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proteins, which leads to the inactivation of the prbtein's. It is generally believed

that heavy metals react with proteins:by combing the —SH groups of enzymes,
which leads to the inactivat_ion of the proteins. ‘

The use of nanopartic|es is currently under intensive investigation and there
are several methods of coating and surface treatments have been suggested.
Generally special techniques are needed to synthesize materials with particle
‘size in the nanometer range. Also td obtain material containing nanoparticles
demands unconventional methods since most of the formation techniques are
energy intensive. A number of physical and chemical methods namely,
vacuum deposition, molecular beam epitaxy, sputtering, laser assisted
vacuum ablation, chemical vapour deposition have been used. These

techniques need specialist equipment and are carried out at very high
temperatures.
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generates greater waste of nanoparticles of up to 98%, the chemicals
involvéd in the process are hazardous and there is low adhesion of the

nanoparticles which tend to drop off easily.

In the last several years, a growing body of scientific evidence has indicated
that the air within horﬁes, offices, commercial buildings and cars can be more
seriously polluted than the outdoor air in even the largest and most
industrialized cities. Other research indicates that people spend approximately
90 percent of their time indoors. Thus, for many people, the risks to health

may be greater due to exposure to air pollution indoors than outdoors.

Organofunctional silane technology has been used to treat surfaces such as
clothing to give them antibacterial properties.

The present invention attempts to overcome at least in part some of the
aforementioned disadvantages of previous methods.
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i nvest ment and i nexpensive mai nt enance. and operating

AR ﬁewFrHélthlaﬁrmay be achieved cost-effectively with a very low-cost initial

capital investment and inexpen'siv‘e maintenance and operating costs. Further
the method is a very simpie process'that may be conducted at ambient
cbnditions by people with relativély low level of technical skill. As pure silver-
nano sol is used at ambient conditions without the use of any additional
chemicals during the silver nanopatical embedding step it is possible to collect

v ‘a'ny unused silver-nano sol for re-use. This may reduce wastage of silver-
nano sol. The process may provide good adhesion and uniformity _of the
silver-nanoparticles. The polymer coating may keep the silver nano particles
in the initial deposition that may reduce leachiﬁg of the silver nanoparticles
from the filter substrate. The process may further be very clean in that low
waste sludge may be gene.rated.

The method may further comprise the steps of etching the surface of the

porous material with an agent such .as hydrochloric acid or nitric acid or
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described, by way of example, with

reference to the accompanying drawings, in which:

Figure 1 is a flow chart of a method of preparing an antimicrobial substrate for

use as a filter in accordance with a first embodiment of the present invention.

i Figure 2 demonstrates the effect of an organofunctional silane covalent
bonding on treated surface. '

Figure 3 demonstrates the polymer chemistry of the silane quaternary

ammonium bonded to the surface of a porous material.

Figure 4 demonstrates the effect a silane quaternary ammonium polymer
permanently bonded to the surface even washed on the leaching test of silver
nanoparticles.
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in fgr%’"ﬁgtlonr gfs Hémau;g oxidized silver with chemisorbed silver ion, which will .
| have an additional contribution to the bactericidal properties of silver. Nano-
sized silver could be used to safely and effectively inhibit the growth of

bacteria, mould and fungi.

In accordance with the invention silver nanoparticle is coated on a relatively
high surface area filter material (proprietary material made of either metal
foam or polyﬁrethane or polyester or non-woven paper). Materials made of
either metal foam or polyurethane or po'lyester or non-woven paper which
have a three-dimensional grid structure and show a high porosity and a high
specific surface area, with considerable and uniform strength and tenacity are

suitable to be used as the filter for silver nanoparticles coating.

Referring to Figure, 1 the silver nanoparticle is coated on the filter substrafe,
illustratively nickel foam. A pretreatment process is first carried out using

acetone and hydrochloric acid for surface cleaning and further etching of filter
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deionized water to remove any uncoated silver particles and is air-dried.

A silane quaternary ammonium compound such as 1,3, didecyl-2-methyl-
imidazoline chloride, an active antimicrobial agent and dimethyl, methyl
(polyethylene oxide) siloxane, a silane based, organdsilane polymer that acts
as an "adhesive to bond the active antimicrobial agent to the coated surface".
The antimicrobial polymer coating is then irremovable, and durable. The
coating is applied on the surface of nickel foam embedc_led. with silver
7'nanoparticles by spraying applied in a single stage of the wet finish procesé,
the attachment of this technology to surfaces involves two means. First and
most important is a very rapid process, which coats the filter with the cationic

species (physical-adsorption) one molecule deep. This is an ion exchange
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substrate” embedded with silver nanoparticles having a silane quaternary

ammonium polymer coating does not leach or diminish but instead remains

permanently affixed to the applied surface over timé. It does not poison the
microorganism.

Réferring to figure 3 it can be clearly seen that the silane quaternary |
“ammonium polymer bonded to the substrate inhibits leaching of silver
nanoparticles. The agar deposited with silver nanoparticles (10) leaches, The
agar deposited with silver nanoparticles after several washes leached
extensively (12), a porous material embedded with silver nanoparticals placed
on agar (14) leached, a porqus»material embedded with silver nanoparticals
coated with a silane quaternary ammonium plolymer placed on agar (16)

showed minimal leaching, and a porous material embedded with silver
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Deodorization (Odor Removal means)

Most deodorizers on the market today use a cover up action to control odors.
These "masking agents" are also called deodorizers, but masking agents
contain heavy perfumes and only attempt to superimpose a pleasant odor

- upon an unpleasant one.

Through this embodiment, the silane quaternary ammonium polymer solution
is a malodor-absorbing deodorizer containing active antimicrobial and
deodorizer properties that removes the malodors by chemicélly reacting,
counter-acting, neutralizing and dissolving the odors and toxic gases which -
are unpleasant to humans in an environmentally responsible and enhancing

way rather than temporarily mask them. Silane quaternary ammonium
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or off-gassing and w thout creating organi smnutation.

ARRGEE tMRpEaRireY Bing ecﬂébgdnét'bbﬁéét Em@%%lﬁ\éﬁdh of | 1ABesilver

guat er nary anmoni u pol'ymer bonded has an enhanced o
nm@Bﬁmﬂesaamd thecsiEneaguatemavy agnmakivaiopalyael selution oraking it

a Most deodori zers op the market t .
(0 e DEPOGH L T o D Eh DRt Rl Cexbfiidiss, ion
taapRStUrdy, eD@hﬁﬁ ﬂﬂi |é¥éd@5€é’cﬂﬁf It7heE Speﬂiﬁd’ s kiffttiveness  of
agents contain heavy perfunmes and only attenpt to

aapslerizatiery does pphekante beeAuseibr hasi dogiziie agent does not
MYLGHAR this embodinent, the silane quaternary

m’?onl um pol yner solution is a mal odor-absor bi ng
deodori zer containing active antimcrobial and

Liz tie tha rempves the

et e Rl Rt insliies & 38U GOm0, PG afick (26)
t@ltﬁssgb&e@%tb ke QWéqéé‘l@rﬁM'afﬁmﬁéﬁ% Pbiyﬁ’(ér%ﬂjtlon during the
unpl easant to humans in an énvironnmen responsi bl e
RipduetitianBoftly the semi-porous cellulose ester wnck and the silane
quaternary ammonium polymer solution formed a specific basis to control
release/emission of aromatherapy fragrances as well as-to prevent the re-
emission of back-flows gases/chemicals, malodours and respirable
suspended particles or fine particles. The semi-porous wick is not only used
to control release of fragrances, but also to prolong the life-span of silane

quaternary ammonium polymer solution up to 6 weeks as needed by this
invention.

Air freshener or fragrance cartridge

This embodiment also incorporates an interaction between the silane

quaternary ammonium polymer solution and an air freshener (28). Essential

QOils are used in the air freshener.



way rather than tenporarily mask them Sil ane

guat ernary ammoni unpol yner solution is non-toxic,
woewoiedsi ve and non-fl ammabl e. The conpoundBCT/S8GZN7/000407

to breakdown nol ecul es so that odor is no |onger

present. The filter reacts automatically and

si mul taneously on a w de spectrum of gases from acidic

Rrejatabiyea Hgh fqudlity fragrayke feornamtspadiat blenidkal essaidiad oils is

ia, trj t hyl . . te th f .
o & Ktk ol HerT e B oNisk e B  Bvs el reSEBRR dFm P 2
fFéE?’%‘ﬁeF’R?ﬁlaﬂﬂéine%&? %ﬁniEQ n GAERIdMA0! Rile st fitsin $hé ¥81 (30).

nonoparticles an e silane quaternary anmmoni um o
TPw gmbodioenitfudhenimicorppratest bagh iadisatptivacatst serebbingrprincipal
car, envi r,pnnents that may e ri ence hi gh .
WilEheris (PEs VhUmaRy RRESS ARGMAOSh Y5 g/ PBgYing, gases
illuesits ¥AAesSo8brsdRaA Aiddaitdien does not change because

t he basi c deodorizing agent does not evaporate. In

addi tion, the enbodi ment includes a sem -porous

L1 oul es 1 t a . h i

G4 BBRGERRBh S S R BOSRUPRg Eatdr s e
‘presdhic iriventiotBoMadifltatisesnanieio varisticrs! bsllvesud elss epperark to a
and the silane quaternary anmmonium pol yner solution
siladerddressra are ¢ened o ge VaityR the sgmee%féesa Presant gyegtion.
aromat herapy fragrances as well as to prevent the

reem ssi on of back-fl ows gases/chem cal s, nal odours

and respirabl e suspended particles or fine particles.
- The sem -porous wick is not only used to contro

rel ease of fragrances, but also to prolong the

i fe-span of silane quaternary amoni um pol yner

solution up to 6 weeks as needed by this invention.

Air freshener or fragrance cartridge This enbodi nent

al so incorporates an interacti on between the silane

10



guat er nary ammoni um pol ynmer sol ution and an air
freshener (28). Essential Qls are used in the air

wo eashanes . Pref erably a high quality fragrancerdT/oar0a7/000407
speci al blend of essential oils is used in the air
freshener. The wick (26) allows the fragrance fromthe
air, freshener to nmaintain slow en ssion and control

IB8es fromthe fan (30). The enbodi nent further

i ncor porates both adsorption and scrubbi ng princi pal
whi ch are the two main process technol ogy used for
rerovi n\ getfesd pbplepemingsarmadtimidrobiat sulbstrateifoduse as a filter
air. Various errb% rtnsnts and extra features are

envi si of@ARMSNGAINS SRS 6 the present invention.
Modi fi cati gigiqdd p %ué‘ﬁia@é}?l%a‘@%ﬂn%m%ﬁﬂma%@
skill ed addressee are

be wthin the scope of
t he presencodtimgelinei porods anateriall emhedded vdthosilver eypappagicles
an antinm.crobi.al sub%trate for use as,a fil

compr i i oraite SEtorBrl amihalith BRbiy’ saFLiebing Joss of

a si | versjlpamndiparidies koledaced. and coating the porous
mat eri al__enbedded with silver nanoparticles with a

~silane Jm eeized, ohphaim Gnfupbey rempsigilg theastepnel pisding the
of silv he met hod of
claim1l ur %?%Hé h‘%'}r(ﬁé rhéte I%P\W/ﬁﬁ%n %% -é-t ching the
sur3.ace Tife h’r&hmmmmﬁﬂwh@elmﬂth@ a@enagentpns@s Rideochloric

net hod of cfl aim 2 Whel‘elﬁ:l he acgfnt COo
hydr ochl&4 e BiigRgd ofspmhurigacH f oz W[J |c aci d or
ozaofe oryHdvimethod BEciakh Ao8r fouﬁlHéF éBnlpl‘?ém& a [b'l'etﬂi*@étment step

conprising a pre-treatnment step of washing the porous
mat er i alofwiashing:teqgorovs matedalovtoacetone t@nmaleditd. of

20 90 e HR 01 B S b LB, oBRTP IR chifin
the step of drying the antimicrobial substrate.

6.  The method of any one of the preceding claims further comprising
the step of placing a semi-porous Wick in the silane quaternary

- ammonium polymer. ' | _

7. An antimicrobial substrate fdr use as a filter comprising a porous
material embedded with silver nanoparticles having a silane
quaternary ammonium polymer coating.

8. The antimicrobial substrate of claim 7 wherein the porous material
comprises metal foam or polyurethane or polyester or non-woven
paper.

9. The antirﬁicrobial substrate of claim 7 or 8 wherein the silane
quaterhary ammonium polymer coating comprises 1,3, didecyl-2-
methyl-imidazoline chloride and dimethyl, methyl (polyethylene
oxide) siloxane.

10.  An air treatment device comprising an antimicrobial filter comprising
a porous  material embedded with silver nanoparticles 'having a

silane quaternary ammonium polymer coating.
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6. The met hod of any one of the preceding clains

further conprising the step of placing a sem -porous
WOR@R/070123 he sil ane quaternary amoni um pol ynePCT/IG2087000407

antim crobial substrate for use as a filter conprising

a porous material enbedded with silver nanoparticles

havi ng a sil ane quaternary amoni um pol yner coati ng.

8.1The & iaim treabhaht devise raft daind 16 &urther edmeprsing tare odor

porous material conprises tal foam or pol yuref hane

or ' pol yERRANGMEE AnSuirp [paRnergr IFMEANER ST o

SUPSt I afRe Odir Gtinieht YevieBEcRaim MAC whetéiRCthe freshener or

quat er nary ammoni um pol yrmer coating conprises 1,3,

di decyl fragramee lepitridge dmewinastedtol theifitter siaca semiphgdus wick

nmet hyl (pol yet hyl ene oxi de) siloxane. 10. An air

treatnment device conprising an antimcrobial filter

conprising a porous nmaterial enbedded with silver

nanoparticl es having a silane quaternary anmoni um

pol ymer coating.11l. The air treatnent device of claim

10 further conprising an odor renoving neans and or a

freshener or fragrance cartridge. 12. The air

treatment device of claim 1l wherein the freshener or

fragrance cartridge is connected to the filter via a

sem - porous w ck :
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