and sores. In addition, the antibacterial layer (101) consisting
the nano-silver particles can further iqiclude other elenments such as zinc
oxi de, cal ci um oxi de, magnei sum oxi de, silica or any conbination thereof.
The anti bacterial |ayer (100) can destroy 15 m croorgani sns such as vari ous
ki nds of viBI8BSESSURAEE [7aR ¢an aPmivifeaP s bugski epntact odistacs r whick heliminptes As

cl ai med ing; I i O, Vi C i ayer
(102) mﬁllnggﬁg%§§§ggh¥#€éﬁ?%%?§&nggﬁﬁ%@ﬂaiggéﬁéﬁgg@ﬁ@éﬁ§34é%hgf%raviolet
or fl or esceaends tbisytfaceaasfGPwd t o oxi di ze virus, bacteria, mold, fungus,
odor, volatile organic conpounds and toxic gases. However, the

el ectrostatic layer (103) functions to trap dust fromthe air passing

acr oss tihe The haer-silvéODPgrticles which dofiee i lcomedtiwithihe atteRum tahe fulguk @ ol et

phot ocatal ytic | ay (102) s a loading of 25 titani um oxide ranging from
0.1%to 21 We\k%ia_gﬁ‘ft. &Hen_"ﬂﬂ’;‘p}n@ ﬁ?lf‘sgtl Bflpdibite H_te &%l tgrewthy suchnes _

i nvention, stjpgeshiaf of r&PHRioAAbAsA kbR it lefch &fltrkdskdr %&a&&?&i ué{ggc}rt conpri se
one | ayer of antibacteri al [ayer (101) and one | ayer of ultraviolet

phot ocat al P pebstralg é the Taipnobigh selbmembraae. ot 4 tselt,¢h¢ panotsilyenpaftides)arg0 shal |

be consi st ggheqf mm%ﬁlibl\{c%{ioﬁj ad érgméoﬁﬂéjse%%t&?fﬁldl fﬁn@‘%&iﬁ& Qﬁﬁa}; Qau%é nc oxide

and/ or
10 infection, odor, itchiness and sores.

In 'addition, the antibacterial layer (101) consisting the nano-silver particles can
further include other elements such as zinc oxide, calcium oxide, magneisum oxide,
silica or any combination thereof. The antibacterial layer (100) can destroy
15 microorganisms such as various kinds of viruses and bacteria and also oxidize odor

from the air.

As claimed in the present invention, the ultraviolet photocatalytic layer (102) will
consist of titanium oxide which is responsive to an ultraviolet or florescence light
20 source to oxidize virus, bacteria, mold, fungus, odor, volatile organic compounds and
toxic gases. However, the electrostatic layer (1.03) functions to trap dust from the air

passing across the filter (100).

In the present invention, the ultraviolet photocatalytic layer (102) has a loading of

25 titanium oxide ranging from 0.1% to 21% by weight.

In one preferred embodiment of the present invention, the basic combination of a
preferred filter (100) shall comprise one layer of antibacterial layer (101) and one
layer of ultraviolet photocatalytic layer (102) wherein the antibacterial layer (101)

30 shall be consisted of nano-silver particles and optionally added with zinc oxide and/or



6 silica. The preferred filter (100) as described herein is showm in FIG
1(c). The present invention describes another preferred filter (100) in
FIG 1(a), illustrating an antibacterial |ayer (101) which is sandw ched
bet ween anot her antibacterial layer 5 (101) and an ultraviol et

photocatal ytic |l ayer (102). Based on the present invention, FIG 1(b) is
the nost preferred filter (100) and it has a core of antibacterial |ayer
(101), two electrostatic |layers (103), one outer antibacterial |ayer (101)
and one ultraviolet photocatalytic |layes (102). Besides, the filter (100)
may be protected by a polyneric net (104). Taking for an exanple, the

anti bacteri_gl | a r ultrayiol et. gphota tic layer (102) of
the filter S%fﬁdl)% ggjéerg egl%l%l@g? ?)Srdejef%}bgéhffewlf 03"“68%%3@“0 net (104) rmade
of pol ypropyl ene, polyester, woven or any conbination thereof. In addition,
the filter (100) is also protected by a metal casin 105) preferably made
of al umi nu e@?ﬁ*fﬁﬁ‘?"fﬁ%‘”’s %grbeaPnééh%@ﬁ%-?mﬁEﬁﬁ?{%Fg_%ﬁ 1?4;%1@?%?{‘%3 t he
present i nugnhiinRteAhSIRYGIE61)aviaY isCandwieldd c@Wedn £8ihen thibatte ek Si Ng 20
at least_one ultraviolet light source (107) and at |east one filter (100)
as descri bé1ppedanplgpyolstrtiotcaiabiicdayend 08 posed to the ultraviol et |ight
source (107). The device (106) may further conprise at least a fan (108), a

cooling or heating coil (110) or any conbination thereof. 25 In the present
i nvent i on, Basalonghe piesenFin@entdnaRiG. F(bpis tBe st prbfownd filterdi 00)nad ghapended uni t

as a preferred _device (106 treating the air. In FIG 2, air.is

wi t hdr awn iR oéﬁté%cwglﬁﬁ%gréi(ﬁm °|e§eﬁhf>5%tb° ﬁ%er%\{liom’ Sng AuterAntibactial i n an
el ect r ost atlayer {10l ¥ #id opé Ajavivdsd phétbtaRdytiABger $id2yer particles and/or zinc
oxi de Cﬁg be placed at the inlet to capture snoke by electrostatic force.
7 Optiofally, a fan (108) is installed near the inlet to direct the air
Jinto the dewiags, (tﬂé)ﬁﬂtera(ﬁdo)pﬁ%b%%?ogé’dtéd ﬁ;cacbgﬁyxﬁé?r% rfe:tl(f(ﬁ?. takff) for 2h | €ast

one filter (100) is positione e exposed to at |east one ultraviol et
| i ght sour ¢sampplehe pafibagterighipyrg (1@ iandfer vlrpeislep phatpeatatist layar €50%) ©f i ncl udi ng

dust, m cropr gaB! $160) Al 6 5L pY&Rbably! Gk U RONARRC Mt (104) made of

polypropylene, polyester, woven or any combination thereof.

15
In addition, the filter (100) is also protected by a metal casing (105) preferably made

of aluminum, galvanized steel or a combination thereof.

Hereinafter, the present invention discloses a device (106) for treating air comprising
20  at least one ultraviolet light source (107) and at least one filter (100) as described
previously positioned to be exposed to the ultraviolet light source (107). The device
(106) may further comprise at least a fan (108), a cooling or heating coil (110) or any

combination thereof.

25 In the present invention, each of the FIG. 2 and FIG. 3 has shown a ceiling suspended
unit as a preferred device (106) for treating the air. In FIG. 2, air is withdrawn
indicated by the arrows labelled as A into an inlet, wherein an electrostatic filter (109)
containing nano-silver particles and/or zinc oxide can be placed at the inlet to capture
smoke by electrostatic force.
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I n anot her preferred enbodi nent of the present invention, the filter (100)
as installed in the device (106) shall have a photocatalytlc | ayer (102)

whi ch contains titaniumoxide preferably supported on a wire mesh nmade of
metal such as alum num The treated air will be directed out fromthe
device (106) indicated by the arrows |labelled 10 as B or C or a conbi nation
thereof. The preferred device (106) of another ceiling suspended unit in
FIG 3 shows that the air is entered as indicated by the arrows starting
around point Afroman inlet into the device (106). Air passes across at

|l east one filter (100) positioned to be exposed to at 15 |l east one

i1 to o poreb AR AT BonaReP vl Rk idsed e mud Hsrdevieh (B 4.

preferred deyipas thd @l )ackks ehef fileR1(160)anticag dniflltet Sloosmpésmontea esbkng air.
Air will be wthdraw indicated by arrows |abelled as A preferably froma

top inlet &NRPSSDI; LSt s ilet lightywprag 6078 Torremayiag Vem;lsme@ efaif 100) is
posi ti oned meﬂ, I ource (107) to
generate h;g@ggglla&?adl cal s&?gﬁm‘%ﬂg&é’gg‘.“%ﬁ@t JT% A 0 ﬁeédngjb a| r shall be
bl own by>a fan (108) and to be rel eased as shown by the arrows | abelled as

B or C or [. t 9 | ets of

t he devi ceq]z%g érrﬁg#‘?% pre érn;“e)g \?/%Sgﬁe{ %ﬁ%@?gl{gpﬁ%ﬁu@a& %aglt% er floor
st andi ng urin the deviceH(il86)chuill heve é.@ﬁc)tpczﬂalytld hyed (SOZ)Awmbhircamlnasltaﬂimﬂm by the
arrows | abel | ed %%ﬁ froman inlet and the ai pas throuah at | east
one filter SEESdFe hs"’lmeB%s(?”t 2 SYiegmesh padeg B’§ S‘E“B SrAUNEEL iG] et | ght

source ( 107peated\afr il b QfibctéFontFarh the dlable&v( 1083 irldicaRl 8¢ thd &rdvy 1ab@ledt he 30
outlets to around a point indicated as or C or a conbination thereof. 8
10 as B or C or a combination thereof.

The preferred device (106) of another ceiling suspended unit in FIG. 3 shows that the
air is entered as indicated by the arrows starting around point A from an inlet into the
device (106). Air passes across at least one filter (100) positioned to be exposed to at
15 least one ultraviolet light soﬁrce (107) and a fan (108) will blow out the treated air to

a point labelled as B or C or a combination thereof.

In FIG. 4, a preferred device (106) of a floor standing unit is used for treating air. Air
will be withdrawn indicated by arrows labelled as A preferably from a top inlet and
20 into the device (106) where at least one filter (100) is positioned to be exposed to at
least one ultraviolet light source (107) to generate hydroxyl radicals for treating the
air. The treated air shall be blown by a fan (108) and to be released, as shown by the
arrows labelled as B or C or a combination thereof, preferably through the bottom
outlets of the device (106).
25
The preferred device (106) in FIG. 5 is another floor standing unit. In this device
(106), air is also withdrawn as shown by the arrows labelled as A from an inlet and the
air shall pass through at least one filter (100) which is positioned to be exposed to the
ultraviolet light source (107). A fan (108) is used to blow the treated air through the

30 outlets to around a point indicated as B or C or a combination thereof.



An air handling unit or fan coil unit is illustrated in FIG 6 as the
preferred device (106). The return air fromaround a point indicated as A
is directed through a return air duct and into the device (106). The

‘Wi thdrawn air shall pass through at |east one filter (100) which is exposed
to at |least one ultraviolet |light source (107) and across a 5 heating or
cooling coil (110). The heated or cooled air wll be bl own out of the
device (106) by a fan (108) though a supply air duct to a point |abelled as
B. According to the present invention, g§he device (106) in FIG 6 encloses
t he conponents preferably inside a pl enum box. If there is 10 absence of

th I 4 nts f.er nted on the return
bT o e or s e AMRORENN SyPURL s MBS FHRE, X STHOBRIEA P e 1 ne
ul t ravi ol e(106)dftie ®oui Gie ﬁ(oilxDZr))uﬁma ebint ﬁfdioatea&s WMA daraeté D thrdddl Dreturr ef er abl y

at a wavelengih r es froml o 15 400nm The device (106) can be used
in many pl &€ %H@‘rfg Sthe devieg lgﬂ‘l i‘% Wl\%@faéﬂn ughall nawhqough @blﬁ?ﬁt Ong| ean room

and ot her s £ 10y #heh lsdé &eassst lleaﬁt Bﬁkeul%ﬁél%{‘ﬁgﬂt Qe 1@ arldgrogE4 hod of
PP and

treating air conprising e steps of dramng air
exp05|n95tﬁémmﬁﬂﬁé?demﬁﬂ(ﬂé)an ul traviol et Ilght 20 sour ce (107) to
generate hydroxyl radicals and renpving air contam nants by the hydroxyl
radicals. In the present invention, a repetitive oxidative reaction occurs
at the tit dhebeatekorieokdairadk behlowmeutbf tha devitet] 0p) ot ofaa( HI8Y thoagh ayer (102)
of a filt ersulgp al} ducth a pom{ legaf(ed as B. According to the present invention, the device
(106) in FIG. 6 encloses the components preferably inside a plenum box. If there is
10 absence of the plenum box, the components shall be preferably mounted on the return

air side of the device (106).

Moreover, the present invention claims the ultraviolet light source (107) which
radiates UVA and/or UVC but preferably at a wavelength ranges from 185nm to
15 400nm. The device (106) can be used in many places such as in the office, hotel guest

room, airport, clean room and others.

As further disclosed in the present invention, the method of treating air comprising the
steps of drawing air to a filter (100), exposing the filter (100) to an ultraviolet light
20 source (107) to generate hydroxyl radicals and removing air contaminants by the

hydroxyl radicals.

In the present invention, a repetitive oxidative reaction occurs at the titanium oxide
surface on the ultraviolet photocatalytic layer (102) of a filter (100). In the redox
25 reaction, the air which contains oxygen and water vapor is required for environmental

purification using titanium oxide.

Photocatalysis is initiated when titanium dioxide exposes to the ultraviolet rays. This
can be known as an optical solid surface or interface reaction. The titanium dioxide

30 absorbs ultraviolet rays to generate electrons and positive-charged holes. Higher



25 reaction, the air which contains oxygen and water vapor is required for
environnental purification using titanium oxide. Photocatalysis is
initiated when titanium di oxi de exposes to the ultraviolet rays. This can
be known as an optical solid surface or interface reaction. The titanium
di oxi de 30 absorbs ultraviolet rays to generate el ectrons and
positive-charged holes. Hi gher 9 reaction effect is effected by a greater
generation of the electrons and hol es. The reaction of photocatalysis is
shown as below. TiOQ2 + hv (ultraviolet ggays) --? e+ h+ (hole) 5 The
generated hol es have strong oxidization ability and by reacting with water
present on the surface of the titanium di oxi de, hydroxyl radicals can be
gener at ed TgCiim cdiestas siepias by aoBratengengrAtone hrotlergens ﬂﬁé‘oﬂﬁﬁdroxyl radi cal s
are generated through a reaction as shown below. 10 h+ (hole) + H20 -00 .OH
(hydroxyl radical) + H+ In the presence of oxygen, radicals of the

i nt er nedi afbareg¢tionraf @hotecataygiois ssvmasdeldwigen nol ecul es i nduce a radi cal

decomosed id BIELESAREES IR M s e BBERG: oxi de’ and vater. However, the
generated el ectrons will produce superoxide anions by causing a reductive
L on b e S AEhRR gl i b4aTa0bn 6y and B Headhg vl Wter prisent” " "

' on the surface of the titanium dioxide, hydroxyl radicals can be generated to oxidize
organic contaminant compounds. The hydroxyl radicals are generated through a
reaction as shown below: |

10 h'(hole) + H,O — .OH (hydroxyl radical) + H*

In the presence of oxygen, radicals of the intermediates of organic compounds and
oxygen molecules induce a radical chain reaction and consume oxygen. The organic
compounds shall be decomposed and eventually turn into carbon dioxide and water.

15
However, the generated electrons will produce superoxide anions by causing a
reductive reaction with oxygen on the surface of the titanium dioxide, in which the
reaction is shown as below:
e + 0, —P .0, (superoxide anion)

20
The superoxide anions can form oxides by adhering to the intermediates of the
oxidation reaction or turn into hydrogen peroxide and then into water. Free oxygen
radical (-O) is also generated in the air and directly affects the carbon-carbon bond of
organic matter.

25

Since organic matter is usually more oxidizable than water, therefore the positive-
charged holes are more likely to oxidize the organic compounds. The recombination
rate of both carriers, which are the holes and electrons, shall decrease when the

concentration of organic matter is higher.
30



e+ 02.02 (superoxide anion) The superoxi de anions can form oxi des by
adhering to the internedi ates of the oxidation reaction or turn into

hydr ogen peroxide and then into water. Free oxygen radical (.0) is also
generated in the air and directly affects the carbon-carbon bond of organic
matter. Since organic matter is usually nore oxidizable than water,
therefore the positive-charged holes are nore likely to oxidize the organic
conpounds. The reconbination rate of both carriers, which are the hol es and
el ectrons, shall decrease when the conggntration of organic matter is

hi gher. 10 The efficiency of the reaction is determ ned by the transfer
of electronge% oxygen nol ecul es at the reduction site under the condition

where all & K1egi5y O dhegreaction| i dgtermiged; by the transfes of electrons to oxygen

molecules at the reduction site under the condition where all of the spaces are filled.
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11 Gains 1. Afilter (100) conprising: at | east one antibacteri al

| ayer (101) consisting of nano-silver particles; and 5 at | east one

ul travi ol et photocatal yti-:c |ayer (102). 2. Afilter (100) as clainmed in
claiml further conprising at |east one electrostatic layer (103). 10 3. A
filter (100) as clainmed in claim1 or claim?2, wherein the antibacteri al

| ayer (101) further includes zinc oxide, calciumoxide, magnesium oxi de,
silica or any conbination thereof. 4. Afilter (100) as clainmed in any
of the clains 1 to 3, wherein the antibacterial layer 15 (101) has a

| oadi ng of nano-silver particles ranging fromO0.1%to 5% by weight. 5. A
filter (10Qﬁﬁﬂﬁ claimed in any of the clains'1 to 4, wherein the
nano-sil ver particles are ranging fromlOmmto 25nmin size. 20 6. Afilter
(100) as claimed in any of the clainms 1 to 5 wherein the ultraviolet
photocatal){%gill %S&M%lozg consists of titaniumoxide. 7. Afilter (100) as
claimed in BIPEPRSt he ul travi ol et photocatal ytic layer (102) has

a | oadi ng @gf1ehst bAArdBh @Al CayEAN 01 NDndikt o@an&mz Q¥s; Wed ght. 25 8. A
filter (100) as clained in gﬁanogngﬁé Qﬁglﬁs o %ﬁﬁs %rotected by a

pol yner it Atleast eueyltragolsbphotocatabitindayend8y)- or a conbl nation thereof . 9.
A device (106) for treating air conprising: 30 at | east one ultraviol et
| i ght source (107); and

2. A filter (100) as claimed in claim 1 further comprising at least one electrostatic

layer (103).

10 3. A filter (100) as claimed in claim 1 or claim 2, wherein the antibacterial layer (101)
further includes zinc oxide, calcium oxide, magnesium oxide, silica or any

combination thereof.

4. A filter (100) as claimed in any of the claims 1 to 3, wherein the antibacterial layer
15 (101) has a loading of nano-silver particles ranging from 0.1% to 5% by weight.

5. A filter (100) as claimed in any of the claims 1 to 4, wherein the nano-silver

particles are ranging from 10nm to 25nm in size.

20 6. A filter (100) as claimed in any of the claims 1 to 5, wherein the ultraviolet

photocatalytic layer (102) consists of titanium oxide.

7. A filter (100) as claimed in claim 6, wherein the ultraviolet photocatalytic layer
(102) has a loading of titanium oxide ranging from 0.1% to 21% by weight.

25
8. A filter (100) as claimed in any of the claims 1 to 7 is protected by a polymeric net

(104), a metal casing (105) or a combination thereof.

9. A device (106) for treating air comprising:
30 atleast one ultraviolet light source (107); and



12 at least one filter (100) as clainmed in any of the preceding clains
positioned to be exposed to the ultraviolet |ight source (107). 10. A
device (106) as claimed i*n claim9 further conprising at |least a fan (108),
a coil 5 (110) or a conbination thereof. 11. A device (106) as clained in
claim9 or claim110, wherein the ultraviolet |ight source (107) radi ates at
a wavel ength ranges from 185nmto 400nm 10 12. A device (106) as clained
in any of the clains 9 to 11 has at | east one surface coated with a | oadi ng
of nano-silver particles ranging fromQs1%to 5% by wei ght and/or titanium
oxide ranging fromO0.1%to 21% by weight. 13. A nethod of treating air
conprising: 15 drawing air to a filter (100) as clained in any of the
clains 1 t@t&asteongddien§l @ e@s felaimed in( aryoyf the peasedihg chvmopesitidnedjita beour ce
(107) to g - .adi_cal s; d renoving air contam nants by the
hydr oxyl r%gﬁgzsa{l gé.tnggﬁr%gﬂe})\ﬁ%gtsﬁ%aéggﬁgl ainmed in claim113 wherein the
ultraviolet Iight source (107) radiates at a wavel ength ranges from 185nm
to 400nm 21% A device (106) as claimed in claim 9 further comprising at least a fan (108), a coil

5 (110) or a combination thereof.

11. A device (106) as claimed in claim 9 or claim 10, wherein the ultraviolet light

source (107) radiates at a wavelength ranges from 185nm to 400nm.

10 12. A device (106) as claimed in any of the claims 9 to 11 has at least one surface
coated with a loading of nano-silver particles ranging from 0.1% to 5% by weight
and/or titanium oxide ranging from 0.1% to 21% by weight.

13. A method of treating air comprising:

15 drawing air to a filter (100) as claimed in any of the claims 1 to 8;
exposing the filter (100) to an ultraviolet light source (107) to generate hydroxyl
radicals; and

removing air contaminants by the hydroxyl radicals.

20 14. A method as claimed in claim 13 wherein the ultraviolet light source (107)

radiates at a wavelength ranges from 185nm to 400nm.
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