1 A FILTER AND DEVI CE FOR TREATING AIR Field of Invention 5 This present
invention relates to a filter and device for treating air. In nore

parti cul a0 20R&1pMeésent i nvention relates to a phot ocat RCFIM2016/0a0837 and
device for treating air. Background of The Invention 10 An energing air
treatment technol ogy is based on a photocatal ytic oxidation that converts
fine particles and toxic gases into safer conpounds. Basically, a
photocatal ytic air treatnment shall include the use of broad spectrum
ultraviolet light which reacts with a photocatalyst to create hydroxyl

radi cal s and super-oxide ions for oxidizing volatile organic conpounds and

el imnating m croor gag M FEIANT AEVACELPOREREAANGAIRUY face. One common
phot ocat al yst being used for an air purifier is titaniumdioxide. By

bonbarding the titaniumdioxide with lights of certain wavel engt hs,

el ectrons Hﬁ tEF material's val ence band are excited into the conduction
band. As R'Meefventigh o octrons 20 are free to nove and their energy can
be utilized to split up nearby water and oxygen nol ecul es i nto hydroxyl
radi cal s and super-oxide ions. Hydroxyl radicals are anong the nost

power f 3l dRisdiresspsinyprtiontrelstrgde atfHten anth Hovenor tsaingeais o mure pritigslaput
consequenply, LAg: 3dLGA sElaft o X%Bé{togzﬁ&ér[ic et dt '{}?ce%# 9+a%ﬁg%ir?.5. can break
t he bonds of" organi ¢ SUgstances Psuch a ger ns and Vol atiTe rgani c

nol ecul es into small er conpounds until only carbon di oxi de and water vapor

are left. .
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
photocatalyﬁc air treatment shall include the use of broad spectrum ultraviolet light
which reacts with a photoéatalyst 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 cohduction 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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There is sonme prior arts relating to several photocatalytic filters which
can be installed in a device for treating air. A Japanese Patent No.
20060173690¢8R1B¥ds an air filter of a form ng pl eat WRCEMERIYAH1370 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. Another Japanese Patent
No. 2006280428 di scl oses an adsorption éilter | ayer, provided in an
inspired air flow path, has breath-abilTty and a |ight blocking effect to
adsorb harnful gas conponent. Furthernore, the prior art clains of using a
di si nf ect Aoqapastes ParADXal 200601986 destriBes amvatrhfilter T femimd pisht Whicher | ayer
whi ch has 10 breath-ability being | am nated by exhaust side of the

adsor pt i offigks tqQ airleashpae of éu b 50leayle goirus eng berahi PresentedSp dhesar t o

| ol NP _ ! . P, . .
200000847 HEQLPF RcH alsp MR AReCHNAY Ehndilibfer b VARERRR B SEBIV M w1

t oget her weortdinmgaks sir Gitehal | anp into a wi nd-speed control type ultraviol et
irradiation air sterilizer. Based on the prior art, the air sterilizer
filters m croorgani sns such as bacteria, virus and true fungi which fl oat

in the ai hnghe I pidht AN AT 63! FRL] t t t ic

oxi dati on tecﬁnol gﬁkfn%#uéesgaggio?lz%ar% of m(%% ﬁéelér%rrgg %ﬁ%ﬁ?sﬁgm&t %lyﬁ’t ani um
di oxi de aprovided gatnlinspired Sorflove pathphassbredthtabdity landredight bloeking mffdctitm

copper, zinc,, rhodj silver and nickel. G.eat attention has been focused
on' Usi g P SRBH s, EPEPERCHL, FarbemRte. M6 PRGaAT (%6 O 4608 been
exam ned gRmfectivh \6Abr fdflovall Tttefl Brdiadddr with ANBHotRAGA R fidter 1381 Which/igls and 25
anti-fungal benefits. Wien the nano-silver particl'es cone’into contact with

a bactl@r i breath-abilityisbeing) dgminaask dysextaustceide' of thet adserntionr &lepdayer tat t ack
the cell H@c%%{g{%gf %gorl Q(t)r%f)(grgﬁlh i {é[sr#]or(l:s%ltlt() ﬁ{rg\lzigfe%) rr‘aJizﬂiorr]ll 1¥gr(ralrant Qﬁaust
reproduct i on e Jer ns. contam nants.

side.

A Japahese 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 photocétalytic 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, théy suppfess 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 co'mprising nano-silver particles which can be easily

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



Summary of The Invention The primary object of the present invention is to
invent a filter conprising nano-silver particles or a conbination with

ot her phovocat2Aligzuc el enments for treating air effecti veCy/MWY2010/@00037 ng a
vari ety of contam nants. Anot her object of the present invention is to
invent a device installed with a filter 10 conprising nano-silver particles
or a conbination with other photocatalytic elenents for treating air
effectively via renoving a variety of contam nants. At |east one of the
precedi ng objects is net, in whole or i part, by the present invention, in
whi ch the enbodi nent of the present invention describes a filter (100) 15
conpri si ngoimin@agt one anti bacterial |ayer (101) consisting of nano-silver
particles and at | east one ultraviolet photocatal ytic layer (102). In the
present invention, the filter conprises of at |east one anti bacterial |ayer
and at |egst one Lﬂgﬁ{ ?[vi ol.et photocatalytic |ayer while further conprising
at | east SHETAYS € &?'%ﬂolnc | ayer. The anti bacterial |ayer contains
nano-sil ver particles which are effective in renoving m croorgani sns and
odors. Brief Description of the Drawings 25 FIG _1 shows, a schematic view
on t heScr $B& pameary ehe Pf fie\sesgnt iventianyis & MveRte Kltqr ropyprising nepe-stydig air .

devi oo ?ggﬁcg%%ﬁtﬁ Srerg‘ﬁﬂ‘ﬁiax“g‘?ﬁrlv_‘%ftl}labtﬁgj phO@cat3RENEAMA! fordfeftidy Glrer red
effectively via removing a variety of contaminants.

Another object of the present invention is to invent a device installed with a filter
10 bomprising 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 partiéles 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 photocatdlytic 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 3 shows a schematic view of another ceiling suspended unit as a
preferred device (106) for treating air. FIG 4 shows a schematic view
of a fl oowo0midB2¥g unit as a preferred device (106) foPCHMYWA/D00¢B7ai r .
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
Description of The Invention 15 One skilled in the art will readily
appreciate that the present invention i4 well adapted to carry out the

obj ects and obtain the ends and advantages nentioned, as well as those

i nher ent Fhgr £iibws \RhERBOAFRIUL adEBer delfth fep&idad ufit A9k pleférPRIiRS
limtations on the scope of the invention.” 20 The presenF i nvention

di scl oses (E6) forteqatind@®) conprising at | east one antibacterial |ayer (101)
consi sting of nano-silver particles and at | east one ultraviol et

phot ocatal ytic layer (102). The filter (100) shall further conprise at

| east oneFad ef blioved Déchembay Siew d3floor Santimgtiier Rragseftred dvabé (106) férhe

anti bacterial |ayer (101) has a | oading of nano-silver particles ranging
from 05194€¥in®aiby wei ght. The nano-silver particles are ranging from| Onm
to 25nmin size. It is inportant that silver particles are utilized in nano
si zed range to provide bigger surface area as conpared to conmon

m cr o- si z®UGs?H Iskews pacrhémitesviewSofBingder flour tandingrnait sanpefawdddevicel ar ger
cont act ‘-szrf ge whi.ch elimnates mcroorganisns nore effectively. In an
exanpl e; 109?3 PhERUDHAM si | ver particles equals to surface area of 50n2.
The nano-silver particles which conme in contact with the bacterium-and
fungus can adversely affect the cellular netabolismand inhibit the cell

gr owt hl0s uthG a6 skawspa ssheimahc grew efsgi ainhanghing agals ameefatrod devico(106) éurt r on
transfer %stem.and transport of substrate in the mcrobial cell menbrane.
As a resufFAMEAET nano-silver particles are able to inhibit multiplication
and growt h of those bacteria and fungi which nmay cause 10 infection, odor,
itchiness _and sores. In addition, the antibacterial |ayer (101) consisting
t he nano- Detailed Descriptipe of Thg 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 weigﬁt, 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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further include other elements such as zinc oxide, calcium oxide, nmagnei sum
oxi de, silica or any conbination thereof. The antibacterial |ayer (100) can
destroy MgOrdYW8Hgani sns such as various kinds of viru®eI/MY1WewIdFri a and
al so oxidize odor fromthe air. As clained in the present invention, the
ultravi ol et photocatal ytic layer (102) wll consist of titanium oxide which
Is responsive to an ultraviolet or florescence Iight 20 source to oxidize
virus, bacteria, nold, fungus, odor, volatile organic conpounds and toxic
gases. However, the electrostatic |ayer’ (103) functions to trap dust from
the air passing across the filter (100). In the present invention, the

ul travi ol Bigegphoh@faaé ahnkh i arl 3)H6Vide 182)arf@S cBntaO@duffcOfwitieh t bhidHat oxi de
ranging fromO0. 1% to 21% by wei ght. In one preferred enbodi ment of the

present | MikEpRrgamsms heors aafletivalybinnan iesample, 4 grasf ef 2@umf silver partictd) shal |

conpri se I . of _antibacterial [ayer (101) and one | ayer - of
ul travi olge)u p)sﬁgiégré% eaﬁr%’c‘?fc%yer (102) wherein the antibacterial |ayer

(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
her.ei ndi sTRhBHP-sileFpasticles)which come in contact with the bacterium and "fungus can
~ adversely affect the cellular metabolism and inhibit the cell growth such as
suppression on respiration, basal metabolism of electron transfer system and transport
of substrate in the microbial cell membrane. As a result, the nano-silver particles are
able to inhibit multiplication and growth of those bacteria and fungi which may cause

- 10 infection, odor, itchiness and sores.

In addition, the antibacterial layer (101) consistiﬁg 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, volatilé organic conﬁpoimds and
toxic gases. However, the electrostatic layer (103) functions to trap dust from the air

passing across the ﬁltér (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



The present invention describes another preferred filter (100) in FIG

1(a), illustrating an antibacterial |ayer (101) which is sandw ched between
anot her awoi2beatgdal | ayer (101) and an ultraviol et ph®CoaOaY22N§/0G0t37 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

el ectrostatic layers (103), one outer antibacterial |ayer (101) and one
ultravi ol et photocatal ytic |layer (102). Besides, the filter (100) nay be
protected by a polyneric net (104). Tak?ng for an exanple, the

anti bacterial layer (101) and/or ultraviolet photocatal ytic |ayer (102) of

the filtegicd Ok reBrbe oA 00) RIREGIRA M [shhawR®h FI® (9. net (104) nmade
of pol ypropyl ene, pol yester, woven or any conbination thereof. In addition,

the filter (100) is also protected by a netal casing (105) preferably nade
of alumn al vani zed. steel or conbi nat i-on re ei.nafter, the
brecent. 1 ATERREN B1EEPs SbEPbefin o RS FF PELETIG I METRE ng 20
at | east ei@ntibdcterial Rlyet (11019WhiGOM@BIWILAL béR@eRanbthaSintbacefiall lagr (100)
as descri bed previously positioned to be exposed to the ultraviolet |ight

sour ce J( 10101) anthan wlgrayvieiet photgyataiiic dayer HO2).conpri se at | east a fan (108), a
cooling or heating coil (110) or any conbination thereof. 25 In the present
i nvention, each of the FIG 2 and FIG 3 has shown ‘a ceiling suspended unit
as a pr ef Baseidbrtttw ipeRer{t iNentibo FIG. @d)iisithe tofisst preferrddrfiltdr G 00 andiitrhasa

wi t hdrawn- i ndi cat ed by gge (arrows | abel | ed ials Ainto an inlet, wherein an
el ect r ost S0 @piibasterial kysr (104 hitwp slashostatio layens\403)pang putprantibacierial 7i nc

oxi de can bacati 3e dihsvibiR! Shotb QAR L& (hPKe by el ectrostatic force.

7 Opti onal%%r,@a ?an (108 ils #ﬁﬁsot a‘%l eglt negr (tﬁ% inlet to direct the air
into tll9e device (106) and pass the air across the filter (100). At |east
one filter, (.100), i ositioned to be exposed.to at |east, one. ultraviol et
"Tant souPeuare e TEr CIORhGINE Fiabtesto Y proy e r GO alACiRENoE Hncl udi ng
dust, m ceRhslanths HhtiGderAl &3Rt C10M9hAd/ ot BlEOTBR WhdtbcatalitiRNAfn¢ 0D erred
enbodi ment of the (g)resent invention, the filter (100) as installed in the

devi ce (108) fifmi(10hacan &e perstadc aredgrgbly c withyarpofyroerjc wist ¢ H0Domade mf
titani um Qx erably s r . W [ e made of metal such as
al um num wggotpgfe‘egl%’é)d’?%s%r’wﬁ% ﬁté%%' rgg%@ggﬁé)n&hg%?)gm the device (106) -

i ndi catsed by the arrows | abelled 10 as B or C or a conbination thereof. The
preferred_device (106? of another ceiling susPended unit in FI.G 3 shows
that the 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) aﬁd at least one filter (100) as descﬁbed '

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 zihc oxide can bé placed at the iﬁlet to captﬁfe -
smoke by electrostatic force. | |

- 30



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)
posi ti onasote1dsmposed to at 15 | east one ul travi ol et PCiIrghyY203@enotyy ( 107)
and a fan (108) will blow out the treated air to a point labelled as B or C
or a conbination thereof. In FIG 4, a preferred device (106) of a floor
standing unit is used for treating air. Air will be w thdrawn indicated by
arrows | abelled as A preferably froma iop inlet and 20 into the device
(106) where at least one filter (100) iS positioned to be exposed to at

| east one ultraviolet light source (107) to generate hydroxyl radicals for

treating bbgolky; aﬂi‘?(leFﬁhﬁﬂaﬂ’dd"n&hﬁle' inRE AR tHYairinkRthe(deVRE (BOW) t O be

rel eased, as shown by the arrows | abelled as B or C or a conbi natlon

thereof , @ndepassdhe ynrtawwghe filier HI0D.ofxt dnastl enesfiliér (1RE) tepastieoned 08)be 25 The
P ef err ed ev'cﬂao e(t:}eask PIg ullc:r Ylﬁld-:?(lil t soﬂ?ceﬁ?@w? %Opetnhsvtuggn\qénn s?}&%éloifé@ ;2' Z

device (1 , PRI as s r'OWsS

froman i Eﬂrﬁémﬁllaﬂts ﬁxﬁtﬂu(ﬁhg defiahlcresganishs augdsrgaﬁlc veRsle ngouhdd. er (100)
whi ch iis positioned to be exposed to the ultraviolet light source (107). A

fan (1é8) is used to blowthe treated air through the 30 outlets to around

a point i poi e ‘i‘ar&é & Q&bﬁlﬂlge{lfﬁ‘%f@gtb;r%@ﬁ i&@er@fbﬁr BQffiited I(ﬁ%bgr 5 5'&12&3' | ng,

unit or fan COI Gart i s as the pre evi ce
(106) . Thin thetdevivea(l06X shath leave unphatoqamalptic layer (B¢ dviash dontsindlititanitrad

t hrough a retur duct d into the device_(106). The ithdrawn air
shal | pas®X i ma%g%hét SYRBSEE Ged PilletTaesh mags o w%?eeeﬁ ugh &5 AR e | east
one ul trayitQlehir Wilbe &RLEESuf ﬂrQ@th@'&va@E(% ifticat Qs {HA%rRIwsAY]leRd COi |
(110). The heated or cooled air wll I'own out of the deV|ce (106) by a
fan (108)azBoofhora 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 stafting around point A from an .inlet into the
device (106). Air passes across at least one filter klOO) positioned to be exposed to at
15 least one ultraviolet light source (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, préferably 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 'fhe »
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.



supply air duct to a point |abelled as B. According to the present

I nvention, the device (106) in FIG 6 encloses the conponents preferably

i nsi de a woenwmiBat. If there is 10 absence of the pl enBETHMOX010/608137
conponents shall be preferably nmounted on the return air side of the device
(106). Moreover, the present invention clains the ultraviolet |ight source
(107) which radi ates UVA and/or W/C but preferably at a wavel ength ranges
from 185nmto 15 400nm The device (106) can be used in many places such as
in the office, hotel guest room airport, clean roomand others. As further
di sclosed in the present invention, the nethod of treating air conprising

the st epsAnfaiflhawdling wit orl Anolll i illddifhled BXPISI 18s iHiCprbfdrie@rdevi@0) to an
ul traviol et Ilﬁk;': 20 source (107) to generate hydroxyl radicals and
removi ng 6li06).clowtigivimmairt frorhyareund shpainiosoglicateddis dalissdirgoted theoyghess eaturn

cur  ace ofi HE R pk 8 GRS ThEPIRANEGE A, Blss il BRI 00) 1

t he redoxfillér (16@cwhieR is &XfRséd fo aMiashorkailiravioRt BxkORr@NU0Tedndracv@par i s
required for_ environnental purification using titanium oxide.
Photocétah?%ﬁ%(¥§°QhﬂQQQHKéH%when titani um 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

: - The heated or cooled air will be blown out of the device (106) by a fan (108) though a

supply air duct to a point labelled 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 generéte electrons and positive-charged holes. Higher



30 absorbs ultraviolet rays to generate el ectrons and positive-charged

hol es. Hi gher reaction effect is effected by a greater generation of the
el ectronswandidioBxd. The reaction of photocatal ysis is POBMYZ$0/eI3yw. Ti O2
+ hv (ultraviolet rays)e- + h+ (hole) 5 The generated hol es have strong

oxi dization ability and by reacting with water present on the surface of
the titani um di oxi de, hydroxyl radicals can be generated to oxidize organic
cont am nant conpounds. The hydroxyl radjcals are generated through a
reacti on as shown below. 10 h+ (hole) + H20 -? .0OH (hydroxyl radical) + Ht
In the presence of oxygen, radicals of the internedi ates of organic

conmpounds reaBRoP&YELe s dTRIcREHyaSgreftetiSertioAdF BRl elcidhfakERsléd. on and consume
oxygen. The organi c conmpounds shall be deconposed and eventually turn into

carbon di oxi de and water. However, the generated electrons wll produce

super-oxi d ' o G & T ' reaction with oxygen on the
surface o?hggéea%ﬁ??.gﬁ?%oﬁﬁy%lkaé%lsaé,Sﬁ?‘gﬁ\%\%n ééﬂwt he reaction.is shown as bel ow
e- +02 - ?Ti02 hsupendxietayani or)-Pplhe+atgeigxi de ani ons can form oxi des by
adhering to the internedi ates of the oxidation reaction or turn into
hydrogén peroxi de and then into water. Free oxygen radical (.0) is also

gener at ed 4,0 géﬁlﬁat@& hoRPfavt! dioh 'o¥id‘?£a] iﬁ{i/%ﬁili‘r}‘&&:@}f ﬁ?&%@{ﬁﬁgfﬁ{é\?\g%sé’ﬁt organic

matter. Sincé organic matter 1S usually nore oxidiza ter,
t her ef or eot lee ppoface iof ¢hectitanigeddiorideshydrexytoadicdls kail be genevatedita exidive or gani c

conpounds. The reconbination rate_of both carriers, which are the holes and
el ect r ons O"88H% FOIH%‘BP@%éo%ﬁg‘ﬁpad%hér?‘éolﬁ/é‘é?ﬁyﬁaﬁafh&ﬁlsoﬁre o%e@aﬁf% PY&EY 3 s

hi gher. r_eaction as shown below:

10 © h*(hole) + HLO — -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 reéction with oxygen on the surface of the titanium dioxide, in which the
reaction is shown as below:
e +0, — -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 likeiy 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



10 The efficiency of the reaction is determ ned by the transfer of

el ectrons to oxygen nolecules at the reduction site under the condition
wher e al Iwof2otdmasspaces are filled. 5 10 15 20 25 11 ecaime201d000/87f i | ter
(100) conpri sing: at | east one antibacterial |ayer (101) consisting of
nano-silver particles; and 5 at |east one ultraviol et photocatal ytic |ayer
(102). 2. Afilter (100) as clainmed in claiml further conpnsng at | east
one electrostatic layer (103). 10

The efficiency of the reaction is determined by the transfer of electrons to oxygen

“molecules at the reduction site under the condition where all of the spaces are filled.

10

15

20

25
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10 3. Afilter (100) as clained in claim1 or claim2, wherein the

anti bacterial layer (101) further includes zinc oxide, calciumoxide,
magnesi urivoxotissitl i ca or any conbi nation thereof. PCA/MYR0f6/000€37 ( 100)
as claimed in any of the clains 1 to 3, wherein the antibacterial |ayer 15
(101) has a | oading of nano-silver particles ranging fromO0.1%to 5% by
weight. 5. Afilter (100) as clainmed in-any-of the clains 1 to 4, wherein
t he nano-silver particles are ranging from 10nmto 25nmin size. 20 6. A
filter (100) as clainmed in any of the dlaims 1 to 5, wherein the

ultravi ol et photocatal ytic |layer (102) consists of titaniumoxide. 7. A
filter (1@QinRS Cclainmed in claim6, wherein the ultraviolet photocatal ytic
| ayer (102) has a loading of titanium oxide ranging fromO0.1%to 21% by
weight. 25 8. Afilter (100) as clainmed in any of the clains 1 to 7 is
protected,b I ric.net (104), a nmetal casing (105) or a conbination
t her eof . I'Xﬁ%ﬁgaﬂﬁg‘g({ﬁ%%s%gl%) for treating air conprising: 30 at |east
one ul tr ayileistont httifaceallager((101f)consiftthg dfdhanb-siie@Fartie; bnd ter (100) as
claimed in any of the precedi ng1 clainms positioned to be exposed to the

ul t r avidol atleast gpe ukitgyioded phatovatalytie fayen(1§8¥i ce (106) as claimed in claim9
further conprising at least a fan (108), a coil (110) or a conbination
thereof. 11. A device (106) as clainmed in claim9 or claim 10, wherein the
ul travi ol 2t Al filgdet(18@uascelaindd@7in c¢laich At fagthet campvesned enbalt orenglectrdstabicn 185nm
to 400nm 10 éé A device (106) as clained in any of the clains 9 to 11 has
at | east GWEr ??-ace coated with a | oading of nano-silver particles ranging
fromO.1%to 5% by wei ght and/or titanium oxide ranging fromO0.1%to 21% by
wei ght . v
? 10 - 3. Afilter (100) as claimed in ¢laim 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 nan_c)-silver particles rangirig 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 titanitum 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 éasing (105)ora combination thereof.

9. A device (106) for treating air éomprising:

30 atleast one ultraviolet light source (107); and



13. A method of treating air conprising: 15 drawing air to a filter (100)
as clainmed in any of the clains 1 to 8; exposing the filter (100) to an

ul travi ol w0 2bizghs24dource (107) to generate hydroxyl radiPCaIMY20a0eho1ENOVI Ng
air contam nants by the hydroxyl radicals. 20 14. A nethod as clainmed in
claim 13 wherein the ultraviolet light source (107) radiates at a

wavel ength ranges from 185nmto 400nm 25

12

at least one filter (100) as claimed in any of the preceding claims positioned to be

exposed to the ultraviolet light source (107).

- 10. A device (106) as claimed in claim 9 further comprising at least a fan (108), a cdi_l

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 WCight

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.

25
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